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There is a growing body of evidence that feeling present in virtual environments contributes to 
effective learning. Presence is a psychological state of the user; hence, it is generally agreed that 
individual differences in user characteristics can lead to different experiences of presence. 
Despite the fact that user characteristics can play a significant role in research on presence, most 
studies on the determinants of presence focus on immersive, interactive, and perceptually realistic 
aspects within the technology. Research into user characteristics and how they affect presence 
has received little attention thus far. The purpose of this study is to explore how user variables 
combine and interact to predict the level of presence in a 3D virtual learning environment. One 
hundred and eighty-five nursing students participated in this study and completed a questionnaire 
measuring user variables. Structural equation modelling was employed as the main technique for 
data analysis to ensure methodological rigor. The findings indicate that subjective norm, 
perceived ease of use, computer self-efficacy, and perceived usefulness account for 52% of the 
total variance of the sense of presence. This study makes a significant contribution by developing 
and validating an initial model of the determinants of presence in a 3D virtual world. 

 
 
Introduction 
 
During the past decade, interest in the educational use of three-dimensional (3D) virtual worlds has been 
growing substantially (Bulu, 2012). 3D virtual worlds are customised settings that may be modelled according 
to those in the real world or may be fantasy based. They can be defined as “a synchronous, persistent network 
of people, represented as avatars, facilitated by networked computers” (Bell, 2008, p. 2). An avatar is a virtual 
body and is controlled by the user. Avatars may move freely in the virtual world by walking, running, flying, 
or teleporting from one location to another, and may manipulate objects. They may stand up or sit down in 
various poses, dance with someone, and make human-like gestures (Johnson, Vorderstrasse, & Shaw, 2009). 
Virtual worlds offer a platform not only for education, but also for communication, business, and organisational 
development. Virtual worlds merge many qualities of the Web such as online games, social networking, user-
generated content, creativity applications, and telecommunication technologies (Schmidt & Stewart, 2010). 
They provide users with the opportunity to meet individuals from around the world and to share ideas in a 3D 
environment.  
 
Representation through avatars, communication tools for interaction, and three-dimensional immersive 
environments are the important features of 3D virtual worlds (Bulu, 2012; Girvan & Savage, 2010). These 
features make people, places, and things in virtual worlds concrete and tangible, and give users the perception 
that they are really experiencing the environment. The experience of presence is a positive attribute of a 
technology and, hence, has great relevance to the design and evaluation of a broad range of media products for 
use in, for example, simulation training in education, and telemedicine in health care (Lee, 2004). Indeed, the 
field of presence research has grown substantially over the past few years. Factors that may affect the experience 
of presence have been suggested in the literature. However, how these factors may combine and interact to 
influence presence is not clear. The purpose of this study is to fill some of the gap in the research on determinants 
of presence, by examining the level of presence in a virtual world that students experience, and how factors 
combine and interact to predict the students’ experience of presence.  
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Literature review 
 
The concept of presence 
 
Since Minsky coined the term telepresence in 1980, scholars from various fields have suggested an abundance 
of conceptualisations of the sense of presence. Lombard and Ditton (1997) reviewed a broad body of literature 
related to presence and identified six different explications of presence: social richness (the extent to which the 
medium is perceived as personal, sociable, sensitive, or warm), realism (the extent to which a medium can seem 
perceptually and/or socially realistic), transportation (the sensation of “we are together,” “you are there” and/or 
“it is here”), immersion (the extent to which the senses are engaged by the medium), social actor within medium 
(the extent to which users respond socially to representations of people through a medium), and medium as 
social actor (the extent to which the medium itself is perceived as a social actor, for example, treating computers 
as social entities). Based on the commonalities between these different conceptualisations, Lombard and Ditton 
defined presence as the extent to which a person fails to perceive or acknowledge the existence of a medium 
during a technologically mediated experience, or “the perceptual illusion of non-mediation” (p. 9).  
 
The existence of six different conceptualisations of virtual experience calls for a multidimensional approach to 
the sense of presence. After an extensive explication process, Lee (2004) defined presence as “a psychological 
state in which virtual objects are experienced as actual objects in either sensory or nonsensory ways” (p. 27). 
He then defined three types of presence based on the general definition of presence and the corresponding 
domains of human experience in virtual environments – physical, social, and self presence. Physical presence 
refers to a psychological state in which virtual physical objects are experienced as actual physical objects in 
either sensory or nonsensory ways. Put differently, physical presence occurs when a technology user does not 
notice either the para-authentic nature of mediated objects (or environments) or the artificial nature of simulated 
objects (or environments). Social presence refers to a psychological state in which a virtual social actor is 
experienced as an actual social actor in either sensory or nons-ensory ways. In other words, social presence 
occurs when a technology user does not notice the para-authenticity of mediated humans and/or the artificiality 
of simulated non-human social actors. Lastly, self presence refers to a psychological state in which a virtual 
self is experienced as the actual self in either sensory or nonsensory ways. Self presence occurs when a 
technology user does not notice the virtuality of either para-authentic representation of his/her own self or 
artificially constructed self inside a virtual environment (Lee, 2004).    
 
