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Abstract
Technologies are almost indivisible from people’s personal and professional lives. Any technology prevails when its intended users accept it. Technology acceptance is a prominent research area to bridge the divide between human expectation and technological offering by understanding the relevant factors. Many theories and models have been developed over time, originally inherited from the discipline of psychology and sociology to understand factors influencing peoples’ behavioural intention for technology acceptance. This paper mainly delineates two aspects: First, it provides a comprehensive overview of the most cited technology adoption theories and models and their evolution as provoked by constant technological development drives consumers expectation and needs. Second, its synopsis the limitations of these existing theories and models and attempts to underline other limitations and suggestions from a different perspective. This paper provides an insight of this interdisciplinary research field, highlighting the limitations, providing a pointer for suitable model selection based on service or technology categories as well as an indication of such limitation can be optimised using state of art data collection, visualisation, and pushing their application to technology refinement the way user comments or feedback. It also points to the fact that these models can be made dynamic with smarter data collection and gathering from online.
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1. Introduction
In data-driven technology, human life is influenced by technological changes. Any changes to current technology or introduction of the new one should involve user as part of the process right from start. It is crucial to identify and understand factors affecting their behaviour to acknowledge the technology. According to Carr (1999), technology adoption is the “stage of selecting a technology for use by an individual or an organisation”. Technology Acceptance is one of the mature areas of research in Information Systems (IS) that studies and analyses factors viewed from different perspectives (Sharma and Mishra, 2014). Literature analysis points to the fact that an appropriate model or theory is always been a critical task for the IS researchers. Thus, the new researchers in the field of technology acceptance are advocated to learn the history of the specific subject domain in addition to the available theories and models. With a state of the art review of major acceptance theories and models, the research community will appreciate the pros and cons of different models and provide a reference point for selecting the appropriate theory or model. 
According to Sharma and Mishra (2014), research in technology acceptance occurs at individual and organisational levels. In early days, the technology was mainly used at workplaces that lead to models developed for the organisational levels. However, due to the advancement in technologies and expectation shift in users demands, several studies (Röcker, 2010) have stated that technology adoption is not only limited to the attributes of technology but also involves attributes of users’ attitude and personality (Fishbein and Ajzen, 1975)  to the extent that Thompson et al. (1991), introduced the facilitating conditions and Venkatesh et al. (2003) incorporated social influences. 
Data and information dependency of modern lifestyle enabled by technology and services do lend itself to revise new (Venkatesh et al. 2003), of looking how these models designed, how they can be used as design tools for more proper alignment between technology and user. This study focuses on reviewing the theories and models and discusses the need for new constructs and models for emerging and dynamic technologies and services.
2. Technology Adoption Theories and Models
The purpose of Technology adoption theories and models is to learn and understand the users or potential users’ behaviour about the acceptance and usage of technology. When it comes to adopting any new technology, different variables play an important role in an individual’s decision-making process (Fishbein and Ajzen, 1975). Many theories and models have been developed over the years with distinct factors to study technology adoption. These theories are originated from human behavioural studies that further expanded to psychological studies and social studies until the term technology got evolved into them (Momani and Jamous, 2017). 
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Figure 1 Timeline – technology adoption theories/models
This review focuses on the technology acceptance theories and models including those eight that have later synthesised Unified Theory of Acceptance and Use of Technology (UTAUT). Figure 1 illustrates the timeline of the developments of models and related theories. A methodological approach is based on published literature available from the academic databases (EBSCOhost, ScienceDirect, Google Scholar) with keywords such as technology acceptance theories, technology acceptance review, consumer technology adoption models. In addition to providing a complete timeline of related work, following reviews are provided bases for this literature analysis: Sharma and Mishra (2014), Momani and Jamous (2017), Lai (2017) and Alkhwaldi and Kamala (2017).
2.1 [bookmark: _Toc523577336]Cognitive Dissonance Theory (CDT) and Expectation – Disconfirmation Theory (EDT) / Expectation – Confirmation Theory (ECT)
Cognitive Dissonance Theory, developed by a psychologist named Leon Festinger in 1957, refers to the conflicts between one’s current and previously held beliefs or engages in behaviour which conflicts with the belief. The cognitive dissonance theory was not intended for technology adoption; however, its concept applies to consumer behaviour. Based on this, Oliver (Oliver,1980) proposed the Expectation – Disconfirmation Theory (EDT) or Expectation – Confirmation Theory (ECT) that has four main determinants (shown in figure 2): expectations, performance, disconfirmation and satisfaction (Samaradiwakara and Chandra, 2014). Within the context of the technology adoption, the theory explains the feelings of discomfort ensued to a user when his/her initial pre-usage expectation (belief) from the technology conflicts with the actual user experience. Such discrepancies (i.e. dissonance) that developed over time between original anticipation and observed performance is captured in the disconfirmation determinant (Bhattacherjee, 2001). 
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Figure 2 Expectation - Disconfirmation Model (EDT) (Bhattacherjee, 2001)

