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Abstract

The study presents the results from a project in which a 3D multi-user virtual environment
was used for informing students on issues related to the protection of the Mediterranean
monk seal. The target group was 326, 10-12-years old students divided into three groups.
The first one was taught using printed material, the second used a web-based application,
and the third used the virtual environment. Data were collected by means of evaluation
sheets and three questionnaires for recording students’ views and attitudes. The third group
of students had better learning outcomes compared to the first, but the results were incon-
clusive compared to the second. Then again, the MUVE had a notable impact on students’
attitudes toward seals compared to the other tools. As for attitudes toward eco problems,
the outcomes were better only compared to the first group. Moreover, fun and an increased
motivation for learning were evident in the third group but co-existed with significant prob-
lems related to the use of the virtual environment. The findings point to the need for further
examination of the use of multi-user virtual environments for raising the awareness of envi-
ronmental issues.

Keywords 3D multi-user virtual environments - Environmental education - Mediterranean
monk seal - Primary school students

1 Introduction

As active and well-informed citizens we are expected to understand and participate in the
resolution of important environmental issues since they are vital not only for our future
well-being but also for the future of our planet. Such issues that seek an immediate solution
are the alarming loss of biodiversity and the conservation of species that became endan-
gered due to human activities. Environmental education (EE) can play an important role
in raising the public’s awareness of environmental issues (including the protection of spe-
cies threatened with extinction). That is because, through EE, one can acquire knowledge,
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skills, values, experiences, and the determination to act for solving environmental prob-
lems (Stevenson 2007).

A species threatened with extinction and of interest to Greeks is the Mediterranean
monk seal (Monachus-monachus). Nowadays, Greece’s seas host almost half of this species
worldwide—diminishing—population. Alas, in formal educational settings, all courses in
the Greek curriculum for primary and secondary education considered, there are no more
than a couple of paragraphs related to this animal. There are organizations (exclusively
non-governmental) which systematically try to educate the public on issues related to this
marine mammal, but they do so in informal or non-formal educational settings. Also, the
bulk of the available educational resources are—somehow—Ilimited to printed material and
websites.

Contemporary educational practices try to take advantage of technologies which pro-
mote self-motivated and autonomous learning, foster critical and reflective thinking, and
allow learners to seek and share information (Dabbagh and Kitsantas 2012). The evolu-
tion of 3D multi-user virtual environments (MUVEs), a sub-genre of virtual reality (VR),
has outlined novel means that can be exploited in education. Research on the use of VR/
MUVEs in diverse educational settings and subjects is quite extensive and has demon-
strated that the educational benefits are considerable (e.g., Merchant et al. 2014). The same
applies to EE, because virtual environments, in addition to helping the learners to acquire
knowledge, have a positive impact on attitudes, values, and skills, which are considered
important in EE (Quinn and Lyons 2013).

Taking into account that: (a) innovative methods are needed for raising students’ aware-
ness of environmental issues and, more specifically, on issues related to the Mediterra-
nean monk seal and (b) MUVEs have an interesting educational potential, a project, that
was based on the results of a previous pilot study (Fokides et al. 2017), was designed and
implemented in order to study exactly this. The research objective was two-fold: (a) to
compare the learning outcomes with other teaching tools and (b) to examine whether there
is a change in students’ attitudes either toward the Mediterranean monk seals or toward eco
problems, again in comparison with other teaching tools. Students’ views regarding the use
of MUVESs were also considered important. The rationale, methodology, and the results of
this project are presented and analyzed in the coming sections.

2 Environmental Education, Education for the Conservation
of Species, and the Mediterranean Monk Seal

In short, EE is the sum of organized efforts to inform the learners on how the natural envi-
ronments function and to help them develop behaviors that will enable them to treat the
ecosystems in a sustainable manner. EE is a multi-disciplinary educational field in which
sciences such as Geography, Chemistry, and Physics, meet the social sciences and humani-
ties, while its main topic (the environment) is certainly one of the most complex learning
subjects (Fauville et al. 2014). Given that concerns regarding major environmental issues,
such as the climate change, are growing steadily and receive quite a lot of publicity in
the mass media, the interest in EE has also been growing strongly over the years (AGEDI
2016).

