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Abstract

The Covid-19 pandemic has negatively affected every aspect of human life. In these chal-

lenging times nursing students, facing academic and psychological issues, are advised to

use augmented reality applications in the field of health sciences for increasing their motiva-

tions and academic performances. The main motive of the study was to examine the accep-

tance status of nursing students in implementing augmented reality technology in their

education and training. The study is a quantitative research study, and it uses the causal-

comparative screening method. The data used in the study was collected online from 419

nursing students. The hybrid method was preferred. First, the hypotheses based on the lin-

ear relationships were defined between the variables which were then tested by the method

of structural equation modeling. Second, the method of artificial neural networks was used

to determine the non-linear relationships between the variables. The results show that the

nursing students have a high intention of using augmented reality technology as a way of

self-learning. It was also found that the most emphasized motive behind this intention is the

expectation that using augmented reality technology will increase their academic perfor-

mance. They also think that AR technology has many potential benefits to offer in the future.

It was observed that a considerable number of students already use augmented reality tech-

nology for its usefulness and with a hedonic motivation. In conclusion, nursing students

have a high acceptance of using augmented reality technology during their education and

training process. Since we live in a world where e-learning and self-learning education/train-

ing have become widespread, it is estimated that students will demand augmented reality

applications as a part of holistic education, and as an alternative to traditional textbooks.

Introduction

Mobile technology devices have evolved rapidly in the last decade. Thanks to the possibility of

carrying out many activities simultaneously with different wide-ranging applications, the use
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of mobile technology tools at the individual level has become widespread [1]. This advance-

ment in mobile technology brings changes to the various aspects of life including education

[2]. So, we think that adopting mobile technology in nursing education and training is worth

exploring. Mobile learning has the potential of significantly improving the nursing students’

learning outcomes [3]. It has been discovered that e-learning systems in mobile technologies

can help nursing students to study clinical nursing practices [4]. Not only may the incorpo-

ration of the innovative technologies assist students or trainees in learning effectively under

limited clinical tutoring, but it can also assist healthcare practitioners in conducting training

and professional skill reinforcement [5].

Another major factor that has caused changes in every aspect of life is the Covid-19 pan-

demic. Typical education in classrooms worldwide has been interrupted due to the Covid-19

pandemic after March 2020. The educational and training activities are being carried out

online. Both teachers and students try to embrace this change through adopting different tools

in online education and training which can be evaluated as crisis management in some ways.

The most widely adopted approach is carrying the conventional classroom education to the

online platforms. It is expected that by diversifying the education materials, online learning

would increase the academic performance of students. The nursing students were advised to

download the self-learning Augmented Reality (AR) applications and use them as an auxiliary

source while studying clinical nursing practices. AR technology allows the students to study

virtual organs, vessels, muscles, and bones. Students can rotate any part of the body 360

degrees and examine them in detail. It offers students the opportunity of gaining experience in

clinical practices with virtual intervention to virtual wounds created on the real-like human

body [6]. This way, students have the chance to do clinical practices many times over and over

[7].

Also, as the students experience the negative consequences of the Covid-19 pandemic[8, 9],

it is predicted that AR applications as a self-learning technology [10] can motivate nursing stu-

dents to study and participate actively in the self-learning [11] and positively influence their

learning process and academic performances. As an inevitable outcome of the Covid-19 pan-

demic, the self-learning approach continues dominating the education system worldwide. For

example, in Turkey, the Council of Higher Education has recommended to all universities that

40% of the courses should be carried out online [12].

Although e-learning projects developed based on mobile technology have become wide-

spread throughout the world, they are not yet an alternative to the conventional methods of

traditional nursing education. On the other hand, as a self-learning method, AR technology

differs from others. Unlike common e-learning tools, it offers more than just a way of transfer-

ring knowledge. With AR technology, students do not just passively receive knowledge but

also actively practice it.

Literature review

Augmented reality

Learners use mobile technology to access learning resources, guidance, and assistance. There

have been several successful uses of mobile devices in nursing education. Clinical teachers, for

example, use iPads to assist midwives in simulating the clinical practices [13]; health profes-

sionals use smartphones and QR codes to foster students’ learning [14]. Meanwhile, there has

been an increasing focus on mobile technologies in nursing education. For example, Wu [15]

used mobile devices to help nursing students improve their knowledge and abilities. Learning

of nursing professional knowledge may be significantly boosted with the use of mobile

technologies.
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AR mobile technology is an important self-learning technology. Merging reality and digital

content, it significantly improves the learning process [7], so it has become very important for

different fields. AR provides a virtual environment that allows virtual data and images to be

attached to real objects [16, 17]. In an AR application, the virtual object providing the informa-

tion is activated by a mobile device, so the user can use augmented reality objects on the real-

life object. The AR technology ensures that the learning process is more effective and efficient

than traditional methods and tools [18]. The research findings on AR applications indicate

that the active participation of users provides an authentic learning environment and boosts

self-learning performance. For example, it was observed that using the AR application makes

it easier for students to comprehend the subjects which they had difficulties comprehending

with the conventional methods [19]. Moreover, it was found that AR technology provides the

skill and experience which come with practice [20–23]. The AR technology does not only

transfer knowledge but also helps users to actively make practice [24]. With a highly developed

simulation process, the users can drag, transform, enlarge, or reduce images, and change ways

of seeing, manipulating, and experimenting [7, 19]. It also provides virtual cases, such as a

wound on the human body, so nursing students gain experience in clinical practices [6]. This

allows nursing students to repeat the clinical nursing practices as many times as they like with-

out the worry of making a mistake. Azuma and his colleagues [25] define AR technology as an

enabling technology. It can also improve learning results by enhancing students’ motivation,

engagement, and ability, as well as providing them with knowledge persistence [7].

Besides transferring knowledge, AR technology can be considered as a structural tool that

provides and improves multiple skills [18], attitudes, and behaviors [20, 26]. For example, sur-

geons who use the AR application designed for the surgical practices state that besides learning

new information they could also have better communication with their colleagues, and they were

able to plan better treatment for their patients. The AR application significantly improved the

treatment processes and results [20]. The users consider AR applications as an effective way of

learning and experiencing the customized and supportive content [24]. When they are compared

to the conventional learning tools and practices, the AR applications are superior [27]. The main

reason is that they provide an interactive learning environment that makes knowledge, skills, and

experience easily accessible with minimum financial cost and time [28]. The users are strongly

motivated, and even create an emotional bond with the new technology [29, 30].

Technology acceptance

Previous studies which were conducted to understand and explain the expectations, inten-

tions, and preferences of new technology users by examining their experiences, attitudes, and

behaviors provide crucial information for technology users, developers, and manufacturers

[31]. In technology acceptance studies, the intention to use the technology or the factors that

affect the current use of that technology are examined [32, 33]. As a result of the research, it

has been determined that users’ perceptions related to technology, including factors such as

perceived usefulness, ease of use, performance expectancy, perceived value, perceived effort,

are effective in the acceptance of new technology [33, 34].