The proliferation of analyses and multidisciplinary discourses in the literature has not led to a standard, universal 
definition of presence. Yet there is an overall agreement among researchers of presence that the concept of 
presence has multiple dimensions, and that flexibility and fluidity are needed to situate a definition of presence 
in relation to the context (Lee, 2004; Tamborini & Skalski, 2006). The choice of presence dimension should 
depend on the type of technology under investigation and other variables of interest. Given the increase in visual 
representations of self in avatar-based virtual worlds and the fact that physically and socially appropriate 
responses to the input of users in virtual environments can enhance the feeling of self presence, the focus of the 
current study is on self presence (Lee, 2004) in a 3D virtual world and on examining factors that influence the 
perception of self presence. 
 
Presence is a human reaction to immersion (Slater, 2003). Immersion is an objective description of aspects of 
the system such as display resolution and field of view that facilitate the production of multimodal sensory input 
to the user (Slater & Wilbur, 1997). In general, the more immersive a virtual environment is, the greater feeling 
of presence a technology user tends to experience in it (Schuemie, Van Der Straaten, Krijin, & Van Der Mast, 
2001). However, there is a debate that desktop virtual worlds are non-immersive and hence incapable of 
generating presence (Blascovich & Bailenson, 2011; Winn, 1993). Although a fuller immersion in virtual reality 
should trigger a stronger feeling of presence, it does not mean that the only way we can achieve presence is 
through immersive virtual reality. Lombard and Ditton’s (1997) definition of presence also includes traditional 
media such as the radio, television, and film that might offer a lesser degree of presence, but still trigger the 
illusion that the mediated experience is not mediated, but real (Romano & Brna, 2001). It is possible to reach 
different forms of presence using different types of virtual environments in each situation. The visual and 
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physical realism of desktop 3D virtual worlds that adds to the virtual space combine to produce a profoundly 
immersive experience can convey a feeling of being there and a strong sense of social presence when other 
avatars are present. The immersive nature of 3D virtual worlds, crossing physical, social, and cultural 
dimensions, can provide a compelling educational experience. 
 
Presence and learning in virtual 3D environments  
 
Virtual worlds are very attractive and are being used in numerous universities to provide learning experiences 
and conduct online classes. In a 3D virtual environment, students are free to explore. They allow the teacher to 
become the mentor or the guide, not the broadcaster (Welch, 2008). In virtual worlds, learning is done more by 
participating and doing than by listening and absorbing. Users can use their avatars to carry out activities that 
might be impossible in the real world. For example, students in healthcare disciplines are required to engage in 
experiential learning activities by participating in clinical placements. However, several factors prohibit them 
from obtaining much clinical learning and practice. These include the presence of a large number of students, 
which limits the actual amount of time that the students are exposed to patients; an emphasis on patient safety; 
medical errors; ethical considerations; pandemics; and crisis situations. Therefore, educators need to bring in 
simulation activities to reproduce real-life situations for students to learn and develop clinical skills and 
concepts. Virtual worlds can replicate real-world learning experiences previously available only through face-
to-face encounters. They help students to bridge the gap between knowledge and application by providing them 
with opportunities to use simulation in a safe environment, and by allowing individuals to practise skills, try 
out new ideas, and learn from their mistakes without disadvantage (Skiba, 2009). Having gone through these 
experiences, students can have relatively safe clinical experiences in their placements (Schmidt & Stewart, 
2010). In addition, the simulation activities can enhance critical-thinking skills and allow students to take risks 
and make decisions independently. Students are able to access and repeat practices in virtual worlds as many 
times as they desire, enabling them to self-direct their learning until such time that they feel comfortable with 
the procedure and can practise without harm to patients (Schmidt & Stewart, 2010). For example, Chow, Herold, 
Choo, and Chan (2012) designed and developed a virtual ward for practising rapid sequence intubation (RSI) 
on the campus of a university in the 3D online world Second Life (SL). RSI involves the rapid administration 
of a sedative agent and a neuromuscular blocking agent to a patient to induce unconsciousness and motor 
paralysis for tracheal intubation. To practise the skill of RSI, students entered a standard treatment room with a 
patient figure lying on a bed, a range of medical equipment ready to be used, as well as a doctor and a nurse 
already in the room. The simulation followed a number of possible, but strictly scripted paths based on the 
actions and responses of student avatars. Once the student had completed the entire procedure in the virtual 
ward, the system would automatically generate a record of the student's performance. Virtual worlds have been 
widely accepted and used in healthcare, for example, in disaster simulation, and in nursing, medical, and 
nutrition education (Chow et al., 2012; Kamel Boulos, Ramloll, Jones, & Toth-Cohen, 2008; Schmidt & Stewart, 
2010).  
 
There is a growing body of evidence that feeling present in virtual environments is one of the factors that 
contributes to effective learning. For example, in a 10-year review of empirical research on the educational 
applications of virtual reality environments, Mikropoulos and Natsis (2011) found that at least 12 out of the 53 
studies that were reviewed explored the sense of presence, and positively connected presence with learning. 
Similarly, a systematic evaluation of evolving educational virtual environments revealed that levels of presence 
were generally correlated with the achievement of learning objectives (Selverian & Hwang, 2003). In 
investigating the effect of presence on learning outcomes in virtual reality environments, Mikropoulos (2006) 
found that in the learning of history the existence of avatar-enhanced presence helped learners to complete their 
learning tasks more easily and successfully. The sense of presence that learners feel is of major importance in 
learning because it not only enhances first-hand experiences, but also enables first-person psychological activity 
to occur when learners interact directly with virtual worlds (deByl, 2009). In applied, situated virtual worlds, 
the sense of presence contributes more to learning than just cognitive gain – it also nurtures an intrinsic 
motivation to learn for its own sake, without extrinsic rewards.  
 



