Integrating Multi—-User
Virtual Environments in
Modern Classrooms

Yufeng Qian
Northeastern University, USA

A volume in the Advances in Educational

Technologies and Instructional Design (AETID) IGI GlObal

Book Series DISSEMINATOR oF KNOWLEDGE



Published in the United States of America by
IGI Global
Information Science Reference (an imprint of IGI Global)
701 E. Chocolate Avenue
Hershey PA, USA 17033
Tel: 717-533-8845
Fax: 717-533-8661
E-mail: cust@igi-global.com
Web site: http://www.igi-global.com

Copyright © 2018 by IGI Global. All rights reserved. No part of this publication may be reproduced, stored or distributed in
any form or by any means, electronic or mechanical, including photocopying, without written permission from the publisher.
Product or company names used in this set are for identification purposes only. Inclusion of the names of the products or
companies does not indicate a claim of ownership by IGI Global of the trademark or registered trademark.

Library of Congress Cataloging-in-Publication Data

Names: Qian, Yufeng, 1967- editor.
Title: Integrating multi-user virtual environments in modern classrooms /
Yufeng Qian, Editor.
Description: Hershey, PA : Information Science Reference (an imprint of IGI
Global), [2018] | Includes bibliographical references.
Identifiers: LCCN 20170211541 ISBN 9781522537199 (hardcover) | ISBN
9781522537205 (ebook)
Subjects: LCSH: Virtual reality in education. | Shared virtual environments.
Classification: LCC LB1044.87 .15473 2018 | DDC 371.33/468--dc23 LC record available at https://lccn.loc.
2ov/2017021154

This book is published in the IGI Global book series Advances in Educational Technologies and Instructional Design (AE-
TID) (ISSN: 2326-8905; eISSN: 2326-8913)

British Cataloguing in Publication Data
A Cataloguing in Publication record for this book is available from the British Library.

All work contributed to this book is new, previously-unpublished material. The views expressed in this book are those of the

authors, but not necessarily of the publisher.

For electronic access to this publication, please contact: eresources @igi-global.com.



185

Chapter 9

Factors Affecting
Primary School Students’
Learning Experiences
When Using MUVEs:

Development and Validation of a Scale

Emmanuel Fokides
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ABSTRACT

3D multi-user virtual environments (MUVEs) are considered a technological advancement that, in the
coming years, will have a significant impact on how students learn. On the other hand, the factors that
shape the learning experience in such applications are not well studied. This chapter is an attempt to
fill that gap. It reports the development and validation of a scale to measure the factors that come into
play when primary school students use MUVEs in formal educational settings. Perceived learning ef-
fectiveness, perceived ease of use, presence, motivation, perceived application realism, interactions,
enjoyment, as well as collaboration were used to develop a questionnaire that initially included 34 items.
A total of 352 sixth-grade primary school students used a MUVE in formal educational settings and
the aforementioned questionnaire was administered to them. The exploratory and confirmatory factor
analysis revealed the existence of 7 factors and 24 items that were retained in the final version of the
scale. The factor structure of the questionnaire is also discussed.
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Factors Affecting Primary School Students’ Learning Experiences When Using MUVEs

INTRODUCTION

Information and communication technologies have significantly increased the level of independence
students have when learning. They have also multiplied and diversified the ways in which students can
learn and interact with the learning material. One technology that attracts the interest of educators and
researchers is virtual reality (VR). VR is an “umbrella” term and various sub-genres do exist, one of
which is 3D multi-user virtual environments (MUVEs). In recent years, there is a growing use of MUVEs
in diverse educational settings (e.g., formal and informal learning) and in almost all learning domains
(Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014). This calls for the use of instruments and
methods assessing not only the learning outcomes they yield, but also assessing the interactions between
a number of key factors that affect students’ learning experience when using them. By knowing how
certain subjective constructs and MUVEs’ features interplay with each other, we can have an in-depth
understanding of how MUVE:s affect the learning outcomes. This, in turn, will allow us to develop strate-
gies to maximize the impact of the positive elements and, at the same time, to minimize the impact of
the negative ones, thus increasing the odds of achieving better results in terms of knowledge acquisition.

There are certain steps in this process, the first one being the development and validation of scales
to measure the factors that come into play when students use MUVEs for educational purposes. The
study presents the development of a scale to measure exactly this. A number of factors, namely perceived
learning effectiveness, perceived ease of use, presence, motivation, perceived application’s realism,
interactions, enjoyment, as well as collaboration, were included in the scale. The reasoning for select-
ing these factors, the research methodology, and the results of the exploratory and confirmatory factor
analysis of the scale are discussed in the coming sections.