2.2 [bookmark: _Toc523577337]Innovation Diffusion Theory (IDT) / Diffusion of Innovation (DOI)
In the 1950s, diffusion studies are to understand individuals’ differences in innovativeness. These lead Roger (1962) to propose Innovation Diffusion Theory (IDT) to study the domain-independent innovation-decision process (Momani and Jamous, 2017). IDT is one of the oldest theories grounded in the social science field to study various innovative tools ranging from agricultural invention to organisational developments (Tornatzky and Klein, 1982). The theory explicates the diffusion as the process of the members of the social system communicated an innovation through certain channels over time. Rogers (1995) observed the innovation and diffusion over nearly three decades and identified that relative advantage, complexity, compatibility, trialability and observability are the five determinants influencing the rate of diffusion as shown and explained in figure 3.
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	Constructs of IDT explained by Barnes and Huff (2003)

	Construct
	Definition

	Relative Advantage
	Relative advantage is the degree, to which the innovation is perceived as being better than the practice it supersedes.

	Compatibility
	Compatibility is the extent, to which adopting the innovation is compatible with what people do.

	Complexity
	Complexity is the degree, to which an innovation is perceived as relatively difficult to understand and use.

	Trialability
	Trialability is the degree, to which an innovation may be experimented with on a limited basis, before making an adoption decision.

	Observability
	Observability is the degree, to which the results of an innovation are visible to others.


Figure 3 Innovation-Decision Process (Rogers, 1995) and Constructs of IDT
The Innovation Diffusion Theory (IDT) is the base for various technology adoption models. The version of IDT developed by Moore and Benbasat (1991) has redefined Roger’s original work and added new determinants that could be useful to study an individuals’ technology acceptance behaviour. Their model introduced voluntariness of use, image, ease of use (complexity in Roger’s model), result demonstrability and visibility as well as Roger’s original determinants relative advantage, compatibility and trialability. However, their analysis shows that compatibility, ease of use and relative advantage were the most significant determinants on user’s decision compare to result for demonstrability, image, visibility and trialability constructs.
2.3 [bookmark: _Toc523577338]Theory of Reasoned Action (TRA)
Theory of Reasoned Action (TRA) by Fishbein and Ajzen (1975) is one of the most primary and influential theories on human behaviour modelling. Though, it was largely utilised to predict and explain human behaviour in any generic domain, Davis et al. (1989) has successfully applied it to the technology acceptance modelling. In 1967, Fishbein and Ajzen have originally developed it in the field of social psychology but its history goes back to the period from 1910 to 1960s when studying an individual’s behaviour through attitude was at an early stage. It was not designed for any specific technology or behaviour, rather considered as a general model. According to the authors, it was resulted from the Persuasion Models of psychology to predict and explain human behaviour. As shown in figure 4, attitude and subjective norms are the main two determinants of behaviour intention which is an immediate antecedent of behaviour (Fishbein and Ajzen, 1975).
According to Dwivedi et al. (2017), behavioural intention is a function of salient information or belief about the likelihood that performing a behaviour leads to a specific outcome. Furthermore, the concept belief divided into behavioural beliefs and normative beliefs. The behaviour beliefs affect an individual’s attitude and normative beliefs affect an individual’s subjective norms while performance behaviour. In which, the attitude is described as positive or negative feelings of an individual whereas subjective norms are related to human behaviours in question (Fishbein and Ajzen, 1975).
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Figure 4 The Theory of Reasoned Action (Fishbein and Ajzen, 1975).
2.4 [bookmark: _Toc523577339]Theory of Planned Behaviour (TPB)
Ajzen (1985) proposed the Theory of Planned Behaviour (TPB) based on TRA. Along with TRA’s original constructs attitude and subjective norms, this model adds a new determinant Perceived Behavioural Control (as shown in figure 5) which refers to people’s perception regarding the ease or difficulty associated while performing a behaviour of interest (Ajzen, 1991). The concept of Perceived Behavioural Control is brought from the Self-Efficacy Theory which in turn derived from Social Cognitive Theory. According to Rawstorne et al., (2000), it deals with the original model’s limitation about measuring an individual’s perception of control over performing an intended behaviour. TPB has been successfully used in a variety of technology-based innovations to understand and predict an individual’s acceptance and usage (Mathieson, 1991; Harrison et al., 1997; Taylor and Todd, 1995b).
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Figure 5 The Theory of Planned Behavior (Ajzen, 1991).
2.5 [bookmark: _Toc523577341]Decomposed Theory of Planned Behaviour (DTPB)
Taylor and Todd (1995) developed Decomposed Theory (DTPB) of Planned Behaviour by decomposing TPB’s determinants attitude, subjective norm (social influence), and perceived behavioural control further into more specific constructs that could provide a more comprehensive explanation of adoption behaviour (Taylor and Todd, 1995b). This subject has been studied twice in two separate studies by the same authors (Taylor and Todd 1995a; 1995b) to explore the dimensions of the above mentioned three determinants. As shown in figure 6, the attitudinal belief decomposed with Perceived Ease of Use and Perceived Usefulness from TAM and compatibility. This Decomposed TPB model is complex as it has more determinants like subjective norms decomposed with peer influence and supervisor influence, and perceived behaviour control decomposed with self-efficacy, resource facilitating condition and technology facilitating condition (Momani and Jamous, 2017). According to Taylor and Todd (1995a), TRA and TPB are good in predicting behaviour but DTPB is more effective to predict IT usage.
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Figure 6 Decomposed Theory of Planned Behaviour (Taylor and Todd, 1995a)
2.6 Combined TAM and TPB (C-TAM-TPB)
With a similar approach to DTPB, Taylor and Todd (1995c) compounded the determinants of TPB and TAM models to develop Combined TAM and TPB (C-TAM-TPB). In this hybrid model subjective norm (e.g. social influence) and perceived behavioural control are integrated with TAM as shown in figure 7, which could be valuable determinants to understand technology acceptance and are not included in the original TAM model by Davis et al. (1989). This study included prior experience as a moderator and conducted between inexperienced and experienced users. Consequently, C-TAM-TPB stated as an adequate model to predict information technology usage at a different level of user’s experience (Alkhwaldi and Kamala, 2017).
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Figure 7 C-TAM-TPB (Taylor and Todd, 1995c)
2.7 [bookmark: _Toc523577342]Model of PC Utilization (MPCU)
Thompson et al. (1991) developed the Model of PC Utilization (MPCU) which is inspired by the theory of interpersonal behaviour by Triandis (1977). The research work from Triandis (1977) differs from other human behaviour theories like TRA and TPB by explaining the difference between cognitive and affective components of attitude. According to his theory belief are a cognitive component of attitude and as he illustrated in his framework "Behaviour is determined by what people would like to do (attitudes), what they think they should do (social norms), what they have usually done (habits), and by the expected consequences of their behaviour” (Sharma and Mishra, 2014). 
Later in 1991, Thompson et al. refined Triandis’ theoretical model in the context of information technology and formulated MPCU. They employed this model to predict PC utilisation, however, the nature of the model allows it to predict an individual’s acceptance and use of diverse technologies (Venkatesh et al., 2003). MPCU primarily works for a situation where the use of a PC is not mandated by the workers’ organisation but contingent on their choice. The theory postulates that in such situation the use of a PC by a worker can be influenced by various determinants such as facilitating conditions at the workplace, prevalent social norms regarding computer usage at the workplace, expected consequences to PC utilisation by individual and their feelings (affect) towards computer usage. Complexity and job-fit are added to the model to explain the perceived consequences aspect (Sharma and Mishra, 2014). Figure 8 depicts and explains the constructs of MPCU. This model excludes habit variable due to measurement issues and investigates usage behaviour (actual) rather than intention (predictive).
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	Constructs used in the Model of PC Utilization (Thompson et al. 1991)

