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ABSTRACT

In this paper, the adoption of augmented reality, as one of the emerging and intriguing digital 
technologies, has been investigated. This research uses the extended unified theory on acceptance 
and use of technology framework to analyze these factors. The student population respondents’ data 
about augmented reality adoption was collected. The student population has been chosen due to the 
highest probability of accepting new technologies. The research results show a positive and significant 
performance expectancy and enjoyment, while effort expectancy showed a negative and significant 
impact on the behavioral intention dependent variable. These research results can be used for the 
potential development of augmented reality apps in the retail industry and the academic implications 
of the connections between variables in the UTAUT framework.
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INTRoDUCTIoN

A high level of application of ICT and digital technologies enables numerous multiplicative benefits 
and innovative business models. The impact of a technological breakthrough on the transformation 
of economic structure, labour market and individual businesses has attracted researchers for decades.

Digital Transformation relates to the fourth technological revolution that impacts the companies’ 
way of doing business to stay competitive. Both internal and external factors are needed to provide 
and implement digital operations (Tomcic Furjan et al., 2020). The Digital Economy (DE) refers to 
a recent shift in a series of technological breakthroughs that transformed economic structures and 
altered the productivity of world economies since the dawn of the first industrial revolution. The term 
DE is used in everyday communication and is also referred to as Industry 4.0 or the fourth industrial 
revolution, complementing almost all industries’ galloping digital transformation (Pejić et al., 2018).

Developments in new digital technologies are an essential step towards a more efficient lifestyle. 
Still, mass adoption depends on the two aspects, originality/value and price, if all other factors are 
constant (Plewa et al., 2012). Although Augmented Reality technology has been researched for a 
long time (from the 1980s), it has only been implemented in the general population in the last decade 
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(Ghazali et al., 2019). This step has been enabled due to increased mobile technology development, 
especially smartphones, network improvements and general high usage percentage due to mass 
production and affordability throughout the world. The prerequisites for adopting and efficient usage 
of Augmented Reality have made it possible in recent years. The Augmented Reality technology 
requires a user to have a standard smartphone with an integrated camera and good internet connectivity. 
These steps are essential as AR apps operate to implement virtual objects in a user’s environment 
(Saprikis et al., 2020).

This paper analyzed the potential understanding and willingness to use Augmented Reality apps 
among the student population in supermarkets and hypermarkets. The student population has been 
taken as they represent the most technology-oriented part of the overall population. In the retail 
industry, super and hypermarkets are widely visited, and their shopping process is well known. 
Therefore, any innovation implemented in the already known environment will have an immediate 
response from its customers.

The main goal of this paper is to investigate whether Augmented Reality apps are widely accepted 
as innovations in retail. In this regard, certain aspects will be taken into consideration, namely the 
following research questions: (i) RQ1: What factors and behavioural parameters have motivated 
the respondents’ opinion on AR apps in super and hypermarkets?; (ii) RQ2: What factors stimulate 
individuals the most to adopt AR apps? These questions will be answered using the extended Unified 
Theory on Acceptance and Use of Technology (UTAUT) research framework.

The structure of this paper is as follows: after introduction, the research framework and literature 
review is provided in the second part, followed by the explanation of the methodology used, third part, 
more detailed approach on relevant factors affecting the adoption of Augmented Reality technology 
will be described in the fourth part. On top of the above, the research is to understand and discuss 
how and in what ways companies could implement AR apps easier in the retail sector based on this 
research results in the fifth part of the paper.

LITERATURE REVIEw AND RESEARCH FRAMEwoRK

Augmented Reality
The digital economy relies heavily on several independently developed but simultaneously used digital 
technologies that have transformed almost all industries and business models (Spremić, 2017). Digital 
technologies combine information technology, computer science, communication and connectivity 
technologies (Bharadway, 2013).

According to the current stage of development, we can distinguish between basic (primary) and 
advanced (emerging, secondary) digital technologies (Weill et al., 2004, Mydyti et al., 2021). Essential 
digital technologies most often include mobile and communication technologies, social networks, 
cloud computing, advanced data analytics, sensors and the Internet of Things (IoT). We consider 
them essential because their application is inevitable in almost all industries. For example, almost all 
companies use cloud computing services to store content or rent and pay for IT services to the extent 
that they are used, which reduces the need for capital investment and allows business development. 
The application of unique digital technologies provides visible and tangible benefits for businesses. 
Still, the combined, simultaneous application of many independently developed digital technologies 
enables disruptive innovations and innovation of the entire business model. Digital technologies can 
extract information from physical devices (data on sensors and IoT devices), disseminate it (using 
mobile technologies like 5G), store it on the cloud, analyze it instantly (using big data and advanced 
data analytics) and thereby connecting products, services, business processes and enabling entirely 
new business models (Spremić, 2017).

Emerging digital technologies may not yet have reached their full potential and usually include 
the following technologies: artificial intelligence (AI), virtual and augmented reality (VR and AR), 
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robotics (RPA, robot process automation), 3D printers, blockchain, drones, etc. The application of 
unique digital technologies provides visible and tangible benefits for businesses (Merkaš et al., 2020). 
Still, the combined, simultaneous application of many independently developed digital technologies 
enables disruptive innovations and innovation of the entire business model (Spremić et al., 2020).