Australasian Journal of Educational Technology, 2016, 32(1).   
 

4 

Determinants of presence 
 
The determinants influencing the subjective feeling of presence can be classified into two general categories of 
variables: (1) media characteristics and (2) user characteristics (Galloso, Feijoo & Santamaria, 2015; Ijsselsteijn 
& Riva, 2003; Ribbens & Vanden Abeele, 2008). Media characteristics can be subdivided into aspects of media 
form and media content. Media form is the physical, objective properties of a display medium. It is related to 
the extent and fidelity of sensory information presented, the match between a user’s actions and the perceptible 
spatial-temporal effects of those actions, and the ability of a technology to enable the user to interact with the 
content and to modify it. Media content refers to the activities, objects, characters, messages, or story depicted 
via a technology. The elements of media content that may determine presence are the representation or virtual 
body of the user in the virtual environment, social realism, autonomous behaviours, and appearance of 
characters and objects. Presence is a psychological state of the user; hence, it is generally agreed that individual 
differences in user characteristics can lead to different experiences of presence (Ijsselsteijn, deRidder, Freeman, 
& Avons, 2000; Tamborini & Skalski, 2006). The feeling of presence has been found significantly influenced 
by the cognitive, emotional, and motivational factors of media users, such as immersive tendency, attention, 
skill, perceived control, personality traits, and spatial intelligence (Galloso et al., 2015; Weibel, Wissmath, & 
Stricker, 2011).  
 
Despite the fact that user characteristics are likely to play a significant role in research on presence, most studies 
on the determinants of presence focus on immersive, interactive, and perceptually realistic aspects within the 
technology. Very little research has been done on the user determinants of presence in virtual environments 
since Alsina-Jurnet and Gutierrez-Maldonado’s (2010) article, which investigated five user characteristics (test 
anxiety, spatial intelligence, verbal intelligence, personality, and computer experience) on the feeling of 
presence. The essence of presence cannot be grasped by taking only the realism or fidelity of the mediated 
environment into account. A larger emphasis on user variables could benefit research dealing with presence, 
since acceptance and uptake of the technology will depend to a large extent on the experiences and responses 
of users towards the technology (Ijsselsteijn & Riva, 2003). Clearly, there are many user characteristics that 
may have an impact on the extent to which a user experiences presence. The purpose of this study is to explore 
how variables combine\ and interact to predict the level of presence in a 3D virtual learning environment.  
 
Methodology 
 
Virtual world environment 
 
SL is a 3D virtual world created by Linden Lab, a US company. It is an online persistent space totally created 
and evolved by its users. Many companies and organisations have an online presence in SL. In SL, users can 
do a lot of things, such as promote charitable organisations and political philosophies, go to live concerts and 
social gatherings, or attend press conferences and college classes. Though not primarily developed for education, 
it is widely used to support teaching and learning activities (Chow et al., 2012; Dalgarno, Lee, Carlson, Gregory, 
& Tynan, 2011; Jennings & Collins, 2007). In SL, users may use avatars to explore the virtual environment and 
interact with one another through instant messaging, texting, and voice communication (Schmidt & Stewart, 
2010). SL provides users with a virtual environment within which they can participate in experiential learning 
and practise their skills in realistic simulations.  
 
In this study, we designed and developed a virtual classroom in SL for nursing students to learn about 
personal protective equipment (PPE) (Figure 1) and virtual hospital wards (Figure 2) for them to practise the 
selection and use of PPE. PPE is specialised clothing or equipment worn by healthcare workers for protection 
against infectious materials (Siegel, Rhinehart, Jackson, Chiarello, & the Healthcare Infection Control Practices 
Advisory Committee, 2007). PPE prevents a healthcare worker from coming into contact with an infectious 
agent or body fluid that may contain an infectious agent by creating a barrier between them. PPE may include 
items such as gloves, gowns, protective eyewear, masks, respirators, and caps. These items are used alone or in 
combination to protect mucous membranes, airways, skin, and clothing from coming into contact with 
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infectious agents. Selecting appropriate PPE items in clinical practice requires an assessment of the level of risk 
associated with a specific patient care activity or intervention and the modes of disease transmission (Casanova, 
Alfano-Sobssey, Rutala, Weber, & Sobsey et al., 2008; Department of Health, 2001; Siegel et al., 2007). 
Moreover, PPE must be put on and removed in the correct sequence to prevent contamination of skin or clothing. 
The importance of observing these guidelines was reinforced during the SARS (severe acute respiratory 
syndrome) epidemic in 2003 when some healthcare workers contracted infections, possibly from the improper 
use of PPE (Hon et al., 2008).   
 

