










Contents
Contents	2
Abstract	3
About The Author	4
Acknowledgements	4
List of Abbreviations	5
1.	Introduction	6
1.1	Background of AR	7
1.2	AR Market Trends	9
1.3	Current Technologies/Providers of Head Mounted Displays (HMD).	10
1.4	Hololens	11
1.5	Google Glass	12
1.6	Research Justification	13
2.	Literature Review	15
2.1	Adoption Models	16
2.2	UTAUT Model	18
2.3	Evolution of UTAUT 2	22
2.4	Addition of Perceived Trust to Proposed UTUAT2 Model	26
2.5	Drivers for Innovation and Adoption	28
2.6	Barriers to Adoption	29
2.7	Users and Uses of AR in Orthopaedics	30
3.	Research Methodology	31
3.1	Research Paradigm	31
3.2	Ontology	31
3.3	Epistemology	32
3.4	Research Design	33
3.5	Proposed Model	33
3.6	Sampling Technique and Data Collection	34
3.7	Participants and Minimum Criteria	35
3.8	Sample Size	35
3.9	Measures, Scales	36
3.10	Procedure For Quantitative Data Collection	41
3.11	Ethical Considerations	42
4.	Research Hypothesis Development	42
4.1	Hypothesis Summary	50
4.2	Research Questions	50
5.	Results	51
5.1	Introduction	51
5.2	Descriptive analysis	51
5.3	Construct Average Scores by Moderators	52
5.4	 Purpose of Use Scores	54
5.5	Validity and Reliability	55
5.6	Pearsons Path Coefficient Analysis	56
5.7	Threats to Validity	58
5.8	 Hypothesis testing	59
5.9	Summary of Hypothesised Results	60
6.	Discussion	61
6.1	Effect of Performance Expectancy on Behavioural Intention	61
6.2	Effect of Perceived Trust on Behavioural Intention	62
6.3	Effect of Effort Expectancy on Behavioural Intention	62
6.4	Effect of Hedonic Motivation on Behavioural Intention	63
6.5	Effect of Social Influence on Behavioural Intention	64
6.6	Effect of Price Value on Behavioural Intention	64
6.7	Effect of Facilitating Conditions on Behavioural Intention	65
7.	Strengths and Limitations	66
8.	Conclusions	67
9.	References	68
10.	Appendices	81
10.1	Appendix 1	81

[bookmark: _Toc161222720]Abstract 
Background: This study utilised the Unified Theory of Acceptance and Use of Technology2 model (UTAUT2) to research the acceptance of AR technologies within UK orthopaedics. PT trust was included as an adaption to fit with the context of orthopaedics and habit was excluded due to no habits being formed with the technology.
Methods: BI to adopt AR was assessed through an online survey along with a survey to rate salient AR applications from current literature, to unveil what end users perceive to be the most appropriate use of AR technology.
Results: Participants’ BI to use AR showed that UTAUT2 is a valid method of measuring AR technology acceptance with 6 of 7 constructs showing statistically positive relations in determining BI to adopt AR. Improving clinical outcomes, OR productivity and healthcare education as the highest ranked uses of AR technology. 
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[bookmark: _Toc161222724]Introduction 
[bookmark: _Hlk147759126][bookmark: _Hlk147758985]It is important to understand and apply the latest technologies to enhance healthcare worldwide. Some of the latest technologies and developments include Virtual reality (VR) and AR technologies, collectively called extended reality (XR), which have been in development and use since the 1990s but have recently become much more affordable and much easier to work with.  Developing software for these applications has become easier as well. This is supported by Coelho (2022), who states that as the cost of devices drops and their size decreases, interest and application possibilities increase. These latest technologies have been utilised in many applications from therapy, surgery, rehabilitation, education & training and pain management.  Augmented reality (AR) has been used in orthopaedic procedures to assist surgeons in improving their speed and accuracy and it is crucial to understanding the readiness to adopt these innovative technologies, to understand the perceived benefits and limitations, to use this as a potential tool to help manufacturers of AR technology and bring technology that is closely aligned with the industry’s needs from an end user perspective (Baashar et al, 2023). In orthopaedics and surgery in general, Head Mounted Devices (HMD) are the most common used AR technology utilised in the theatre most notably to assist in surgical navigation and identifying anatomical structures (Pose-Díez-de-la-Lastra, et al, 2022). 

Subsequently, there has been a boom in new AR applications, and there is a fast growth in adoption across many fields, including healthcare, data visualization, gaming, architecture, and training and maintenance. This thesis aims to explore and understand adoption behaviours and willingness of the UK orthopaedic industry to adopt AR into their practice.  Additionally, gaining an understanding of what impacts/influences on why individuals within the healthcare sector adopt new technologies will help AR technology developers and organisations market and develop products that address the end users’ requirements. This research assumes that applying the UTAUT2 model as a theoretical framework is the most comprehensive model to explore and understand the motivating principles associated with new technology acceptance. Additionally, this study will contribute to the growing validity and applicability of UTAUT2 by testing the model in the context of UK orthopaedics. Furthermore, testing the UTAUT2’s theoretical framework in diverse professions, markets and user demographics will either strengthen the framework’s applicability or potentially challenge current concepts and provide new perspectives to explore. This research will prioritise behavioural intention to adopt AR over actual technology usage as the technology is not readily available within the UK market at the time of this research. Additionally, it will focus on organisational behavioural intention to adopt and not consumer user intention because orthopaedic professionals tend not to purchase capital equipment/technologies themselves.  Despite the growing literature on the value and benefits of adopting AR devices, there is a lack of study on AR technology adoption behaviour considering there is a growing trend in the global market of their current and future applications in the OR (Ghaednia, et al, 2021, Verhellen, et al, (2023)).  

[bookmark: _Toc161222725]Background of AR
The Fourth Industrial Revolution (Industry 4.0) is improving healthcare to unimaginable levels because of digitization, artificial intelligence, and telecommunication capabilities.  Figure 1 provides a depiction of Industry 4.0 and what it includes.
[image: ]
Figure 1 (Popov, et al, 2022)

For context, VR is where the user is fully immersed in a digitally formed space using a head-mounted device that produces a 360-degree view of a fictitious environment, which is often blended with audio and haptic feedback, for a more immersive experience. Therefore, AR differs from VR as it overlays or augments the real world with virtual content and merges both the real and virtual worlds (Yoon & Oh, 2022). This augmentation can be made of 3D virtual objects, textual information, sounds, odours, holograms, and any other artifact with which the user can be in contact (Sánchez-Acevedo, p,201, 2018). An AR system comprises of hardware and software, which is used to present computer-processed imaging data to the healthcare professional (HCP) in real time, so that reality such as a body part or physical landmarks are combined with computer-generated images (Filip, et al, 2017). Specifically, computer-generated images are superimposed into the reality and are typically displayed via a video projector or headset.  Using a headset with a superimposed display was first presented to the military in 1965 and consisted of a head worn display and an image generation subsystem. These devices were not ergonomically designed with the user in mind and were costly. For the widespread use of AR technologies in healthcare, the devices need to be cost-effective, adaptable and comfortable and specific to the requirements in a healthcare context to ensure acceptance (Kolodzey, et al, 2017).

[bookmark: _Toc161222726]AR Market Trends
Hughes (2020) states that data from GlobalData’s ‘Virtual/Augmented Reality in Healthcare’ report estimates that the AR market will reach $76 billion (£59bn) by 2030, increasing at compound annual growth rate (CAGR) of 13% from 2018, when the marketplace was valued at $4bn (£3bn). With he perceived benefits and the technological developments it is safe to assume this will be become the norm within the OR soon. Figure 2. shows the countries with the highest number of publications on AR, VR and MR in surgical research.  Figure 2. shows that England is a frontier in the research of these applications, yet their usage is limited especially in orthopaedics in the UK.  It could be inferred from this data that the high level of interest in the research of AR applications, shows a clear trend towards these applications becoming common practise withing surgery and medical education (Zhang, et al, 2022).  
[image: ]

Figure 2. Table from Zhang, et al (2022).

[bookmark: _Toc161222727]Current Technologies/Providers of Head Mounted Displays (HMD).
HMDs can be categorised as “see-through” (visualization of the virtual world on the real world and not restricting view), “heads-up” (non-see trough virtual data and direct viewing of the real world), or “non–see-through” (viewing of required material is solely virtual) (Rahman, et al, 2020). Smart glasses with sole use of AR, such as NReal, Microsoft HoloLens and GoogleGlass, are pioneers and the frontiers with regards to the innovation of AR hardware and software applications (Yoon & Oh, 2022).  As there is understandably a vast number of providers of augmented technology, the most salient devices found in current research are provided in section 1.4 and 1.5.  They are all similar in principle and it is best to think of these devices like any other generically provided technology, such as a laptop or phone.  AR devices like a laptop or phone all have their own specific functions and unique selling points, however they are all very similar in principle.  
A principal element of AR technology is the built-in tracking-system. The ability to track is critical when positioning virtual graphics/information into the real world in prescribed positions and orientations correctly matching the virtually planned data with the real world anatomy. Many AR technologies are founded on external markers, where a specific pattern in the real world is followed as a reference point (Wagner, et al, 2008). Visual markers are commonly utilised for this reason, wherever distinctive and distinguishing patterns are identified by optical cameras (Zhang, Fronz & Navab, 2002). In contrast, more contemporary systems act separately from previously predefined patterns and are represented as marker-less tracking platforms. The marker-less tracking technology is enabled by means of numerous Inertial Measurement Unit (IMU), Red-Green-Blue (RGB) and Infrared sensors on the HMD, that facilitates creating a three-dimensional map of real world being viewed through the HMD and executing real-time inside-out tracking of the real environment. Hence, they can orient themselves on present objects in the real world, without the need for additional markers or technology (Genc, et al, 2002).