AR technology has already attracted attention among scholars and practitioners [35, 36].

Two approaches in the field of education stand out in the use of AR technology. The first

approach is task-focused applications that are designed for transferring know-how and skills

to specific individuals [21–23]. The second is general applications that aim to entertain while

presenting the most basic information. Shortly, it is predicted that besides general AR applica-

tions that provide specific skills, AR applications aiming to teach with a holistic approach will

also become widespread and equivalent to textbooks in classroom education.
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Research model and hypotheses

At the beginning of this study, the nursing students who were enrolled in an internal medicine

nursing course were suggested to download AR applications AsthiAR and SnapLearn on

human anatomy from the Google Play Store to their mobile phones and use them as auxiliary

resources. None of the students could do their clinical nursing practices internships in 2019

and 2020 because they were postponed and rescheduled to the 2021–2022 academic year due

to the COVID 19 pandemic. With the AR technology, the students could examine the human

body as a whole and each part in detail. And also, virtual wounds could be created. Students

were informed that they could the technology on real human bodies, even on their bodies.

This way, they are expected to learn and practice human anatomy, which is important for both

the nursing courses and internships. Moreover, the negative effects of the Covid-19 pandemic

on the students’ education would be as minimized as possible. To examine the acceptance of

this new technology by the students, the following research questions were determined: “Do

nursing students intend to use AR technology in the future to learn a subject?”, “Which factors

affect the nursing students’ use of AR technology?”.

So, this study examines the nursing students’ acceptance and use of AR technology as an

auxiliary resource in their education. The conceptual framework of the study is based on the

Unified Theory of Acceptance and the Use of Technology (UTAUT) model which was devel-

oped by Venkatesh and his colleagues [33]. UTAUT is a model for examining both behavioral

intention (BI) and user behavior (UB) towards information technology [37]. The UTAUT

model, including both BI and UB, was preferred since the students gained experience as AR

users.

As seen in Fig 1, the research model includes performance expectancy (PE), effort expec-

tancy (EE), facilitating conditions (FC), social influence (SI), perceived value (PV), and anxiety

(A) as variables that affect the behavioral intention (BI). The factors which affect the use behav-

ior (UB) include behavioral intention (BI), usefulness (U), and hedonic motivation (HM). The

core relationships theorized by UTAUT and HM have a mediation effect on the relationship

between U and UB.

Performance Expectancy (PE) is defined as the user’s expectancy of reaching the desired per-

formance [33]. In previous studies on the acceptance of technology, some found a significant

and positive relationship between BI and PE [38, 39], while others could not determine any

statistically significant relationship between them [40]. In the context of this study, PE is

Fig 1. Research model.

https://doi.org/10.1371/journal.pone.0263937.g001
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considered as the expectation of increasing the academic performance and clinical nursing

practices created by the use of AR technology in nursing students.

H1 PE has a positive and significant influence on the BI of using AR.

Effort Expectancy (EE) is the state of effort and ease of usage that the user has to manifest in

using the technology [33]. Some studies found a positive relationship between PE and BI [41],

while no significant relationship was found in others [39]. In the context of this study, EE is

defined as the effort that nursing students have to show in using AR technology.

H2 EE has a positive and significant influence on BI of using AR.

Facilitating Conditions (FC) is the degree of possessing the resources and support necessary

for users to be able to reach the technology [33, 37]. The user’s ability to have sufficient

resources, necessary knowledge, and help when needed facilitates the adoption and usage of

the technology [41, 42]. In some studies, no significant relationship was found between FC

and BI [39, 40]. In the context of this study, FC is defined as the effect of the support nursing

students can acquire and the necessary information they have while using AR technology.

H3 FC has a positive and significant influence on BI of use AR.

Social Influence (SI) is about the effect of others on the user’s usage and intention to use

technology [33]. Some studies found a significant relationship between SI and BI in terms of

technology acceptance [43, 44], while no significant relationship between them was found in

other studies [38, 39]. In the context of this study, SI is defined as the effect of their social envi-

ronment on nursing students’ intention to use AR technology.

H4 SI has a positive and significant influence on BI of use AR.

Anxiety (A) has been discussed as the stress caused by using new technology on users in the

technology acceptance literature [45]. The concept of anxiety has been taken into consider-

ation within a wide range such as technology anxiety [46, 47], mobile anxiety [48], and com-

puter anxiety [49]. The common ground of these studies is that individuals encounter a new

technology and experience stress as a result of using it. In the context of this study, A is defined

as the stress that nursing students have on using AR technology as new technology.

H5 A has a negative and significant influence on BI of use AR

The Perceived Value (PV) is that the benefits of the technology outweigh the costs that the

user has to endure to use the technology [37]. The user’s perception of technology as “good

value for money” is an indicator of having the intention to bear the costs of using the technol-

ogy [50]. Some studies found a significant relationship between PV and BI [40, 51], whereas

no significant relationship was found in other studies [39]. In the context of this study, PV is

defined as the nursing students’ assessment of whether the benefits of AR technology will be

worth the money they will pay.

H6 PV has a positive and significant influence on the BI of using AR.

Behavioral Intention (BI) is the user’s attitude towards the technology. It is the intention

that shows whether s/he perceives the related technology positively or negatively and whether

s/he wants to use it or not. Even though the attitude is not the behavior itself, it is an important

factor to predict the behavior [52]. The studies have found that the attitude of BI has an impor-

tant regulatory effect on UB [37, 41, 53]. In this study, BI is the intention of nursing students

to use AR technology.

H7 BI has a positive and significant influence on the UB of AR.

Usefulness (U) is that the technology used is compatible with the related ecosystem meets

the needs of the user and increases his/her performance. According to Davis [32], usefulness is

a critical factor in the acceptance and spread of a system. Similarly, the results of various stud-

ies confirm the premise that the perception of usefulness is an important factor in the accep-

tance and the use of technology [54, 55]. It has been observed that the flexibility and

interactive environment provided by the AR application in personal mobile devices encourage
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and strengthen the user behavior [24]. In the context of this study, if the students are experi-

enced users of AR, U is defined as suitable for the health education ecosystem, meeting the

needs of nursing students and improving their performance.

H8 U has a positive and significant influence on the UB of AR.

Hedonic Motivation (HM) is the feeling of fun and pleasure of using a technology [37]. The

emotions resulting from personal experiences are considered effective in adapting to the tech-

nology [56]. It was also found that positive emotions reinforce technology acceptance and

motivation to use it [29, 57]. HM is defined as one of the main factors affecting behavioral

intention [58].

At the same time, the HM of users is determined as an important factor in UB [24]. Consid-

ering the AR technology user experiences of the nursing students, evaluating the direct influ-

ence of HM on UB was included in the research model.

H9 HM has a positive and significant influence on the UB of AR.

Users enjoy the usefulness (U) feature of the AR technology and prefer to use it [24]. So, the

U feature is a motivator. It is predicted that U has an indirect influence on UB through HM,

that is, HM plays a mediator role in the relationship between U and UB.

H10 HM has a mediation effect on the relationship between U and UB.