Augmented reality (AR) describes the virtual world connected with the physical one in real-
time. The Augmented Reality is the gateway to the virtual world for those interested in stepping away 
from reality. It is often described as changing our opinion of individuals seeing the physical world 
(Pine et al., 2011). Economies of scale helped us reduce smartphone and gadget production costs in 
general, making it more affordable to more significant masses. The Augmented Reality technology 
could be developed and distributed adequately among the population, as smartphones became widely 
used (Olsson et al., 2011). The ordinary smartphone is equipped with standard hardware, a 4G/5G 
high-speed network, a built-in camera and a relatively large screen (Saprikis et al., 2020). These 
prerequisites are needed for implementing, installing and using Augmented Reality apps. One of the 
first industries to implement Augmented Reality technology was the gaming industry (van Boom, 
2019). Gaming was always at the front of technological advances as psychologically emotions are the 
ones that drive our decisions sometimes. Therefore, implementing a mobile gaming app, “Pokemon 
Go”, brought not only emotions into “the game” but nostalgia as well (Wulf et al., 2020). The game 
offered something completely different from those offered games, such as using your phone and 
camera to play the game outdoors or indoors. Being in a virtual world through your camera’s lens 
while walking on the ground was new to the audience. When you combine it with nostalgia from the 
“Pokemon” series, the Augmented Reality technology got spread pretty fast (Ghazali et al., 2019). 
Not shortly afterwards, the Augmented Reality technology got included in various industries from 
tourism, retail, education, marketing, etc. (Chung et al., 2015, Kourouthanassis et al., 2015), which 
concluded that its momentum has begun. One of the industries that could witness a big Augmented 
Reality and virtual reality (VR) influence is the retail industry, on which projections estimate a USD 
1.6 billion worth of investments by 2025 will be made (Goldman Sachs, 2016).

The benefits of using AR technology are significant in the COVID-19 pandemic time as it allows 
users to test certain products at home. Those products could be Sephora’s makeup line or IKEA’s 
furniture, which would otherwise be only possible to check in the store (Kim et al., 2008, Huang 
et al., 2015). These examples are part of the retail sector, which needs digital transformation and 
technological advances. Customers can stay at their homes while using smartphones and check out 
any makeup colour they like or see if the wishing table fits their living room, for example (Rese et 
al., 2014). It is an addition to the classic e-commerce websites, and a complement as those websites 
will be more interesting for the consumer. The decision-making process speeds up, but ques in stores 
shorten, while costs for the companies decrease (Lee 2012). By using the Augmented Reality apps, 
companies have the advantage over their customers in dictating any discounts, offers or “hidden 
gems” that could only be opened while using the app as the number of users for a specific Augmented 
Reality app increases, the better for the company that implemented it as its P&L will undoubtedly be 
better (Rese et al., 2014). Lack of information such as lousy product photos or inadequate information 
cannot happen with the Augmented Reality app. They provide customers with an experience that 
looks like the real world. (Verhagen et al., 2014).

Furthermore, the Augmented Reality apps’ usage is extensive and is entirely defined by the 
environment in which they are functioning. An Augmented Reality app in online shopping is not the 
same as the one in the store, although they all use the same platform technology (Alkhamisi et al., 
2013). A user in the store might scan a product and receive all the necessary ingredients information, 
discount offers, expiry date or any other related info. On the other hand, the same is possible in the 
online version of the Augmented Reality app only in a bit different context as the reality is you or your 
environment. In contrast, in the store, the environment is the products. Knowing the environment, its 
usage potential, and the targeted audience, the Augmented Reality apps might differ slightly from 
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each other but are very similar in the end. Given the general usage of new technologies and AR, Table 
1 provides an overview of such articles across various industries.

When we incorporate Augmented Reality technology into this research, we can start with the 
Technology acceptance framework (TAM) and continue towards the Unified Theory of Acceptance 
and Use of Technology (UTAUT) model. The model was developed by Venkatesh et al. (2003), 
representing the factors that influence users’ acceptance of new technologies, such as Augmented 
Reality.

Technology Acceptance Framework
Although new digital industrial technologies are already there, the overall benefits of this advancement 
are likely to become visible over the medium to long term horizon of the next 15 to 20 years. The 
period until then, however, is likely to witness structural transformation within all industries. Another 

Table 1. Various industries new technology adoption including augmented reality

Authors Paper title Key findings

Martincevic et al. 
(2020)

Fintech Revolution in the 
Financial Industry

The research results confirm that the usage of new 
technologies, such as “Neobanks” (banks without a physical 
location), are evolving and are incorporated into companies to 
increase their added value and gain a competitive advantage 
on the market.

Simicevic et al. (2020) The utilization of 
Forecasting Methods for 
Cryptocurrencies

According to various forecasting methods used (market 
capitalization. moving average), the findings show that 
Bitcoin will continuously grow until 2023.

Topalovic et al. (2020) Data Mining Applications in 
SMEs: An Italian Perspective

They conclude that data mining techniques can boost a 
company’s operations but indicate that only large companies 
implement it in Italy.

Tsioustas et al. (2020) Innovative Applications of 
Natural Language Processing 
and Digital Media in Theatre 
and Performing Arts.

They investigated new digital techniques and tools, offering 
innovative, attractive, enhanced, and accessible theatre 
experiences. The goal was to remove accessibility, language 
and geography barriers and to be able to achieve the opening 
of theatrical performances to important additional audience 
groups.

Mabic et al. (2019) Do Higher Education 
Institutions Foster Critical 
Thinking? – Students’ 
Perspective

The results of their research show that students think 
that teachers have to encourage them to critical thinking. 
According to students, critical thinking primarily means 
looking at the issue from different perspectives. Students are 
aware of the importance of developing their critical thinking 
to be better prepared for their future jobs.

Liu et al. (2019) Comparison of Augmented 
Reality and physical. 
the experiential learning 
environment in supporting 
product innovation

The research results show no significant differences in virtual 
and physical learning environments concerning product 
innovation. On the other hand, the selection of mechanisms 
for ideation showed differences.

Opila et al. (2019) Role of visualization in a 
knowledge transfer process

The research findings suggest that special care must be 
devoted to visualization, especially clarity, optimal details and 
information density to avoid obfuscation.

Kounavis et al., 2012 Enhancing the tourism 
experience through 
mobile augmented reality: 
Challenges and prospects

Acknowledging the various technological limitations 
hindering AR’s substantial end-user adoption, the paper 
proposes a model for developing Augmented Reality mobile 
applications for tourism, aiming to release Augmented 
Reality’s full potential within the field.

Source: Author’s work
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set of theoretical explanations is offered through lenses of technology acceptance model (TAM) 
and technology enactment literature (Zhao et al., 2015, Ali et al., 2018). TAM literature is generally 
concerned with channels through which new technologies lead to changes in the behaviour of economic 
agents such as organizations or firms.