[bookmark: _Toc161222728]Hololens 

[image: World premiere for mixed reality surgery • healthcare-in-europe.com] (HealthcareInEurope, 2017).
HoloLens is a standalone computer that requires no cable. It is utilised like a helmet by the physician during the surgery, enabling them to capture information from the real environment via its integrated microphones and sensors and to share with others virtually. The physician maintains complete autonomy physically in an augmented environment, and is able to hologram information on demand. Connected to HoloLens, the HoloPortal program that has been specifically developed by TeraRecon and Vizua, utilizes the computing functionality of cloud Azure from Microsoft, allowing the physician to view real-time medical information from the patient and procedure being undertaken, which could be useful to them during the operation (HealthcareInEurope, 2017).
[bookmark: _Toc161222729]Google Glass
[image: Google Glass Enters the Operating Room - The New York Times] (O’Connor, 2014)
Google Glass (the “Glass”) is fundamentally a smartphone reconfigured and shaped into eyewear/glasses. It provides AR visuals and integrates this with reality with a digital monitor at the periphery of the user’s eyesight in real-time. A glass prism at the upper outer periphery of the right eye serves as a screen equivalent to a 25-inch high-definition television viewed from 8 feet. Natural vision is not obstructed, and the operator needs to merely look up to see the screen.  Mastoid bone conduction technology performs as a speaker that is virtually soundless to others within proximity. Control can be by a touch pad on the right glass frame or by voice command. Initiation of the HMD can be accomplished by tilting the head backward to 30° and saying, “OK, Glass.” Hands-free functionality like this is imperative to surgeons with the need to minimize risks of infection and keep OR sterile (Chang, et al, 2016).

[bookmark: _Toc161222730]Research Justification 
[bookmark: _Hlk161141330]This research is being undertaken to understand what influences a HCP’s intentions to use AR in UK orthopaedics.  After an extensive review of four central theories of adoption (TRA, TPB, TAM and UTAUT), it was recognised that there were convincing advantages of UTAUT and UTAUT2 models over other theories for our adoption research, which is why UTAUT2 will be utilised. The research wants to see if UTAT2’s constructs (performance expectancy, effort expectancy, social influence, and facilitating conditions, hedonic motivation, price value, trust) are strong predictors of behavioural intent to use AR in UK orthopaedics. Present studies on the acceptance of new technologies will benefit from the findings from this research and it will either strengthen the contextual applications or weaken them. Currently there is limited research applying the UTAUT2 model or its extensions in the context of UK orthopaedics.  Research by Saad, et al (2024), Hsu, et al (2016) and Slade, et al (2013) are a few examples regarding technology adoption in the healthcare context with a large proportion of current research targeted towards the adoption of computer aided orthopaedic surgery (i.e., use of robotics). Nevertheless, there is limited applications towards the adoption of AR in UK orthopaedics. It will broaden the contextual and professional areas currently researched using UTAUT2.  Both Johns (2006) and Alvesson & Kärreman (2007) state that new context or technologies researched can bring about significant changes to already hypothesised models, subsequently, reducing initially well-conceived assumptions to be inconsequential, shifting the direction and weighting given to current relationships, and creating new relationships to further develop and research.

Healthcare is constantly evolving due to advancing technologies and a plethora of research and media attention is afforded to the use of AR in the OR and its proposed benefits. The healthcare system is undergoing a paradigm shift towards digital technologies and AR is likely to play a significant part within the healthcare system’s future. It is imperative we understand what influences the intention to adopt new technologies to ensure benefits are realised and barriers are removed, and negative impacts are limited. A sound comprehension of the consumer in relation to their adoption behaviours can assist technology providers with identifying opportunities that will offer the maximum return on investment and benefit to the customer (Katsikeas, et al, 2019).   With this knowledge, the medical industry is armed with the relevant information to best market the technology, ensuring relevant information and tools are offered to end users, aiding in widespread adoption. The understanding this research offers is fundamental because we all have differing reactions to varying types of innovations. Subsequently, the importance put on marketing is increased considerably, which is why the accurate and targeted nature of marketing is so significant to organisations creating and providing new products and services (Trott, 2021). For instance, in the context of disruptive innovations, which AR certainly i,s in the context of orthopaedic surgery, that necessitates more of a change in current behaviour patterns and thought processes.  Surgeons will potentially remark a greater level of risk and doubt with their intentions to adopt new disruptive technologies in comparison to incremental innovations that do not impact on grounded behavioural patterns and beliefs.  Without the need to look to far into the future, this research will offer immediate insights into what the users want and perceive will be the best use of such technology. However, several factors can influence the relationship between behavioural intentions and actual use. For instance, a surgeon may have a positive BI’s to use new technologies but is experiencing uncertainty due to a lack of required technical skills, privacy and security concerns for patients that may prevent them from using AR in the OR, which is supported by Silver, Subramaniam, & Stylianou (2021). To overcome these obstacles and increase the rate of adoption and use AR, AR provider marketers can focus on increasing healthcare professionals’ knowledge and education about AR’s uses, benefits and functionalities, providing training and support to patients to help them use the portal effectively, and addressing their privacy and security concerns.

This research will ensure the proposed benefits of AR are achieved, providing improved access to medical care, training of medical students and improving surgical efficiencies and outcomes. The information this research offers, will also afford the healthcare systems within the UK to make informed decisions about whether to introduce AR reality into the OR.  

[bookmark: _Toc161222731]Literature Review

The intent of the literature review was to categorise current research in relation to uses, benefits and considerations and see if the known benefits/limitations were associated with the known predictors of what influences the intent to adopt new technologies.  Additionally, the literature review will look at current theories concepts of technology acceptance models and offer background into the developments of these theories and provide a rationale for the constructs that will be used/excluded to conduct this research. 

1. [bookmark: _Toc161222665][bookmark: _Toc161222732]
[bookmark: _Toc161222733]Adoption Models
Several theoretical models have been offered to help understand consumer behaviour in the adoption of new technologies including the theory of reasoned action (TRA), technology acceptance model (TAM), theory of planned behaviour (TPB), unified theory of acceptance and use of technology (UTAUT) and extended UTAUT (UTAUT2) (Dwivedi, et al, 2019, 2020, Venkatesh, 2003). Supplementary to these theories, Rogers (1962) established the diffusion of innovation theory, which identifies diffusion as the “process by which an innovation is communicated through certain channels over time among members of a social system” (Edo, et al, 2023). The model implies that embracing a new technology is predicted by its perceived innovation. Still, present research has stated concerns about the applicability of these theories to investigate technology adoption in health information systems (LaMorte, 2019). For example, adoption decisions are often influenced by contextual factors such as the environment, skills, prior experience, and other economic factors, which are not fully accounted for by the TRA and diffusion of innovation theories (LaMorte, 2019). To address these limitations, the current study adopts the UTAUT2 model as the theoretical frameworks for investigating technology adoption in UK orthopaedics.
Models TAM, TPB, and UTAUT all stem from the TRA model (Min, Ji, & Qu, 2008; Dwivedi, et al, 2019). TAM was theorised by Davis, (1989) and has become a common method to help attain insights into the reasons why people accept and use new technologies (Venkatesh, et al, 2012).  TAM maintains that a person’s commitment of use and behaviour to utilise the new technology, is contingent on the apparent ease of use and recognised value. TAM asserts that the two main influences on technology usage are usefulness and ease of use. However, BI is subject to attitude and perceived usefulness. BI consequently governs a person’s intent to use a new technology (Davis, 1989). TAM was later adapted and extended to TAM2, which included social and organisational influences, such as subjective norms, impressions, quality of output, and work relevance (Venkatesh & Davis, 2000). TRA was revised because of its shortcomings, and Ajzen (1991) put forth TPB as an improvement of the TRA. The TPB offered a more encompassing model with the addition of perceived behavioural control, a predictor of technology acceptance. The identified behavioural control variable was included to take into consideration circumstances where people did not have complete regulation over the focussed behaviour (Ajzen, 1991). Granted the mentioned theories have contributed greatly to the study and development of technology adoption theories. However, they all applied diverse lexicons when articulating their understanding of what influences acceptance of technology and did not provide any congruence in explaining the adoption of technology phenomenon. Hence, a model encompassing all or most of the salient factors affecting technology adoption was non-existent (Min, Ji, & Qu, 2008). To solve this issue and provide a solution by unifying the models and concepts within them, Venkatesh, et al (2003) amalgamated the eight major theories on technology acceptance called the Unified Theory of Acceptance and Use of Technology (UTAUT).

[bookmark: _Toc161222734]UTAUT Model
The origins of UTAUT came from Venkatesh, et al (2003) who reviewed and synthesised eight theories/models of technology use and adoption, which led to the unified theory of acceptance and use of technology. UTAUT has been researched extensively and is widely used and accepted as a predictor of technology adoption. By 2000, technology acceptance studies had ensued in an extensive quantity of research on an individual’s tendencies regarding the adoption behaviours of new technology (Hu, et al, 1999). Several models were established to comprehend the acceptance of technologies, which accounted for 40% of the variance in technology use intention (Davis, Bagozzi & Warshaw, 1989; Taylor & Todd, 1995; Venkatesh & Davis, 2000). The eight principal theories that were evaluated to create the UTAUT model were grounded in diverse fields, limiting the applicability of these models to specific environments. To elaborate, TPB and TRA presented a psychological viewpoint of an individual’s behaviour by investigating variables, such as perceived behavioural control, attitude and subjective norms (Ajzen, 2011). The models specify universal generalisations into human behavioural tendencies, that result in them being applied to an array of research settings. In contrast, Diffusion of Innovation Theory by Rogers (1962) centres on factors specific to innovations that influence an individual’s actions regarding the adoption of new technologies (Moore & Benbasat, 1991). Furthermore, the theories had diverse viewpoints, echoing the type of variables in each of the theories, such as subjective norm, motivational factors, attitudinal factors connected to the benefits provided by the technology, societal influences, experience and FC’s (Venkatesh, et al, 2003; Ajzen, 2011; Thompson, Higgins & Howell, 1991; Venkatesh & Speier, 1999). According to research, whichever theory was selected would have restricted study outcomes to specific contexts limiting applicability. For this reason, a unified method was presented containing constructs that represent diverse viewpoints and fields and expand the applicability of the model to diverse contexts (Venkatesh, et al, 2003).