BACKGROUND

VR applications are 3D simulations of real or imaginary environments that “fool” the human senses;
users have the feeling of being in a real environment (Hew & Cheung, 2010). Depending on the hard-
ware and software used, VR can vary from fully immersive (that uses sophisticated equipment, such as
head-mounted displays and haptic devices for the provision of somatosensory feedback), to simple “low-
tech” desktop applications (that use just mid-range computers) (Levin, 2011). Furthermore, in MUVEs,
multiple users can simultaneously use the same simulation; thus, they can interact not only with the
virtual objects but also with each other. Principles drawn from constructivism provide the theoretical
framework for the educational uses of MUVESs (Dickey, 2005). According to this theory, learning is an
active process and knowledge is constructed on the basis of what learners already understand and as they
make connections between new and old information (Ertmer & Newby, 2013). Social interaction, peer
feedback, collaboration between users, visual and audio stimuli are but a few of their features that have
an educational interest (Zheng & Newgarden, 2011). These, lead to, probably, the most significant ben-
efits for education, that of incentives for learning and active learning (O’Neil, Wainess, & Baker, 2005).

There are numerous studies, in all levels of education, demonstrating the educational benefits when
using VR/MUVEs. For example, in science education, the non-textually mediated presentation of the
content, allows students to understand complex concepts (Squire, Barnett, Grant, & Higginbotham, 2004).
Moreover, by encompassing both small and large scales, by allowing side-by-side comparisons, and by
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presenting the content in multiple perspectives in time as well as in space, issues related to scientific
misconceptions can be addressed (Barnett, Yamagata-Lynch, Keating, Barab, & Hay, 2005).

While most of studies related to the educational uses of MUVEs report, more or less, satisfactory
learning outcomes, there is too much speculation on why these results were achieved, with the focus
being on the teaching methods that were used and, in general, on the educational settings (Merchant et
al., 2014). Fewer studies have examined which factors, other than the above, are involved and how they
interact with each other. More importantly, the inclusion of psychological factors is not common. As
Yaman, Nerdel, and Bayhuber (2008) noted, the learner’s psychological perspective has hardly been
studied in computer simulation-based learning. On the other hand, studies that examined such factors,
provide useful insights. For example, Merchant, Keeney-Kennicutt, and Goetz (2015) examined the
acceptance of MUVEs when teaching chemistry to undergraduate students. deNoyelles, Hornik, and
Johnson (2014) correlated certain aspects of self-efficacy in MUVESs with course learning, having as a
target group university students, but this time financial accounting was the learning subject. On another
instance, presence was the factor of interest and the target group was, once again, university students
(Hassell, Goyal, Limayem, & Boughzala, 2012). Jia, Bhatti, and Nahavandi (2014) found that self-
efficacy and perceived system efficacy have an impact on the effectiveness of virtual training systems.
Pre-service teachers’ satisfaction in MUVEs, in correlation with the learning outcomes, was examined
by Vrellis, Avouris, and Mikropoulos (2016). Merchant, Goetz, Keeney-Kennicutt, Kwok, Cifuentes
and Davis (2012) used the learners’ characteristics (self-efficacy and presence) and usability, in order
to develop a model that tried to explain the observed learning outcomes in desktop VR. Finally, on a
more systematic inclusion of factors, Lee, Wong, and Fung (2010) also developed a model to explain the
learning outcomes in VR. Their model used a number of VR’s features together with presence, motiva-
tion, cognitive beliefs, control, and reflective thinking, while the target group was, this time, secondary
school students and the learning subject was the frog’s anatomy.

The abovementioned studies had little in common. Besides having different factors as key determinants
of the learning outcomes or of the learning experience, they examined different types of VR/MUVEs,
and the learning subjects were also diverse. Thus, it can be argued that:

e  While there are many studies examining the relationship between VR and the learning outcomes,
they are either focused on the educational settings or on specific VR’s features (e.g., presence).
Fewer studies encompassed three or more factors that come into play in an educational VR/
MUVE. Thus, more research is needed toward a more comprehensive inclusion of factors.

e  Taking into account the specific characteristics of MUVEs (e.g., in-world collaboration), there
is a good chance that the results of studies that examined non-multiuser VR applications are not
applicable to MUVE:s.

e  The emphasis appears to be on young adults, while younger ages, for example, primary school
students, are still understudied.

e  The small the sample sizes and the specialized learning subjects do not allow the generalization
of the results.

On the basis of the above, the purpose of the study was to develop a scale that will allow the examina-
tion of a wide range of factors involved in the learning experience when using MUVESs. Because of the
lack of studies in younger ages, it was decided that the target group would be primary school students
aged around 12 (sixth-grade).
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THEORETICAL AND EMPIRICAL BASIS OF THE INSTRUMENT

In order to develop a scale for measuring the factors that affect, and ultimately shape, the learning experi-
ence in MUVES, one has to determine which factors to include. Salzman, Dede, Loftin, and Chen (1999),
were among the first to propose a model of how immersive VR’s affordances work with other factors
in shaping the learning process and the learning outcomes. They theorized that: (a) VR’s features (e.g.,
multisensory cues and 3D immersion) are likely to influence learning (learning process and outcomes),
(b) the concept being learned is likely to moderate how VR’s capabilities influence the learning process,
(c) the learner’s characteristics (e.g., spatial ability, gender, computer experience) should play a role in
shaping the learning process and may also interact with VR’s features in influencing learning, and (d)
it is likely that VR’s affordances, as well as individual characteristics, affect both the interaction experi-
ence (e.g., usability) and the learning experience (e.g., presence, motivation), which, in turn, influence
learning (Figure 1).