Research method

The study was designed according to the causal comparison screening method which is pre-

ferred when there is a need to determine the cause-effect relationships of individuals’ attitudes,

behaviors, ideas, and beliefs [59]. The hybrid method was adopted. First, the hypotheses were

tested with Structural Equation Modeling (SEM). SEM is an analysis method used for analyz-

ing the linear relationships between the variables defined in the research model. One disadvan-

tage of using SEM is the possibility of ignoring the unforeseen relationships in the research

model because it analyzes through defined relationships [60]. Therefore, as a second step, the

nonlinear relationships between the variables were tested with Artificial Neural Network

(ANN) to compensate for the disadvantage of SEM. ANN is an analysis method that is inspired

by the human nervous system. It enables learning by example from the representative data

describing a physical occurrence or a decision process. ANN is distinguished by its ability to

build empirical relationships between independent and dependent variables, as well as extract

delicate and complicated information from representative data sets. ANNs must be trained in

many cases. By training, the relationships between independent and dependent variables can

be constructed without making any assumptions regarding a research model [61]. Using ANN

also gives a chance to verify the results of SEM. Since it is difficult to develop a hypothesis

according to the ANN method, it is recommended to use the hybrid model instead of solely

the ANN method [39, 62].

Sample and data

This study has been carried out following The Code of Ethics of the World Medical Associa-

tion (Declaration of Helsinki) for experiments involving humans. Ethical approval was

obtained from the Human Sciences Scientific Research and Publication Ethics Committee of

Alanya Alaaddin Keykubat University, Turkey (reference number E-70561447-050.01.04–

35758).

The target population of this study is nursing students. The data was collected between

November 2020 and January 2021 online from the nursing students who have enrolled in an

internal medicine nursing course. None of the participants could do their clinical nursing

practices internships in 2019 and 2020 because they were postponed and rescheduled to the
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2021–2022 academic year due to the COVID 19 pandemic. 446 students voluntarily partici-

pated in the study. They were informed that the data will be used for only scientific purposes

and their personal information will be kept confidential. Of the 446 administered surveys, 27

were excluded due to being improperly completed. The sample includes 310 female and 109

male students, 63 grad and 356 undergrad students, and the average age is 21.

Scales used in data collection

The study uses the UTAUT model developed by Venkatesh and his colleagues [37], the scales

used in the data collection were adapted for the expressions of PE, EE, SI, FC, HM, BI, PV,

while the factor of UB was adapted for the expressions of habit factor. The Expressions of the

U construct were adapted from the TAM model developed by Venkatesh and his colleagues

[33]. In this study, the UTAT model was adapted for analyzing the acceptance and use of infor-

mation technology [37], intelligent learning system [63], and intelligent healthcare systems

[64]. All indicators were measured by a five-point Likert type scale ranging from 1 (refers to

“strongly disagree”) to 5 (refers to “strongly agree”).

In the first stage of the process, SEM from multidimensional and linear analysis methods

was applied. The tests were carried out with SmartPLS 3.2.9 statistical package program. In the

second stage, SPSS 24 statistical package program was used for the ANN test.

Analysis

Model validation

In the preliminary analysis of the research model, as suggested by Hair and his colleagues [65],

the convergent validity, internal consistency, and discriminant validity analyses were respec-

tively performed for reflective and formative measurement models.

For indicator reliability, the indicators with loading values less than 0.40 were excluded

from the analysis while the indicators with loading values above 0.70 were kept. The effects of

the indicators with loading values between 0.40 and 0.70 on the values of AVE, Cronbach’s

Alpha, and CR were examined, when they were excluded from the analyses. As seen in Fig 2,

some indicators with outer loading values less than 0.70 that meet the norm values were

involved in the analyses too.

It is suggested that the values of Cronbach’s alpha and composite reliability (CR) should be

higher than 0.70 for internal consistency. The values of Cronbach’s Alpha, CR, and AVE

which are the indicators of internal consistency of the constructs met the requirements as seen

in Table 1.

After analyzing the internal consistency and convergent validity, Fornell-Larker [66] and

Heterotrait-Monotrait [67] (HTMT) tests were conducted for analyzing the discriminant

validity.

According to the Fornell-Lacker method, for discriminant validity between the constructs,

the diagonal values of each construct should be greater than the values of other elements in the

same column. The Fornell-Lacker test results given in Table 2 indicate that each construct con-

firms discriminant validity and that the constructs have distinctive validity in the scope of the

research model.

Researchers such as Henseler and his colleagues [67] argued that the Fornell-Lacker method

is not sensitive in terms of discriminant validity, which is why HTMT should be used as a sec-

ond test. As seen in Table 2 of the analysis results, it is observed that the model has a discrimi-

nant validity since the values of HTMT between the constructs are equal to or less than 0.90.

Before conducting the research model path analysis, the values of Variance Inflation Factor

(VIF) were evaluated for collinearity analysis between the indicators. If the values of VIF equal
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to or above 5 indicate that the model may be contaminated by common method bias [65]. As

seen in Table 1, the VIF values of the indicators are found to change in a range from 1.276 to

3.387 and the collinearity between indicators used in the research model analysis was consid-

ered non-problematic.

The research model evaluation

In the research model analysis, according to the sequence suggested by Hair and his colleagues

[65], the size and significance of path coefficients, coefficients of determination (R2), and pre-

dictive relevance (Q2) were carried out.

For the research model path and inter-factor significance analysis, the bootstrapping

method was applied with regenerated 5.000 samples. For the 0.05 significance level, the value

of p should be less than 0.05, and the t-test value should be above 1.96 [65].

As can be seen in Table 3 all hypothesized path relationships were supported except for H6.

One of the most important coefficients used in the evaluation of the research model is R2,

the coefficient determination. The value of R2 shows the total effect of exogenous latent con-

structs on endogenous latent constructs. R2 values of 0.67, 0.33, and 0.19 were defined as

respectively high, medium, and low-level thresholds [68]. As seen in Table 3, and Fig 2 the

explanation level of exogenous constructs with R2 value 0.702 of UB construct is high, whereas

its explanation level with R2 value 0.522 of HM and R2 value 0.642 of BI are medium.

In addition to R2 analysis, Hair and his colleagues [65] have proposed an f2 test to deter-

mine the effect of exogenous constructs on endogenous constructs by testing the effect of

endogenous construct on R2, when the exogenous construct contributing to the R2 value is

excluded from the research model. The formula used in the analysis is f2 = R2 Included−R2

Fig 2. The research model path analysis.

https://doi.org/10.1371/journal.pone.0263937.g002
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Table 1. Averages, standard deviations, composite reliability, internal consistency, multicollinearity analysis results.