The theoretical model of UTAUT proposes that the desire to utilise new technologies predominately derives from behavioural intentions. The perceived likelihood of adopting the technology is dependent on the direct effect of four key constructs, namely performance expectancy (PE), effort expectancy (EE), social influence (SI), and facilitating conditions (FC). UTAUT consists of four moderators (age, gender, experience and voluntariness of use), which were not included as part of previous adoption theories. Since its inception UTAUT and its subsequent evolution into UTAUT2, has been utilised to examine adoption of various technologies in different contexts explaining the principal predictors of what drives individuals to adopt new technologies (Venkatesh, et al, 2003, Dwivedi, et al, 2020). Venkatesh (2003) formulated the UTAUT for organisational environments, with an emphasis on utilitarian value (extrinsic motivation) of employees.  According to UTAUT, the supposed likelihood of accepting new technology is reliant on the impact of four key constructs. The four fundamental constructs that have been shown to consistently impact on an individual’s intention to use a technology (ITU) and their actual use, see figure 3.

Performance Expectancy (PE) can be termed as the degree to which people think that the use of a technology will improve their performance at work doing a particular task. PE is regarded as the most robust predictor of an individual’s intent to use a technology. This offers a platform to start our investigation into the perceived advantages of adopting/using new technology as an enabling construct to measure. According to Zhou, Lu & Wang (2010); Venkatesh, Thong & Xu (2016), PE is the most robust predictor of an individual’s intentions to adopt and is significant in both voluntary and mandatory settings (Marikyan & Papagiannidis, 2023).
Effort Expectancy (EE) concerns the degree to which people perceive the use of the technology to be convenient, requiring minimal effort and regarded as easy to use (Ghalandari, et, Al, 2012). This is an important facilitator in the context of orthopaedics given the physical and psychological demands of surgery and research highlights comfort and ease of use are important elements specifically associated with wearable AR technology (Verhellen, et al, 2023).  
Social Influence (SI) is identified as the degree to which people believe that individuals significant to them believe they should utilise a technology. Research by Silver, et al (2020) and Venkatesh, Morris, Davis, & Davis, (2003) have studied technology use and acceptance models and have reliably recognized SI as an essential construct affecting behavioural desire to adopt a new technology.  UTAUT asserts that SI is a significant precursor for rationalizing a person’s BI. Furthermore, it can be regulated by age, gender and experience. Further extensive research has been conducted to understand the impact of social influence. The work conducted by Sheriff (1937) and Asch (1955) concluded that interactions within an individual’s social network may have a significant impact on an individual’s behaviour through informational and normative influence. Informational influence in this context could be information from respected associates regarding their individual experience and assessments of AR technology. However, normative influence implies individuals are subject to pressures from their immediate leadership and colleagues to accept AR technology, potentially signifying the authenticity and suitability of a new technology (Coppolino Perfumi, et al, 2019, Tangen & Ahlbom, 2020). Saad, et al (2024) state from their research that the impact of social actors proposes that medical trainees’ decision-making processes are guided by the attitudes, opinions and actions of their teachers. This finding emphasizes the importance and impact of having a supportive and encouraging environment is essential for the adoption of AR technology.
Facilitating Conditions (FC) refers to the extent to which people believe that the necessary resources are available to assist them to use a technology. Examples of FC’s could be technical support or company backing and infrastructure that supports the use of a technology. In contrast to the three other constructs, FC is deemed to be a pertinent determinant of an individual’s actual use of a technology. Balas and Chapman’s (2018) research on the diffusion of innovation and adoption of new technologies, state that changes in policy from both organisations and governments have an opportunity to support the diffusion and dissemination of innovative services/technologies in healthcare, which would support that FC would have a significant impact on individuals’ willingness to adopt AR.
Supplementary to these four central constructs, Venkatesh, et al (2003) features the effects of four facilitating variables (gender, age, voluntariness of use and experience) on the relationship between the principal predictors. The outcome of PE on ITU is affected by gender and age, proposing that the impact of PE will be greater for younger males, because they tend to be increasingly driven by finishing a job and extrinsic incentives. The influence of EE is regulated by age, experience and gender. Research suggests that the impact of EE will be greater between older people, females, and those with reduced experience. Similar, to this, is the influence of SI, which was uncovered in initial studies to be more compelling with women, older people and individuals with reduced experience, because they put a greater weighting on the importance of the opinions of those in their social networks. Also, SI was found to have a more significant impact in the context of those who operated in a permanent/mandatory setting. Lastly, research uncovered that the influence of FC on the literal usage of new technology was greater with more experienced and older people as this category of individual put greater significance on facilitating conditions such as support mechanisms. Figure 3 shows the relationship that the facilitating variables have on the central constructs and in respect to BI and use behaviours. 
[image: ]
Figure 3. The UTAUT model by Venkatesh, et al (2003)

[bookmark: _Toc161222735][bookmark: _Hlk156204890]Evolution of UTAUT 2
[bookmark: _Hlk156202119]The surge in consumer technologies required the need to extend the original UTAUT model to encompass consumer adoption behaviours with emphasis on constructs that affected endogenous motivations associated with the adoption and use of new technologies. Conducting a simple search of UTUAT2 in Google Scholar (2024) shows 21,200 results, showing its significance and the interest it has received by academics. This new paradigm shift resulted in the addition of three new concepts which are, hedonic motivation (HM), price value (PV) and habit to the original UTAUT model.  This extended model is commonly referred to as UTAUT2. Venkatesh, et al (2012) found that age, gender and experience have a moderating impact on the supplementary constructs to help recognise the influences on BI to adopt new technologies. 
UTAUT2 encompasses contexts outside of the organisational setting, such as adoption behaviours in the consumer market, which contrasts with the original UTAUT, which was originally formulated to explain and understand employee technology adoption and use.  The intention of UTAUT2 is to understand consumer market behaviours and is not in line with this research context, which is in an organisational setting.  Interestingly, Chan, et al (2008) and Brown and Venkatesh (2005) state that in consumer contexts, users are responsible for the costs and decisions to adopt new technologies, unlike in an organisational context.  However, it is the researcher’s belief that the extension is still applicable, and the generalizations made regarding employees having no cost or decision making ability is not accurate.  Orthopaedic surgeons have considerable control over what they choose to use, within their respective divisions and would have to justify their decision to adopt and use a new technology to key stakeholders within the hospitals, which would typically include a cost/benefit analysis with a business case supporting their decision.  As explained, the context of UK orthopaedics makes the UTAUT2 an appropriate method to test technology acceptance.
Contemporary research has challenged the impact of BI as a significant predictor of technology use and offers habit as an additional predictor of technology usage (Davis and Venkatesh 2004; Kim and Malhotra 2005). In fact, habit has been recognized as a valuable construct to integrate into the model providing meaningful explanations for BI patterns for consumers. Kim and Malhotra (2005) state that habit is an indicator of usage and not of initial acceptance. As AR is a comparatively novel technology in the field of orthopaedics and has subsequently not obtained substantial market usage and is not positioned to form any habits within the market (Oliveira, et al, 2016, Lin, et al, 2020), so for this reason it will not be included as part of the research. Venkatesh, et al (2012) incorporated habit into the model to further explain an individual’s BI to continue use of new technology. However, academics have disputed the addition of habit as a construct that influences BI and requested that future studies provide alternative theoretical mechanisms in predicting BI to adopt new technologies (Benbasat & Barki, 2007).  Even though AR technology has been around for some time, its acceptance and application within UK orthopaedics is almost non-existent.  See figure 3 for a depiction of how the relationship habit has with usage behaviour and behavioural intention to further rationalise its exclusion from the study. Venkatesh, et al (2012) determined that UTAUT2 can explain over 70% of the variation in BI, which is a stark improvement from the original UTAUT model.  For reasons explained, two of the original three additions will be included. 

Hedonic motivation (HM) is related to endogenous/intrinsic factors associated with using technologies such as the idea of having fun and feeling of joy and playfulness while using a technology. HM is the notion of supposed pleasure and fulfilment, which influences an individual’s desire to adopt new innovative technologies (Kiconco, et al, 2020). According to Alalwan, et al (2017) and Venkatesh, et al (2012) their research supported the notion that the enjoyment or pleasure gained from using new technology is a key determinate of people’s BI to adopt new technologies. It could be assumed that HM is very similar and may be used in the same context as attitude.  When using the term attitude in this research, it will have the same interpretation and meaning as HM, so as not to confuse and misinterpret when using the term attitude. The questions utilised in Dwivedi, et al (2011) research regarding attitude towards technology, is very similar to the questions in Venkatesh, et al’s (2012) UTAUT2 research with regards to HM. 

Price value (PV) is understood to be an individual’s cost/benefit analysis of using a technology.  Venkatesh, et al (2012) proposes that PV is an individual’s trade-off between the benefits of using a technology and the economic cost of adopting that technology. The monetary cost would be the financial cost of renting or purchasing AR hardware and software and the benefits experienced because of utilising the technology (which can be seen in section 2.5). Venkatesh, et al (2012) declared that PV is a substantial predictor for an individual’s BI to use technology, signifying that people would be more inclined to use technologies with positive PV. It can be assumed that when a person perceives the benefits to be greater than the costs then they would be more inclined to adopt the technology.

Behavioural Intention (BI) is expressed as the extent to which a person is willing to perform a specific behaviour (Fishbein and Ajzen 1975). This is the genuine measure of adoption as it is the principal constructs which influence BI. 