Since Unified Theory on Acceptance and Use of Technology introduction, it has been used in 
various fields due to its expanded model regarding TAM. It incorporates a comprehensive examination 
of four independent vital factors: performance expectancy, effort expectancy, social influence and 
facilitating conditions. The first three variables are directly related to usage intention and behaviour 
during the last one of user behaviour. There are four moderate variables such as gender, age, experience 
and voluntariness. Still, this research used a fixed sample of student respondents and thus will only 
use gender and education as control variables. As the research interest is in the usage intention, it 
will disregard facilitating conditions as a factor for user behaviour. It is only concentrated on the 
consumer intention to use the Augmented Reality app. Therefore, this model is a good representation 
in explaining user perception and acceptance behaviour regarding new technological advances. 
Several prior related studies were examined to expand the original Unified Theory on Acceptance and 
Use of Technology model in the Augmented Reality scope. Table 2 presents a summary of related 
researches on this topic.

The research framework has been based on the literature review that includes the following 
factors: performance expectancy, effort expectancy, behavioural intention, enjoyment, innovativeness, 
social influence, brand loyalty and trust. The framework is part of Unified Theory on Acceptance and 
Use of Technology (UTAUT) (Venkatesh et al., 2003) which is the latest addition to the Technology 
Acceptance Model (TAM). This research will extend and change the UTAUT framework by adding 
brand loyalty as a potentially better measure of reward.

Table 2. Literature review of recent research of AR adoption

Authors Paper title Key findings

Shang et al. (2017) Mobile augmented reality 
applications for heritage 
preservation in UNESCO 
world heritage sites through 
adopting the UTAUT model

The effect of performance expectations and facilitating 
conditions on adopting a mobile AR app for historical 
monuments are found to be significant.

Paulo et al. (2018) Understanding mobile 
augmented reality adoption in 
a consumer context

The UTAUT was used to investigate the use of augmented 
reality in tourism. The authors demonstrated that enabling 
environments and performance expectations affected the 
variable of behavioural adoption intention.

Ghazali et al. (2019) Exploring player behaviour 
and motivations to continue 
playing Pokémon GO

The findings revealed that enjoyment, network externalities, 
community involvement, and the drive to gather substantially 
impact users’ inclination to keep playing. Furthermore, the 
data show that flow and nostalgia indirectly impact players’ 
intention to keep playing, significantly impacting their buy 
intention.

Saprikis et al. (2020) Determinants of the Intention 
to Adopt Mobile Augmented 
Reality Apps in Shopping 
Malls among University 
Students

The findings demonstrate that performance expectations, 
enjoyment, and reward are direct determinants of adopting 
a specific technology in shopping malls, whereas enabling 
conditions, social influence, innovativeness, and trust 
indirectly affect behavioural intention adoption.

Source: Author’s work
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Hypothesis Development
Behavioural intention describes an individual’s subjective probability of accepting new technologies. 
Their shopping habits will change inside supermarkets/hypermarkets if they accept new shopping 
methods with an AR app. This variable has been introduced in Fishbein et al., (1975) research but 
has been fully incorporated into the Unified Theory on Acceptance and Use of Technology model by 
Venkatesh et al. (2003). Therefore, this research will examine the respondents’ subjective probability 
of accepting AR apps for shopping in supermarkets/hypermarkets.

In its core form, the Unified Theory on Acceptance and Use of Technology model investigates 
the impact of performance expectancy, effort expectancy, social influence on behavioural intention, 
and facilitating conditions on user behaviour. Since AR apps are in their early usage phase, where 
only a tiny fraction of people use them, we discard the variables measuring facilitating conditions and 
actual use. Besides, the Unified Theory on Acceptance and Use of Technology model is often extended 
with various additional factors, ranging from brand loyalty to innovativeness. We investigate two sets 
of hypotheses: (i) hypothesis from the core Unified Theory on Acceptance and Use of Technology 
model and (ii) hypothesis from the extended Unified Theory on Acceptance and Use of Technology 
model. Besides, we investigate the impact of two control variables in the model: gender and education.

Core UTAUT Model
Performance expectancy defines how using a system will benefit the individual in performing 
specific activities (Venkatesh et al., 2003). This variable has been implemented in various researches 
in the retail sector and has confirmed a positive relationship with the behavioural intention variable 
(Giovannis et al., 2019). It is expected that the respondents of this research will use Augmented 
Reality apps in supermarkets/hypermarkets if they find them suitable. Based on these findings, we 
develop the following hypothesis:

H1: Performance expectancy is related to behavioural intention.

Effort expectancy is a core variable in establishing a technology acceptance by the respondents 
is the ease of using the system (Venkatesh et al., 2003). For the users to accept new technology, 
the interface and the process from the input to the output are crucial. Ease of use is needed for the 
Augmented Reality app to be accepted as other technologies were. That is the basis for the development 
of the second hypothesis:

H2: Effort expectancy is related to behavioural intention.

Peers, family members, and friends’ opinions impact the individuals’ perception of using a 
particular technology. The individual might be the technology pioneer in their group of friends. By 
pioneer’s acceptance of new technology, their group of contacts might start to use it or not based on 
their review. The more positive social influence and support the individual is, the more accepting 
the new technology is (Kijsanayotin et al., 2009). Based on these presumptions, we develop the third 
hypothesis:

H3: Social influence is related to behavioural intention.

Extended UTAUT Model
According to Ramachandran et al. (2020), a loyal customer is committed to the product or company 
and is, therefore, less price-sensitive and less prone to experience other brands. If the companies 
would be interested in building an Augmented Reality app, they would certainly need to offer some 
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reward to their customers. When done in a described way, brand loyalty should positively relate to 
behavioural intention, which is the foundation for the development of the fourth hypothesis:

H4: Brand loyalty is related to behavioural intention.

Enjoyment is needed in any technological aspect, as without it would be hard to reach global 
adoption scales. One of the best examples of global app awareness due to enjoyment is the “Pokemon 
Go” Augmented Reality app that also impacted the users’ intention to use it (Ghazali et al., 2019). 
Mathwick et al. (2001) showed that Augmented Reality technology increases the shopping experience 
and the number of online purchases. Based on the above research, we developed the fifth hypothesis:

H5: Enjoyment is related to behavioural intention.