Mean SD Loadings VIF Cronbach’s Alpha CR AVE

Behavioral Intention 3.873 0.872 0.858 0.904 0.701

I intend to use the AR in the future 3.685 0.973 0.817 1.851

I predict I would use the AR in the future 4.260 0.917 0.828 1.909

I plan to use the AR in the future 3.790 1.022 0.894 2.628

I will try to use AR in my daily life 3.757 0.969 0.808 1.923

Effort Expectancy 3.789 0.958 0.865 0.918 0.789

My interaction with the AR would be clear and understandable 3.752 0.982 0.872 2.230

It would be easy for me to become skillful at using the AR 3.749 0.988 0.924 2.924

I would find the AR easy to use 3.866 0.904 0.867 2.085

Facilitating Conditions 3.509 1.127 0.810 0.875 0.639

I have the resources necessary to use the AR 3.494 1.189 0.847 2.082

I know necessary to use the AR 3.339 1.218 0.879 2.423

A specific person (or group) is available for assistance with AR difficulties 3.804 1.032 0.813 1.614

The AR is not compatible with other systems I use 3.399 1.069 0.641 1.342

Hedonic Motivation 4.084 0.948 0.898 0.929 0.766

Using the AR is fun 4.158 0.934 0.796 1.901

Using the AR is enjoyable 4.186 0.913 0.900 2.873

Using the AR is very entertaining 3.983 0.968 0.905 3.373

Using the AR is very attractive 4.007 0.976 0.896 3.387

Perceived Value 3.547 1.069 0.730 0.846 0.649

The AR applications are reasonably priced 3.699 0.999 0.883 1.721

The AR is a good value for the money 3.148 1.136 0.699 1.323

At the current price. the AR provides a good value 3.795 1.073 0.825 1.521

Performance Expectancy 4.229 0.872 0.871 0.908 0.667

I would find AR useful in nursing education. 4.358 0.812 0.875 2.863

I would find AR useful in my courses. 4.434 0.807 0.837 2.732

Using AR enables me to understand subjects more quickly. 4.305 0.864 0.857 2.466

Using the AR increases my skills. 4.451 0.846 0.852 2.294

If I use the AR. I will increase my chances of getting better grades. 3.599 1.032 0.637 1.359

Social Influence 3.974 0.976 0.719 0.840 0.640

People who influence my behavior think that I should use the AR 3.556 1.107 0.678 1.307

People who are important to me think that I should use the AR 4.317 0.861 0.824 1.490

People whose opinions that I value prefer that I use the AR 4.048 0.961 0.883 1.724

Anxiety 3.791 0.975 0.711 0.838 0.634

I feel apprehensive about using the AR 3.737 0.974 0.729 1.276

It scares me to think that I could lose a lot of information using the AR by hitting the wrong

place

3.938 0.938 0.832 1.469

The AR is somewhat intimidating to me 3.697 1.014 0.824 1.539

Use Behavior 4.110 0.907 0.893 0.926 0.758

Using AR applications is like a habit for me. 4.274 0.854 0.838 2.078

AR applications are a natural learning environment for me. 4.064 0.944 0.882 2.696

Whenever I want. using AR applications make it easier for me 3.971 0.939 0.885 2.758

I prefer to use AR applications while studying. 4.129 0.889 0.876 2.463

Usefulness 4.133 0.974 0.869 0.911 0.721

I find the AR products useful in health education 4.026 1.021 0.841 2.118

Using the AR product would improve my daily studies performance 4.010 0.975 0.875 2.966

Using the AR product helped to improve my professional knowledge. 4.103 0.946 0.901 3.269

Using the AR product would enhance effectiveness in the health education courses. 4.394 0.823 0.773 1.556

https://doi.org/10.1371/journal.pone.0263937.t001
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Excluded / 1 –R2
Included. In the evaluation of the test results, 0.02, 0.15, and 0.35 threshold values

were defined as a small, medium, and large effect [65, 69]. As seen in Table 3, the effect of PE

(with the value of 0.37 f2) on BI was large and the effects of other constructs on BI were small.

It is also shown that the effect of the BI construct (with the value of 0.52 f2) on the UB factor

was large and the effects of other constructs on UB were small.

The Stone-Geisser’s Q2 values were calculated by running the Blindfolding test to evaluate

the prediction power of the research model. The value of Q2 represents the out-of-sample

Table 2. Fornell-Lacker and HTMT discriminant validity analyses.

Fornell-Lacker HTMT

BI EE FFC HM PV PE SI A UB U BI EE FFC HM PV PE SI A UB U

BI 0,84

EE 0,49 0,89 0,57

FC 0,38 0,30 0,80 0,45 0,36

HM 0,70 0,39 0,42 0,88 0,79 0,45 0,49

PV 0,63 0,36 0,38 0,68 0,81 0,77 0,44 0,48 0,82

PE 0,72 0,44 0,25 0,59 0,52 0,82 0,83 0,51 0,29 0,67 0,64

SI 0,55 0,53 0,33 0,62 0,51 0,47 0,80 0,68 0,68 0,44 0,76 0,68 0,56

A 0,49 0,29 0,45 0,57 0,61 0,43 0,46 0,80 0,62 0,37 0,59 0,71 0,84 0,55 0,63

UB 0,79 0,52 0,34 0,74 0,58 0,69 0,57 0,49 0,87 0,89 0,59 0,39 0,82 0,69 0,78 0,70 0,61

U 0,70 0,37 0,27 0,72 0,67 0,74 0,54 0,58 0,71 0,85 0,80 0,42 0,31 0,81 0,82 0,84 0,65 0,73 0,81

Note. PE: performance expectancy; EE: effort expectancy; FC: facilitating conditions; SI: social influence; PV: perceived value; A: anxiety; BI: behavioral intention; U:

usefulness; HM: hedonic motivation; UB: use behavior.

https://doi.org/10.1371/journal.pone.0263937.t002

Table 3. The research model evaluation results.

Β R2 f2 Q2 t- Statistics P Hypothesis

BI 0.420

HM 0.375

U 0.499

Path Coefficients

PE -> BI 0.463 0.642 0.372 10.679 0.000��� H1 supported

EE -> BI 0.098 0,014 2.523 0.012�� H2 supported

FC -> BI 0.103 0.019 2.852 0.004�� H3 supported

SI -> BI 0.118 0.019 3.048 0.002�� H4 supported

A -> BI 0.013 -0.003 0.300 0.764 H5 not supported

PV -> BI 0.242 0.080 5.390 0.000��� H6 supported

BI -> UB 0.462 0.702 0.519 8.876 0.000��� H7 supported

U -> UB 0.188 0.042 7.656 0.000��� H8 supported

HM -> UB 0.277 0.088 4.909 0.000��� H9 supported

Specific Indirect Effect (Mediator Effect)

U -> HM -> UB 0.200 5.045 0.000��� H10 supported

Note. PE: performance expectancy; EE: effort expectancy; FC: facilitating conditions; SI: social influence; PV: perceived value; A: anxiety; BI: behavioral intention; U:

usefulness; HM: hedonic motivation; UB: use behavior.