[image: ]
Figure 4. The UTAUT2 model by Venkatesh, et al (2012)

[bookmark: _Toc161222736]Addition of Perceived Trust to Proposed UTUAT2 Model
UTAUT2 has undergone further adaptations (Penney, et al, 2021, Yang, et al, 2022, Yang, et al, 2021, lee, et al, 2019), most notably the addition of perceived trust (PT) as a cause, influencing the desire to adopt new technologies.  PT implies the readiness of an individual to have confidence in an exchange partner in which they feel reassured to disclose sensitive information and complete tasks accordingly (Moorman, et al, 1993). Alam, et al (2020) found that PT was recognized as an essential consideration that significantly contributed and impacted the intention to adopt technology in the healthcare sector. Guo, et al (2016) supports this notion who state that PT was believed to be the most substantial consideration when anticipating the acceptance of mobile health. Addressing PT concerns happens to be even more complex when data/patient information is outsourced in cloud servers for analysis and processing, which would be the case as patients’ CT scans would require processing as part of the digitisation process via software external to the healthcare provider’s ICT network. Research on ICT information exchanges with digital cloud based networks within a healthcare context depends on PT and proposes that an absence of PT is a sticking point to its adoption (Deng, et al, 2018). Asadi, et al (2019) utilised the TAM model and put forth a theoretical framework to investigate the acceptance of wearable health monitoring technology and observed a positive connection between PT and BI.  The impacts of PT may differ significantly due to contextual differences such as social norms and cultural nuances. This suggests that PT could have a significant impact on the acceptance of AR technology in Saudi Arabia compared to the UK, because of differences in social and cultural norms. Coherent with preceding research, Binyamin & Hoque (2020) state that when users trust technology, they are more likely to adopt new technology. For this reason, PT will be included as part of this research given the complex nature and the impact that AR technology could have on a patient’s clinical outcomes and privacy.  Compared to common theories related to technology acceptance highlighted in section 2.1, studies that emphasise a specific context and recognises key predictors and constructs are regarded as crucial for contributing to a thorough comprehension of a target/specific context (healthcare orthopaedics in the UK) and successfully extending research models. For this reason, PT will be included as part of this research given the complex nature and the impact AR technology could have on a patient’s clinical outcomes and privacy.  

[bookmark: _Toc161222737]Drivers for Innovation and Adoption
This section will help to highlight a few of the salient drivers for the innovation and use of AR to further strengthen the justification for this research in the healthcare environment. Due to increasing demands for health sciences, new and effective options are required in this field (Baashar, et al, 2023).  This need has driven the technological advances which are continually evolving and developing, changing the way in which surgery is conducted.  Technologically advanced procedures may include complex surgical procedures executed for the treatment of musculoskeletal tumours, fracture reduction, remedial osteotomy surgeries, or instrumentation adjacent to critical anatomic structures requiring precise preoperative planning and accurate intra-operative execution (Casari, et al, 2021).  Different technological innovations, which currently exist include robotic surgery, 3D-printed patient-specific instrumentation (PSI), navigation tools with tracking visualized on monitors, and the emergence of AR which permits a human-computer interface.  
Current research highlights key drivers for AR innovations are (Reydar, 2023):
· To improve the user experience by presenting instant feedback without taking the surgeon away from the operating table.
· Reducing radiation exposure.  
· Improved surgical planning by visualising the patient’s anatomy before the procedure, surgeons can identify potential risks and create more accurate surgical plans.
· Reduced surgical complications because of better visualization and guidance, surgeons can minimize damage to healthy tissues, reducing the risk of complications and improving patient outcomes.
· Reduced surgical revisions – Reduced revisions due to accurate positioning of instruments and correctly implanted prosthesis.
· Shorter operation times. The improved efficiency and accuracy provided by AR can help reduce surgeries’ duration.
· Faster recovery times: Minimally invasive procedures made possible by AR often result in quicker patient recovery times and reduced postoperative pain.
· Reduced carbon footprint. Innovations such as PSI’s require manufacturing and can take weeks and will have a carbon footprint associated with the manufacturing and logistics, which AR does not. 
· Ability to collaborate remotely with other HCP’s.
· Education - AR offers a realistic system to harness medical skills, without the need of a supervisory expert/trainer (Yeo, et al, 2011). AR offer a platform for trainees to gain proficiency with required procedures that they may not get exposure to within the desired timeframes. The superior reality offered by AR in comparison to traditional learning techniques improves ability to retain information of the procedures, subsequently improving the quality and speed of learning (Weidenbach, et al, 2000).

[bookmark: _Toc161222738]Barriers to Adoption 
 Implementing AR technologies into the OR will inevitably contend with many challenges and barriers because AR devices present its value and benefits in an unorthodox manner and with a distinct degree of contextuality.   Salient barriers to widespread adoption of AR in current research are as followed:
· Technological inaccuracies can lead to misplaced virtual models making the navigation unreliable (Casari, et al, 2021).
· Hardware - Battery life is limited; Devices are large, and the cables can be cumbersome (Khor, et al, 2016).
· Security - electronic patient records, confidentiality and data management will be a crucial factor in the integration of AR in healthcare.
· Cost – expensive software and hardware investment required.  Even though the costs associated with AR technologies are reducing year on year with advancements and increased availability the costs are still perceived as a barrier to its adoption. 
· Comfort – Discomfort caused from wearable devices and lag can cause nausea. One consideration is that orthopaedic surgery is physically demanding and can last for several hours so the ergonomics and comfort would be crucial to their successful adoption. 
· Visual clutter can be an issue (Edwards, et al, 2020).
· Culture - People tend to show resistance towards disruptive technology and do not trust their ability to do what they say they will and is thus a critical barrier (Pettersen & Asheim, 2022).

[bookmark: _Toc161222739]Users and Uses of AR in Orthopaedics
Users of the technology would typically be orthopaedic surgeons/consultants and medical students.  To be precise on the term ‘users’ in the context of this research, it is the individuals who would wear and operate the AR technology during surgery. 
AR, VR and MR technologies offer clear benefits to healthcare professionals and patients and common uses of the technology can include medical education, doctor-patient communication, preoperative planning, intraoperative guidance and navigation, teleconsultation, and other surgery-related fields such as wider collaboration with fellow healthcare professionals (Hu, et al, 2019). Research on AR applications highlights the significance that reality technologies can provide orthopaedic trainees, by offering an immersive environment and remote access to a greater number of procedures.  Furthermore, it provides a new method for live evaluation and remote mentoring (Verhey, et al, 2020).
[bookmark: _Toc161222740]Research Methodology

2. [bookmark: _Toc161222674][bookmark: _Toc161222741]
[bookmark: _Toc161222742]Research Paradigm 
There is a variety of belief approaches that influence the way research is conducted.  Beliefs concerning the nature of the social world, what can actually be accepted and understood about the social ecosystem, by what means research should continue, and what way we come to understand and obtain such knowledge. Collectively, belief systems shape the philosophical foundations in which research is built upon. It is how we perceive the world via a set of expectations that directs the research process.  It is necessary to understand the research ontology and epistemology which will be discussed in the following sections.
 
[bookmark: _Toc161222743]Ontology
Ontology is characterized as the study of "being" and is one of the principal subdivisions of research philosophy (Holden and Lynch, 2004). Lincoln and Guba (1998, p201) assert in their philosophical model the ontological question is: “What is the form and nature of reality and therefore, what is there that can be known about it?”.  An individual’s ontological belief system tells equally our understanding of societal influences and similarly, what and how we are able to learn about it (cited in Leavy, 2014).  Academics focused on social behaviour are confronted with the ontological question of what is reality? Is it exogenous to a person (objective) or is it a consequence of endogenous conscience interactions with society (subjective).  The researcher’s ontological stance is that knowledge is obtained and comprehended via subjective means. When choosing between subjectivity and objectivity, the researcher’s stance is more supportive of subjectivity. Nevertheless, it is not the researcher’s intention to recklessly ignore objectivism.  This said, the less rigid philosophical methodology of interpretivism will be employed, which embraces a subjectivist outlook and views reality as socially formed (Viio, 2011).   The interpretivist belief system emphasises a person’s individual knowledge and experiences, which are founded in social–historical contexts (Hesse-Biber and Leavy, 2011). Interpretivism suggests that people proactively contribute and have an influence in establishing and shaping of individual knowledge, because of social exchanges, commonly expressed as the social construction of reality (Leavy, 2017).  

[bookmark: _Toc161222744]Epistemology 
Epistemology is a philosophical belief system approach which guides the way in which research is undertaken and what can be deemed as knowledge (Leavy, 2014).  The belief of the researcher is that of constructivism, which states that knowledge is created by means of social engagements and experiences. Constructivist researchers recognise that knowledge is acquired on an individual basis due to social interactions and our exchanges in them and subsequently the mind forms limitations of knowledge exclusive to the individual. 
[bookmark: _Toc161222745]Research Design 
To investigate the research questions and to stay in sync with the established UTAUT2 model and for reasons of validity and reliability, a quantitative approach was utilised. The quantitative approach will attempt to quantify and examine the relationship between the seven independent constructs and their impact on BI to adopt.  This method of data gather will enable an analysis providing statistical data hopefully identify numerical correlations between the chosen theoretical constructs being investigated (Bell, et al, 2022). On the contrary, qualitative research can be viewed as more beneficial for acquiring deeper insights and discovering increasingly rich and deep knowledge into psychological processes in the workplace (Bell, et al, 2022). A quantitative method was selected because it was the researcher’s desire to adhere to established methods from well-established models.  Furthermore, it allowed for a greater amount of data from a larger pool of participants from a variety of regions with limited financial commitment required, as there was no funding in place to conduct this research.  Therefore, a deductive approach was employed, as the research commenced with an existing theory and additional extensions for contextual fit and application.  Humans are extremely complex and the ability to repeat a study is extremely important for efficacy, to help strengthen any claims made around human behaviour and psychology (Coolican, p16, 2014). 

[bookmark: _Toc161222746]Proposed Model 

[image: ]
Figure 5. Adapted from Venkatesh, et al (2012).

[bookmark: _Toc161222747]Sampling Technique and Data Collection
A convenience sample was utilised for this research.  The researcher works in the healthcare industry and asked colleagues to distribute an invite healthcare professional’s that met the criteria to participate within their network to via e-mail.  All personal information and research matter was collected via google forms.  Google forms is a well-recognised method for conducting surveys digitally, reducing the need for hard copies of surveys and for convenience of participation. To examine the proposed hypothesis, the chosen method covered all the variables in the conceptual model of the research in a short succinct survey. Additionally, the utilisation of this online survey is free of charge reducing financial implications. During the data collection phase, no sensitive personal data was acquired, and full anonymity would be maintained. Furthermore, involvement in the study was voluntary, and information regarding the processing and storing of information was specified to the participants prior to taking part. Before the research commenced, all potential participants received an email with details about the purpose of the study and basic information on AR applications in healthcare contexts and instructions concerning research participation (see appendix 1: Information Letter).