 
Figure 1. A video showing how to use personal protective equipment in a virtual classroom 
 

 
Figure 2. A virtual ward for practising the selection and use of PPE 
 
The aim of using a 3D virtual world (PPE in SL) was to train nursing students on how to select and use PPE to 
protect themselves from exposure to microbiological hazards. Student avatars were required to follow proper 
procedures before entering the ward or any of the treatment areas. They first entered the ward through a virtual 
dressing room, in which they had to change into hospital uniforms and wear face masks. There were 10 single 
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patient rooms in the virtual ward. Student avatars could communication with one another in the ward. However, 
each room only allowed one avatar to practise at a time. Inside the room, there was an anteroom for donning 
and removing PPE. The treatment area was designed with a patient figure lying on a bed. Before entering a 
treatment area, the avatar had to read the patient record and then, based on the information provided, identify 
the appropriate PPE to wear. The avatar had to don additional PPE items in sequence on top of the hospital 
uniform before being allowed to enter the treatment area. A range of PPE including gloves, gowns, face shields, 
caps, and masks ready to be used was arranged on a bench in the anteroom. The avatar had to click the 
appropriate items and add them to the inventory before wearing them. The avatar would be prompted to check 
if appropriate PPE had been donned before they walked to the treatment area. When leaving the treatment area, 
the avatar needed to remove the PPE items in sequence and then perform handwashing. Once the student had 
completed the entire procedure in the patient room, the student’s performance was saved in a log file. The 
system would then automatically generate an evaluation report of his or her performance in the simulation 
scenario. A total of 10 different scenarios were available for nursing students to practise in the virtual ward. 
 
Research model and hypotheses 
 
The determinants of presence in this study are derived with reference to the conceptual model developed by 
Dunnington (2012), namely the nature and determinants of presence model (NDPM). Using the grounded theory 
approach, Dunnington examined the nature of presence in baccalaureate nursing students participating in high 
fidelity human patient simulation (HF-HPS). Scenario-based HF-HPS is an augmented virtuality, that is, a 
virtual world with added real elements on the virtuality continuum (Dunnington, 2012; Milgram & Kishino, 
1994). In her study, Dunnington observed a total of 36 simulation encounters, followed by interviews with 60 
nursing students. The results suggest that the nature of presence is a dynamic state of being with a centricity 
between the simulation environment and the physical environment where students perceived the stimuli from 
one environment as salient over the other. Centricity is defined as the locus of the state of being in interaction 
based on the salience of perception of stimuli from the virtual environment in relation to the physical 
environment. Participants may centre their presence primarily inside the virtual simulation (endocentricity) or 
outside the virtual simulation interacting more with the physical environment (exocentricity) (Dunnington, 
2014). Based on the study data, pedagogical, individual, and group factors are theorised to be determinative of 
the centricity of presence, which in turn is theorised to impact learning outcomes. The pedagogical factors found 
in her study were simulation design, stream of stimuli, and instructional process. Personality characteristics, 
referential experiences, preconceptions, emotional responses, and entry competencies were the individual 
factors. Group factors, which included group dynamics and group structure, were also found to be determinative 
of the sense of presence in the simulation encounters. The NDPM is particularly useful because it integrates the 
determinants of presence, centricity of presence, and learning outcome in one coherent framework and is rooted 
in empirical reality. In addition, the determinants of presence, that is, pedagogical, individual, and group factors, 
are theorised to be predictors of presence rather than the essence of the presence construct itself. This 
conceptualisation is in line with the studies of several key authors of presence (Lee, 2004; Lombard & Ditton, 
1997; Witmer, Jerome, & Singer, 2005). The proposition of the NDPM is that understanding and managing 
determinants can shape changes in ways that enhance the learner’s experience of presence.  
 
Owing to the promise held by the NDPM, there is a heightened need for simplified, easily interpretable, and 
communicable determinants of presence. The determinants of presence in the NDPM are comprehensive, and 
they are in operation before and/or during the mediated learning experience. However, the relationship between 
the determinants of the NDPM and how they interact to affect presence were not explored in the empirical study. 
Similar to the NDPM, the conceptualisation of presence in this study regards self presence as the essence of the 
construct, and other variables such as individual or user factors as determinants of presence. The determinants 
are predictors of presence rather than a measure of presence itself.  
 
Turner (2007) contended that to experience is to experience something and ordinarily these somethings are 
objects or events in the world. However, in presence research these are presented by way of technology. To 
understand an experience, it is necessary to understand both the psychological and bodily states and the objects 
and events which bring about the experience. Most, if not all, of these psychological and bodily factors are 
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intentional, and the sense of presence is the product of an intentionality-affordance dynamic (Turner, 2007). 
One of the most popular research models that is related to both intention and technology is the technology 
acceptance model (TAM). It was proposed by Davis (1989) to explain potential users’ behavioural intention to 
use a technology. If users lack the intention to engage in interaction with a virtual environment, it is likely that 
they would feel present in the immediate physical environment (exocentricity) rather than in a mediated 
environment (endocentricity). TAM conceptualises that an individual’s intention to use a technology is 
determined by two beliefs: perceived usefulness and perceived ease of use. Perceived usefulness has been 
theorised to be influenced by various external variables, such as perceived enjoyment, cognitive style, computer 
self-efficacy, and subjective norm (Davis, Bagozzi, & Warshaw, 1989; Lee, Cheung, & Chen, 2005).  
 