Although the model identified by Salzman and her colleagues provided useful insights on what factors
can be considered for inclusion on the scale, one has to keep in mind that it was proposed for immersive
VR systems and also collaboration, a key MUVESs’ feature, is absent. Therefore, other technology-
mediated models relevant to VR and MUVEs as well as to ICT tools, in general, were considered. It was
found that these models not only use a variety of factors but even if they have common factors, these are
not viewed in the same way. For example, in some cases, technology factors are illustrated in terms of
technology features while in others they are illustrated in terms of quality and accessibility. However,
the literature review revealed eight factors that are commonly used for explaining the learning processes
and outcomes when individuals, regardless of their age, use MUVEs and other ICT tools. These factors
can be roughly grouped into three major categories:

Figure 1. Salzman et al.’s theoretical model
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Learner characteristics

Learning experience

Interaction experience
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MUVESs’ Features, Affordances, and Constraints

e  Perceived Realism: From a technical perspective, the simulation’s realism varies depending on
how detailed the virtual objects are and, in general, how close to reality their behavior is. On the
other hand, it is a subjective feature, because individuals perceive it differently and also plays an
important role in one’s experience when using MUVESs or VR applications in general (Dalgarno
& Lee, 2010; Lee et al., 2010).

e Interaction: In addition to realism, increased interactions with the objects included in the simula-
tion, also add to the user’s experience (Dalgarno & Lee, 2010, Lee et al., 2010).

e  Perceived Ease of Use: Perceived ease of use has been found to play a major role in one’s ex-
perience when using diverse ICT tools (Davis, Bagozzi, & Warshaw, 1989). As a construct, it is
included in a large number of studies that utilize the Technology Acceptance model (Davis et al.,
1989) which tries to interpret people’s intentions to use technological tools and, by extension, the
learning outcomes resulting from their use. It is also included in models regarding VR (Lee et al.,
2010; Sun, Tsai, Finger, Chen, & Yeh, 2008).

. Collaboration: As it was already mentioned, MUVEs allow social interactions, peer feedback,
and collaboration between users, that are all considered as important elements in the learning
processes that take place in MUVEs (Zheng & Newgarden, 2011).

State of Mind

e Enjoyment: The fun and, in general, the pleasure which one feels in a MUVE, can be defined
as the degree to which a user considers that its use is an enjoyable experience (Ducoffe, 1996).
Studies have shown that the positive feelings, such as fun and enjoyment, contribute to knowledge
acquisition (Harrington, 2012).

e  Presence: Presence is defined as the sense one has in a VR application that he/she is present
there and not in the real world (Rizzo, Wiederhold, & Buckwalter, 1998). Studies indicated that
as a factor is affecting the learning outcomes (Bulu, 2012; Lee et al., 2010). One might argue
that presence should be included as a factor in a MUVE only if sophisticated equipment, such
as head-mounted displays, are used. Actually, presence has generated a lot of debate that dates
back at the first VR applications. There are researchers who supported that it solely depends on
the equipment used (e.g., North & North, 2016; Schuemie, Van Der Straaten, Krijin, & Van Der
Mast, 2001). Others supported the idea that it heavily depends on the individual’s personality
(e.g., Nunez, 2004), arguing that even reading a book can generate the feeling of presence. Studies
have indicated that presence is indeed a factor in desktop VR applications and that it significantly
influences the learning outcomes (e.g., Lee et al., 2010). Since the matter is not resolved, it was
decided to include presence as a construct in the present study, even if it was planned not to use
equipment that enhances presence in a MUVE.
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Learning Enabling Features

e  Perceived usefulness is also a construct in the Technology Acceptance Model and refers to the
extent to which a person believes that using an ICT tool would enhance his/her productivity and
performance and affects the course of the learning process (Hong & Tam, 2006). Perceived use-
fulness is also considered as a construct in other studies regarding VR’s impact on learning (e.g.,
Lee et al., 2010; Sharda et al., 2004; Sun et al., 2008). In this study, perceived usefulness was
considered as perceived learning effectiveness, the extent to which a person believes that a MUVE
is a learning enabler, a facilitator of the learning process, compared to other teaching methods.

e Incentives for learning/motivation. Modern cognitive theories do not consider incentives for learn-
ing as a static attribute but as inherently volatile and sensitive to the way the content is presented
(Linnenbrink & Pintrich, 2002). Researchers believe that the 3D presentation of the MUVE, in-
teraction with its objects and the increased control on what the user selects to view, can influence
motivation and, as a result, the learning outcomes (McLellan, 2004).