[bookmark: _Toc161222748]Participants and Minimum Criteria 
The sample included healthcare professionals within the UK who have completed medical school and are on the foundation programme as a minimum requirement. Participants must be committed and, on their journey to becoming an orthopaedic surgeon (NHS, 2023).  Participants must be working within the UK. Participants are to have completed medical school and will be aged 18 and above so there will be no minimum age limit and there will be no maximum age limitations.

[bookmark: _Toc161222749]Sample Size 
The survey will be distributed to colleagues of the researcher who currently work within the healthcare sector.  The survey can be sent to HCP’s within their network as long as minimum criteria is met. The survey was sent to 15 colleagues who will have on average 8 customers. Sample size will be sent to a minimum of 120 HCP’s but could be considerably more depending on willingness to send on.  

[bookmark: _Toc161222750] Measures, Scales 
The measurement scales for testing the model of technology adoption were taken from preceding literature on technology acceptance research to ensure construct validity.  Many of the constructs utilised were based on UTAUT2 model by Venkatesh, et al (2012), which were purposefully modified to fit the context of AR adoption within UK orthopaedics. The questions in the survey were dedicated to each dimension: PE, EE, SI, BI, HM, PV and TR.  See Table 1 to see measures used to evaluate each dimension. A 5-point Likert scale was used to gauge the impact of the constructs (1 = strongly disagree and 5 = strongly agree).  Additionally, the researcher would like to take the opportunity to understand what healthcare professionals believe to be the primary uses and benefits of AR technologies (see sections 2.5 and 2.6). Furthermore, the researcher wants to understand whether the proposed uses discovered during the literature review, and correlate with what the participants perceive to be the most appropriate uses of the AR technology.  This understanding may help shape the offering and capabilities of AR technology.  The rationale for this is because current technologies offer additional capabilities, uses and benefits that add limited value to the consumer.  The overload of uses and presumed value offerings, may present no added value and could possibly add to confusion and anxiety when contemplating adoption of a new technology. See Table 1 for all measures surveyed in study.
Table 1. All measures surveyed via online platform.
	Constructs Used
	Item
	UTAUT2 Statements Included in This Research
	Method
	


	Performance Expectancy 
	PE1
	AR would be beneficial within my job
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	Venkatesh, et al (2012)

	
	PE2
	AR would make my job easier and reduce surgery times
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	PE3
	Using AR would increase external collaboration within the OR
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	PE4
	AR would improve healthcare education
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Effort expectancy (EE)
	EE1
	It would be easy for me to become skilful at using AR technology in the OR
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	Venkatesh, et al (2012)

	
	EE2
	I would find the AR technology easy to use
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	EE3
	I believe learning to use AR would be easy for me
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	EE4
	My interaction with AR would be clear and understandable
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Social influence (SI)
	SI1
	My peers influence my decision to use new technologies 
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	Venkatesh, et al (2012)

	
	SI2
	People influential to me think that I should use AR technology 
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	SI3
	In general, I believe my organisation/leadership would support the use of AR in the OR
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Facilitating conditions (FC)
	FC1
	Once available I believe my organisation would support and provide the required resources to use AR technology
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	Venkatesh, et al (2012)

	
	FC2
	Supporting mechanisms should be provided to offer expertise with struggles when using AR in the OR. This may include technical support or training support.
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Hedonic Motivation (HM)
	HM1
	Using AR in the OR is a good idea
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	Alam, et al (2018)


	
	HM2
	Using AR would be good fun
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	HM3
	I have a favourable attitude towards using AR in the OR
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Behavioural Intention (BI)
	BI1
	I intend to use AR in the OR as soon as it becomes available
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	BI2
	I predict that I will use AR in the OR as soon as it becomes available
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	
	BI3
	I would estimate that my chance of using AR within my role as frequently as needed
	Five-point Likert scale (1 strongly disagree– 5 strongly agree)
	

	Perceived Trust (PT)
	PT1
	I trust AR technology to do its job accurately.
	
	Fischer, et al (2014)
Lee, et al (2021)


	
	PT2
	I believe AR applications would be reliable in the OR.
	
	

	
	PT3
	I feel that AR applications are safe and reliable.
	
	

	
	PT4
	I trust AR applications’ commitment to protect patient privacy.
	
	

	Price Value 
	PV1
	If AR was deemed affordable, I would be more likely to adopt
	
	Venkatesh, et al (2012)

	
	PV2
	AR technology would offer greater benefit than its cost
	
	

	
	
	Non-UTAUT2 Measures Included in Research 
	
	

	Purpose of Use
	



PU1


PU2


PU3
	Please score the following in terms of uses/benefits when using augmented reality? 1 being lowest score and 5 being highest.
· Broadcasting and recording surgery for educational purposes.
· Improving clinical outcomes and surgical efficiencies.
· Broadcasting surgery for clinical collaboration/support remotely.
	Five-point Likert scale (1 lowest score – 5 highest score)
	



[bookmark: _Toc161222751] Procedure For Quantitative Data Collection 
The procedure for data collection can be seen below:
    Questionnaire design and preparation.

Choosing sample and size.
Launch survey on chosen online platform.
Downloading the Responses and analyse the data. 


Adapted from Regmi, et al (2016).

[bookmark: _Toc161222752] Ethical Considerations 
First, informed consent was obtained by utilising a yes/no option in the survey and an information page at the start of the survey explaining the research was provided. Also, full contact details for the researcher were present in the invitation letter had the participants had any questions. Second, contribution to the research was voluntary. Furthermore, participants have full autonomy and can withdraw from partaking at any moment prior to submitting data online. Lastly, anonymity for participating was assured. Participation did not require the provision of any personal information that would allow for a participant to be identified. 

[bookmark: _Toc161222753]Research Hypothesis Development
To start, experience will not be included as a moderating variable as the researcher is assuming that the majority of HCP’s will not have experience with AR technology specifically within orthopaedics and will not provide accurate and statistically relevant findings. Experience in the context of UTAUT2 is referring to experience with a particular technology and not years doing a job, which is a plausible interpretation to make. To elaborate, experience can be understood to moderate the relationship between FC’s and BI. Having more experience can lead to greater familiarity with a technology and having a base level of knowledge may facilitate or ease the learning process and reduce any dependency or requirement for external assistance (Alba and Hutchinson 1987). This is not to say that experience should be excluded from future studies, however it would be more suitable once the availability of AR becomes more prominent. Excluding experience will also simplify the model. A meta-analysis showed that users with less experience or familiarity will depend more on FC’s, which is a fair assumption (Notani 1998).  As stated in the literature review, habit will also not be included for the same reason as to not confuse the participants when taking the survey as they will not have formed a habit or gained any experience. 

Performance Expectancy 
PE in in UK orthopaedics refers to HCP’s confidence or assessment concerning the expected advantages and improvements AR technology will have on patient outcomes, OR performance and HCP education and collaboration. It specifies their expected PE outcomes of how well they will perform their duties aided by AR in comparison to traditional methods. Preceding studies found that PE and its related mechanisms are the strongest predictors of BI (Duyck, et al, 2008; van Dijk, Peters, & Ebbers, 2008). For instance, Davis (1989) asserts that the degree to which individuals suppose that a specific technology is going to aid them in their current role and increase their performance will enhance an individual’s desire to adopt new technologies. An example of PE in the context of orthopaedics is a surgeon who believes that using AR for surgical placement of a guide wire in shoulder arthroplasty would lead to more predictable and reliable placement of wire, compared to traditional instruments used. This improvement in consistency would subsequently lead to better patient outcomes. Regarding gender and age as moderators research suggests that males will have a higher PE due to their task orientation tendencies (Minton and Schneider, 1980) and that research by Pettersen and Asheim (2022) found that the “younger generation” has a more accepting view on new technologies and subsequently, have an easier time when adopting new technologies in contrast to the older generation.

[bookmark: _Hlk160969794]H1: Performance expectancy has a positive effect on the adoption of AR in orthopaedics. PE will be moderated by age and gender, mainly for younger males who will put greater emphasis on PE. 

Facilitating Conditions 
An individual with greater access to a greater array of facilitating conditions would be expected to have a greater desire to adopt AR technology. For instance, if there was access to virtual training/support or in field training and technical support, this would increase the desire to adopt the technology. Intention to adopt we anticipate will be moderated by age and gender. Older users of technology can typically experience increased difficulty taking on and processing new information, consequently influencing their learning capabilities of new technologies (Morris, et al, 2005; Plude & Hoyer, 1985). This struggle may be credited to a natural decrease in mental and retention capacities because of the aging process (Posner, 1996). Therefore, in comparison to younger individuals, older people are more inclined to place significantly more value on the accessibility of suitable FC’s (Hall & Mansfield, 1975). Additionally, males, more so than females, are prepared to give additional energy to surmount hurdles and troubles experienced to achieve their objectives, with females having a propensity to focus more on the amount of exertion required and the actions required to realise their goals (Henning & Jardim, 1977; Venkatesh & Morris, 2000). Consequently, males are less inclined to depend on FC’s when contemplating adoption of technology, while females are more inclined to place increased importance on FC’s. Like PE Males are typically more task-oriented, which could be a justification for this assumption regarding gender roles in society (e.g., Lynott and McCandless, 2000). 

[bookmark: _Hlk160969804]H2.  FC will positively influence an individual’s intention to adopt AR.  This will be moderated by age and gender such that the impact will be greater with older females. 

Effort Expectancy 
EE is specified as the amount of discomfort accompanying the use of a new technology (Venkatesh, et al, 2003). A plethora of research has indicated that EE had a significant influence on BI (Davis, 1989; Kijsanayotin, et al, 2009; Moore & Benbasat, 1991; Oye, Iahad, & Rahim, 2014), while in contrast others did not find such influence (Jong & Wang, 2009; Park, 2009). Chau & Hu (2002) contended that from their research, this may have been a consequence of the participants having prior experience with the technology and putting less importance on EE. However, this technology is universally in its infancy commercially and is the researcher’s belief that EE will have a significant impact on BI. Venkatesh & Morris (2000) state that EE is more significant for females than for males. This may be a result of the gender differences previously mentioned. Plude & Hoyer (1985) state that older individuals have been known to be impeded by processing multifaceted information and assigning the necessary concentration to learn information on the job, both of which may be necessary when learning completely new technology.