This study explored four determinants of presence: perceived usefulness (PU), which is defined as the degree 
to which a user views the technology as offering better value than alternative methods of carrying out the same 
task; perceived ease of use (PEOU), which is the extent to which a user views the usage of the technology to be 
relatively free of effort; computer self-efficacy (CSE), which represents a user’s belief about his/her ability to 
perform a specific task using the technology; and subjective norm (SN), which refers to the degree to which a 
user perceives the demands of significant others on him/her to use the technology (Davis et al., 1989; Venkatesh 
& Davis, 2000). These variables are in line with the individual (PU, PEOU, and CSE), and group (SN) 
determinants of presence of the NDPM. Previous research has empirically validated that PEOU, CSE, and SN 
have positive effects on PU (Chow et al., 2012; Kowitlawakul, 2011; Ong & Lai, 2006; Ong, Lai, & Wang, 
2004; Venkatesh & Davis, 2000); hence, they are theorised as determinants of PU in this study. In addition, 
research on computer self-efficacy suggests that low self-efficacy is associated with increased anxiety when 
performing a computer task (Brosnan, 1998). It is thus expected that users with low virtual world self-efficacy 
will be more anxious, which may directly affect their sensorial immersion and sense of presence in virtual 
worlds. Hence, CSE is theorised as a determinant of presence. Figure 3 provides a conceptual map of the 
research model examined in this study. Five research hypotheses were proposed to explore the determinants of 
presence: 
  

• H1: The subjective norm of nursing students has a positive effect on the perceived usefulness of 
learning selection and use of PPE in SL. 

• H2: Nursing students’ perception of its ease of use has a positive effect on the perceived usefulness of 
learning selection and use of PPE in SL. 

• H3: The computer self-efficacy of nursing students has a positive effect on the perceived usefulness of 
learning selection and use of PPE in SL. 

• H4: The computer self-efficacy of nursing students has a positive effect on the sense of presence in 
learning selection and use of PPE in SL. 

• H5: Nursing students’ perception of its usefulness has a positive effect on the sense of presence in 
learning selection and use of PPE in SL. 

 
Instrument 
 
The survey instrument consisted of 14 items (Table 1) to measure five constructs of the research model. These 
items were adapted from previously validated instruments and modified to fit the specific technology, that is, 
the selection and use of PPE in SL, of the present study. SN was measured using two items adapted from Taylor 
and Todd (1995). PEOU was based on the instrument introduced by Venkatesh and Davis (2000) and consisted 
of three items. CSE contained two items adapted from Vijayasarathy (2004). The PU construct of the model 
was made up of four items, which were adapted from Venkatesh and Davis (2000). Finally, the self-presence 
construct was adapted from Jin and Park (2009) and contained three items. All the items were measured on a 
seven-point Likert scale ranging from 1 strongly agree to 7 strongly disagree. 
 
Sample and data collection 
 
Having obtained ethical approval from the institution, nursing students enrolled in undergraduate nursing 
programs at the School of Nursing were approached and invited to participate in hands-on workshops tailored 
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to this study. Since SL was new to the students, the students were taught how to create and manipulate their 
own avatars and interact in the virtual world. Afterwards, they started working with their student avatars and 
went through the simulated patient scenarios on the selection and use of PPE. At the conclusion of the 
workshops, feedback was collected from students using the survey instrument. A total of 185 students joined 
the workshops and returned the instrument. The participants were between 20 and 24 years of age, and the 
majority of them were female (67.6%). Of the participants, 22 (12%) were first-year nursing students, 120 (65%) 
were second-year nursing students, and 43 (23%) were final-year nursing students. A total of 121 (65%) nursing 
students had no previous experience with 3D games or animation.   
  
 

 
Figure 3.  Research model and hypotheses 

Data analysis and results 
 
This study employed the structural equation modelling (SEM) approach to analyse the research model. SEM is 
a promising analytical technique for testing models because measurement errors can be controlled using a latent 
factor model. SEM allows for a simultaneous examination of a system of hypothesised equations involving 
multiple endogenous variables along with the measurement errors to provide a better understanding of the 
variance accounted for by the exogenous variables. It also provides multivariate goodness-of-fit indices for 
assessing the relationship between the variables (Kline, 2010). 
 
The descriptive statistics of all of the variables included in the research model are shown in Table 2. The results 
indicate that the students perceived that people who were important to them thought that they should use PPE 
in SL, that PPE in SL was easy to use and useful to them, and that the students felt confident about working 
with computers. However, they remained neutral regarding the sense of presence in using PPE in SL. Table 3 
shows the result of a principal component analysis with a varimax rotation to identify the underlying factor 
structure of the observed variables. The exploratory factor analysis generated five factors with factor loadings 
ranging from 0.55 to 0.88, which were well above the threshold value of 0.4 for retention (Nunnally & 
Bernstein, 1994). The total variance explained by the five factors was 81.63%.  
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Table 1 
Survey items 

Subjective norm 
SN1  People who influence my behaviour think that I should use PPE in Second Life. 
SN2  People who are important to me think that I should use PPE in Second Life. 
 
Perceived ease of use 
PEOU1  It is easy to operate PPE in Second Life and get it to do what I want it to do. 
PEOU2  I find that PPE in Second Life is very easy to use. 
PEOU3  I find that the computer interface of PPE in Second Life is clear and easy to understand. 
 
Computer self-efficacy 
CSE1  I expect to become proficient in using PPE in Second Life. 
CSE2  I would feel confident that I can use PPE in Second Life. 
 
Perceived usefulness 
PU1  PPE in Second Life can improve my learning efficiency. 
PU2  PPE in Second Life can enhance my learning performance. 
PU3  PPE in Second Life increases my learning output. 
PU4  I find that PPE in Second Life is useful for my learning. 
 
Presence 
P1  While you were using PPE in Second Life, how much did you feel as if you were walking when your 

own avatar walked? 
P2  While you were using PPE in Second Life, how much did you feel as if you were actually inside the 

ward when your avatar visited the ward? 
P3  While you were using PPE in Second Life, how much did you feel as if you were moving when your 

own avatar moved? 
 