Having selected the factors, the next step was to develop the scale itself. For that matter, a number of
questionnaires were considered that satisfied the following inclusion or exclusion criteria: (a) to have
been tested and validated in studies concerning VR or MUVESs, (b) in multiple item factors (factors that
were examined using multiple questions) the questions that had high loadings were selected, while (c)
questions with intermediate or low loadings were excluded, and (d) questions coming from single vari-
able factors (factors that were examined using only one question) were considered for inclusion only if
their loadings were exceptionally high.

Specifically, five questions regarding perceived learning effectiveness were adapted from the cor-
responding questions in the Computer Attitude Scale (Selwyn, 1997) measuring perceived usefulness.
This scale is used and validated in a large number of studies examining intentions to use diverse tech-
nologies (including MUVES) in an educational context (e.g., Teo & Lee, 2010; Teo & Noyes, 2011).
The five questions measuring perceived ease of use were also the ones used in the above-mentioned
scale. For measuring presence, five questions from Novak’s, Hoffman’s and Yung’s (2000) presence
questionnaire were used. The Intrinsic Motivation Inventory is a multidimensional measurement for as-
sessing participants’ subjective experience of enjoyment related to a given activity (McAuley, Duncan,
& Tammen, 1989; Tamborini, Bowman, Eden, Grizzard, & Organ, 2010). Four items from this scale
were used for assessing the enjoyment when using a MUVE. Witmer’s and Singer’s (1998) question-
naire for assessing presence, provided a total of seven questions for measuring perceived realism and
interaction. For measuring motivation, four questions were adapted from two relevant questionnaires
(Martens, Bastiaens, & Kisrcher, 2007; McAuley et al., 1989). Finally, four questions for measuring
collaboration were improvised, since no questionnaires that satisfied the inclusion criteria were found.

The pool of questions was translated into Greek by three groups. Each group consisted of one psy-
chologist and one computer science professional with experience in MUVEs, both experts having profi-
ciency in the English language. The resulting three different versions were back-translated into English
and then viewed by another group of five experts. A unified version was obtained through a consensus
meeting held with these experts aiming to assess the semantic adaptation and, thus, the initial version
of the MUVE:s learning factors scale (MLFS) was formulated, having a total of 34 questions.
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METHOD

To confirm the factorial structure of MLFS and for validating it, a pilot project was designed and imple-
mented. For that matter, it was decided to use a MUVE that was developed and used in previous research
projects. Space exploration and the related facts and concepts are the themes of this MUVE, which
was developed using OpenSimulator (http://opensimulator.org/). There are two levels in the MUVE.
On the ground level, the technology behind space exploration is presented. A wealth of highly detailed
3D models is included; from the first rockets to the space shuttle, space suits, rocket engines, a rocket
launch pad, moon vehicles, the Mars Rover, to name but a few (Figure 2). Scripts allow interactions to
take place; the user can launch the Apollo 11, ignite rocket engines, disassemble a multistage rocket and
see its stages, put rockets side by side and compare them, teleport from one place to another. Videos and
slide presentations are also included, providing more detailed information on all objects. The second
level is placed high in the sky and presents man-made satellites. Gravity is set to zero so that users can
float in space. As in the first level, the users can interact with objects (e.g., put satellites side by side and
compare them or disassemble them and get information on each of their main parts).

Asalready mentioned, the study’s target group was sixth-grade primary school students (12-year-olds).
A total of 385 students participated in the study, coming from 18 primary schools in Athens, Greece.
It has to be noted that these schools were selected out of a larger number of schools that responded af-

Figure 2. Screenshots from the application
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firmatively to the email invitation that was sent to them. Prior to the beginning of the project, students’
parents were briefed about the project, its methodology, and objectives. Their written consent for their
children’s participation was obtained. Written consent was also obtained from the schools’ headmasters.
The sixth-grade teachers of the participating schools were also briefed and they were explicitly asked not
to intervene in terms of trying to teach students anything related to the MUVE or to try to assist them
in any way other than providing technical assistance when needed.

Students used the MUVE for a total of eight hours (four two-hour sessions). They were free to ex-
plore the environment, talk to each other, and to collaborate in-world. Since the study’s objective was
to record the students’ learning experience in a MUVE, no in-classroom teaching intervention took
place. Immediately following the end of the fourth session, MLFS was administered to students. The
scale was presented as a list of the 34 items, alternately displayed so that no two items from the same
construct appear adjacently, alongside a 5-point Likert scale (worded “Strongly Agree”, “Agree”, “Neu-
tral”, “Disagree” and “Strongly Disagree”). Students were advised that the scale was a survey, not a test
and that there were no correct or incorrect answers. They were asked to indicate whether they agree or
disagree with each statement and to answer as honestly as possible. Scores were obtained by allocating
numerical values to responses: “Strongly Agree” is scored 5, “Agree” is scored 4; “Neutral” is scored
3; “Disagree” is scored 2 and “Strongly Disagree” is scored 1.

The project lasted for about four months, from early February to early June 2016 (it was not imple-
mented simultaneously in all schools).