[bookmark: _Hlk160969815]H3. EE will be impact BI to adopt AR technology and will be moderated by age and gender.  EE will be specifically moderated by older people and women who will put greater emphasis on EE.

Social Influence
SI is the extent to which a person believes that significant peers believe they should use a new technology. Research found that the performance of SI was of no consequence in voluntary circumstances/settings. In contrast, its performance is substantial when utilised in a mandatory environment. Research concluded that in mandatory environments such as a hospital, the influence is ascribed to compliance, which is deemed significant only in the early phase of individual experience and when an individual can benefit or lose in their role because of their decision.  However, it must be said that this normative pressure will attenuate as time passes and individuals become more experienced and informed on a particular technology (Venkatesh & Davis, 2000). Conversely, SI in voluntary settings is engineered by influencing an individual’s opinion of the technology. Equally, the impact of SI on BI is presumed to be moderated by age and gender. Research proposes that females are generally more susceptible to the opinions of others and thus find SI to be more substantial when planning to adopt new technology (Venkatesh, et al, 2000). Rhodes' (1983) meta-analysis of the impact age has, determined that affiliation desires intensify with age, signifying that elder people are expected to place a greater weighting on SI’s, and again with the impact decreasing with experience (Morris and Venkatesh 2000).

[bookmark: _Hlk160969823]H4. SI will positively impact an individual’s BI to adopt AR technology. The effect of SI on BI will be moderated by age and gender, such that the effect will be stronger for women, particularly older women, particularly in mandatory settings in the early stages of experience and for older individuals in general.

Price Value 
It is believed that the influence of PV on BI will be regulated by age and gender. Once again, this is concluded from research about social norms and roles (Bakan 1966; Deaux and Lewis 1984) when hypothesising on the variating significance of PV amongst males contrasted with females and with young against older adults. This research implies that male and female adults usually adopt dissimilar social positions and demonstrate varying social responsibilities. Principally, males are more inclined to stand alone and display independence, increased task competitiveness, make conclusions founded on selective evidence and are more prone to trial and error activities, whereas females are increasingly interdependent, collaborative, and deliberately pay attention to the finer details (Bakan 1966; Deaux & Kite 1987). Therefore, from a consumer viewpoint, females will typically spend more time considering the costs and services offered than their male counterparts. Additionally, females take a more active role in buying activities and therefore act more responsibly and considerately when parting with funds than males (Slama & Tashchian, 1985). It is known that males are typically more inclined to engage with new technology and the PV ascribed by males to technologies may well be greater in comparison with value allocated by females to the same technologies. Furthermore, these gender role contrasts generated by social characteristic labels will be strengthened when individuals get older, since older females are more inclined to participate because of the heightened responsibility looking after their family (Deaux & Lewis, 1984). Subsequently, older females will be more cost sensitive because of their social role as matriarchs of household spending. This suggests that the cost of goods and services yields greater significance for older females. 

[bookmark: _Hlk160969841]H5: PV will positively impact an individual’s BI to adopt AR technology. BI will be moderated by age and gender, such that the effect will be greater with females and more markedly for older females.  PV will have a significant impact on technology adoption.

Perceived Trust
The notion “trust” is linked with the principle that individuals acknowledge uncertainties due to optimistic outlook of a technology. In the digital era of the millennium the greater occurrences of fraud and data safety concerns in digital networks, trust of possible consumers may well gradually affect the acceptance of technology (Unnikrishnan & Jagannathan, 2018). Research by Wan, et al (2021) learned that trust was regulated substantially by age and was bigger amongst 20–30-year-old participants than with the older groups.  This would suggest that younger individuals are more trusting of technology and older individuals may be less trusting of new technologies, which could be attributed to the fact that the younger research partakers grew up and obtained digital experience and education.  Another explanation is that younger surgeons would be more prepared to hand over control in contrast to the older cohort who have trusted their skills and abilities for quite some time. However, research by Wan, et al (2021) did not find any statistical difference between men and women about trust, which is something to consider and look for any statistical relationships in gender differences regrading trust. According to Habib, et al (2014), Fujitsu Research Institute conducted surveys on cloud computing acceptance, which revealed that 88% of customers were concerned about data permissions and access of their data and 84% had fears regarding the location of where their data was stored which may contribute the trust element of using digital AR solutions. The vast amount of research which incorporates trust in the UTAUT2 models have consistently shown trust as a strong predictor of technology acceptance and that a lack of trust will act as a barrier to adoption. 

[bookmark: _Hlk160969851]H6. Trust will positively impact behavioural intention to adopt. Additionally, trust will be moderated by age with younger individuals being more trusting of new technology. 

Hedonic Motivation 
[bookmark: bbb0010]We anticipate the influence of HM on BI to be regulated by gender and age because of contrasts in individual’s innovativeness, pursuit of innovation and perceptions of innovations. Midgley & Dowling (1978, p. 236) describes innovativeness as “the degree to which an individual is receptive to new ideas and makes innovation decisions independently” and Agarwal & Prasad, (1998) describe personal innovativeness as the propensity to take risks. The pursuit of innovation is the inclination of a person to seek out innovative information/solutions (Hirschman, 1980) and is a function of human personality which we all possess to some degree.  A person’s innovativeness can enhance an individual’s HM to adopt a new technology (Holbrook and Hirschman, 1982). When individuals initiate the utilisation of a technology, they will focus more on the technology’s innovations (e.g., the new capabilities and functionality of mobile phones) even though they may not use it for its novelty factor (Holbrook & Hirschman, 1982). It must be noted that as experience with AR grows, the appeal of the innovativeness that aids the influence of HM on AR adoption will moderate and people will utilise AR for practical reasons, such as improved surgical outcomes and OR efficiencies. Accordingly, HM will have less impact on BI to use AR with increasing experience of the technology.  Even though experience is excluded from this research, awareness of this crucial for future research. Age and gender were discovered to impact individual’s personal innovativeness (Lee, et al, 2010). In the initial phase of adopting an innovative technology, younger males are more inclined to demonstrate a bigger inclination to pursue innovations (e.g., Chau & Hui, 1998). This strong inclination will subsequently enhance the significance of HM in younger males early in technology adoption. 

[bookmark: _Hlk160969862]H7. HM will positively influence BI and will be moderated by age and gender with HM being strongest amongst younger males. 

3. [bookmark: _Toc161222687][bookmark: _Toc161222754]
[bookmark: _Toc161222755] Hypothesis Summary
To summarise in a succinct manner the researcher hypothesis that PE, EE, SI, FC, PV, PT, HM affect BI to adopt AR technology and will be moderated by age and gender.  

[bookmark: _Toc161222756] Research Questions
AR has been around for a long time and is now becoming easily accessible with technological developments, yet given the positive discussions surrounding AR’s benefits, there is still limited use of AR in the OR and in the education of healthcare professionals. 

1. [bookmark: _Hlk160969875]What are the main constructs that influences the adoption of AR in UK orthopaedics?
2. What impact do moderators age, gender and experience have on AR technology adoption specifically within UK orthopaedics?
3. Is the UTAUT2 model an effective model to predict an individual’s intention to adopt?
4. Understand what the end user believes would be the most useful application of AR in orthopaedics?

[bookmark: _Toc161222757]Results 

4. [bookmark: _Toc161222691][bookmark: _Toc161222758]
[bookmark: _Toc161222759] Introduction 
This chapter presents the results acquired from the questionnaire and assessment of the hypothesised model. Partial least squares (PLS) SEM analysis was conducted using SmartPLS 4 to test and analyse the model, since there are several interaction terms and PLS is proficient of analysing these relationships (Ringle, et al, 2022). This method has been extensively utilized for theory testing and confirming a model validity and reliability (Hair, et al, 2018). Moreover, PLS-SEM is typified by its flexibility concerning data dissemination and allowing for small sample sizes (Hair, et al, 2021). The PLS-SEM regression analysis was also chosen because PLS-SEM regression decreases the impact of sample size because its calculations are not as susceptible to inconsistencies with smaller samples (Hair, et al, 2011). Additionally, PLS- SEM is an effective tool for research that concentrates on hypothesis construction and projections in contrast to explorative means and provides no inferences about primary statistics (Hair, et al, 2011).

[bookmark: _Toc161222760] Descriptive analysis 
Through the data of 39 valid survey responses age and gender of the participants are specifically analysed here. They are also pertinent to the research questions as gender and age are moderators in the research hypothesis to be tested, which are thought to regulate the impact of construct variables on BI to adopt AR technologies. 
	
	Variable
	Number
	Percentage

	
	
	
	

	Age
	18-24
	0
	0%

	
	25-34
	11
	28%

	[bookmark: _Hlk155361599]
	35-44
	12
	31%

	[bookmark: _Hlk155361293]
	45-54
	7
	18%

	
	55-64
	9
	23%

	
	65 and above
	0
	0%

	
	
	
	

	Gender
	Female
	13
	33%

	
	Male
	26
	67%

	
	Prefer not to say
	0
	%



The result of the demographic analysis shows that a large proportion of the participants were males, which is consistent with what you would expect within the industry with 14.7% of consultants in 2022 being females (Cairn Technology, 2023). The variety of age categories is a great variety of data to analyse. 