The general idea is that, through EE, one can reach a deeper understanding of the need
to (a) balance protection and development (Tisdell 2013) (b) solve current problems and
(c) avoid new ones (Buckler and Creech 2014). Due to the above, the objectives of EE are
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not limited to knowledge acquisition. Indeed, more important objectives are the individuals
to (a) be aware and sensitive to the environment and its problems (b) change their attitudes
and be motivated to actively participate in environmental protection (c) develop skills for
identifying environmental problems, and (d) to work toward the resolution of environmen-
tal problems (UNESCO 1978). Consequently, in recent years, besides trying to determine
how to foster the development of positive attitudes and behaviors toward the environment,
much of the research in EE focused on investigating the processes that will enable every-
one to develop the capacity to (a) think critically, ethically, and creatively when assessing
environmental situations (b) make informed decisions, and (c) act in ways that sustain the
environment (Wals et al. 2014).

EE can take place in formal settings but also in non-formal and informal ones, such as
programs offered at national parks (Miller et al. 2013). Regardless of the settings, there is
a consensus in the literature that individuals benefit significantly when participating in EE
activities (Hill 2013). Although in the European Union, EE is compulsory in primary and
secondary education, it is implemented differently in each member state. For example, in
Sweden, there is a range of specialized environmental study courses (Skolverket 2011), in
Denmark, an interdisciplinary approach is taken, while in other countries it is embedded
in science or geography curricula (Fauville et al. 2014). Sadly, in Greece, EE is limited to
good intentions and objectives articulated to the Greek program of study for primary and
secondary education, as it exists only as an activity undertaken by individual educators on
a voluntary basis (Flogaiti 2005).

The protection of endangered species belongs to the broader issue of wildlife and biodi-
versity conservation, which, in turn, is one of the key environmental issues. As expected, a
part of EE is dedicated to educating the public on such matters. Indeed, EE is regarded
as an essential tool in the effort of safeguarding the planet’s biodiversity (Jacobson et al.
2015). That is because it expands one’s knowledge level on ecology, promotes positive atti-
tudes toward the protection of the environment (Ehrhardt and Witham 1992), and because
it supports the development of positive attitudes toward wildlife (Ballouard et al. 2011).
Even though accurate information and the long-term retention of that information are
important to quality wildlife conservation educational programs (Jacobson et al. 2015), it
is important to stress that the protection of endangered species relies heavily on the atti-
tudes of the public (Dickman 2010), because protecting certain species requires human
intervention (Prokop and Fancovic¢ova 2013). What is also important to stress is that such
educational programs play a vital role in influencing the attitudes and behaviors not only of
adults but of children too (Crudge et al. 2016).

Coming to Greece’s endangered species two of them receive a great deal of media
attention, the loggerhead sea turtle (Caretta-caretta) and the Mediterranean monk seal
(Monachus-monachus) because both are present in Greece’s seas. The latter is probably
the world’s rarest pinniped species (Karamanlidis and Dendrinos 2015). It is estimated
that around 700 individuals survive; there are three small colonies in the Archipelago of
Madeira, in Cabo Blanco Peninsula, and along the Moroccan and Algerian Mediterranean
coast, while almost half of the total population can be found in the Ionian and Aegean
Seas in Greece and fewer along the Mediterranean coasts of Turkey. Mainly humans, but
also natural hazards, significantly reduced this mammal’s population; deliberate killing by
professional fishermen, accidental entanglement in fishing gear and strangulation, overfish-
ing and illegal fishing, environmental pollution, expansion of the human activities to its
natural habitat, extreme weather phenomena that threaten the newborns, and mortality due
to epidemic diseases or from naturally occurring bio-toxins, are among the most common
reasons (Murphy et al. 2012).
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In Greece, MOm/The Hellenic Society for the Study and Protection of the Monk seal
(https://www.mom.gr/mom) is a non-governmental, non-profit environmental organiza-
tion actively involved in the conservation of this species. The Alonissos National Marine
Park (https://alonissos.gr/en/marine-park/overview.html) and the National Marine Park of
Zakynthos (https://www.nmp-zak.org/en) are also dedicated to this cause. These organiza-
tions are also greatly involved in raising the public’s awareness of the seal’s protection.
This is done by using conventional means (e.g., through commercials on TV, radio, and the
Internet, leaflets, brochures, and posters). In addition, there are training courses on selected
groups of people associated with the sea (e.g., how to respond to emergencies where seals
need help) (Notarbartolo di Sciara et al. 2009). In informal/non-formal settings, the above
organizations implement several EE programs, but these are mainly based on printed mate-
rial (e.g., textbooks and workbooks). Digital material (e.g., websites and eco-games), pro-
ject toolkits, in-classroom activities, and activities that require the physical presence of the
learner to a marine or a national park, are also available.