Being innovative in the majority of cases means being interested in more potential customers. 
This factor is essential in the ICT industry as it shows how interested an individual is in trying out a 
new technology (Agarwal et al., 1998). On the other hand, the acceptance of the innovation depends 
on the individual and can vary. The more a user is innovative, the higher the chances of understanding 
the benefits of using new technology such as Augmented Reality app in supermarkets/hypermarkets, 
which is the basis for the sixth hypothesis:

H6: Innovativeness is related to behavioural intention.

The trust is connected with the brand and the company, which means that if the customer knows 
the company for some time, it will develop a special relationship with it. It does not need to mean 
that it is only buying from one source and looking for loyalty programs, but choosing it over others 
in certain situations. Trust is essential in developing an intention towards using a new app developed 
by a particular company (Ramachandran et al., 2020). Based on these findings, we develop the 
following hypothesis:

H7: Trust is related to behavioural intention.

The research model has been developed (Figure 1), which shows the relations between the 
independent and the dependant variable. Core and Extended Unified Theory on Acceptance and Use 
of Technology independent variables are presented separately, while control variables represent the 
demographic research respondents data.

To test the above-stated hypothesis, survey research has been conducted. Empirical research has 
followed, which is described in the next chapter, Methodology.

METHoDoLoGy

Research Instrument
Table 3 lists the variables relevant to the expanded Unified Theory on Acceptance and Use of 
Technology model, comprising 29 questions representing nine factors. A five-point Likert scale was 
used in the questionnaire for each of these questions, as accepted in similar research. The questionnaire 
has been constructed upon literature review (Saprikis et al., 2020, Venkatesh et al., 2003), while 
the Brand Loyalty variable has been added as an extension of the previous research questionnaires.

This article aimed to research the factors affecting potential customer behavioural intention of 
accepting new technologies such as Augmented Reality among the University of Zagreb student 
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population. The target group has been younger population predominantly as it accepts new technologies 
faster; thus, determining the factors affecting their opinion on the Augmented Reality app usage in 
supermarkets/hypermarkets will be a great asset to the general population of Croatia, as supermarkets/
hypermarkets are visited by all surveyed participants at least once a week.

The questionnaire was compiled in the Croatian language due to the research respondents’ base, 
and it was conveyed online between June and July 2021. The first part consisted of demographic 
questions. The central part of the research was consistent with respondents’ opinions on the factors 
affecting behavioural intention of using Augmented Reality apps in supermarket/hypermarkets, as 
shown in this research results. The list of students was obtained through official University of Zagreb 
database and Social Media platforms such as Facebook student group pages. The online questionnaire 
itself has been conducted through Google forms, and students were invited via e-mail.

A total of 452 University of Zagreb students have been invited to participate. From the 452 
student responses, 65 were accepted (15% response rate) for the empirical analysis to research 
their attitudes towards using Augmented Reality apps in supermarkets/hypermarkets. Several male 
participants showed 26 (40%), while females counted for 39 (60%) out of 65 total respondents. The 
majority of the participants were Undergraduate students, 49 (75%), while the rest were Graduate 
students, 16 (25%). Due to the reason, that the study used a non-random sample, the results should 
be considered preliminary.

Figure 1. Research model (Source: Authors’ work)
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Table 3. Operational definition of research variables

Research variables Operational Definition Sources

Core UTAUT variables
Performance expectancy 
(PE)

PE1: I think that using an Augmented Reality app in a supermarket/hypermarket would help me 
accomplish tasks more quickly

Adapted from 
Venkatesh et al., (2003)

PE2: I think that using an Augmented Reality app in a supermarket/hypermarket would increase my 
chances of achieving what is important to me

PE3: I suppose an Augmented Reality app in a supermarket/hypermarket is useful

Effort Expectancy (EE) EE1: I think that learning how to use an Augmented Reality app in a supermarket/hypermarket would 
be easy for me

EE2: I think that it would be easy for me to be able to use an Augmented Reality app in a 
supermarket/hypermarket

EE3: I think that I would find an Augmented Reality app in a supermarket/hypermarket easy to use

Social Influence (SOC) SOC1: People who are important to me think that I should use an Augmented Reality app in a 
supermarket/hypermarket

SOC2: People who influence my behaviour think that I should use an Augmented Reality app in a 
supermarket/hypermarket

SOC3: People whose opinions I value prefer that I should use an Augmented Reality app in a 
supermarket/hypermarket

Behavioural intention (BI) BI1: Given the chance. I am going to use an Augmented Reality app in a supermarket/hypermarket

BI2: I intend to use an Augmented Reality app in a supermarket/hypermarket

BI3: I expect I will use an Augmented Reality app in a supermarket/hypermarket in the future

BI4: I will use an Augmented Reality app if available in a supermarket/hypermarket

Extended UTAUT variables

Brand loyalty (BL) BL1: I would use the Augmented Reality app inside the supermarket/hypermarket if it had discount 
offers

Author’s work

BL2: If the Augmented Reality app showed offers. I would use it inside a supermarket/hypermarket

BL3: If the Augmented Reality app gave me the possibility of loyalty and points collections. I would 
use it inside a supermarket/hypermarket

Enjoyment (ENJ) ENJ1: I think using an Augmented Reality app in a supermarket/hypermarket would be fun Adapted from 
Venkatesh et al., (2003)

ENJ2: I think using an Augmented Reality app in a supermarket/hypermarket would be a pleasure 
process

ENJ3: I think using an Augmented Reality app in a supermarket/hypermarket would be enjoyable

Innovativeness 
(INN)

INN1: I like using new technologies Adapted from Saprikis 
et al. (2020)

INN2: I like learning about new technologies

INN3: When I am informed about a new technological product. I try to find the opportunity to 
experiment with it

INN4: Compared to my friends and family. I am usually among the first to try new technologies

Trust (TR) TR1: I think that I would trust Augmented Reality apps in a supermarket/hypermarket

TR2: I think that a supermarket/hypermarket Augmented Reality app would be trustworthy

TR3: I think that I would strictly follow the terms of use while using an Augmented Reality app in a 
supermarket/hypermarket

Control variables

Gender 0-Female; 1-Male Adapted from 
Venkatesh et al. (2003)

Education 0-Undergraduate study; 1-Graduate study

Source: Author’s work
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The majority of the respondents never had an experience with the Augmented Reality app, 73.8% 
of them. The minority of respondents had some experience but mainly less than one year, 21.5%, 
while the rest was distributed among 1-2 years of experience, 3.1% and 3-5 years of experience, 
1.5%. Table 4 above provides a more detailed Augmented Reality app usage among the respondents 
from the sample.