[bookmark: _Toc161222761] Construct Average Scores by Moderators 
	Age
	Average PE
	Average EE
	Average SI
	Average FC
	Average HM
	Average PT
	Average PV
	Average BI

	25-34
	4.33
	3.50
	3.40
	4.00
	4.43
	3.90
	4.10
	3.97

	35-44
	3.64
	3.41
	3.30
	4.36
	4.15
	3.77
	3.77
	3.12

	45-54
	3.79
	3.42
	3.22
	3.75
	3.78
	3.77
	3.77
	3.33

	55-64
	4.06
	3.03
	3.59
	4.39
	3.70
	3.67
	3.94
	3.33

	Gender
	
	
	
	
	
	
	
	

	Male
	3.81
	3.34
	3.27
	4.10
	3.92
	3.28
	3.65
	3.28

	Female
	4.44
	3.38
	3.64
	4.38
	4.42
	4.02
	4.46
	3.94

	Difference 
	0.63
	0.04
	0.37
	0.28
	0.50
	0.74
	0.81
	0.66


Table 2. Highest scores indicated in bold and the lowest in italics.
Table 2 shows the average scores to see if there were any statistical differences between the moderators age and gender on the principal constructs impact on BI.  From the above table we can see that PE expectancy was higher for females and the youngest age category.  EE did not experience any significant statistical differences, however EE was highest amongst the younger cohort again. SI was highest amongst the eldest age group and for females.  FC was highest amongst the youngest group and female category.  HM, PT, PV and BI were all highest amongst the youngest group and female groups. 
26 of the 39 respondents showed BI to adopt AR technology, which is 67% of participants this is a promising for the AR developers as AR technologies are in their infancy in terms of orthopaedic applications. There is still a lack of awareness of AR technologies, which could account for the 8 respondents (21%) giving neutral responses regarding BI to adopt as they just did not have enough information to give an informed decision.  

[bookmark: _Toc161222762] Purpose of Use Scores

Figure 6.
Figure 6 shows the results of the purpose of use scores collected as part of the online survey.  It is evident that the two consistent top rated uses go to improving clinical outcomes and surgical efficiencies and broadcasting and recording surgery for educational purposes.  This is in line with what was expected and in line with what Furman and Hsu (2021) found in their systematic review of wearable technologies in the OR say that wearable devices may have a significant part to perform as the requirement for surgical excellence and safety advancements in the OR increases the need for innovations. Supplementary to improving OR safety and productivity, the clinical realisation of wearable technologies, may have a markedly meaningful influence on healthcare education. By evading logistical hurdles related with regular OR observations, wearable devices recording, and live-streaming capabilities have an opportunity to offer live case surgeries to a global audience virtually. Permitting HCP trainees to don wearable technologies while completing surgical procedures independently may also be valuable, as this could offer superiors flexibility to remotely observe and assess surgical proficiency, which would deliver notably more detailed feedback and instruction in contrast with retrospective feedback. 

[bookmark: _Toc161222763] Validity and Reliability 
Reliability analysis of the UTAUT2 constructs using Cronbach’s Alpha were conducted to measure the independence of the constructs of the UTAUT2 model. A superior Cronbach’s alpha indicates the constructs being investigated are well connected with and relevant to each other. Cronbach’s alpha can sway 0 and 1, and a sufficiently meaningful value usually begins from .7 or .8 and further than (Emerson, 2019). Internal consistency via Cronbach’s Alpha calculations can be found in table 3 Every construct in the model bar SI showed a high degree of consistency with a significance level of 0.5 was utilised to analyse the data.  FC was above the minimum 0.5 Cronbach’s alpha and extremely close the recognised 0.7 value, so for this reason it will be viewed as acceptable. Venkatesh, et al (2003) asserts that a coefficient of 0.70 is largely dependable. The individual evaluates for each construct’s Cronbach’s alpha can be seen in table 5. Table 5 shows that questions SI1 and FC2 are not reliable or valid questions in this application due to their low coefficient scores.   

Fornell and Larcker's (1981) state that, if reliability using Cronbach's alpha and composite reliability are greater than 0.7 and average variance extracted (AVE) with a score greater than 0.5, then this indicates the model will achieve convergent validity, which is essential for this research (Fornell & Larcker, 1981; Hair, Risher, Sarstedt, & Ringle, 2019). The reliability scores support that the positive internal consistency of the UTAUT2 model can be recognised as valid and reliable method of measuring AR adoption behaviours in UK orthopaedics. The one exception with regards to Cronbach’s Alpha is SI.

	
	Cronbach's alpha
	Composite reliability (rho_a)
	Composite reliability (rho_c)
	Average variance extracted (AVE)

	BI
	0.962
	0.964
	0.975
	0.930

	EE
	0.848
	0.921
	0.898
	0.693

	FC
	0.681
	-3.075
	0.640
	0.528

	HM
	0.899
	0.899
	0.937
	0.832

	PE
	0.920
	0.927
	0.944
	0.807

	PT
	0.817
	0.813
	0.881
	0.652

	PV
	0.893
	0.893
	0.949
	0.903

	SI
	0.577
	0.763
	0.770
	0.563


Table 3. 

[bookmark: _Toc161222764] Pearsons Path Coefficient Analysis  
	Constructs
	Pearson Path coefficients

	EE -> BI
	0.078

	FC -> BI
	-0.123

	HM -> BI
	0.154

	PE -> BI
	0.333

	PT -> BI
	0.178

	PV -> BI
	0.224

	SI -> BI
	0.128


Table 4. 
	Constructs 
	Outer loadings

	BI1 <- BI
	0.944

	BI2 <- BI
	0.970

	BI3 <- BI
	0.978

	EE1 <- EE
	0.916

	EE2 <- EE
	0.930

	EE3 <- EE
	0.808

	EE4 <- EE
	0.644

	FC1 <- FC
	0.976

	FC2 <- FC
	0.320

	HM1 <- HM
	0.937

	HM2 <- HM
	0.899

	HM3 <- HM
	0.901

	PE1 <- PE
	0.924

	PE2 <- PE
	0.915

	PE3 <- PE
	0.878

	PE4 <- PE
	0.875

	PT1 <- PT
	0.828

	PT2 <- PT
	0.870

	PT3 <- PT
	0.848

	PT4 <- PT
	0.668

	PV1 <- PV
	0.952

	PV2 <- PV
	0.949

	SI1 <- SI
	0.311

	SI2 <- SI
	0.888

	SI3 <- SI
	0.896


Table 5. 

[bookmark: _Toc161222765] Threats to Validity
Conclusion validity is another threat to validity in correlational studies and is characterized by researchers’ attempts to reach to some conclusion about a relationship between variables even though there is no real relationship between them or an attempt by researchers to infer that there is no relationship between two variables even though there is indeed a relationship between them (Trochim, et al, 2008). To improve conclusion validity, a good statistical power is required. The statistical power in this study, as recommended by Trochim, et al (2008) was greater than 0.80. Complete care and attention to detail was given to the data analyses phase to confirm the validity of this research as well as the reliability of the conclusions stated from this research. Applying a tried and tested model that has been employed and established by preceding academics to be effective and dependable also lowered the danger to construct validity (Boslaugh, 2008; Field, 2009). 

[bookmark: _Toc161222766][image: ] Hypothesis testing
Figure 7. 

Figure 7 represents the results of the path analysis, with the corresponding standardized coefficients. The results implied a positive significant relationship of PE, PV, PT, SI, EE, PE on BI supporting the UTAUT2 model.  However, because the sample was small it was not able to calculate smart data relationships via the SmartPLS software.  To analyse the moderating effects of age and gender data averages were populated using excel and can be seen in table 2 (section 5.3).

[bookmark: _Toc161222767] Summary of Hypothesised Results 

	Code
	Result

	H1
	SUPPORTED

	H2
	NOT SUPPORTED

	H3
	PARTIALLY SUPPORTED

	H4
	SUPPORTED

	H5
	SUPPORTED

	H6
	SUPPORTED

	H7
	SUPPORTED



From the summary, we can see that 6 of the 7 hypothesis were supported with one (FC) not supported. The relationship of moderators will be discussed in the discussion section. 

[bookmark: _Toc161222768]Discussion
The main objective of this research was to empirically investigate whether the UTAUT2 model was an appropriate method for predicting an individual’s willing to adopt AR technology in UK orthopaedics. In this research, UTAUT2 was adapted from the UTAUT model by Venkatesh, et al (2012), and researched the facilitating effect of PE, EE, SI, PV, PT, FC, AND HM had on BI. Next, the results will be discussed in more detail including the moderating effect of age and gender. The findings confirm the extension and adaption of the UTAUT2 with PV and PT in the context of UK orthopaedics as they both were significant contributors to BI. 

5. [bookmark: _Toc161222702][bookmark: _Toc161222769]
[bookmark: _Toc161222770]Effect of Performance Expectancy on Behavioural Intention 
Out of the 7 independent constructs, PE had the biggest impact on BI, which is what would have been expected.  This is in line with most of the previous research, which considers PE the strongest predictor of BI to adopt new technologies (Davis, et al, 1992; Taylor & Todd, 1995; Venkatesh & Davis, 2000; Thompson, et al, 1991). This confirms hypothesis H1, which was that PE would have a significant impact on BI to adopt and remains the strongest predictor according to this research. Hence, HCP’s are predominantly motivated to adopt AR technology if they perceive functional improvements to their practise and the value that AR technology will offer them is superior to what they are currently doing. Irrespective of BI, 90% of participants either agreed or strongly agreed that AR would improve education, which may also explain why it had the Pearson coefficient score out of the four PE evaluates. Concerning the moderating effect of age, the youngest cohort had the highest PE, which is what was hypothesised and consequently confirmed this notion. However, it was discovered that females had the highest PE scores, which is not in line with previous research and rejects the hypothesis that males typically have higher PE.  However, 9 of the 13 females were younger than 44 years old, which is not a representative sample when making assumptions and the small sample size of females may have contributed to this outcome.  To conclude, PE significantly statistically higher (13%) for females so does not support the moderating effect of gender and males in the hypothesis. 

[bookmark: _Toc161222771]Effect of Perceived Trust on Behavioural Intention 
PT was the third strongest predictor of BI (β = 0.178), to adopt AR and must be considered essential when considering digital technologies such as AR.  Schretzlmaier, et al (2022) and Jacob, et al (2022) assert that PT of digital health are essential especially when they impact people’s health and wellbeing.  This research supports the research on PT and confirms H6 that PT impacts BI to adopt AR technology.  The moderating effect of age was significantly different between the youngest and eldest groups with the youngest having the highest PT scores, which is supportive of previous research stating that younger individuals are more trusting of technologies due to being brought up in the digital age and having better IT education and familiarity with advancing technologies. Previous research has not shown significant differences between the mediating effect of gender on PT, however, this research showed that females were significantly more trusting than their male counterparts. There is no theoretical explanation for this and it maybe only applicable to this context. 