3 3D Multi-user Virtual Environments

Pan et al. (2006), defined VR as a technology in which graphics generated by comput-
ers and other devices immerse the user in an interactive, three-dimensional (3D), virtual
world.Mikropoulos and Natsis (2011), focusing on the educational uses of VR, defined
such environments as ones that are based on specific pedagogical models that incorporate
or designate one or more subjects and provide the user with experiences that otherwise
could not be experienced in the real world, leading to specific learning outcomes. VR is
widely used in Mathematics, Physics, Architecture, and, in general, in fields pertaining to
the study of natural phenomena (e.g., Freina and Ott 2015). A number of VR’s features
render it an interesting educational tool. For example, the 3D representation of the objects
and the environment, facilitate learning by providing rich and realistic experiences to users
(Harrington 2012). The game-like characteristics of VR applications lead to increased lev-
els of fun and enjoyment when using them, and, in turn, these lead to motivation to learn
(McLellan 2004) and to actual knowledge acquisition (Faiola et al. 2013). VR allows users
to enter a mental state in which they act and feel as being "present” in the virtual envi-
ronment and this has an impact on the learning outcomes (Bulu 2012). MUVEs, as the
term implies, allow the simultaneous co-existence of multiple users at the same simulation.
Therefore, the users can interact not only with the virtual objects but with other users as
well. Social interactions, peer feedback, and collaboration between users within a MUVE
have a positive impact on the learning process (Zheng and Newgarden 2011).

The affordances of MUVEs offer the means to implement contemporary pedagogical
strategies. For example, the situated learning theory contends that the learning of skills
and capacities cannot be abstracted from the context in which they are situated (Brown
et al. 1989). Students should be engaged in activities that address authentic problems and
help them to develop scientific reasoning preferably through discussions. MUVEs, are
well suited for such learning by mimicking/simulating scientific phenomena or the con-
text in which the targeted skills and practices are embedded (Dalgarno and Lee 2010).
Moreover, complex tasks (e.g., an experiment) can be executed with just a few clicks
while maintaining the features relevant to the task/problem visually prominent, thus, sup-
porting novice learners (Kamarainen et al. 2015). Constructivism posits that knowledge
is constructed rather than transmitted, that the learners generate their own interpretation
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and understanding of the world as they make connections between new and old informa-
tion, and that active participation is central to the learning process (Ertmer and Newby
2013). Furthermore, constructivist views endorse an exploratory approach to learning,
an increased control of the learners over their learning process, and collaboration either
between peers or between peers and experts. MUVEs permit, by default, the free explo-
ration of the virtual environment and communication between users. Thus, students can
work together, explore the virtual environment, and collaboratively try to make meaning
of the phenomena they encounter, resulting in improved content learning (Dalgarno and
Lee 2010). As technology allows us to simulate scientific phenomena, simulation-based
learning takes advantage of this. The simulated phenomena can be accurate representa-
tions of their real-world counterparts, or simplified ones, so as the focus to be on particular
aspects; in any case, simulations can be far more complex than what is possible to realize
in a real-world classroom (Rutten et al. 2012). Needless to say, that such simulations can
be implemented in MUVESs. Not only that but as spatial and temporal scales can be altered,
the virtual world can enhance one’s understanding of processes which would otherwise be
hard to grasp (Kamarainen et al. 2015).

The research on the use of VR/MUVE:s in the context of EE, though not extensive, is
quite diverse, as such applications were used for simulating ecosystems or environmental
problems, having as an objective to offer information that may affect an individual’s views
for the real environment or to create the appropriate conditions for cultivating the desired
environmental behaviors. For example, marine (Tarng et al. 2008), forest, and lake (Met-
calf et al. 2018) ecosystems were simulated. MUVEs were also used for simulating prob-
lems in an urban environment (Quinn and Lyons 2013). Environmental sustainability (Dil-
lahunt et al. 2008), the problems resulting from the over-exploitation of natural resources
(Jacobson et al. 2009), waste management (Castronovo et al. 2018), water conservation
(Hsu et al. 2018), and industrial ecology and environmental management (Eckelman et al.
2011), were the themes in other applications. Some studies exploited advanced features
of VR/MUVEs. For example, in an application, the user assumed the role of a ranger and
interacted (through dialogue boxes, open-ended text responses, and interactive tasks) with
non-playable characters (NPCs) representing a bird-watcher, an environmental scientist,
and a veterinarian (Gehlbach et al. 2015). In other cases, immersive virtual environments
were used. This type of VR applications can, quite effectively, mimic unmediated sensory
experiences through the use of specialized equipment (e.g., VR headsets). Such applica-
tions allowed, for example, participants to inhabit the bodies of animals (Ahn et al. 2016)
or to experience, first-hand, the effects of climate change (Markowitz et al. 2018).