� 0.10

�� 0.05

��� 0.000 at significance level

https://doi.org/10.1371/journal.pone.0263937.t003
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predictive power of the research model. In the blindfolding method, the value of Q2 is calcu-

lated by giving a specific value of omission distance. As a technique for reusing the sample in

the analysis, by eliminating each seventh data in the endogenous construct (in this study, omis-

sion distance is 7), the predictive power for endogenous construct is analyzed with the remain-

ing data [65, 68, 70]. Q2 value greater than 0 indicates that the research model has predictive

relevance for a certain endogenous construct; a Q2 value equal to or less than 0 indicates a lack

of predictive relevance for endogenous construct [71]. In the analysis of Q2 values, the values

less than 0.15 have a small effect, the values between 0.15 and 0.35 have a medium effect, and

the values above 0.35 have a large effect as threshold values. As seen in Table 3 all values of Q2

are above 0.35. That is, the research model has a large predictive power in terms of endogenous

constructs.

The artificial neural network analysis

The artificial neural network (ANN) analysis is defined as information resulting from a learning

process like the working system of the human brain [72]. The ANN analysis uses feed-forward,

back-propagation, multilayer perception methods in understanding, explaining, and predicting

a dependent variable with independent variables [39, 62, 72]. The information derived from the

results of the learning process is stored in the synaptic weights [55, 60]. It was observed that the

ANN method showed better performance, according to the research methods such as logistic,

linear regression, and discriminant analysis [62, 72–74]. It is recommended that by using 70%

of the data in the ANN model test as model training and 30% is as model testing, 10 fold cross-

validation process will be sufficient for generating a result with a minimum level error [39, 62].

In addition to this, it is also suggested that statistically significant independent constructs and

dependent constructs should be added to the test in the linear model SEM analysis [60, 75].

ANN works as a feed-forward and backpropagation, multi-layer perceptron consisting of

three layers as input, hidden, and output [76]. It is the modeling of the biological neurons in

the brain and the synaptic link established between each other by a computer program. In the

learning process, neurons form networks by connecting to each other in various ways. These

networks have the ability to learn, memorize and reveal the relationship between variables [62,

77]. In Fig 1. Research model, two sub-models were generated for the ANN test in the context

of the research model. As seen in Fig 3, Model A has five neurons in the input layer. Each neu-

ron is represented by independent constructs which are performance expectancy, effort expec-

tancy, facilitating conditions, social influence, and perceived value. Behavioral intention, the

dependent construct has been represented by one neuron in the output layer. Behavioral inten-

tion, as seen in Fig 4, Model B has three neurons in the input layer. Each neuron is represented

by independent constructs which are behavioral intention, usefulness, and hedonic motiva-

tion. Use behavior, a dependent construct, has been represented by one neuron in the output

layer. As seen in Figs 3 and 4, Bias, H(1:1), H(1:2). . . are the hidden layer of ANN.

As seen in Tables 4 and 5, ANN models were trained ten times. By training, as seen in Fig 3

Model A and Fig 4 Model B, the relationships between independent and dependent constructs

can be constructed without making any assumptions regarding a research model [61]. The

root-mean-square error (RMSE) values are used to evaluate the ANN model analysis results.

The results show that the RMSE values for both models are quite small, as seen in Table 4. The

average RMSE value for Model A is 0.094 and the average RMSE value for Model B is 0.096.

These results are considered quite accurate and satisfactory [60, 73].

After having significant RMSE values, the significance analysis of the independent con-

structs in the ANN models was performed [60, 62]. The significance analyses are made

through the loadings and the normalized importance of the independent constructs.
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Results of SEM-hypothesis and ANN tests

As seen in Table 3, the constructs having positive and significant relationships with BI con-

struct and supported hypotheses are as follows: PE (β = 0.463, t = 10.68, p = 0.000) H1, EE (β =

0.0098, t = 2.52, p = 0.012) H2, FC (β = 0.103, t = 2.85, p = 0.004) H3, SI (β = 0.118, t = 3.05,

p = 0.002) H4, PV (β = 0.242, t = 5.39, p = 0.000) H6. There was no significant relationship

found between A and BI (β = 0.013, t = 0.3, p = 0.764) and H5 was not supported.

As seen in Table 5, according to the results of ANN test, importance order of the indepen-

dent constructs those are important for BI (Fig 3 Model A) is like the following: PE (β = 0,52,

NI = 100%), PV (β = 0,24, NI = 46,5%), SI (β = 0,10, NI = 20,6%), FC (β = 0,07, NI = 13,5%),

and EE (β = 0,06, NI = 12,7%). The most important construct is PE and second one is PV.

These results coincided with the SEM results.

As seen in Table 3, the constructs having positive and significant relationships with UB fac-

tor and supported hypotheses are as follows: BI (β = 0.462, t = 8.87, p = 0.000) H7, U (β =

0.188, t = 7.65, p = 0.000) H8, HM (β = 0.277, t = 4.90, p = 0.000) H9.

As seen in Table 5, according to the results of ANN test, the importance order of indepen-

dent construct for UB (Fig 4 Model B) is like the following: BI (β = 0,47, NI = 100%), HM (β =

Fig 3. Model A.

https://doi.org/10.1371/journal.pone.0263937.g003
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0,31, NI = 67%), and U (β = 0,22, NI = 45,5%). The most important independent construct for

UB is BI, a second important one is U. The results of Model B partially coincide with the SEM

results. According to the SEM results, U was a second important factor, whereas HM was a

more important factor according to the ANN test.

In terms of indirect effect, it was determined that HM has a mediator effect in the relation-

ship between U and UB (β = 0,20, t = 5.04, p = 0.000), and H10 is supported.

Fig 4. Model B.

https://doi.org/10.1371/journal.pone.0263937.g004

Table 4. ANN analysis average RMSEs and R2.

Training Model A-BI Model B-UB

Steps Training RMSE Testing RMSE R2 Training RMSE Testing RMSE R2

ANN1 0,0951 0,0844 0,9910 0,0972 0,0887 0,9906

ANN2 0,0926 0,0942 0,9914 0,0978 0,0881 0,9904

ANN3 0,0929 0,0964 0,9914 0,0941 0,0983 0,9911

ANN4 0,0875 0,1034 0,9923 0,0975 0,0892 0,9905

ANN5 0,0943 0,0896 0,9911 0,0906 0,1062 0,9918

ANN6 0,0968 0,0859 0,9906 0,0932 0,1002 0,9913

ANN7 0,0957 0,0841 0,9908 0,1023 0,0769 0,9895

ANN8 0,0914 0,0937 0,9916 0,0967 0,1030 0,9906

ANN9 0,0908 0,0957 0,9917 0,1007 0,0817 0,9899

ANN10 0,1061 0,1095 0,9887 0,0988 0,0904 0,9902

Average RMSE 0,094 0,094 0,991 0,097 0,092 0,991

Standard Deviation 0,005 0,008 0,001 0,003 0,009 0,001

https://doi.org/10.1371/journal.pone.0263937.t004
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Discussion and conclusion

Discussion

This study aims to determine the behavioral intention and the use behavior of the nursing stu-

dents towards AR technology and the factors affecting them. The SEM and ANN modeling uti-

lized in this study aids in understanding the aspects that drive academic use of AR technology.