	Construct
	Definition

	Job-fit
	"The extent to which an individual believes that using technology can enhance the performance of his or her job."

	Complexity
	"The degree to which an innovation is perceived as relatively difficult to understand and use."

	Long-term consequences
	"Outcomes that have a pay-off in the future."

	Affect Towards Use
	"Feelings of joy, elation, or pleasure, or depression, disgust, displeasure, or hate associated with an individual with a particular act."

	Social Factors
	"Individual's internalization of the reference group's subjective culture, and specific interpersonal agreements that the individual has made with others, in specific social
situations."

	Facilitating Conditions
	"Provision of support for users of PCs may be one type of facilitating condition that can influence system utilization."


[bookmark: _Toc523577343]Figure 8 The Model of PC Utilization (Thompson et al., 1991) and constructs of MPCU

2.8 Motivational Model (MM)
Several motivational theories have been developed in the field of psychology since 1940; Self-Determination Theory (SDT) (Deci and Ryan, 1985) is one which explains that having choices, making choices and experiencing the choices are qualities of human functioning in the course of self-determination. The motivational theory has been applied to numerous studies in diverse context; for example, Davis et al. (1992) formed Motivational Model (MM) to study the acceptance and use of information technology. According to this model, extrinsic and intrinsic motivations as described in table 1 are the two key determinants shaping an individual’s intention to perform the behaviour of technology usage (Momani and Jamous, 2017). Extrinsic motivation refers to a behaviour where a user performs activities to achieve external rewards. Perceived usefulness, perceived ease of use, and subjective norm are examples of extrinsic motivation. In contrast, intrinsic motivation is about feeling an inner joy while performing an activity that leads to self-satisfaction (Vallerand, 1997). An example of intrinsic motivation is the degree of perceived enjoyment that an individual gets from playing with a computer. Following are the Motivational Model constructs explained by Davis et al. (1992)
	Constructs of Motivational Model by Davis et al. (1992)

	Construct
	Definition

	Extrinsic Motivation
	It is described as the perception where the user wants to perform an activity "because it is perceived to be instrumental in achieving valued outcomes that are distinct from the activity itself, such as improved job performance, pay, or promotions."