[bookmark: _Toc161222772]Effect of Effort Expectancy on Behavioural Intention 
Venkatesh, et al (2003) hypothesized that EE is substantially associated with BI. Results from this research partially supports this hypothesis. EE weakly correlated with BI with a Pearson correlation of β 0.078, which is why is only partially supports H3.  An explanation for its lack of relational strength impacting BI maybe since people don’t really know how difficult it will be to learn the AR technology or the ease of use involved in using the technology as they have not seen or experienced the technology yet.  In this context it is still applicable, but this may be different and more impactful once the technology becomes more readily available and knowledge of the technology increases. There was no significant difference between males and females, nonetheless it was marginally higher for females, which is what was hypothesised.  The results showed a significant statistical difference between younger and older cohorts, again with the biggest difference being between the youngest and oldest groups.  The younger group scored 9.4% higher than the eldest group, which confirms the hypothesis and is agreeing with previous research particularly by Pettersen and Asheim (2022) that younger individuals find learning new technologies easier than older individuals. 

[bookmark: _Toc161222773]Effect of Hedonic Motivation on Behavioural Intention
From the findings of this research, it was found that HM was a predictor of technology adoption and supports H7 with a coefficient score of β0.154, shows a positive relationship between HM and BI. The findings of from this study are supportive of the use and inclusion of HM when predicting AR adoption in UK orthopaedics. Lee, et al (2010) stated that in the early stages of using a new technology, younger men tend to exhibit a greater tendency to seek novelty and innovativeness, however our findings are partially supportive of this with the youngest group exhibiting the highest HM scores and females scoring significantly higher than males with their results.  The youngest group had a 14.6% higher HM score in contrast to the eldest group who resulted in the lowest score. This is what was expected and hypothesised and may be attributed to many factors such as technological anxiety and experience with technology.

[bookmark: _Toc161222774]Effect of Social Influence on Behavioural Intention 
Previous research and from the original UTAUT research found that SI positively impacts BI to adopt new technologies. The findings from this research show that SI does have a positive impact on BI to adopt AR technology and agrees with previous findings as stated in literature review and hypothesis development sections. One notable finding is that evaluate SI1 scored poorly in the data analysis with a coefficient outer loadings score of 0.331, which is below the minimum 0.7. After analysing the data, it is evident that most respondents state that their peers do influence their BI, with only 2 of 39 stating they disagree their peers influence their BI.  The subsequent SI questions are all based around assumptions on whether people close to them think they should or would support the use AR technology, which again is a limitation of this research as the technology is not widely available.  This may explain why most participants responded with a neutral response to questions SI2 (80%). Findings show that females and the eldest group had the highest scores supporting H4 and extant research. When AR becomes more prominent within the general population and specifically in UK orthopaedics, it could be assumed that SI would have a greater impact as people gain experience and awareness of AR technology. 

[bookmark: _Toc161222775]Effect of Price Value on Behavioural Intention
The findings from this research demonstrates that the participants intentions to adopt AR technology are highly influenced by PV and that the cost-benefit element plays an important role in user decision-making even in a mandatory setting, such as the healthcare sector.  PV was the second highest scoring predictor of user intent to adopt close behind PE.  The findings support hypotheses H5 and that PV is a strong predictor of AR within UK orthopaedics. This is an intriguing find as PV was added specifically added for voluntary environments, where price is always a consideration (Venkatesh, et al, 2012). This finding shows that PV is applicable and valid in both mandatory and voluntary settings. Age did moderate the impact with the youngest group having the highest PV with age groups 35-44 and 45-54 exhibiting the lowest PV score which is not in accordance with the hypothesis and previous research, which indicated the older group would put more importance on PV. The difference between the highest and lowest was not hugely significant with a 6.6% difference. The moderating effect of gender was substantially significant with females exhibiting greater coefficient scores compared to males.  This agrees with previous research and H5, which predicted higher PV for females. To conclude PV was a significant predictor of BI to adopt AR, especially for younger females.

[bookmark: _Toc161222776]Effect of Facilitating Conditions on Behavioural Intention 
According to this research FC was not a significant predictor of BI to adopt AR technology and is not in agreement with previous research regarding the impact of FC on BI and does not support H2. FC was the only construct that demonstrated a negative relationship with BI with a coefficient result of β-0.123. Regarding moderation of age and gender FC was highest amongst the eldest group, which confirms H2’s projection concerning moderating effect of age. To our surprise, the lowest scoring group was the 45-54 group with the youngest group scoring the second lowest score.  FC was highest among females but was not significantly different.  Regardless of BI, FC consistently scored high (agree or strongly agree) which shows that it is extremely important, however it justifies why it showed a negative relationship with BI as those with no BI to adopt agreed that FC’s should be provided.  It can be a fair assumption that most users would expect FC’s and it may be that they are perceived as prerequisites irrespective of BI. FC2 scored low on the coefficient score, which may well be a wording issue with the question as FC1 scored extremely high on outlier loadings in table 5. Upon reflection the wording may have been too specific, and a more generalised question should have been deployed for FC2. 

[bookmark: _Toc161222777]Strengths and Limitations 
This quantitative research methodology successfully validated the proposed extension of the UTAUT2 model for predicting AR technology acceptance of with UK orthopaedics. Using validated scales, it was ensured the quality of the online survey apart from questions SI1 and FC2 which may need further review or be mediated by a larger sample size and once AR technology becomes more familiar withing UK orthopaedics.  One of the reasons why FC2 and FC in general lacked strong coefficient scores may have been due to the reduced questions, as it only had two questions.  However, due to AR’s infancy and its lack of market awareness and availability, we were unable to provide any valid questions that could be adapted and applied from previous UTAUT2 models.  The sample size is pertinent limitation, and the 39 responses is a good starting point, but it is not representative of all HCP’s in the UK. To overcome this limitation, more time must be afforded to the data collection phase allowing for a larger sample size reducing the effect of outlier results skewing scores.  Nonetheless, this was distributed extensively and HCP’s possibly may have chosen to not fill in the survey as a result of not knowing enough about AR technology and its applications.  Another consideration for the reader is that this technology is not widely available or used so the results are all being made from assumptions surrounding the participants knowledge and perceptions of existing AR technologies used for possibly more recreational purposes. To overcome this, the research should be conducted after it becomes more prominently available within UK orthopaedics. Quantitive research is great for large sample groups as previously mentioned, but it does not provide insight to that data, which again is a limiting factor. For example, the understanding of why females are more trusting in the context of this research, could have been understood or explored further by a mixed methods approach incorporating a qualitative approach.  

[bookmark: _Toc161222778]Conclusions
Regardless of the recognised advantages of AR technology, little research has been performed to identify wat influences the acceptance of AR technology in the UK healthcare sector. This research provides a good reference for measuring the intention to adopt AR and what has the biggest impact on BI to adopt AR technology in UK orthopaedics. Explaining what determines BI to use AR technology is certainly useful throughout the decision-making process by HCP’s and AR developers. This research proposed a theoretical model based on the UTAUT2 framework and examined the effects of PE, EE, FC, SI, PT, PV and HM on user BI to use AR technology. The findings reveal that all constructs except FC are reliable predictors of BI to use AR technology in UK orthopaedics. Overall, AR technology that address all the constructs within this model including FC is more likely to be adopted. A larger sample group would improve the applicability of these findings and would possibly negate any outliers responses. Adding PT was a worthy and justified addition being the third strongest predictor of BI. PT, PV and PE were the three strongest predictors of BI. Age was a key moderator when it comes to AR technology with the youngest cohort scoring highest in 5 of the 7 constructs and scoring the highest in BI. Females had a significantly higher PV, PT, PE, BI but scored higher in all constructs. Regards the ratings afforded to AR’s uses, this research showed that improving clinical outcomes and OR performance along with improving healthcare education scored the highest as the key applications of AR technology in the healthcare sector with external collaboration and assistance scoring the lowest.  This research has answered all the research questions and added to the growing and vast research of technology acceptance and accepts UTAUT2 as a valid method in determining technology acceptance of AR technology in the UK healthcare context. 
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Consent and Information Letter Sent to Participants
Dear Prospective Survey Participant,

My name is Ryan Prosser, and I am a master’s student at the University of South Wales Trinity St David. This is an e-mail inviting you to partake in my master’s research focusing on technology acceptance within UK orthopaedics. The research intent is to understand what factors influence a person's willingness to adopt and use new technologies.  This research is focused on augmented reality within UK orthopaedics. A few examples of augmented reality applications in orthopaedics are via AR technology devices such as Hololens smart glasses to aid with surgical guidance and navigation, educational opportunities to provide training via virtual methods, collaborative surgery and guidance offered remotely, access to patient plans/data via voice and hand commands and access to virtual surgical flow without leaving the operating table.

Video of Augmented Reality applications in healthcare can be seen by following link for further information of augmented reality and it applications - https://www.youtube.com/watch?v=w9mXtVHSIv4 

Partaking in this research is voluntary. There is no compensation for participating in this study, however, your participation has the potential to contribute to the growing literature on the understanding of what drives the adoption of new technologies. There will be no negative consequences for participating in this study. Your identity is confidential and will not be revealed.  An informed consent section will be on the first page of the survey. The survey will take between 5-10 minutes to complete. 

For more information on this research, please e-mail 2126851@student.uwtsd.ac.uk. If you wish to partake in this research, please find the survey by following the link below:
https://www.surveymonkey.com/

Sincerely,

Ryan Prosser
AR Application Ratings

Broadcasting and recording surgery for educational purposes	3	4	4	4	4	5	5	4	2	3	4	5	4	5	5	4	5	5	4	5	4	4	4	4	4	5	5	5	5	5	5	4	4	4	4	4	5	5	5	Improving clinical outcomes and surgical efficiencies	5	3	5	3	3	5	5	5	4	5	4	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	4	5	5	5	5	5	5	5	5	5	5	5	Broadcasting surgery for clinical collaboration/support remotely	3	5	3	4	4	3	3	4	3	3	4	5	3	3	2	3	3	4	3	4	4	4	3	4	4	4	3	2	4	3	3	4	3	4	4	3	4	3	4	
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