RESULTS ANALYSIS

Prior to conducting any statistical analysis, all questionnaires were checked for missing data and un-
engaged responses (cases with no variance in their responses). The number of valid questionnaires left
after the initial screening was 352. Since the MLFS was based on translated and adapted versions of
questions from multiple sources and a number of questions had to be improvised, an Exploratory Fac-
tor Analysis (EFA) had to be conducted in order to establish the underlying dimensions between the
variables and the latent constructs. The initial sample was randomly split into sub-samples with 250
cases each, multiple times and, for each, EFA was conducted. The sub-samples’ sizes satisfied Cattell’s
(1978) rule for a sample to variable ratio of 3-6:1 and an absolute minimum of 250 observations. For
assessing the underlying structure of the 34 items in the initial version of MLFS, principal axis factor
analysis (PAF) with oblique rotation was used. That is because, PAF accounts for the covariation among
variables (Kline, 2005) and oblique rotation is considered to produce more accurate results for research
involving human behaviors (Costello & Osborne, 2005).

In all cases, the EFA suggested 7 independent and distinct underlying constructs (one less than it
was hypothesized). Also, in all cases, some items (4 to 7) had to be dropped, either because they loaded
very low on their respective factor or because they were highly correlated with more than one factor. In
the coming paragraph, the most strict solution is reported.

The data were well suited for factorial analysis, since the Kaiser-Meyer-Olkin (KMO) Measure of
Sampling Adequacy index was .89, the Bartlett’s Test of Sphericity was significant (p < .001), and the
extraction communalities were well above the .5 level (Hair, Black, Babin, Anderson, & Tatham, 2006;
Tabachnick & Fidell, 2007) (Table 1). Seven factors were extracted using both the Kaiser’s (1960) crite-
rion (eigenvalue > 1) and the more recommended scree test (Costello & Osborne, 2005) (Table 1, Figure
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Table 1. Principal axis factor analysis of the retained items

Factor Loadings
Item Communalities

Enj PEU PLE Pre Real Mot Col
Enj2 93 87
Enj4 87 77
Enjl 76 63
Enj3 76 59
PEU4 85 66
PEU2 79 67
PEUI 77 63
PEU3 74 67
PLE2 86 74
PLEI 82 69
PLE3 73 63
PLE4 73 62
Pre2 92 .80
Pre3 79 61
Pred 74 57
Prel 74 .64
Real2 86 70
Reall .76 57
Real4 73 .59
Real3 71 56
Motl 85 69
Mot3 79 75
Mot2 77 69
Mot4 70 68
Col2 87 70
Col3 84 74
Coll 74 63
Eigenvalues 9.20 3.66 1.88 179 1.53 1.29 1.02
% variance explained 32.90 12.33 5.80 533 4.50 3.57 2.62
(Total 67.05)
%‘[’;bfgf a 90 88 89 87 85 90 86

Notes. Extraction Method: PAF. Rotation Method: Oblique. Values < .30 are omitted for clearance of presentation. Enj: Enjoyment, PEU:
perceived ease of use, PLE: perceived learning effectiveness, Pre: presence, Real: realism, Mot: motivation, Col: collaboration

3). These constructs were named as follows: enjoyment (Enj), perceived ease of use (PEU), perceived
learning effectiveness (PLE), presence (Pre), realism (Real), motivation (Mot), and collaboration (Col).
Interaction was merged with realism, as it will be further elaborated in the coming section. Seven items
had to be dropped, all the retained items loaded high on their respective factors (> .6) and each factor
averaged above the .7 level, as recommended by Hair et al. (2006). There were no significant cross-
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loadings between the retained items and there were no correlations between the factors greater than .7.
The total variance explained by the 7 components was 67.05%. The reliability scores of all constructs
using Cronbach’s alpha was between .85 and .90 and the overall score was .91 (Table 1), suggesting that
the internal consistency of the constructs and of the overall scale was satisfactory (deVellis’s, 2003).

The final version of the MLFS with the 27 retained items and construct representations is shown in
the Appendix.

The resulting factor structure was inputted into AMOS 24 to perform Confirmatory Factor Analysis
(CFA). This time, the whole sample was used. Table 2 and Figure 4 show the results of the CFA. The
standardized estimates ranged from .73 to .95 and were regarded as very good (Hair, Black, Babin, &
Anderson, 2010). All of the R? values were above .50, suggesting that items explained more than half
the amount of variance of the latent variable that they belong. All the fit indices appeared to be good,
with the exception of y? (Table 3). It has to be noted that y? is too sensitive when the sample size exceeds
200 cases. If so, there is a great tendency for it to indicate significant differences (Hair et al., 2006).
Therefore, this anomaly was assumed to be applicable in the present study (N = 352).

For assessing convergent validity, the average variance extracted (AVE) was measured and it was
also checked whether the measurement items were loaded with significant #-values on their theoretical
constructs. The AVE in all cases was above the .50 level as suggested by Hair et al. (2010). In addition,
all the reflective indicators were significant at the .001 level (Table 2). The presence of discriminant
validity was evaluated by comparing the square root of the AVE for any given factor with the correlations
between that factor and all other factors. Since the variance shared between a factor and any other factor
was less than the variance that the construct shares with its measures, as Fornell, Tellis, and Zinkhan
(1982) suggested, it was concluded that the discriminant validity was satisfactory in all cases (Table 4).