According to the SEM and ANN findings, as seen in Tables 3 and 5, the most important factor

affecting the behavioral intention of students is PE. The students expect that the use of AR will

increase their learning/academic performance. Other studies also showed that AR technology

is suitable for self-learning methods and increases academic performance [10, 38, 39].

As seen in the results of SEM and ANN in Tables 3 and 5, the second important factor is

PV. The students think that AR applications are worth the money when the added value of the

benefits is considered. It is consistent with previous research findings [40, 50, 51]. The next

important factor in BI is SI. It is observed that SI is more effective when the technology is new

and disseminating, but when it becomes public the effect of SI decreases [34]. Considering that

the students must keep the social distance due to the Covid-19 pandemic [78], it is estimated

that an environment where the effect of SI can be fully activated does not occur. It is predicted

that SI may be a more efficient construct in future studies about the acceptance of AR technol-

ogy after the Covid-19 pandemic.

It was also observed that FC does not have a powerful effect on BI. The main reason for this

might be that AR applications used in the study are very user-friendly. Another result support-

ing this finding is that AR anticipated to be caused by the new technology was not found to

have a statistically significant effect. It can be argued that the students are familiar with mobile

technologies and this technology does not cause them any anxiety.

The research results show that excessive use of mobile technology in teenagers may cause

specific problems such as anti-sociability [79], technology addiction [80] whereas the students

find using mobile technology enjoyable [81]. Some studies show that mobile technology addic-

tion negatively affects the academic performances of students [82]. The results of this study dif-

fer from previous research results [45–48]. Even though using AR technology creates anxiety;

Table 5. The average loadings and normalized importance of constructs.

Training Model A-BI Model B-UB

Steps PE EE FC SI PV BI U HM

ANN1 0,496 0,071 0,096 0,107 0,229 0,495 0,199 0,305

ANN2 0,522 0,086 0,061 0,066 0,265 0,411 0,255 0,334

ANN3 0,500 0,041 0,059 0,170 0,231 0,480 0,265 0,255

ANN4 0,529 0,095 0,061 0,074 0,242 0,505 0,186 0,310

ANN5 0,547 0,041 0,049 0,118 0,245 0,437 0,207 0,356

ANN6 0,480 0,066 0,083 0,112 0,259 0,492 0,218 0,290

ANN7 0,505 0,059 0,081 0,123 0,232 0,472 0,174 0,354

ANN8 0,531 0,078 0,073 0,099 0,220 0,434 0,231 0,334

ANN9 0,556 0,054 0,061 0,085 0,245 0,516 0,212 0,272

ANN10 0,555 0,053 0,069 0,092 0,231 0,486 0,183 0,331

Average Loadings 0,522 0,064 0,069 0,105 0,240 0,473 0,213 0,314

Normalized Importance of Constructs 100% 12,7% 13,5% 20,6% 46,5% 100,0% 45,5% 67,1%

Note. PE: performance expectancy; EE: effort expectancy; FC: facilitating conditions; SI: social influence; PV: perceived value; BI: behavioral intention; U: usefulness;

HM: hedonic motivation.

https://doi.org/10.1371/journal.pone.0263937.t005
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both the expected benefit from its use and its acceptance are high. Also, using AR applications

motivate students.

As seen in Tables 3 and 5, the results show that the most significant factor affecting UB is

BI. The students’ intentions to use AR technology are strong for both the present and the

future. The second important factor affecting UB is HM. The students enjoy using AR technol-

ogy. The main reason for this is that AR technology allows students to play an active role in the

application. The research results overlap with the results of other studies related to AR technol-

ogy [29, 30] and the enjoyability of mobile technology [81]. As a brand-new mobile technol-

ogy, AR motivates students with many practical features.

The U feature of AR affecting both UB and HM is an important factor. The fact that it pres-

ents the information needed for the content of AR applications and provides convenience and

flexibility in accessing information both motivates the use of AR and strengthens the user

behavior.

Furthermore, as seen in Tables 3 and 4, the R2 of the ANN models are much greater than

the R2 of the PLS-SEM study. This suggests that the variations of BI, and UB to utilize in this

study are better explained by the ANN architectures. We believe that the higher R2 values

obtained from ANN research are connected to the ANN architecture’s capability for deep

learning and capturing non-linear correlations between components. Researchers are thus

encouraged to carefully watch and address the non-linearity issue using a multi-stage data

analysis with deep learning.

Conclusion

The environment of higher education has evolved dramatically, and internet technologies

have played a critical role. With the advent of mobile technologies, students and teachers may

now produce their own material and interact with other users; when utilized appropriately,

these elements have enormous potential to improve the self-learning experience. Despite the

promise for self-learning tools, such as AR technology, to assist the self-learning process, their

use in virtual classrooms has not made major gains. It is predicted that the self-learning

approach created by the Covid-19 pandemic will maintain its domination in the education sys-

tem worldwide. For example, in Turkey, the Council of Higher Education has recommended

to all universities that 40% of the courses opened after the pandemic should be carried out

online. Also, it has paved the way for students to take online courses from national and inter-

national universities every semester [12]. The purpose here is to create a flexible education and

training system against crises-like situations. With this change, certainly, conventional tools of

classroom-based education will not be sufficient and new tools will become widespread. AR

applications are mostly developed for self-learning. They can also be developed to improve dis-

tant online learning methods. Besides enabling students to practice individually, AR technol-

ogy also has the potential to create virtual classrooms that multiple users can attend and

interact simultaneously. Allowing different users to work and practice on a shared case would

certainly differentiate AR technology from other conventional online learning applications.

Such a feature would provide convenience not only for clinical nursing practices but also for

all health education fields.

Both the changes in the educational policies of the states and the improvements in technol-

ogy are indicators that the market share of AR and similar products in the education sector

will increase. The AR technology market, which was 20 billion USD in 2020, is predicted to be

73 billion in the year 2024 [83]. When the growth potential of the market is taken into consid-

eration, the studies on user expectation like our study are considered of great importance for

the developers and manufacturers of AR technology.
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Implications for nursing education

The nursing students think that AR technology will contribute to their academic perfor-

mances. Although this study is only based on nursing students, the results give ideas about the

other areas of health education too. The fact that AR technology is ready to be used anywhere

with a mobile phone provides both accessibility and flexibility, and its feature of actively

involving the user motivates students. It is predicted that the demand for AR applications will

be high because it presents a holistic way of teaching for certain courses and creates an alterna-

tive to conventional textbooks.

AR applications that can be used not only by students but also by teachers allowing interac-

tive online education can be developed. The students can improve their clinical nursing skills

in addition to learning theoretical knowledge and techniques using AR technology. Not only

may the adoption of AR technology assist students or trainees in learning effectively under

limited clinical nursing practices, but it can also assist healthcare workers in conducting train-

ing and professional skill reinforcement.

We would also like to point out that although the results of this research indicate strong

acceptance, teachers must be cautious about the idea that nursing students can learn clinical

nursing practices alone, and online with AR without any guidance. It must be kept in mind

that strong guidance is essential for nursing education. If nursing education teachers wish to

motivate their students and provide them with the best possible learning experiences, AR tech-

nology can be utilized, and AR applications can be used as an alternative to textbooks within

the next few years.