Statistical Analysis
The questionnaire has been built on the prior research literature by adding the brand loyalty factor 
and the extended UTAT model variables. For this research, Structural Equation Modeling (SEM) is 
used as it combines both factor and multivariate regression analysis. Due to the nature of the research 
hypothesis design, it is recommended to use this statistical analysis technique (Hair 2013).

Research validity was checked, ensuring the content and study soundness. For that purpose, 
confirmatory factor analysis (CFA) was conducted. The confirmatory factor analysis checks the 
latent variables uniqueness and their ability to differentiate by testing for discriminate validity (Hu et 
al., 1999). Therefore, three recommended standards for model assessment were used: factor loading 
values should be higher than 0.4, average variance extracted (AVE) should be higher than 0.5, and 
composite reliability should exceed 0.6 (Hair 2013).

On the other hand, using correlation statistics (descriptive and non-parametric), possible 
soundness issues of low or negative correlations in the data have been researched. Furthermore, to 
check for the reliability of data, Cronbach’s alpha was used.

The goodness of fit model and its indices, Chi-square index, Non-normed fit index (NNFI), 
Comparative fit index (CFI), and Root mean square error (RMSE) have been used. They are the starting 
point for the structural equations model (SEM) fit (Hooper et al., 2008, Hu et al., 1999). The SEM 
maximum likelihood estimation was used to statistically show the variable relations in the model, 
with a particular emphasis on the research hypothesis. Even though structural equation modelling 
can’t establish strong links between intervention and outcome, it will examine the fit of the research 
model dataset. The parameter relation significance and the independent constructs internal amount 
of variance was tested to justify the research data fit.

Figure 2 shows the SEM development using JASP’s software R-code method.
The research findings are shown in the Findings section below.

Table 4. Frequency of augmented reality apps usage

Period of augmented reality apps usage Frequency % Cumulative %

1-2 years 2 3.1 3.1

3-5 years 1 1.5 4.6

Less than one year 14 21.5 26.2

No experience 48 73.8 100

Total 65 100

Source: Author’s work
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FINDINGS

Validity Analysis
The t values with their loadings are shown in Table 5, provided by the confirmatory factor analysis, 
where discriminant validity was assessed. All λ’s are higher than 0.50. while t values exceed the 
1.96 thresholds, indicating data significance (Costello et al., 2005). Furthermore, Cronbach’s 
alpha reliability analysis coefficients are higher than the 0.50 cut off value, indicating internal data 
consistency. Complementing previous findings, the average variance and composite reliability of the 
research variables are exceeding corresponding thresholds.

All variables in the model indicate a significance under 1% alpha level. Variable SOC is the only 
one that slightly shows lower estimates from the group, which could explain a potential differentiation 
between the respondents’ answers due to various external factors impacting an individual accepting 
new technologies, such as the Augmented Reality.

Descriptive Analysis
Descriptive statistics of the model variables are shown in Table 6 below. Coefficients of variation 
show values between 34% (lowest point) and 69% (highest point). This result indicates that the higher 
the coefficient of variation, the higher the level of dispersion around the mean (Kline 2004).

To test the normality of the distribution, the Kolmogorov Smirnov Z test was used. The 
Kolmogorov Smirnov Z test shows if the sample data is taken from the population following a 
hypothesized distribution. This research results show a Kolmogorov Smirnov Z test higher than 1.0 
and significance is under 5% alpha level. These results indicate a significant deviation in the data, 
and therefore research rejects the null hypothesis that the data is normally distributed.

Variable correlation might show that the research does not have enough diverse data to conclude 
significant and trustworthy findings. Spearman’s non – parametric correlation analysis has been used, 
which shows the direction and the strength between the manifest variables. The results show that the 
values are primarily above 0.5 but not above 0.9 thresholds, except for the items in the same factor 
group, such as BI. Therefore, the data has a moderate to the high correlation between the variables. 
Tables 7 and 8 present the results of the correlation analysis.

In the next step, the model fit assessment is conducted.

Figure 2. R-code for the research model (Source: Authors’ work)
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Model Fit Assessment
The JASP’s statistical software programme R code method with “lavaan model” used for data analysis 
was implemented to develop the SEM equation to follow the research model. Table 9 represents the 
research goodness of fit with a chi-square of 653.139, 321 degrees of freedom, failing to reject the 
null hypothesis that the variables in the model are associated. All other indices show good model 
validity and fit. On the other hand, only Standardized Root Mean Square Residual (SMRM) indicated 
a slightly higher estimate of 0.001 above the benchmark level.

Following the results mentioned earlier, research data is a good fit for SEM analysis. Showing 
the directions and strength of the relations between the variables in the model will be presented, 
complementing the hypothesis testing in the Research model testing part below.