Figure 3. Scree plot of the eigenvalues
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Table 2. Results for the measurement model

Item SE t-value R? AVE
Enj2 95 - 90 70
Enj4 .90 27.78 .81
Enjl .76 18.99 57
Enj3 73 17.97 54
PEU4 .84 - .61 .64
PEU2 81 15.59 .67
PEU1 .86 16.07 .64
PEU3 .83 15.92 .66
PLE2 .87 - 74 .67
PLE1 .79 16.76 .69
PLE3 5 18.84 .62
PLE4 .79 16.83 .63
Pre2 78 - 76 .64
Pre3 .80 16.98 .62
Pre4 .82 15.90 .56
Prel 81 17.17 .63
Real2 .83 - .68 .60
Reall 73 14.25 53
Real4 78 15.27 .60
Real3 5 14.75 57
Motl .83 - .65 .69
Mot3 .79 17.86 73
Mot2 .86 19.44 .70
Mot4 .79 18.67 .69
Col2 .81 - .66 .68
Col3 .87 16.57 75
Coll 79 15.55 .62

Notes. - This value was fixed at 1.00 for model identification purposes. SE: standardized estimate. AVE: average variance extracted.

Finally, scores from items on each subscale were summed to provide individual scores on each con-
struct. The 27 individual scores were also collectively summed to provide a total score representing the
individuals’ overall learning experience in MUVEs (ranging from O to 135) (Table 5). As a normative
guide to interpretation, the scores obtained with a sample of 352 sixth-grade primary school students
gave cut-off scores: at the 25" percentile of 80; at the 50" percentile of 88; and at the 75™ percentile of
97 (with an overall range of scores from 47 to 122). Thus, a score below the 25™ percentile (80) can be
interpreted as a relatively negative experience, whereas a score above the 75" percentile (97) can be
interpreted as a relatively positive learning experience when using a MUVE (Table 5).
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Figure 4. Results of the CFA
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Table 3. Fit indices of the research model

Result Recommendation Reference
7 ¥ (303, N =352) = 547.95, ns at p < .05 Schumacker & Lomax, 2010
p <.001
xdf 1.81 1-3 Kline, 2005
SRMR .035 <.05 Klem, 2000; McDonald & Ho, 2002
TLI 953 > .95 Hu & Bentler, 1999
NFI 914 > .90 Bentler & Bonett, 1980
RMSEA .048 <.05 McDonald & Ho, 2002
CFI .96 > .95 Hu & Bentler, 1999

Note. ns: not significant

SOLUTIONS AND RECOMMENDATIONS

Out of the initial 34 items and the inclusion of 8 factors in the original scale, 27 items were retained
belonging to 7 factors in the final version. It has to be emphasized that the wording was kept as simple as
possible since the questionnaire is addressed to young students. This necessity together with the fact that
almost all questions were originally in English (with the exception of the questions measuring perceived
collaboration, that were improvised), might have indeed the question “Real2: When interacting with the
virtual objects, these interactions seemed like real,” although it was supposed to measure interaction, it
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Table 4. Convergent and discriminant validity

Factor CR AVE Enj Mot Pre PEU Real PLE Col
Enj .90 .70 (.84)
Mot .90 .69 .60 (.83)
Pre .88 .64 .10 12 (.80)
PEU .88 .64 A7 73 12 (.80)
Real .86 .60 44 .55 13 A48 77)
PLE .89 .67 .53 .69 .23 .62 .53 (.82)
Col .86 .68 .005 .03 44 .08 14 A2 (.82)

Notes. CR: Critical ratio. AVE: Average Variance Extracted. Diagonal in parentheses: square root of AVE extracted from observed
variables. Off-diagonal: correlations between constructs

Table 5. Factors’ totals and percentiles

Percentiles
Factor min max M SD

25 50 75
Presence (20) 5 19 12.32 3.04 10 12 14
Collaboration (15) 3 14 6.20 2.47 4 6 8
PLE (20) 8 20 15.68 2.90 14 16 18
PEU (20) 8 20 14.77 2.83 13 15 17
Motivation (20) 4 20 13.59 3.26 11 14 16
Realism (20) 5 19 12.41 2.61 10 13 14
Enjoyment (20) 5 20 13.83 3.05 12 14 16
Total (135) 47 122 88.80 12.89 80 88 97

Note. Maximum score for each factor is reported in parenthesis

proved to be the question with the second strongest loading in perceived realism. The other two questions
that were also supposed to measure interaction also loaded to realism, but their loadings were rather
small (< .50) and it was decided to drop them. As a result, interaction is not represented as a construct
in the final scale. Though other studies examined these two factors separately (e.g., Dalgarno & Lee,
2010; Lee et al., 2010), the findings of the present study suggest that it can be merged with realism. A
plausible explanation is that since no specialized equipment was used, that allowed increased interac-
tions, these were viewed as part of the application’s realistic representation of the virtual environment.