Most of the studies reported encouraging results (e.g., Schott 2017), high engagement
in the virtual environment (e.g., Metcalf et al. 2018), learning gains (e.g., Markowitz et al.
2018), improved conceptual understanding (e.g., Neulight et al. 2007), more complex
causal reasoning about non-obvious causes (e.g., Grotzer et al. 2013), increased interest
and learning motivation (e.g., Tarng et al. 2008), development of environmentally responsi-
ble attitudes (Metcalf et al. 2018), and behavioral/attitudinal changes (e.g., Dillahunt et al.
2008; Hsu et al. 2018). For promoting the perception of environmental problems, personal
experiences are recommended as an effective approach (Larson and Redman 2014). In this
respect, the driving force of VR/MUVEs applications’ effectiveness in the context of EE,
is probably their vividness and realism (Bailey et al. 2016). In turn, their realism results
in sensory-rich experiences (Ahn et al. 2016), as well as to the senses of immersion and
"presence"” to the virtual environment (Ahn et al. 2016; Markowitz et al. 2018). The illu-
sion of presence increases the users’ attention and engagement (Ahn et al. 2016), allowing
a heightened interconnection either with nature or the environmental problem (Gehlbach
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et al. 2015). Additionally, Markowitz et al. (2018) suggested that the above mechanism
has a cumulative effect; the more the users explored a virtual world, the more they demon-
strated conceptual changes and knowledge gains.

Although specific animals such as dolphins (Cai et al. 2013) and wolves (Schaller et al.
2009) were the themes in some VR/MUVEs applications, it has to be stressed that, in the
literature, there is only a handful of studies in which a VR/MUVEs application had as a
theme an endangered animal and this was not always done in the context of an EE project
(e.g., Allison and Hodges 2000).

4 Methods

On the basis of what was presented in the preceding sections, it was considered an interest-
ing endeavor to examine the use of MUVE:s in the context of an EE project for the conser-
vation of endangered species. Since the Mediterranean monk seal is a species threatened
with extinction and also present in Greece, it was selected as the MUVE’s theme. As it will
be further elaborated in the coming section, the target group was primary school students.
Given that data were to be collected from whole classes, a quasi-experimental design was
applied, with one experimental and two control groups. The project’s main objective was
to examine whether MUVEs have a more positive impact on students’ knowledge on issues
related to the protection of endangered species, compared to the impact of other teach-
ing tools, such as printed material and web-pages. MUVEs’ impact on students’ attitudes
toward the seals and toward eco problems, as well as students’ views regarding the use of
MUVEs during their teaching, were also considered worth examining. Thus, the following
hypotheses were tested:

e H1 The use of MUVEs yields better learning outcomes compared to the use of printed
material or web-pages.
H2 The retention of knowledge is also better.
H3 Students develop more positive attitudes toward seals when they are taught using
MUVEs, rather than when they are taught using printed material or web-pages.

e H4 Students also develop more positive attitudes toward eco problems when they are
taught using MUVEs.
HS Students find MUVE:s easy to use.
H6 Students enjoy learning with MUVEs more than learning with printed material or
web-pages.

e H7 MUVEs provide more incentives for learning compared to printed material and
web-pages.

e HS8 Students perceive MUVEs as a more useful teaching tool compared to printed
material or web-pages.

e HO9The perceived impact on students’ learning is also greater in MUVEs than in printed
material or web-pages.

4.1 Participants and Duration
Fifth and sixth-grade primary school students (ages 10-12) were the project’s target group.

That is because at these grades the Greek primary school curriculum of study includes (a
few) units related to environmental issues. The project was implemented in public schools
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located in Athens, Greece. In order to achieve an "accessible", "ordinary", and "typical"
sample (Creswell and Creswell 2017), a set of selection criteria was applied to the schools
that expressed an interest to participate: (a) their students to have never before been taught
subjects related to the Mediterranean monk seal and to the conservation of endangered
species (b) students’ grades to reflect the spread of ability in a typical Greek fifth or sixth-
grade, and (c) the ratio of boys and gitls to be close to that of a typical Greek public pri-
mary school. As a result, a total of 365 students were recruited, coming from eighteen fifth
and sixth-grade classes of seven primary schools. One of the three instructional methods
presented in the "Procedure” section was randomly assigned to each class, resulting in the
formation of three groups of a—more or less—equal size.