	Intrinsic Motivation
	It is described as the perception where the user wants to perform an activity "for no apparent reinforcement other than the process of performing the activity per se."


Table 1 Constructs of MM
2.9 [bookmark: _Toc523577344]Social Cognitive Theory (SCT)
The idea of Social Cognitive Theory (SCT), also known as Social Learning Theory (SLT), proposed by Miller and Dollard (1941) adapted to model the principle of learning (Momani and Jamous, 2017). Compeau and Higgins (1995a) extended SCT to evaluate the acceptance of various information systems and technologies in general. The authors have experimented this extended version by applying it to two studies, one in the context of computer utilization (Compeau and Higgins, 1995a) and other one examined performance (Compeau and Higgins, 1995b). In the original study, authors kept utilization (usage) as the dependent variable, however, to provide a fair comparison with other models, Venkatesh et al. (2003) studied the predictive ability of this model from the Behavioural Intention perspective. As shown and explained in figure 9, the key determinants of this model are self-efficacy, anxiety, affect, outcome expectations – performance and outcome expectations – personal.
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	Constructs of Social Cognitive Theory (Compeau and Higgins, 1995b)

	Constructs
	Description

	Outcome expectations – performance
	It is the behavioural consequence related to performance, which mainly deals with job-related performance.

	Outcome expectations – personal
	It is the personal behavioural consequence, which deals with individual esteem and sense of accomplishment.

	Self-efficacy
	It is defined as the judgment of an individual's capability to use technology (e.g. computer) to accomplish a specific job or task.

	Affect
	Affect is the extent to which an individual likes a specific behaviour (e.g. computer use).

	Anxiety
	Anxiety is defined as evoking anxious or emotional reactions when it comes to performing a behaviour (e.g. using a computer).


Figure 9 Social Cognitive Theory (Compeau and Higgins, 1995b) and Constructs of SCT
2.10 [bookmark: _Toc523577340]Technology Acceptance Model (TAM) and its extensions - TAM2 and TAM3
Davis et al. (1989), inspired by TRA, introduced the Technology Acceptance Model (TAM). Unlike TRA that was developed as a general model for human behaviour in psychology. TAM was mainly developed for the technological field to measure user acceptance for Information Systems within the organisational context (Mathieson et al., 2001). TAM is the first model to introduce and validate such common factors that explain the user’s behaviour across different technologies while maintaining parsimoniousness and theoretical justification (Dwivedi et al., 2017). TAM (shown in figure 10) replaces TRA’s attitude determinant toward behavioural intention and propose two specific constructs: Perceived Usefulness (PU) and Perceived Ease of Use (PEOU). Davis et al. (1989) have also mentioned External Variables (e.g. situational constraints or individual abilities) in the model that indirectly could influence technology usage through PU and PEOU. As shown in figure 10, PU and PEOU affect users’ attitude that eventually influences their intention to use the technology, but PU also has a direct impact on intention which explains that the use of technology could poise the negative attitude with a positive belief (Mao and Palvia, 2006). 
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Figure 10 Technology Acceptance Model (TAM) (Davis et al., 1989).
Over times, Venkatesh and Davis (1996) discovered in their study that PU and PEOU have a more direct impact on behavioural intention. Consequently, the attitude determinant got eliminated from the final version of TAM as shown and constructs explained in figure 11.
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	Constructs of TAM by Davis (1989)

	Construct(s)
	Definition

	Perceived Usefulness (PU)
	The degree to which a person believes that using a system would enhance his or her job performance

	Perceived Ease of Use (PEOU)
	The degree to which a person believes that using a system would be free of effort


Figure 11 Final version of TAM (Venkatesh and Davis, 1996) and definition of the constructs
2.10.1 TAM2
Venkatesh and Davis (2000) developed TAM2 for two reasons: (a) to explain TAM’s perceived ease of use and perceived usefulness from the social influence perspective process and cognitive instrumental process (Momani and Jamous, 2017); (b) to examine the changes in determinants’ effects by user behaviour over longitudinal studies: pre-implementation, one and three-month post-implementation (Lai, 2017). As shown and constructs explained in figure 12, determinants subjective norm, image, and moderator voluntariness refer to social influence process, whereas job relevance, output quality, result demonstrability and perceived ease of use refer to the cognitive instrumental process. TAM2 model is based on users’ mental assessment of the match between important goals at work and the consequences of performing job tasks using the system it serves as a basis for forming perceptions regarding the usefulness of the system (Venkatesh and Davis, 2000). The results revealed that extending TAM2 with new constructs have improved its performance in both mandatory and voluntary environment (Momani and Jamous, 2017).
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	Constructs of TAM2 (Venkatesh and Davis, 2000)

	Construct
	Definition

	Subjective Norm
	Person's perception that most people who are important to him think he should or should not perform the behaviour in question.