Table 5. Standardized loading estimates and t values - Cronbach’s alpha

Factor Indicator Symbol Estimate t value p-value R Squared Cronbach’s alpha

PE PE1 λ11 1.078 8.683 < .001 0.749 0.915

PE2 λ12 1.181 8.900 < .001 0.772

PE3 λ13 1.210 9.513 < .001 0.835

EE EE1 λ21 1.413 10.553 < .001 0.928 0.916

EE2 λ22 1.439 10.874 < .001 0.958

EE3 λ23 1.208 9.297 < .001 0.803

SOC SOC1 λ31 0.892 8.595 < .001 0.760 0.899

SOC2 λ32 0.938 8.609 < .001 0.762

SOC3 λ33 0.959 8.329 < .001 0.730

BI BI1 λ41 1.475 10.861 < .001 0.952 0.986

BI2 λ42 1.468 11.278 < .001 0.989

BI3 λ43 1.378 10.833 < .001 0.949

BI4 λ44 1.346 10.325 < .001 0.902

BL BL1 λ51 1.427 10.493 < .001 0.920 0.953

BL2 λ52 1.479 11.065 < .001 0.973

BL3 λ53 1.342 8.906 < .001 0.762

ENJ ENJ1 λ61 1.508 10.024 < .001 0.875 0.959

ENJ2 λ62 1.392 10.311 < .001 0.903

ENJ3 λ63 1.395 10.068 < .001 0.879

INN INN1 λ71 1.482 10.690 < .001 0.939 0.954

INN2 λ72 1.494 10.943 < .001 0.962

INN3 λ73 1.196 8.660 < .001 0.736

INN4 λ74 1.160 8.325 < .001 0.700

TR TR1 λ81 1.293 10.365 < .001 0.911 0.934

TR2 λ82 1.336 10.387 < .001 0.913

TR3 λ83 1.140 8.113 < .001 0.680

Source: Author’s work
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Research Model Testing
After testing various statistical methods, we can conclude that the overall model is a good fit. 
Using SEM for hypothesis testing, their significance levels (t value), the total amount of variation 
explained between the variables and the model itself (measured by the squared multiple correlation 
coefficient—R2) is shown in Table 10. Furthermore, path coefficients of the hypothesis are shown 
as well under 5% significance level.

Research findings showed that the data t values, Cronbach’s alpha, average variance and 
composite reliability exceed their thresholds, indicating internal data consistency and reliability. The 
collinearity test showed that the data is between medium to high correlation areas, while the sample 
distribution test indicated a non-normal distribution. The overall goodness of fit showed that the 
model is accepted for the following SEM analysis, complementing previous research results except 
for the non-normal data distribution. The non-normal sample distribution might be the case due to 

Table 6. Descriptive analysis

Indicator N Mean Std. Dev. Var. Coeff. Kolmogorov Smirnov Z Asymp. Sig. (2-tailed)

PE1 65 2.65 1.26 47% 1.771 0.004**

PE2 65 2.71 1.35 50% 1.421 0.035*

PE3 65 2.57 1.33 52% 1.642 0.009**

EE1 65 2.31 1.48 64% 1.956 0.001**

EE2 65 2.34 1.48 63% 1.996 0.001**

EE3 65 2.45 1.36 56% 1.572 0.014*

SOC1 65 3.03 1.03 34% 2.515 0.000**

SOC2 65 3.22 1.08 34% 2.310 0.000**

SOC3 65 3.03 1.13 37% 2.010 0.001**

BI1 65 2.74 1.52 56% 1.438 0.032*

BI2 65 2.77 1.49 54% 1.530 0.018*

BI3 65 2.75 1.43 52% 1.811 0.003**

BI4 65 2.74 1.43 52% 1.530 0.019*

BL1 65 2.43 1.50 62% 1.730 0.005**

BL2 65 2.48 1.51 61% 1.680 0.007**

BL3 65 2.60 1.55 60% 1.637 0.009**

ENJ1 65 2.65 1.62 61% 1.848 0.002**

ENJ2 65 2.60 1.48 57% 1.706 0.006**

ENJ3 65 2.57 1.50 58% 1.626 0.010*

INN1 65 2.25 1.54 69% 2.529 0.000**

INN2 65 2.35 1.54 65% 2.074 0.000**

INN3 65 2.89 1.40 49% 1.356 0.051

INN4 65 2.72 1.40 51% 1.655 0.008**

TR1 65 2.62 1.37 52% 1.588 0.013*

TR2 65 2.63 1.41 54% 1.827 0.003**

TR3 65 2.68 1.39 52% 1.441 0.031*

Source: Authors’ work
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the low number of survey respondents, and thus large data deviation with a bigger sample size would 
be disregarded (Hair 2013).

The research results have shown that three out of seven hypotheses were accepted under a 5% 
significance level. Enjoyment and Performance Expectancy showed positive and strong relationships 
while Effort Expectancy showed negative relation with behavioural intention. The model summary 
showed a high coefficient of determination and adjusted determination for the behavioural intention 
(dependent variable), meaning that 95% of the total variation for the dependent variable has been 
explained in this model.

Acceptance of hypothesis H1 is aligned with the Saprikis et al. (2020) research. This result is 
crucial in explaining the users’ intention to accept Augmented Reality apps. It defines the users’ benefit 
of using new technology, in their case, mobile Augmented Reality app for usage in shopping malls. 
Furthermore, as mentioned earlier, H1 is aligned with Shang et al. (2017), who proved the impact 
of performance expectancy on adopting a mobile Augmented Reality app for historical monuments. 
Lastly, Paulo et al. (2018) proved that performance expectancy impacts Augmented Reality app 
adoption’s behavioural adoption intention variable in the tourism industry.

Effort Expectancy hypothesis H2 was accepted, aligned with Zuiderwijk et al.’s (2015) research. 
Furthermore, the Effort Expectancy variable showed a negative but significant relationship with 
the dependent variable. The lower the effort expectancy is to use the Augmented Reality app, the 
higher the intention of using the app. The majority of other articles find a positive relationship with 
the behavioural intention, meaning that they start with the fact that using new technology is not an 
easy process and therefore expect that higher efforts are needed in accepting and intention to use it 
(Chao, 2019, Sair et al., 2018). On the other hand, the less effort needed to use the app, the higher 
the probability of accepting it and the intention to use it increases, as this research shows.

As usually, consumers are fond of new shopping methods if they are attracted to them somehow. 
That way could be internal or external, social or financial, depending on the situation. Enjoyment 
hypothesis H5 defines the interface and overall joy of the Augmented Reality app usage among the 
potential users. The research found a strong positive and significant relation with behavioural intention 
aligned with other articles (Ghazali et al., 2019, Teo et al., 2011. Rizky et al., 2017). Therefore, H5 
was accepted.