Prior to the beginning of the project and for ensuring a uniform, unswerving, and strict
implementation of the project’s procedures and methods, the teachers of the participating
classes were gathered and briefed. Each instructional method was presented—in detail—
to them, followed by teaching examples. Students’ parents were also gathered and briefed
about the project and their written consent for their children’s participation was obtained.

As it was not conducted simultaneously to all schools, the project lasted for about four
months, from early January to mid-May 2018, with each class attending six two-hour ses-
sions (two sessions per week). It has to be noted that organizational problems had to be
resolved prior to the beginning of the project. For example, quite a lot of school headmas-
ters and teachers were, initially, reluctant to allocate more teaching hours for the project.
The schools’ timetables proved to be quite inflexible in re-arranging the courses so as the
project’s sessions to fit in. The computer labs also proved to be a major problem; their
availability was limited (as they were used from other teachers as well) and all of them had
outdated computers not able to handle 3D applications. Although the project was able to
provide more than twenty laptops for solving the above problem, these had to be constantly
moved from one school to another.

4.2 Materials

Since MOm, the Alonissos National Marine Park, the National Marine Park of Zakyn-
thos, as well as other websites, have a wealth of resources (e.g., texts, videos, animations,
photos, charts, diagrams, etc.) and activities readily and freely available, it was decided to
use them. The material was edited and re-organized into six teaching units/sessions: (a)
the habitat of the Mediterranean monk seal (b) behavior (diet/predation and reproduction/
development), and (c) interactions with humans (pollution, other threats, and conserva-
tion). The next step was to develop the virtual world. For that matter, a MUVE developed
using Opensimulator (https://opensimulator.org/) for a previous pilot project with the same
theme (Fokides et al. 2017), provided the foundation for the new application. On the basis
of the feedback received from students and peers during the pilot project, it became evi-
dent that certain parts had to be re-worked, but the outline was kept intact. The virtual
world (actually a fictional island) represented an important place for the seal’s protection
(Fig. 1a—c). On this island, students were able to visit various areas which provided infor-
mation on the biology and ecology of the species, so as to be able to identify the threats
and risks the seal faces, to assess the anthropogenic factors that hinder its survival, and to
understand the complex issues and interactions involved.

The virtual island was split into two distinct areas. One area was semi-urban; a num-
ber of buildings there (e.g., pier, biology lab, and exhibition kiosks) contained the bulk
of the cognitive material and usually served as students’ starting point. The other region
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Fig. 1 Screenshots from the MUVE

represented the habitat of the species (e.g., undersea area, beaches, and caves). In this area,
hazards due to human activity were simulated (e.g., entanglement in fishing nets, environ-
mental pollution). There was also a rehabilitation area and a space for the outdoors obser-
vation of the species. All the above served as the "study" areas of the virtual island.

Besides simple programming scripts that implemented basic interactions (e.g., controls
for the media screens that presented the cognitive material, opening of doors or boxes, and
seals’ animations), "smart" NPCs were added. The NPCs were programmed so as to (a)
follow pre-defined paths (b) converse with each other on a regular basis, and (c) perform
actions that simulated a phenomenon or a situation (e.g., returning a rescued seal to its
natural environment). In addition, key NPCs (i.e., the marine biologists/veterinarians, some
fishermen, and some tourists) could (a) respond to a set of pre-defined questions and (b)
ask a set of pre-defined questions and, depending on students’ answers, responded or acted
accordingly.

Instead of just prompting students to study the learning material, it was considered
far more effective to engage them in in-world activities and tasks, which were assigned
to them by NPCs. In a way, students were forced to search for the relevant material
or view a simulated phenomenon (which was sometimes placed in a different area of
the virtual island), study it, make connections, and apply critical thinking for finding
the solution to the problem at hand or for successfully completing a task. Safeguard-
ing mechanisms were placed for preventing students to complete a task by chance or
without actually studying. For example, depending on the task/activity, timers prevented
immediate responses, certain media screens had to be flagged as clicked, and certain
areas had to be flagged as visited. Following the same line of thought, another key fea-
ture that was added was the simulated experiments. For instance, on an interactive map,
students could alter the space allocated for seals or the food available to them and see
a rough estimation of the seals’ population over time. The "smart" NPCs, the activities/
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tasks, the experiments, and the media screens had a reset/restart feature that allowed
students to replay or reenact them at will.