A two-step approach of SEM analysis was undertaken to test the hypotheses in this study.  The first step was to 
test the measurement model to ensure that the chosen indicators for a construct were reliable and valid before 
proceeding to the second step of testing the specified hypotheses in the structural model (Anderson & Gerbing, 
1988). The AMOS 19.0 software was used for the SEM analysis in this study. 
 
Measurement model 
 
The measurement model, which consists of five latent variables, namely SN, PEOU, CSE, PU, and presence, 
was validated by means of confirmatory factor analysis. Fit indices are used to determine the fit of a model, and 
combined fit indices are recommended for evaluating models (Hu & Bentler, 1999). Fit indices are classified 
into three categories: absolute, parsimonious, and comparative (Brown, 2006; Hair, Black, Babin, Anderson, & 
Tatham , 2006). Absolute fit indices (e.g., a normed chi-square – i.e., the ratio of χ2 to its degree of freedom, 
the χ2/df ratio) assess how well a model reproduces the observed data. Parsimonious indices (e.g., root mean 
square error of approximation, RMSEA) are similar to the absolute fit indices except that parsimonious indices 
also take the complexity of the model into account. Finally, the incremental fit indices (e.g., normed fit index, 
NFI; non-normed fit index, NNFI; and comparative fit index, CFI) measure how well a specified model fits 
relative to an alternative baseline model. Overall, the measurement model in this study showed a good model-
data fit: χ2/df ratio = 1.78; RMSEA = 0.06; NFI = 0.96; NNFI = 0.97; and CFI = 0.98. All of the model-fit 
indices exceeded their respective common acceptance levels suggested by previous research (Gefen, Straub, 
Boudreau, 2000; Tung & Chang, 2008; Wu, Shen, Lin, Greenes, & Bates, 2008).  
 
The measurement model was further assessed in terms of its reliability, convergent validity, and discriminant 
validity. Table 2 shows the composite reliability (CR) and Cronbach’s alpha of all of the constructs in the model. 
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The findings suggest good reliabilities for all the observed variables, as their coefficients exceeded the 
acceptable criterion of 0.60 (Bagozzi & Yi, 1988; Fornell & Larcker, 1981). The main difference between 
Cronbach’s alpha and CR is that the former assumes each item to be equally weighted in the composite 
determination, while the latter takes into account the actual factor loadings of each individual item in the 
estimation. Unidimensionality and average variance extracted (AVE) were employed to evaluate convergent 
validity in this study (Bagozzi & Yi, 1988). To establish unidimensionality, both the factor loading and t-value 
of items should be significant and exceed the recommended benchmarks of 0.50 and 1.96, respectively (Hair, 
Anderson, Tatham, & Black, 1992). Table 2 indicates that the factor loadings of the items in the research model 
ranged from 0.80 to 0.97 and were significant at the level of p < 0.001. In addition, the AVEs were all above 
the threshold value of 0.50. This means that the hypothesised factors accounted for more than one half of the 
variances observed in their measurement items (Hair et al., 1992).  
 
Table 2 
Descriptive statistics, average variance extracted (AVE), composite reliability (CR) and factor loading of 
construct measurement 

Variables Mean* SD Factor 
loading 

t-value AVE CR Alpha 

Subjective norm 
SN1 
SN2 
 
Perceived ease of use 
PEOU1 
PEOU2 
PEOU3 
 
Computer self-efficacy 
CSE1 
CSE2 
 
Perceived usefulness 
PU1 
PU2 
PU3 
PU4 
 
Presence 
P1 
P2 
P3 

3.86 
3.83 
3.88 

 
3.69 
3.71 
3.85 
3.51 

 
3.62 
3.70 
3.54 

 
3.34 
3.32 
3.29 
3.30 
3.43 

 
4.07 
4.03 
4.08 
4.11 

1.06 
1.03 
1.09 

 
1.25 
1.32 
1.29 
1.15 

 
1.29 
1.29 
1.29 

 
1.28 
1.31 
1.28 
1.21 
1.32 

 
1.36 
1.35 
1.35 
1.38 

 
0.96 
0.93 

 
 

0.88 
0.93 
0.80 

 
 

0.96 
0.81 

 
 

0.92 
0.94 
0.90 
0.92 

 
 

0.88 
0.93 
0.97 

 
--- 

18.44 
 
 

--- 
17.39 
13.87 

 
 

--- 
11.92 

 
 

--- 
23.81 
20.78 
21.39 

 
 

--- 
19.72 
21.79 

0.87 
 
 
 

0.83 
 
 
 
 

0.74 
 
 
 

0.71 
 
 
 
 
 

0.83 
 
 
 

0.93 
 
 
 

0.93 
 
 
 
 

0.86 
 
 
 

0.82 
 
 
 
 
 

0.91 
 
 
 

0.94 
 
 
 

0.96 
 
 
 
 

0.90 
 
 
 

0.88 
 
 
 
 
 

0.95 
 
 
 

* 1 – strongly agree and 7 – strongly disagree 
 
 
Discriminant validity is assured if the square root of the AVE for a given construct is larger than the correlation 
between that construct and all other constructs (Fornell & Larcker, 1981; Kerlinger & Lee, 2000). This means 
that a latent variable is able to account for more variance in the observed variables associated with it than other 
constructs within the research model. The correlation matrix in Table 4 shows that the square roots of the AVEs 
are larger than the off-diagonal elements in the corresponding rows and columns, thus indicating good 
discriminant validity at the construct level in this study. 
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Table 3 
 Results of exploratory factor analysis 