	Image
	Image is "the degree to which use of an innovation is perceived to enhance one's status in one's social system" (Moore and Benbasat, 1991).

	Job relevance
	Defined as an individual's perception
regarding the degree to which the target
system applies to his or her job. Regarded as a cognitive judgment that exerts a direct effect on perceived usefulness, distinct from social influence processes.

	Output quality
	Output quality measures perception of how well the system performs the job-related tasks.

	Result Demonstrability
	Defined as the "tangibility of the results of using the innovation". This implies that individuals can be expected to form more positive perceptions of the usefulness of a system if the co-variation between usage and positive results is readily discernible (Moore and Benbasat, 1991).

	Voluntariness
	Voluntariness is the extent to which potential adopters perceive the adoption decision to be non-mandatory.


Figure 12 TAM2 (Venkatesh and Davis, 2000) with extended Constructs definitions
2.10.2 [bookmark: _Toc523577346]TAM3
Venkatesh and Bala (2008) proposed TAM 3 (shown in figure 13), integrating TAM2 and the model of the determinants of Perceived Ease of Use by Venkatesh (2000). This model developed TAM’s original determinants PEOU and PU further to four types which include system characteristics, facilitating conditions, individual differences and social influence (Lai, 2017).
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Figure 13 TAM 3 (Venkatesh and Bala, 2008).

2.11 [bookmark: _Toc523577347]Task-Technology Fit (TTF) model
Task-Technology Fit (TTF) model by Goodhue and Thompson (1995) is different from other technology adoption models in a way that the user chooses the most suitable technology for its suitability for the task in hand. It implies that technology will only be used when its functionality fulfils a user’s task (Dishaw and Strong, 1999). According to Goodhue and Thompson (1995), this model emphasises the individual impact that refers to improved efficiency, effectiveness, and functional quality. As shown in figure 14, the author assumed that good fit between task and technology would increase its use and performance impact as the technology meets the user’s task requirements. Lai (2017) highlights that the TTF model is more appropriate to the actual use of technology than the measurement of behavioural intention.
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Figure 14 Task-technology fit (Goodhue and Thompson, 1995)
2.12 [bookmark: _Toc523577348]Unified Theory of Acceptance and Use of Technology (UTAUT)
The Unified Theory of Acceptance and Use of Technology, better known as UTAUT was found by Venkatesh et al. (2003) is based on the eight previous theories (TRA, TAM, MM, TPB, C-TAM-TPB, DOI, SCT and MPCU) with consolidating constructs from them. The authors intended to provide a comprehensive model which can be utilised across diverse information systems and technologies (Sharma and Mishra, 2014).   As shown in figure 15, performance expectancy, effort expectancy, social influence and facilitating conditions are four key constructs of this model with four moderators called gender, age, experience and voluntariness. While developing this model, authors have compiled and tested constructs of eight theories and obtained seven constructs to focus on their studies. The outcome of their research reveals that out of seven, above mentioned four key constructs are significant determinants of intention to use the technology. The remaining three constructs named anxiety, attitude and self-efficacy were not direct determinants of intention, rather mediated through the ease of use which is known as performance expectancy in UTAUT (Venkatesh et al., 2003). Hence, these three constructs were removed from the model. 
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Figure 15 UTAUT Model (Venkatesh et. al. 2003)
2.12.1 UTAUT2 – Extension of UTAUT
The UTAUT2 is an extended version of UTAUT developed by Venkatesh et al. (2012). UTAUT2 is latest model compare to others in the field of IS/IT. While most of the previous theories and models including the UTAUT have targeted technology adoption in the organisational context, the authors of UTAUT2 (Venkatesh et al., 2012) advocated the requirement of theorising salient factors that could help to examine consumer technologies. To meet this requirement, UTAUT2 integrates three important factors (i.e. price value, habit and hedonic motivation) with four independent factors of the original UTAUT. Voluntariness moderator is omitted from UTAUT2 and the remaining moderators have different hypothetical impacts on constructs. Figure 16 depicts and explains UTAUT2 constructs.
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	UTAUT (Venkatesh et al., 2003) and UTAUT2 (Venkatesh et al., 2012)

	Constructs
	Definition

	Performance expectancy
	“Performance expectancy is defined as the degree to which an individual believes that using the system will help him or her to attain gains in job performance.”