Finally, six short acts were implemented using NPCs (one for each session’s starting
point). The purpose of these acts was students to encounter a phenomenon, a problem,
or a situation that needed to be addressed and get directly involved. For example, at the
beginning of Session 5 (interactions with humans-other threats), a dead seal entangled
in fishing nets has drifted ashore near the pier. People are gathered and discuss what to
do to avoid such incidents in the future, while the fishermen are upset because their nets
were destroyed and they are losing money. A marine biologist steps in and asks students
to follow him to a nearby isolated beach to discuss things in private. On their way there,
students meet a couple of tourists who take selfies close to a seal’s nesting place. Upon
completion of the application, a small group of students tested it; on the basis of their
comments, minor adjustments were made.

For reasons further elaborated in the "Procedure" section, a handbook was written that
included all of the MUVE’s learning material (texts, photos, charts, and diagrams) pre-
sented exactly as in the virtual world. Workarounds were used to bypass the limitations of
paper and effectively transfer the MUVE’s interactive content on this medium. For exam-
ple, screenshots represented the various areas of the virtual island. The videos were trans-
literated into narration (text) and image sequences. As for the simulated experiments, these
were also presented with images and text, in the form of short problems which students had
to solve. Finally, the six introductory acts, as well as any other case where NPCs interacted
with the students (e.g., activities and tasks), were transcribed into comics storylines, using
screenshots from the MUVE, images, text, and diagrams. Given that students were to use
the MUVE for six sessions, the handbook was also organized into six teaching units.

Following the same logic, a website was developed. Provided that in web pages multi-
media features can be embedded, it was relatively easier to transform the MUVE’s interac-
tive content into web pages. For instance, the simulated experiments were exactly the same,
as the MUVE’s programming scripts could be embedded in a web page’s HTML code. The
six introductory acts were converted into videos using screen capturing software. The vari-
ous areas of the virtual island were converted into a series of hyperlinked images/pages and
the same applied for the tasks that the NPCs assigned to students. The website was later
packed into a self-contained application, consisting of a single, installable bundle includ-
ing all the web-pages and necessary files. Therefore, the website could be locally executed
to any computer as a stand-alone application without the need for an Internet connection.
Lastly, a workbook was written, including worksheets and in-classroom activities inspired
by Mom’s educational material. The workbook was used by all students, regardless of the
tool they used (see "Procedure" section).

4.3 Procedure

As presented in a preceding section, MUVESs provide the means to implement the prin-
ciples of constructivism and situated learning, as well as simulation-based learning/
teaching methods. Moreover, in the teaching of EE and science courses, it is advised
students to work in groups, preferably small (Harlen and Qualter 2014). Bybee’s SE
(Bybee et al. 2006) is an instructional model that fits to the above. Consequently, it was
followed, though its stages were slightly modified so as to suit the study’s needs:
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10 E. Fokides, F. Chachlaki

e The "Engage" stage excites students’ interest, gets them personally involved in the
lesson, and sets the groundwork for the upcoming activities. As already mentioned,
in the virtual island students encountered a situation (simulated with the use of
NPCs) which provided the necessary stimulus.

e In the "Explore" stage students explore ideas through activities and the "Explain”
stage provides students with an opportunity to communicate what they have
learned. These stages were merged and took place in the "study" areas of the virtual
island. The students studied the relevant material (presented by NPCs, media, and
data screens), performed the in-world experiments, activities, and tasks, recorded
their views (on paper), discussed them (using the MUVEs’ voice chat or instant
messaging services), re-assessed their views, and recorded their final collective
opinion/view/understanding on the situation/problem they encountered.

e The "Extend" stage allows students to further explore the implications of what they
have learned. The purpose of the "Evaluation" stage is to determine how much
learning has taken place. Both stages were also merged and took place outside
the virtual world. The students presented their recorded views (from the previous
stages) to the whole class, engaged in discussions, worked on the worksheets (in
groups), performed the in-classroom activities, and engaged—once more—in dis-
cussions. The assessment was also done collaboratively through group discussions
and presentation of ideas and views.