 Factor     
 1 2 3 4 5 
Subjective norm      
    SN1 0.36 .027 0.16 0.11 0.83 
    SN2 0.36 0.24 0.14 0.14 0.83 
Perceived ease of use      
    PEOU1 0.54 0.55 0.30 0.03 0.09 
    PEOU2 0.56 0.59 0.24 0.03 0.08 
    PEOU3 0.54 0.63 0.14 0.01 0.06 
Computer self-efficacy      
    CSE1 0.33 0.16 0.32 0.79 0.10 
    CSE2 0.10 0.27 0.35 0.74 0.09 
Perceived usefulness      
    PU1 0.78 0.24 0.27 0.14 0.25 
    PU2 0.75 0.27 0.29 0.08 0.32 
    PU3 0.72 0.32 0.29 0.04 0.25 
    PU4 0.79 0.29 0.26 0.13 0.21 
Presence      

P1 0.34 0.14 0.82 0.21 0.15 
P2 0.25 0.15 0.88 0.21 0.10 
P3 0.29 0.14 0.85 0.28 0.11 

Corresponding factor loadings of the items are in italic type. 
 
 
Table 4 
 Square root of average variance extracted (AVE) and correlations of all constructs 

     1 2 3 4 5 
1 Subjective norm 0.93     
2 Perceived ease of use 0.59 0.86    
3 Computer self-efficacy 0.45 0.48 0.84   
4 Perceived usefulness 0.67 0.73 0.56 0.91  
5 Presence  0.44 0.51 0.65 0.61 0.91 

 
Square roots of AVEs are shown as diagonal elements in bold type. The diagonal elements were greater than 
the corresponding off-diagonal elements in the same row and column, indicating the discriminant validity.  
 
Structural model 
 
In this study, the structural model consisted of three exogenous variables (i.e., SN, PEOU, and CSE) and two 
endogenous variables (i.e., PU and presence). Similar to the measurement model, a test of the structural model 
by comparing the combined fit indices with their corresponding recommended values revealed a good model 
fit (χ2/df ratio = 1.74; RMSEA = 0.06; NFI = 0.96; NNFI = 0.97; & CFI = 0.98). 
 
Figure 4 shows the properties of the causal paths, including standardised path coefficients, p-values, and 
variance explained, for each equation in the hypothesised model. All of the hypotheses were supported since 
their respective path coefficients were significant at the level of p < 0.001. SN (β = 0.32, p < 0.001), PEOU (β 
= 0.44, p < 0.001), CSE (β = 0.21, p < 0.001) had a significant positive effect on PU – together they accounted 
for 65% of the variance in PU. Both PU (β = 0.36, p < 0.001) and CSE (β = 0.45, p < 0.001) had a significant 
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positive effect on presence. The research model explained 52% of the variance in the students’ experience of 
presence in using PPE in SL. 
 
Table 5 presents the direct, indirect, and total effects of SN, PEOU, CSE, and PU on presence. Among all of 
the predictor variables, CSE exhibited the strongest total effect on presence (0.53), followed by PU (0.36). It is 
worth noting that PEOU exhibited a strong direct effect on PU (0.44), followed by subjective norm (0.32) and 
CSE (0.21).  
 

 
Figure 4.  Results of SEM testing 
 
 
Table 5 
The direct, indirect, and total effects of variables on presence 

 Direct effect  Indirect effect  Total effect 
  PU P   PU P   PU P 
SN 0.32    0.12  0.32 0.12 
PEOU 0.44    0.16  0.44 0.16 
CSE 0.21 0.45   0.08  0.21 0.53 
PU  0.36      0.36 

SN, subjective norm; PEOU, perceived ease of use; CSE, computer self-efficacy; PU, perceived usefulness; P, 
presence. 
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Discussion 
 
This study explored the effects of SN, PEOU, CSE, and PU on the students’ experience of presence in a 3D 
virtual learning environment. Using structural equation modeling techniques, the research model (Figure 3) was 
tested, and the findings indicated a good fit with the data. The measurement model was confirmed with adequate 
reliability, convergent validity, and discriminant validity. In addition, all path coefficients in the structural 
model were significant at the p < 0.001 level. The effect of CSE on presence was greater than that of PU. 
Perceived usefulness was in turn influenced by SN, PEOU, and CSE – together they explained 65 percent of 
the variance in PU. All hypotheses in the research model were supported, and the results of this study show that 
SN, PEOU, CSE, and PUaccount for 52% of the total variance of the sense of presence in the 3D virtual world.  
 
The results of this study reveal that CSE has the strongest direct influence on the level of presence experienced 
by the students. Students with higher CSE are likely to experience a higher level of presence in the virtual 
world. This suggests that students’ confidence in using technology and their feeling of control play a significant 
role in the experience of presence. Cognitive load theory, which was developed by Sweller (1988), provides a 
possible explanation for this. SL is a different type of technology and new to the students. It requires an 
extraneous cognitive load to use the avatar to navigate and interact in the 3D virtual environment. Students who 
were less confident in their computer skills might have found the PPE in SL so complex that they did not have 
sufficient cognitive resources left to immerse themselves and engage in the activities that were provided. If the 
students’ sense of presence is to be enhanced, their computer skills need to be further developed and the 
technical challenges must be dealt with. Hence, students to whom the use of the virtual world is a new 
experience should be provided with longer introductory sessions before being allowed to attempt the simulation. 
Both on- and off-line support services must also be enhanced to boost the self-confidence of students in using 
the system.   
 