The social influence shows how important an individual’s environment is in accepting new 
technologies and what role that individual is “playing”. The role could be a pioneer who always 

Table 7. Correlation analysis

Variable PE1 PE2 PE3 EE1 EE2 EE3 SOC1 SOC2 SOC3 BI1 BI2 BI3 BI4

PE1 1 0.731* 0.745* 0.517* 0.558* 0.557* 0.403* 0.347* 0.421* 0.728* 0.754* 0.783* 0.768*

PE2 1 0.782* 0.581* 0.510* 0.513* 0.426* 0.386* 0.440* 0.718* 0.747* 0.742* 0.717*

PE3 1 0.598* 0.612* 0.569* 0.424* 0.361* 0.496* 0.689* 0.704* 0.715* 0.723*

EE1 1 0.887* 0.781* 0.171 0.205 0.367* 0.556* 0.562* 0.541* 0.515*

EE2 1 0.820* 0.097 0.109 0.311* 0.608* 0.585* 0.583* 0.521*

EE3 1 0.164 0.192 0.321* 0.621* 0.591* 0.628* 0.612*

SOC1 1 0.750* 0.719* 0.447* 0.483* 0.470* 0.511*

SOC2 1 0.718* 0.481* 0.522* 0.543* 0.535*

SOC3 1 0.601* 0.644* 0.578* 0.621*

BI1 1 0.964* 0.932* 0.887*

BI2 1 0.956* 0.929*

BI3 1 0.942*

BI4 1
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Table 8. Correlation analysis (continued)

Variable BL1 BL2 BL3 ENJ1 ENJ2 ENJ3 INN1 INN2 INN3 INN4 TR1 TR2 TR3

PE1 0.767* 0.735* 0.723* 0.710* 0.771* 0.736* 0.651* 0.635* 0.580* 0.449* 0.651* 0.606* 0.675*

PE2 0.756* 0.735* 0.758* 0.658* 0.698* 0.646* 0.542* 0.500* 0.539* 0.456* 0.591* 0.607* 0.632*

PE3 0.779* 0.786* 0.736* 0.635* 0.735* 0.645* 0.641* 0.641* 0.538* 0.456* 0.628* 0.638* 0.761*

EE1 0.533* 0.547* 0.532* 0.534* 0.652* 0.645* 0.659* 0.595* 0.430* 0.463* 0.658* 0.679* 0.603*

EE2 0.561* 0.621* 0.580* 0.579* 0.687* 0.651* 0.710* 0.611* 0.490* 0.460* 0.621* 0.624* 0.612*

EE3 0.600* 0.594* 0.539* 0.571* 0.693* 0.651* 0.691* 0.621* 0.545* 0.466* 0.704* 0.630* 0.585*

SOC1 0.450* 0.387* 0.342* 0.421* 0.402* 0.433* 0.248* 0.348* 0.510* 0.449* 0.377* 0.344* 0.259*

SOC2 0.486* 0.425* 0.352* 0.440* 0.412* 0.491* 0.293* 0.350* 0.448* 0.519* 0.431* 0.388* 0.284*

SOC3 0.496* 0.517* 0.520* 0.615* 0.543* 0.642* 0.447* 0.457* 0.506* 0.543* 0.515* 0.576* 0.486*

BI1 0.805* 0.803* 0.799* 0.886* 0.878* 0.850* 0.665* 0.660* 0.753* 0.626* 0.753* 0.722* 0.699*

BI2 0.791* 0.788* 0.808* 0.910* 0.888* 0.878* 0.668* 0.666* 0.762* 0.654* 0.763* 0.738* 0.725*

BI3 0.838* 0.808* 0.778* 0.841* 0.890* 0.824* 0.653* 0.685* 0.732* 0.664* 0.770* 0.703* 0.688*

BI4 0.812* 0.773* 0.756* 0.815* 0.850* 0.820* 0.638* 0.652* 0.729* 0.654* 0.781* 0.703* 0.720*

BL1 1 0.941* 0.806* 0.769* 0.782* 0.732* 0.651* 0.643* 0.639* 0.570* 0.689* 0.661* 0.688*

BL2 1 0.866* 0.825* 0.802* 0.790* 0.708* 0.668* 0.623* 0.549* 0.681* 0.717* 0.772*

BL3 1 0.860* 0.803* 0.729* 0.606* 0.572* 0.596* 0.548* 0.604* 0.675* 0.765*

ENJ1 1 0.892* 0.894* 0.678* 0.654* 0.717* 0.582* 0.728* 0.769* 0.743*

ENJ2 1 0.863* 0.717* 0.731* 0.731* 0.610* 0.816* 0.777* 0.737*

ENJ3 1 0.780* 0.715* 0.726* 0.600* 0.768* 0.779* 0.721*

INN1 1 0.892* 0.749* 0.721* 0.765* 0.781* 0.689*

INN2 1 0.779* 0.789* 0.822* 0.785* 0.700*

INN3 1 0.786* 0.777* 0.709* 0.574*

INN4 1 0.700* 0.659* 0.510*

TR1 1 0.886* 0.732*

TR2 1 0.791*

Source: Authors’ workNote: * statistically significant at 1%

Table 9. Research model fit

Indicator Model Estimated Explanations

Chi-square (χ2) 653.139 χ2 is not significant

Degrees of freedom (df) 321

p value 0.000

χ2/df 2.034 Very good. close to 2

NNFI 0.863 Good fit >0.8

CFI 0.884 Good fit >0.8

SMRM 0.061 Good fit <0.06

Source: Authors’ work
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Table 10. Direct effects of path coefficients

Hypothesis Path Coeffcient Std.error Z Value p Value Conclusion

Core UTAUT variables

H1: PE → BI 0.461 0.206 2.244 0.025* H1 ✓ (5%)

H2: EE → BI -0.232 0.097 -2.381 0.017* H2 ✓ (5%)