It has to be noted that:

e During all stages, the teachers acted as facilitators of the process by starting or
joining in students’ discussions, by drawing their attention to important aspects of
their work, and by providing guidelines (but without enforcing their views).

e Each student used his/her own laptop. For every four laptops, one acted as a server
and the other three were connected to that. Although Opensimulator can serve
more than a hundred simultaneous users, the above setting was considered more
appropriate since (a) it allowed a small group of four students to be simultaneously
present to the virtual world, act as a team, and collaborate (b) connection problems
were avoided, and (c) problems related to the coordination of too many students
were also avoided.

e Most of the time, students were free to explore the virtual island. Furthermore,
since most simulated scenarios, experiments, and media presentations had a reset/
re-run function, students could study them from multiple perspectives, focus on
certain details, and revisit them at any time.

e In order to proactively deal with problems related to the use of MUVEs, students
practiced themselves during a two-hour session (prior to the beginning of the pro-
ject) by using a small virtual world developed for this reason.

As already mentioned, in order to compare the results that the MUVE had, two
more groups of students were formed. One used the printed material and the other one
used the web application. The procedure that was followed to these groups was identi-
cal to the one followed in the MUVE group. Thus, a total of three groups of students
participated in the study who were taught the same subject, using the same teaching
method, and for the same period of time. Their only difference was the teaching tool
that each group used.
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4.4 Instruments

For data collection purposes, a total of four evaluation sheets were devised (pre-test, tests
1 and 2, and delayed post-test). Each test consisted of closed (yes—no, multiple choice, fill-
in-the-blanks, etc.) and open-ended questions. Less than half of the questions in these tests
checked knowledge acquisition. The majority of the questions checked whether students were
able to associate different pieces of information/knowledge, make informed decisions, and
apply what they have learned to new situations. The pre-test was administered prior to the
beginning of the project; its purpose was to check whether all groups of students had the same
initial knowledge level regarding the Mediterranean monk seal and the problems related to
this species. The first test was administered half-way through the project (including questions
related to the content of sessions 1-3), while the second test was administered immediately
after the last session (including questions related to the content of sessions 4-6). The delayed
post-test was administered three weeks after the end of all sessions (including questions from
all sessions); its purpose was to check the retention of knowledge.

For measuring the impact that the MUVE, the printed material, and the web-pages had
on students’ attitudes toward seals, it was considered more appropriate to use a scale devel-
oped for a specific animal rather than a scale designed for measuring a generalized attitude
toward animals. One such scale is the Toad Attitude Questionnaire (TAQ) (Tomazi¢ 2011)
which was developed employing Kellert’s typology (scientistic, negativistic, and moralistic)
(Kellert 1985). It consists of twenty-five statements in a five-point Likert type scale (ranging
from totally disagree to totally agree). One item had to be excluded because it could not fit
("Toads are of value as they eat mosquitoes and other bugs") and the rest were re-worded by
replacing the word "toad(s)" with "seal(s)". The revised TAQ was administered twice, once
prior to the beginning of the project (together with the pre-test) and once after the end of the
project (together with the delayed post-test).

For measuring students’ attitudes toward eco problems, the New Ecological Paradigm scale
(NEP) (Dunlap et al. 2000) was used. NEP is considered a reliable and valid tool for measur-
ing environmental views and it is extensively used in EE. NEP is built upon the idea that dif-
ferences in behavior or attitudes can be explained by underlying values or worldviews (Ander-
son 2012). It consists of fifteen statements and respondents are asked to indicate their strength
of agreement to them in a five-point Likert-type scale (worded strongly agree, agree, unsure,
disagree, strongly disagree). The NEP was administered twice, together with TAQ.

As for measuring students’ views regarding the three teaching tools, the Learning Experi-
ence Questionnaire (LEQ) was used, which is a modular questionnaire developed for measur-
ing several factors that shape the learning experience (Fokides et al. 2019). Out of the initial
sixteen factors, five were selected for the present study, corresponding to H5-H9, namely, per-
ceived ease of use (six items), enjoyment (six items), motivation (six items), perceived useful-
ness (four items), and perceived knowledge improvement (five items). The questionnaire was
administered immediately after the last session (together with the final test). The above ques-
tionnaires and scales are presented in the “Appendix”.