In general, Hair et al.’s (2006) recommendation for high items’ loading (> .60) and high factors’ aver-
age (> .7) was strictly followed, leading to the exclusion of 7 items in total. Even so, in the final scale,
there are no factors having less than 3 items as suggested by Raubenheimer (2004). Actually, only one
factor (collaboration) is measured using 3 items, while all the other factors are measured with 4. Yet,
the total variance explained by the 27 items was 67.05%, which is more than satisfactory (Hair et al.,
2010). Therefore, it can be argued that MLFS is a quite balanced scale since no factor is overrepresented.
Moreover, MLFES’s reliability and internal consistency, as a whole and per construct, was well above
the .70 threshold (85 to .91) which is considered “acceptable” in most social science research situations
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(deVellis’s, 2003). The same holds true for its convergent and discriminant validity since no problems
were noted during the CFA. Thus, it can be concluded that MLFS seems to be a quite robust scale and
short, in terms of how many items it has, and, thus, it can be administered in 5 to 10 minutes.

Collaboration had the lowest mean score (M = 6.20, max = 15), well below the mid-point. Appar-
ently, collaboration did not work well when students used the MUVE and expressed their dissatisfaction
to the relevant questions. This finding has to be further studied since other scholars indicated that it is
an important factor in shaping the learning outcomes in a MUVE (Zheng & Newgarden, 2011). The
short duration of the project in each school (8 hours) is a plausible explanation. Almost certainly, more
time was needed so as students to get aquatinted with the software, master its use, and start collaborat-
ing efficiently.

Presence and the application’s realism had the second and third lowest mean scores respectively.
Since no specialized equipment was used, that could have enhanced the sense of presence, this finding
was expected. While the results confirm that it is a factor in a MUVE, as others had noted (e.g., Lee
et al., 2010), the relatively low mean score suggests that its role might not be that important compared
to other factors. The same applies for perceived realism. It was confirmed that it is a factor, as previ-
ous literature suggested (Dalgarno & Lee, 2010; Lee et al., 2010), but of a lesser importance. MUVEs
require well-equipped computers (in terms of hardware) in order to run smoothly. Alas, about the half
of the participating schools had mid- to low-range computers. Accordingly, the settings regarding the
quality of the simulation were set to low, and this had a negative impact on students’ perception of the
application’s realism.

The mean scores of incentives for learning and enjoyment were well above the mid-point. The pres-
ence of enjoyment as a factor in the scale confirmed Harrington’s (2012) views that fun and enjoyment
contribute to the overall learning experience when using MUVESs. The same applies for motivation. It
seems that students are motivated to learn when using VR/MUVEs applications as others had previously
noted (e.g., McLellan, 2004).

Finally, the factors with the highest mean scores were perceived ease of use and perceived learning
effectiveness. Given that students are “digital natives” (Prensky, 2001), it was expected that they would
not face significant problems when using the application and this was reflected in their answers to the
relevant questions. As for perceived learning effectiveness, it has to be reminded that it was a modi-
fied version of perceived usefulness. It seems that students formed the view that MUVEs are useful (as
facilitators of their learning), confirming previous research on the importance of usefulness in one’s
experience when using MUVEs (e.g., Lee et al., 2010; Sharda et al., 2004).

Research has demonstrated that VR and MUVEs applications can produce satisfactory results when
they are used for educational purposes. While this holds true, there is no common consensus on why
individuals learn in these environments. Though studies scrutinizing the impact of certain factors on the
learning outcomes do exist, each analyzed either one or a different set of factors and each used different
instruments for validating these factors. On the other hand, in this study, by reviewing the relevant litera-
ture, seven subjective factors were located and a scale for measuring them was developed and tested. The
scale’s considerable internal consistency, stability, and validity are indicators that, indeed, these factors
are involved in one’s learning experience when using MUVEs. Thus, the study’s contribution to research
is that it proposes an instrument for measuring multiple factors at the same time. Even more, the scale
is flexible; it can be used in a variety of VR/MUVE:s application, by excluding certain factors, without
altering the validity of the instrument. That is because the questionnaire’s items load quite strongly on
their respective factors and with minimal cross-correlations. For example, the scale can be easily used
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in a single-user VR application, by excluding the items measuring collaboration, since in this type of
applications collaboration among users cannot take place.

There are limitations to this study that have to be taken into consideration. Despite being meticulous
in methodology, one can never be certain about the accuracy -or honesty- of the participants’ answers.
The data were collected from primary school students in Greece and the sample size, although adequate
for statistical analysis, could have been larger. Therefore, the study’s results cannot easily be generalized
to other samples. Time restrictions, imposed by the schools, did not allow the project to last for more
than 8 hours (at each school). If students had more time at their disposal, their views might have been
different. Finally, all of the questionnaire’s items measured subjective factors (e.g., perceived realism,
perceived ease of use, enjoyment, etc.). Thus, perceived learning effectiveness, which, in essence, is
the perception of how much one thinks that he/she had learned when using MUVEs, does not verify/
guarantee that he/she has actually learned something. Consequently, the scale, without the inclusion of
items measuring knowledge acquisition, cannot be used for measuring the objective learning outcomes.