	Effort expectancy
	“Effort expectancy is defined as the degree of ease associated with the use of the system.”

	Social influence
	“Social influence is defined as the degree to which an individual perceives that important others believe he or she should use the new system.”

	Facilitating conditions
	“Facilitating conditions are defined as the degree to which an individual believes that an organizational and technical infrastructure exists to support the use of the system.”

	Price Value
	“consumers’ cognitive trade-off between the perceived benefits of the applications and the monetary cost for using them”.

	Habit
	“the extent to which people tend to perform behaviours automatically because of learning”.

	Hedonic Motivation
	“the fun or pleasure derived from using technology, and it has been shown to play an important role in determining technology acceptance and use”.


Figure 16 UTAUT2 (Venkatesh et al., 2012) and constructs
3. [bookmark: _Hlk2960220]Limitations of reviewed theories
Most of the technology adoption theories and models reviewed in the previous section are originated from the psychology and behavioural theories. All these theories and models share one common goal that learning factors influence an individual's behavioural intention to accept and use technology and indicate their shortfalls. Momani and Jamous (2017) study of their limitations implies the development of new models is linked to the identification of new factors and integration to the models. According to Min et al. (2008), technology adoption models have two major concerns: (a) conceptually similar constructs have many different terminologies (e.g. Perceived Usefulness = Relative advantage = Performance Expectancy); (b) no single theory encompasses all factors due to the complex nature of behavioural studies and research limitations, in short, it lacks generality and domain independence. 
The following section summarises the limitations of each theory and model reviewed in this paper.
EDT/ECT: This psychological theory measuring the dissonance between an individual’s current feelings and previous beliefs was not mainly designed for technology acceptance. Hence, the variables may not be effective to assess the behavioural intention.
DOI/IDT:  It is originally employed to understand individuals’ differences in innovativeness regardless of any specific area of study. However, it’s been criticised for its low explanatory power, ineffective in predicting outcomes and solutions to accelerate the rate of adoption. Furthermore, it has been unclear on how attitude or features of innovations affect acceptance or rejection decision. The theory has limited emphases on cultural aspect.
TRA: Though many researchers have considered TRA while evaluating the behaviour of IT usage, its been criticised for being a model designed to evaluate any behaviour in general, but not specifically for information technology. It is also limited by not considering constructs broadly which could influence an individual’s intention. Another main limitation of TRA observed by Ajzen (1985) was the correspondence, where approval of targets, actions, timeframes, and contexts required to predict and explain certain intention, behaviour and attitude (Alkhwaldi and Kamala, 2017).  
TPB: TPB has been criticised in a similar manner to TRA as the constructs of the model are not considered in a broader context (e.g. economical or environmental factors). it was extended with a new construct Perceived Behavioural Control (PBC) suggesting that behaviours are already planned. But it lacks the explanation of individuals’ planning mechanism and how its related to TPB without mentioning any other constructs such as fear, motivation, experience, etc (Momani and Jamous, 2017).
DTPB: This advanced version of TPB decomposes the constructs of TPB further in detail with all their characteristics (Momani and Jamous, 2017). It has the same limitation as TPB saying that behaviours are already planned.
C-TAM-TPB: This model proposed to benefit from the duo TAM and TPB, but the PBC factors were not fully integrated. The integration of TAM and TPB factors is useful but does not solve the generality issue, such as how to identify the new factors.
MPCU: This model is successful to understand and explain PC utilisation but has several limitations to adopt it for voluntary settings where the usage of computer is not mandatory. It also lacks the explanatory attributes that are required to be useful in adaptation.
MM: This model has been successfully applied to healthcare and educational domain but is less effective for technology acceptance applications due to its small number of constructs. (Parijat and Bagga, 2014)
SCT: Initially, this theory focused on the learning process rather than motivation or behaviour. However, it has been applied to various research fields including information technology. Momani and Jamous (2017) have cited, the relationship between environment, individual and behaviour in Bandura (1986) is not very clear, especially in respect to understanding which one of them is more influential than other. Though this model has provided seminal constructs such as Self-Efficacy, Alkhwaldi and Kamala (2017) cited the generalisation of the theory as a limitation and suggest applying it like an umbrella and can be extended with constructs for a certain model. Its Low explanatory power asserts more studies to be conducted along with new constructs.
TAM and extensions: The TAM model has been successfully applied and validated by many researchers with its two pioneering constructs Usefulness and Ease Of Use. However, it’s been criticised for neglecting subjective norms and other potential factors which could enhance the adoption (Legris et al., 2003). Self-reported use and assessing an information system with homogeneous respondents in research questioned comprehensiveness and suitability of this model by some researchers (Lee et al., 2003; Legris et al., 2003). Also, the influence of expectancies on behaviour is unspecified by TAM and TAM2 (Chuttur, 2009). TAM and its extensions are also criticised for low explanatory power and the number of constructs they have. TAM is critiqued for having a small number of constructs whereas TAM3 for having many.