H3: SOC → BI 0.087 0.112 0.778 0.436 H3 ∅

Extended UTAUT variables

H4: BL → BI -0.241 0.196 -1.226 0.220 H4 ∅

H5: ENJ → BI 1.058 0.219 4.834 < .001** H5 ✓ (5%)

H6: INN → BI -0.075 0.182 -0.409 0.683 H6 ∅

H7: TR → BI 0.003 0.122 0.025 0.980 H7 ∅

Control variables

Gender → BI -0.017 0.121 -0.143 0.886 Control 1 ∅

Education → BI -0.104 0.121 -0.858 0.391 Control 2 H3 ∅

R-square 0.956 Model is representative

Note: ** statistically significant at 1%; * 5%

Figure 3. Path Diagram with path coefficients estimates and their significance levels (Source: Authors’ work)



International Journal of E-Services and Mobile Applications
Volume 14 • Issue 1

17

investigates new ways of achieving something or a person not interested in changing its habits. The 
hypothesis H3 was rejected by the research instead of the Unified Theory on Acceptance and Use of 
Technology model theory but is correlated with other research. Paulo et al. (2018) and Shang et al. 
(2017) showed that social influence does not directly affect behavioural intention.

Lastly, hypotheses H4, H6 and H7 are insignificant; thus, they were rejected from the model. 
There is a mix of results when previous researches are taken into consideration. Saprikis et al. (2020) 
rejected both Trust and Innovativeness, while Kim et al. (2020) showed that the more innovative 
a person is, the more positively correlated with the behavioural intention. Furthermore, Kim et al. 
(2020) stated that technological acceptance depends on the customers’ subjective matters where 
trust and innovativeness step in. On the other hand, Brand Loyalty results proved the opposite of 
Ramachandran et al. (2020) that defined a positive relation with purchase intention, although stating 
that it depends on the level of loyalty in which customers might be. Therefore, depending on the 
sample size, demographic and geographic data, research results might vary for these variables.

CoNCLUSIoN

In this paper, an overview of a general technological acceptance model was presented. Upon thorough 
literature review, an extended Unified Theory on Acceptance and Use of Technology model was 
constructed and validated. The research results demonstrated that only two variables out of seven 
showed robust, mostly positive and one negative statistically significant correlation. Components 
relation was measured using a University of Zagreb student sample with obtained results presented 
and analyzed. The first research question (RQ1) investigated the factors and behavioural parameters 
that motivate respondents’ opinions on AR apps in super and hypermarkets. The results show that PE, 
ENJ and EE significantly influence an individual’s behavioural intention to accept and use Augmented 
Reality. The strongest correlation with the dependent variable was captured by ENJ, which showed 
that the potential adoption of new technology needs to be entertaining for the end-user to accept it, 
providing the answer to the second research question (RQ2), investigating what factors stimulate 
individuals the most to adopt Augmented Reality apps?. Research hypotheses were developed to justify 
the research questions in the essential individual’s aspects in accepting new technologies. Knowing 
each significant variable’s strength and direction allows the research to point out its importance, as 
was the case with Enjoyment. According to this research results, with a combination of both research 
questions, further academic research and practital implications will have a foundation for further 
research or field implementation.

Results of this research confirm existing literature findings, indicating further key discussion 
points. Confirmatory factor analysis (CFA) was used to determine the direct relationship of the 
independent variables on the dependent. Mainly due to sample size limitations, the entire research 
hypotheses were not supported, and the normal sample distribution was not achieved. Additional non-
significance can be seen in the change of the Unified Theory on Acceptance and Use of Technology 
model, which had a different array of variables. Three out of seven hypotheses were supported, from 
which PE corresponds with the Saprikis et al. (2020), ENJ with Teo et al. (2011) and Ghazali et al. 
(2019) and EE with Zuiderwijk et al. (2015). Performance Expectancy (H1) with a robust positive 
significance is the most critical finding of this research. It shows that potential users will look for 
certain benefits in supermarket/hypermarket shopping by using the app. The PE variable was rarely 
used in AR mobile environment, and its significance is therefore valuable.

Enjoyment’s (H5) variable’s vital positive significance confirms the other research results (Ghazali 
et al., 2019, Teo et al., 2011) of joy as an essential element in accepting new Augmented Reality 
technologies. Thirdly, Effort Expectancy (H2), one of the core variables of the Unified Theory on 
Acceptance and Use of Technology model, showed significant relation, contradictory to the Saprikis 
et al. (2020). The reason could be seen in the different context of research, where Saprikis et al. 
(2020) researched shopping malls environments, while this research-based it on a more specific 
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and frequently used supermarkets/hypermarkets environment. According to the research results, the 
most crucial aspect when deciding on whether or not to use a new technological innovation such as 
the Augmented Reality is Enjoyment (ENJ), followed by potential benefits gained by using the app 
(PE) and effort expectancy (EE).

Both scholars and practitioners can use this research. Scholars may use it to develop their research 
on further and potentially widely spread Augmented Reality technology using the Unified Theory 
on Acceptance and Use of Technology model. Extending the Unified Theory on Acceptance and 
Use of Technology model and validating the existing one are possible in different industries and 
demographic groups. On the other hand, practitioners could find it helpful in understanding their 
potential customer base in launching a new technological project, benchmarking their performance 
by the research results or using them for future projections. The research results and frameworks 
could be used in different settings where new technology is developed. At the same time, there is a 
need of knowing the acceptance rate among the specific targeted population.

There are several limitations of this research. Sample limitations and respondent base need to 
be expanded to gain a higher proportion of variables significant correlations. The student population 
should be expanded by accepting respondents up to 30 years of age and potentially conducting cross-
country or cross-country research. The same framework could be used in various environments and 
is not limited to the supermarket/hypermarket business models. The possibility of a large and more 
diverse sample might show the normal data distribution and complement this research results even 
further. As previously mentioned, this paper reveals several possible further research directions. One 
of them is to use the existing framework across various industries while keeping the respondents’ 
base the same. Another way could be to expand the research framework and implement it in different 
demographic or geographic locations.
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