FUTURE RESEARCH DIRECTIONS

Further validations are required for establishing the scale’s validity and applicability. Perceived real-
ism and perceived interactions require an in-depth examination, since, in this study, these two factors
were merged. Additional factors can be considered that contribute in shaping the learning experience
in MUVEs. Also, future studies can examine whether the scale can be used in different levels of edu-
cation, in different types of VR applications, as well as in other types of emerging technologies (e.g.,
augmented reality) and, thus, increase its usefulness to the researchers. The full potential of the scale
can be realized if, in future studies, the subjective factors that it measures are compared with data that
measure the actual learning outcomes (e.g., through knowledge acquisition tests). By doing so, it would
be possible to make multiple comparisons, examine how the factors interact with each other and with
the learning outcomes, and draw useful conclusions. For example, it would be possible examine if and
how subjective factors influence the learning outcomes or if (and to what extent) perceived learning
differs from actual learning.

CONCLUSION

Within the theoretical framework laid out by Salzman and her colleagues, a scale has been developed for
measuring a number of factors involved in the learning experience of students (aged around 12) when
they use MUVEs. The scale consists of seven factor analytically distinct subscales with high internal
consistency, stability, and validity. Those teaching in primary schools can use the scale to devise suit-
able strategies for curricular integration. The scale can also be used as a post-course outcome measure
of the effectiveness of MUVEs. Researchers can use the scale as a comparative measure of the learning
experience when using MUVEs in primary education, as well as revealing the extent of inequalities
between students according to gender, race, and efficacy in using computers. In conclusion, the study
contributes to the growing body of research on the educational impact of MUVEs and it is hoped that
the scale will be of use to educators and researchers.
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KEY TERMS AND DEFINITIONS

Multiuser Virtual Environments (MUVEs): 3D virtual environments where multiple users can
simultaneously use the same simulation.

Perceived Ease of Use: The subjective view that an application or an ICT tool can be handled/used
with no problems.

Perceived Realism: The view one has regarding how close to reality a VR application is.

Perceived Usefulness: The extent to which a person believes that using an ICT tool would enhance
his/her productivity and performance.

Presence: The sense one has in a virtual reality application that he/she is present there and not in
the real world.

Scale: Concept, device, or procedure used in arranging, measuring, or quantifying events, objects,
or phenomena.

Virtual Reality: A technology that allows a user to interact with a computer-simulated environment,
whether this environment is a simulation of the real world or an imaginary world.
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APPENDIX

Table 6. The MLFS scale

Factor

Item

Perceived learning effectiveness

PEL1

I feel that MUVEs can ease the
way I learn

PEL2

MUVE:s are a much easier way
to learn compared to the usual
teaching

PEL3

Why use a MUVE? There are
easier ways to learn what I want
to learn*

PEL4

MUVE:s can make learning
more interesting

Perceived
ease of use

PEU1

Learning to use the MUVE was
easy for me

PEU2

I found the MUVE easy to use

PEU3

Whenever I used the MUVE 1
needed help because it was not
easy for me to use it*

PEU4

It was easy for me to become
skillful at using the MUVE

Presence

Prl

I forgot about my immediate
surroundings when I used the
MUVE

Pr2

When I used the MUVE I often
forgot where I am

Pr3

When I used the MUVE, the
virtual world was more real
than the real world

Pr4

When I used the MUVE, 1 felt
that my body was in the room,
but my mind was inside the
world created by the MUVE

Enjoyment

Enl

My experience in the MUVE
was quite enjoyable

En2

I would describe my experience
in the MUVE as very
interesting

En3

The experience in the MUVE
was fun

En4

I enjoyed experiencing the
virtual world in the MUVE
very much

continued on following page
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Table 6. Continued

Factor Item

When using the MUVE, I had
Mol the impulse to learn more about
space exploration**

I tried to explore all the MUVE

Mo2 because everything was so
Motivation interesting
I wasn’t interested in learning
Mo3 using this type of computer
program*
This type of computer program
Mod 18 Lyp! puter prog

did not hold my attention*

I was displeased because it was
impossible to collaborate with

Col others in a MUVE; everyone
had a mind of his own*
It was interesting that in the
Collaboration Co2 MUVET was doing things
together with my fellow
students
With my fellow students, we
Co3 were able to jointly decide
where to go and what to do in
the MUVE
Reall The visual display quality of the MUVE distracted me from doing
other things
When interacting with the virtual objects, these interactions
Real2 R
Realism seemed like real
Real3 There were times when the virtual objects became more real and
present for me compared to the real ones
Real4 The virtual objects seemed like the real objects to me

Notes. * = Item for which scoring was reversed; ** = Replace with the learning subject of the MUVE
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