Limitations

This study has certain limitations. First, it was based on the experiences of students using AR

technology voluntarily for the study. Since it was not mandatory and the students were not

held responsible for using the AR technology, how much they use it, how and how much it has

affected their academic performance could not be tested. Instead, the general acceptance status

of nursing students who have experienced AR technology in their educational life has been

examined.

The participants self-reported their intention to use and use behavior towards AR technol-

ogy. The effect of using AR technology on academic performance was not measured and com-

pared by separating participants into experimental and control groups in any way.

The third limitation is that the AR technology was only used with the mobile phone. No AR

laboratories or other AR devices such as headsets, smart glasses were available.
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24. Alamäki A, Dirin A, Suomala J. Students’ expectations and social media sharing in adopting augmented

reality. Int J Inf Learn Technol. 2021; 38(2):196–208. https://doi.org/10.1108/IJILT-05-2020-0072

25. Azuma R, Baillot Y, Behringer R, Feiner S, Julier S, MacIntyre B. Recent advances in augmented real-

ity. IEEE Comput Graph Appl. 2001; 21(6):34–47. https://doi.org/10.1109/38.963459

26. He Z, Wu L, Li X (Robert). When art meets tech: The role of augmented reality in enhancing museum

experiences and purchase intentions. Tour Manag. 2018; 68:127–139. https://doi.org/10.1016/J.

TOURMAN.2018.03.003

27. Yoke SK, Ahmad TA, Hasan NH. Exploring the potential of augmented reality in English for report writ-

ing: A perceptive overview. Int J Educ. 2019; 4(33):13–21. https://doi.org/10.35631/IJEPC.433002

28. Shorey S, Ng ED. The use of virtual reality simulation among nursing students and registered nurses: A

systematic review. Nurse Educ Today. 2021; 98:104662. https://doi.org/10.1016/j.nedt.2020.104662

PMID: 33203545

29. Huang T-C, Chen C-C, Chou Y-W. Animating eco-education: To see, feel, and discover in an aug-

mented reality-based experiential learning environment. Comput Educ. 2016; 96:72–82. https://doi.org/

10.1016/j.compedu.2016.02.008

30. Yuen S, Yaoyuneyong G, Johnson E. Augmented reality: An overview and five directions for AR in edu-

cation. J Educ Technol Dev Exch. 2011; 4(1):119–140. https://doi.org/10.18785/jetde.0401.10

31. Jahanmir SF, Cavadas J. Factors affecting late adoption of digital innovations. J Bus Res. 2018;

88:337–343. https://doi.org/10.1016/j.jbusres.2018.01.058

32. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technol-

ogy. MIS Q Manag Inf Syst. 1989; 13(3):319–339. https://doi.org/10.2307/249008

33. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: Toward a

unified view. MIS Q. 2003; 27(3):425–478. https://doi.org/10.2307/30036540

34. Venkatesh V, Davis FD. A theoretical extension of the technology acceptance model: Four longitudinal

field studies. Manage Sci. 2000; 46(2):186–204. https://doi.org/10.1287/mnsc.46.2.186.11926

35. Dirin A, Laine TH. User experience in mobile augmented reality: Emotions, challenges, opportunities,

and best practices. 2018; 7(2):33. Accessed October 4, 2021. http://www.mdpi.com/2073-431X/7/2/33
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55. Liébana-Cabanillas F, Marinković V, Kalinić Z. A SEM-neural network approach for predicting anteced-

ents of m-commerce acceptance. Int J Inf Manage. 2017; 37(2):14–24. https://doi.org/10.1016/j.

ijinfomgt.2016.10.008

56. Park B, Blevins E, Knutson B, Tsai JL. Neurocultural evidence that ideal affect match promotes giving.

Soc Cogn Affect Neurosci. 2017; 12(7):1083–1096. https://doi.org/10.1093/scan/nsx047 PMID:

28379542

57. Harley JM, Poitras EG, Jarrell A, Duffy MC, Lajoie SP. Comparing virtual and location-based aug-

mented reality mobile learning: emotions and learning outcomes. Educ Technol Res Dev. 2016; 64

(3):359–388. https://doi.org/10.1007/s11423-015-9420-7

58. Brown SA, Venkatesh V. Model of adoption of technology in households: A baseline model test and

extension incorporating household life cycle. MIS Q. 2005; 29(3):399–426. https://doi.org/10.2307/

25148690

59. Christensen L, Johnson R, Turner L. Research Methods, Design, and Analysis. Pearson; 2014.

60. Sharma SK, Sharma H, Dwivedi YK. A hybrid SEM-neural network model for predicting determinants of

mobile payment services. Inf Syst Manag. 2019; 36(3):243–261. https://doi.org/10.1080/10580530.

2019.1620504

61. Sadiq R, Rodriguez MJ, Mian HR. Empirical Models to Predict Disinfection By-Products (DBPs) in

Drinking Water: An Updated Review☆. In: Nriagu JBT-E of EH ( Second E, ed. Elsevier; 2019:324–

338. https://doi.org/10.1016/B978-0-12-409548-9.11193–5

62. Chong AYL. A two-staged SEM-neural network approach for understanding and predicting the determi-

nants of m-commerce adoption. Expert Syst Appl. 2013; 40(4):1240–1247. https://doi.org/10.1016/J.

ESWA.2012.08.067

63. Fernández-Llamas C, Conde MA, Rodrı́guez-Lera FJ, Rodrı́guez-Sedano FJ, Garcı́a F. May I teach

you? Students’ behavior when lectured by robotic vs. human teachers. Comput Human Behav. 2018;

80:460–469. https://doi.org/10.1016/J.CHB.2017.09.028

PLOS ONE Assessing acceptance of augmented reality in nursing education

PLOS ONE | https://doi.org/10.1371/journal.pone.0263937 February 17, 2022 19 / 20

https://doi.org/10.1108/14684521111176507
https://doi.org/10.1108/14684521111113597
https://doi.org/10.1108/14684521111113597
https://doi.org/10.1016/j.procs.2019.09.107
https://doi.org/10.1080/17538157.2016.1255631
https://doi.org/10.1080/17538157.2016.1255631
http://www.ncbi.nlm.nih.gov/pubmed/28068149
https://doi.org/10.1080/09720073.2014.11891499
https://doi.org/10.2190/Q1TJ-8JCU-LDAP-84H8
https://doi.org/10.1177/0266666915597546
https://doi.org/10.1016/J.SBSPRO.2015.01.530
https://doi.org/10.1016/j.ijinfomgt.2016.10.008
https://doi.org/10.1016/j.ijinfomgt.2016.10.008
https://doi.org/10.1093/scan/nsx047
http://www.ncbi.nlm.nih.gov/pubmed/28379542
https://doi.org/10.1007/s11423-015-9420-7
https://doi.org/10.2307/25148690
https://doi.org/10.2307/25148690
https://doi.org/10.1080/10580530.2019.1620504
https://doi.org/10.1080/10580530.2019.1620504
https://doi.org/10.1016/B978-0-12-409548-9.11193%26%23x2013%3B5
https://doi.org/10.1016/J.ESWA.2012.08.067
https://doi.org/10.1016/J.ESWA.2012.08.067
https://doi.org/10.1016/J.CHB.2017.09.028
https://doi.org/10.1371/journal.pone.0263937


64. Fan W, Liu J, Zhu S, Pardalos PM. Investigating the impacting factors for the healthcare professionals

to adopt artificial intelligence-based medical diagnosis support system (AIMDSS). Ann Oper Res 2018

2941. 2018; 294(1):567–592. https://doi.org/10.1007/S10479-018-2818-Y

65. Hair JF, Hult GT, Ringle CM, Sarstedt M. A Primer on Partial Least Squares Structural Equation Model-

ing (PLS-SEM). Second. Sage Publication; 2016.

66. Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measure-

ment error. J Mark Res. 1981; 18(1):39–50. https://doi.org/10.2307/3151312

67. Henseler J, Ringle CM, Sarstedt M. A new criterion for assessing discriminant validity in variance-based

structural equation modeling. J Acad Mark Sci. 2015; 43(1):115–135. https://doi.org/10.1007/s11747-

014-0403-8

68. Henseler J, Ringle CM, Sinkovics RR. The use of partial least squares path modeling in international

marketing. In: Sinkovics RR, Ghauri PN, eds. Advances in International Marketing. Vol 20. Advances

in International Marketing. Emerald Group Publishing Limited; 2009:277–319. https://doi.org/10.1108/

S1474-7979(2009)0000020014

69. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Second. Lawrence Erlbaum Ass.;

1988.

70. Tenenhaus M, Vinzi VE, Chatelin Y-M, Lauro C. PLS path modeling. Comput Stat Data Anal. 2005; 48

(1):159–205. https://doi.org/10.1016/j.csda.2004.03.005

71. Chin WW. The partial least squares approach to structural equation modeling. In: Marcoulides GA, ed.

Modern Methods for Business Research. Lawrence Erlbaum Ass.; 1998:295–358.

72. Chiang WYK, Zhang D, Zhou L. Predicting and explaining patronage behavior toward web and tradi-

tional stores using neural networks: a comparative analysis with logistic regression. Decis Support Syst.

2006; 41(2):514–531. https://doi.org/10.1016/J.DSS.2004.08.016

73. Yee-Loong Chong A, Liu MJ, Luo J, Keng-Boon O. Predicting RFID adoption in healthcare supply chain

from the perspectives of users. Int J Prod Econ. 2015; 159:66–75. https://doi.org/10.1016/J.IJPE.2014.

09.034

74. Priyadarshinee P, Raut RD, Jha MK, Gardas BB. Understanding and predicting the determinants of

cloud computing adoption: A two staged hybrid SEM-neural networks approach. Comput Human

Behav. 2017; 76:341–362. https://doi.org/10.1016/j.chb.2017.07.027

75. Sharma SK. Integrating cognitive antecedents into TAM to explain mobile banking behavioral intention:

A SEM-neural network modeling. Inf Syst Front. 2019; 21(4):815–827. https://doi.org/10.1007/s10796-

017-9775-x

76. Lee V-H, Hew J-J, Leong L-Y, Tan GW-H, Ooi K-B. Wearable payment: A deep learning-based dual-

stage SEM-ANN analysis. Expert Syst Appl. 2020; 157:113477. https://doi.org/10.1016/j.eswa.2020.

113477

77. Haykin S. Neural Networks: A Comprehensive Foundation. Second. Prentice Hall.; 2004.

78. Parady G, Taniguchi A, Takami K. Travel behavior changes during the COVID-19 pandemic in Japan:

Analyzing the effects of risk perception and social influence on going-out self-restriction. Transp Res

Interdiscip Perspect. 2020; 7:100181. https://doi.org/10.1016/j.trip.2020.100181

79. Cohn J. “Devilish Smartphones” and the “Stone-Cold” internet: Implications of the technology addiction

trope in college student digital literacy narratives. Comput Compos. 2016; 42:80–94. https://doi.org/10.

1016/J.COMPCOM.2016.08.008

80. Derevensky JL, Hayman V, Lynette Gilbeau. Behavioral addictions: Excessive gambling, gaming, inter-

net, and smartphone use among children and adolescents. Pediatr Clin North Am. 2019; 66(6):1163–

1182. https://doi.org/10.1016/j.pcl.2019.08.008 PMID: 31679605

81. Chassiakos YR, Stager M. Current trends in digital media: How and why teens use technology. In:

Moreno AM, Hoopes AJ, eds. Technology and Adolescent Health. Academic Press; 2020:25–56.

82. Samaha M, Hawi NS. Relationships among smartphone addiction, stress, academic performance, and

satisfaction with life. Comput Human Behav. 2016; 57:321–325. https://doi.org/10.1016/j.chb.2015.12.

045

83. Alsop T. Forecast augmented (AR) and virtual reality (VR) market size worldwide from 2020 to 2024.

Statista.com. Published 2021. Accessed February 1, 2021. https://www.statista.com/statistics/591181/

global-augmented-virtual-reality-market-size/#:~:text=The global augmented reality (AR,five-year

CAGR over spending

PLOS ONE Assessing acceptance of augmented reality in nursing education

PLOS ONE | https://doi.org/10.1371/journal.pone.0263937 February 17, 2022 20 / 20

https://doi.org/10.1007/S10479-018-2818-Y
https://doi.org/10.2307/3151312
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1108/S1474-7979%282009%290000020014
https://doi.org/10.1108/S1474-7979%282009%290000020014
https://doi.org/10.1016/j.csda.2004.03.005
https://doi.org/10.1016/J.DSS.2004.08.016
https://doi.org/10.1016/J.IJPE.2014.09.034
https://doi.org/10.1016/J.IJPE.2014.09.034
https://doi.org/10.1016/j.chb.2017.07.027
https://doi.org/10.1007/s10796-017-9775-x
https://doi.org/10.1007/s10796-017-9775-x
https://doi.org/10.1016/j.eswa.2020.113477
https://doi.org/10.1016/j.eswa.2020.113477
https://doi.org/10.1016/j.trip.2020.100181
https://doi.org/10.1016/J.COMPCOM.2016.08.008
https://doi.org/10.1016/J.COMPCOM.2016.08.008
https://doi.org/10.1016/j.pcl.2019.08.008
http://www.ncbi.nlm.nih.gov/pubmed/31679605
https://doi.org/10.1016/j.chb.2015.12.045
https://doi.org/10.1016/j.chb.2015.12.045
https://www.statista.com/statistics/591181/global-augmented-virtual-reality-market-size/#:~:text=The global augmented reality
https://www.statista.com/statistics/591181/global-augmented-virtual-reality-market-size/#:~:text=The global augmented reality
https://doi.org/10.1371/journal.pone.0263937