PU was found to be a significant antecedent to the sense of presence. This implies that if students find PPE in 
SL to be useful, their experience of presence would be enhanced. The use of PPE is an essential measure to 
protect healthcare workers from contracting infectious diseases in clinical settings. However, nursing students 
are particularly at risk because of inexperience and lack of knowledge in using PPE. In this study, students in 
general found PPE in SL to be useful, even though their use of the system was voluntary. The virtual classroom 
and, in particular, the simulation case scenarios in the virtual hospital wards allow students to learn and practice 
the selection and use of PPE without the risk of exposure to infections. The findings of this study suggest that 
to enhance the experience of presence, emphasis should be placed on increasing the PU of virtual worlds, which 
is possible through improving SN, PEOU, and CSE of students. Presence is a matter of focus that occurs when 
we direct our attention towards something. Experiencing presence in a virtual world requires us to focus on one 
meaningful coherent set of stimuli to the exclusion of unrelated stimuli in the physical environment. If we find 
a virtual world to be useful and feel confident in using it, we will be more willing to suspend our disbelief and 
allocate attentional resources to the mediated environment. 
 
The results of this study corroborate those of Chow et al. (2012), Ong and Lai (2006), Ong, Lai, and Wang 
(2004), Kowitlawakul (2011), and Venkatesh and Davis (2000) in that SN, PEOU, and CSE were found to have 
direct positive effects on PU. As depicted in Figure 4, PEOU was found to be the strongest predictor of PU, 
followed by SN, and then CSE. This means that the students’ perception of how easy it is to use the system 
plays a very important role in enhancing the experience of presence through PU. This suggests that when 
introducing the PPE in SL, strategies should be devised to ensure that the system is easy and relatively effortless 
to use. These include designing user-friendly interfaces, hiding the complexity and details of the hardware and 
software involved, and simplifying the students’ access to the virtual wards and performance of tasks through 
changes in the design of the virtual environment. The usefulness of the system hinges on the way in which the 
system is designed and the extent to which students perceive the system easy to use. If students are struggling, 
they may actually believe that the system is too difficult to use and that the benefits of using PPE in SL are 
outweighed by the effort required to use it. 
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SN was found to have a direct effect on PU, which in turn impacts on the experience of presence in the PPE in 
SL. In this study, it is possible that at the undergraduate level, the nursing students observed and treated 
significant others as models of technology use. These included fellow nursing students, staff nurses, and nurse 
educators. The nursing students in this study might have considered technology use to be important from their 
experiences during nursing training. Currently, information and communication technology is widely used to 
support nursing education, clinical practices, administration, and research. For example, nursing students have 
to use Blackboard for managing their learning activities and Electronic Health Records for documenting the 
clinical conditions of their patients. Hence, nurse educators can promote the use of the PPE in SL by making 
explicit the advantages of independent learning in selecting and using PPE in the 3D virtual environment. 
Besides PEOU and SN, CSE also has a significant impact on PU. When nursing students believe themselves to 
be capable of using the PPE in SL and at the same time perceive that the system is easy to use and that people 
who are significant to themselves expect them to use it, they are likely to form a strong belief that the system is 
useful.  
 
Presence depends on how well we are connected to or involved in a virtual world. This study contributes to the 
existing research on presence by providing added insights into the predictive ability of the four user 
characteristics, namely CSE, PU, PEOU, and SN, to influence the sense of presence in virtual worlds. Despite 
the application of rigorous procedures, the findings of this study should be considered in light of its limitations. 
First, this is the first test of the research model, which should be subjected to further testing with different 
participants and contexts. Second, this study was conducted in a single university, thus limiting the 
generalisability of the findings to other students. Third, participation in this study was voluntary, and students 
who were interested in virtual worlds were more likely to respond. As such, the data might have been affected 
by the self-selection biases of the participants. In addition, this study used a cross-sectional design. Given that 
perceptions are shaped by one’s experiences and change over time, a longitudinal study with measures at 
different times will be helpful to enhance our prediction and understanding of the causality and 
interrelationships between the variables over time. The research model in this study is parsimonious and 
provides a starting point for model extension. Further studies may explore if other constructs such as hedonic 
consumption (Holsapple & Wu, 2007) can further enhance the model.  
 
Conclusions 
 
Virtual worlds such as SL provide unique opportunities to simulate real-life scenarios and are showing potential 
as an effective platform for healthcare education (Chow et al., 2012; Skiba, 2009). As learning using this 
innovative technology continues to grow each year, the construct of presence will become even more important. 
This study makes a significant contribution by developing and validating an initial theoretical model of the 
determinants of presence in a 3D virtual world. SEM was employed as the main technique for data analysis to 
ensure methodological rigor. The theoretical constructs and their relationships in the model have been identified 
and systematically and empirically tested. The findings from this study suggest how the sense of presence 
occurred in the virtual environment. This model is intended to guide future efforts to develop virtual worlds. 
However, it should be noted that direct experimental tests of the implications need to be conducted.  
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