UTAUT and extension: Although UTAUT was synthesised from eight other theories/models and has achieved better explanatory power, it was criticised for using many independent factors (Bagozzi, 2007). Considering TTF as a suitable model for understanding technology acceptance and usage, its absence in formulating the UTAUT was considered as a limitation by Dishaw et al. (2004). They have also mentioned that UTAUT includes constructs from existing models and theories only and does not enhance the model with any new factors influencing intention or usage. As UTUAUT2 is latest compared to all other mentioned theories and models, it should be tested and validated by more studies in different contexts and environments with new factors.
4. Discussion and Research Issues
4.1 Evolution of UTAUT and UTAUT2
Amongst other fundamental theories and models, UTAUT and its extension UTAUT2 are widely acknowledged. Figure 17 demonstrates the evolution of theories and models over the decades that have contributed to synthesising the UTAUT model. It also includes the constructs of the original study and its explained variance (R2) of intention to use.
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Figure 17 Development of UTAUT
UTAUT by Venkatesh et al. (2003) has extracted dominant factors from eight prior prevailing models ranging from psychology to computer science field. Consequently, it outperformed all the eight models by explaining about 70% of the variance in behavioural intention and 50% in technology use compared to other models that have explained the variance between 17 and 53% in users’ intention to use technology using same data (Dwivedi et al., 2017). It means the UTAUT has not only performed better compared to the explained variances of original studies as shown in figure 17 but also with the newly collected data while developing the UTAUT. Since its inception, UTAUT has been turned out as a robust model and extensively used to examine various IS/IT. However, William et al. (2011) found that out of 450 articles cited with UTAUT, a limited number of studies have used UTAUT constructs in their studies, that means it mainly used as a theoretical foundation. Review studies such as Attuquayefio and Addo (2014) and William et al. (2011) show that researchers are constantly experimenting with new factors either by merging different models or by adding/removing constructs to/from the original model. Venkatesh et al. (2012) asserted that new type of technologies (e.g. mobile technology, Internet of Things) and a new type of user population (e.g. consumers, healthcare professionals) are amongst other motives for a model extension. Consequently, UTAUT2 has been developed by keeping consumer context in mind. It performed better than its predecessor UTAUT in terms of explained variance from 70 to 74% for intention and from 52 to 56% for usage behaviour (Venkatesh et al., 2012). 
4.2 The requirement of new factors
The limitations of technology adoption theories and models discussed in the previous section have identified three main issues: (a) Identifying new factors; (b) low explained variance and (c) generality. 
[bookmark: _Hlk512619415]Identifying new factors and low explained variance are somehow interconnected as researchers have mentioned that studying new factors from different aspects can improve the explained variance. According to Röcker (2010), information and communication technology field is growing rapidly and extensively. The modern devices are getting smaller, smarter, and ubiquitously connected to each other. Such technological advancement boosted the trend for consumer technologies and made them mainstream products (e.g. mobile phones, smartwatch, personalised health as well as AI-enabled devices and services). Following the rise in consumer technologies and the evolution of UTAUT2, many studies have suggested that traditional factors such as ease of use and usefulness are not enough to study the acceptance of novel technologies and more contribution is required by integrating new factors that might play important role in the adoption decision. Subsequently, researchers develop their model with a collection of constructs appropriate to the assessing IS/IT. For example, Guest et al. (2018) developed a model to study the acceptance of Augmented Reality and Wearable technology using UTAUT2 as a base model. Aboobucker & Bao (2018) gathered all new factors such as security & privacy, perceived trust, perceived risk and website usability to study the acceptance of internet banking. Choi & Kim (2016) conducted a study to evaluate smartwatch as an IT product or a fashion product. The diversity of novel technologies reveals the dynamic nature of the field that eventually suggests integrating new constructs along with the original models’ (e.g. UTAUT, TAM) constructs.
4.3 Domain-oriented models
Another most discussed issue is the general applicability of the model. Generalisation underpins the robustness of the model as it encompasses the broader aspects of acceptance variables both in terms of dynamic nature of user (individual or group user), as well as an evolving domain (IS or IT, static or dynamic). Unlike before the technology is not limited to organisational tasks, it is cohesive to almost every aspect of human life in modern times. With such great variety in technology and its use, it is likely to have some factors that apply to one technology but not to another. For example, factors like aesthetic appeal and healthology to study smartwatch technology (Dehghani et al., 2018) are not applicable to study internet banking. Thus, it is challenging for researchers to develop absolute general models. To minimise this domain dependency, the development of a model with a staggered-stage that can be easily refined from varying a generic form to a domain-refined and further to a product-specific model will be desirable. Though novel technologies are diverse; however, in general, they can be subject classified. This domain may have some common traits which can turn into factors and are mutual amongst all its development. This approach can be known as domain-oriented models. Factors identified for a domain-oriented model can be integrated with traditional models, such as UTAUT2. For example,  smartwatches are a consumer technology that can be classified under wearable technology domain. A domain-oriented model to study smartwatch could have common factors with wearable technologies context.
Over time and with the improvement of technologies and methods, the limitations also should be reviewed. So far, most of the limitations are discussed from the theoretical standpoint and very less from a practical standpoint. As Einstein famously quoted that “we can’t solve problems by using the same kind of thinking we used when we created them”. Along with the traditional limitations as described above, this paper attempts identifying other limitations as well. 
4.4 Identify factor(s) from an open-source data:
This area of research is heavily dominated by quantitative analysis and most of the factors are identified through literature analysis of published work of published models. Very few studies have used qualitative methods such as interviews and focus groups to consider audience opinions.  With the increasing availability of open-source comments and reviews on almost any product and issues, this bag data source is a valuable untapped resource for extracting key factors for the model. For example, a potential consumer reads online reviews and blogs before purchasing any product or service. Using the state of the art technology such as machine learning techniques for text mining to exploit such valuable resource to understand people’s opinions and experience which further can be developed as a potential factor influencing behavioural intention.
4.5 Weighing or Ranking Factors:
By in large, most empirical studies discuss the significance of the factors with hypothesis design and treat all factors with the same weight and no ranking is considered. In everyday activities, in addition to the factors, the importance of factors in tandem with a weighing of that factors are important in the formation of intension and or development of an attitude. But no study highlights the weighing or ranking of factors. Such consideration with elevate the rigidness of the model and will provide a more realistic acceptance profile.
4.6 Extending the processing pipeline:
The pipeline for developing a model based on extensive study of the current approach is shown below in figure 18 where open-source data and Visualisation are proposed new components extending the processing pipeline.
[image: ]
Figure 18 Extended processing pipeline
The drawbacks with the existing pipeline are:
a) Identifying construction is rigid and only based on what has been a precedence of what is used within existing studies. 
b) Static nature of a model does not consider of dynamic nature of the technology and consumer
c) The model results in a raw indicator of importance construct but it is difficult to convey to design and functional limitation of the technology/product
d) No optimisation used in the refining the factors range
To address some of these limitations, the following research issues need to be addressed in developing such models:
1. Construct Identification of the model needs to be refined and optimised. Instead of relying mainly on literature to assemble factors, online available open-source data can be utilised using machine learning techniques to identify new factors as well as backing established factors. 
2. Dynamic Model should incorporate the changing nature of technology and hence product and well as the vibrant nature of consumer attitude influenced not just by technology but by societal variations. Personal characteristics like age, gender and experience known as moderators represent the variety of demographics during the data collection process. According to Venkatesh et al., (2003) and Chin et al., (2003), technology acceptance models with moderating factors perform better and enhance the predictive validity of the model. Many studies including TAM have been criticized for not including moderating factors. Sun and Zhang (2006) have explained the Importance of moderating factors to address issues such as low explanatory power and inconsistencies between studies. Along with this theoretical benefit, moderating factors are useful to understand the relationship between factors and each demographic group. For example, Venkatesh et al. (2003) found in their study that Perceived ease of use (PEOU) is a significant determinant of Behavioural Intention (BI) for older people compared to younger people. Hence, proposing a visualisation technique in the pipeline would be a compliment in this research field to exemplify the moderating effect on factors.
3. Model Effectiveness – Ultimately the model needs to serve a purpose for better cohesion between technologist, designers and users.  The storytelling element can be enhanced if the outcome from the model is visualised for better understanding and communication that leads to consumer-influenced technology and design.
5. [bookmark: _Hlk4330070]Conclusion
This paper summarizes fifteen significant theories and models of technology adoption research area in the field of information systems including eight that have formulated UTAUT. The literature explicates how these traditional theories and models have been evolved over the years and had different theoretical perspective, related factors and measurements to understand the adoption of technologies by individuals and organisations. For better comprehension of the evolution of these theories and models is best to compare the illustrated in figures 1 to 17. The review discusses the necessity of new constructs over technological advancement especially in the consumer context and how their implementation could improve explained variance for intention to use, for example, UTAUT and UTAUT2. This study explains the conventional limitations of existing theories and models and tries to sum that up for better understanding. As other studies focusing more on developing and validating models, this study attempts to overview the limitations and provides some suggestions from a different perspective such as identify new factors using machine learning and text mining techniques, developing domain-oriented models, extending the processing pipeline and understanding the importance of moderating factors through visualisation. Overall, this study provides a robust opportunity for future researchers to select appropriate models according to their technology settings to carry out empirical studies and directs to possibly develop and apply new methodology through provided suggestions.
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