5 Results Analysis
After excluding from the analysis students who were absent in more than one session,

the final sample size was reduced to 326 participants, divided into three groups of almost
equal size (Groupl =teaching with the printed material, Group2 =teaching with the web
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Table 1 Means and standard deviations per group and per evaluation sheet

Group

Groupl (N=108) Group2 (N=109) Group3 (N=109)

M SD M SD M SD
Pre-test (max =46) 17.78 3.94 19.12 5.12 18.55 3.88
TAQ initial (max =120) 82.23 10.18 81.40 9.33 80.04 9.52
NEP initial (max =75) 42.02 7.22 40.65 6.51 41.50 6.07
Test 1 (max=40) 24.02 6.17 26.05 5.95 27.14 6.48
Test 2 (max =50) 35.12 7.41 38.18 8.02 41.16 7.77
Delayed post-test (max =48) 33.33 5.47 34.68 4.73 36.62 5.99
TAQ final (max =120) 96.42 9.77 99.81 9.51 105.36 9.33
NEP final (max=75) 61.05 5.53 62.25 6.41 63.92 5.71

Table 2 Means and standard deviations per group and per LEQ’s factors

Group
Groupl (N=108)  Group2 (N=109)  Group3
(N=109)

M SD M SD M SD
Perceived ease of use (max =30) N/A N/A 25.45 4.57 13.14 5.78
Enjoyment (max =30) 19.50 3.54 23.21 3.20 26.22 3.71
Motivation (max =30) 18.50 4.11 21.22 3.99 23.58 3.18
Perceived usefulness (max =20) 15.67 3.00 16.14 2.76 15.35 2.81

Perceived impact on knowledge (max =25) 17.78 3.44 19.04 3.15 20.46 4.11

Note. N/A =not applicable

application, and Group3 =teaching with the MUVE). The scores in all the evaluation
sheets were computed on the basis of the number of correct answers. Total scores on both
NEP and TAQ scales and on each of the LEQ’s factors were also calculated (Tables 1, 2).
Moreover, on these scales, a reliability analysis was run using Cronbach’s alpha. It was
found that for the initial NEP the reliability score was 0.88 and for the final NEP it was
0.90, exceeding DeVellis’s (2003) guidelines (> 0.70). For the initial TAQ the reliability
scores of all its constructs were between 0.76 and 0.88 and the overall score was 0.82. For
the final TAQ the reliability scores of all its constructs were between 0.77 and 0.84 and
the overall score was 0.81. As for the LEQ, the reliability scores of all its constructs was
between 0.82 and 0.91 and the overall score was 0.91.

In order to determine whether the scores of the three groups had any statistically sig-
nificant differences, one-way ANOVA tests were conducted. The sample size was con-
sidered more than adequate for inferential statistical testing (such as one-way ANOVA),
given that for three groups with N, =326, a significance level of 0.05, and an effect
size of 0.20, the power value was 0.90, which was considered good (Cohen 1988).
Before proceeding with the tests, it was checked whether the assumptions for ANOVA
testing were met. It was found that (a) one group had one student less than the other two,
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but this was considered a negligible deviation from the assumptions of an equal number
of participants to all groups (b) there were no outliers (c) the data were normally distrib-
uted, as assessed by the Shapiro—Wilk test and Q-Q plots, and (d) the homogeneity of
variance was not violated, as assessed by Levene’s test. Given that all the assumptions
were satisfied, the tests were conducted (Table 3), followed by post-hoc comparisons on
all possible pairwise contrasts in cases where statistically significant differences were
noted (Table 4).
Taken together, the above results suggested that:

e Given that there were no statistically significant differences in the pre-test, the initial
TAQ, and the initial NEP, it is safe to assume that any differences noted to the rest of
the results can be attributed to the different medium each group used.

e HI can be accepted with reservations. While Group3 outperformed Groupl in both
tests, outperformed Group2 only in the second (and the effect size was small). Thus,
it can be concluded that when a MUVE was used, the learning outcomes were better
compared to the use of printed material. On the other hand, when compared to the use
of web-pages, the results were inconclusive, though marginally better.

e H2 can be accepted since, in the delayed post-test, Group3 outperformed the other
groups. Therefore, the use of a MUVE resulted in a better retention of knowledge com-
pared to printed material and web-pages.

e H3 can be accepted because Group3 had significantly higher scores in the final TAQ
questionnaire compared to the other groups. It is worth noting that the difference in
students’ positive attitudes toward seals was large when comparing the MUVE with the
printed material and medium-sized when comparing the MUVE with the web-pages
application.

e  Only the first leg of H4 can be accepted since, in the final NEP, Group3 outperformed
Groupl and had equally good results with Group2. Therefore, the students who used
the MUVE formed more positive attitudes toward eco problems compared to the ones
who used the printed material (medium sized difference), but there was no difference
compared to the ones who used the web-pages.

e HS5 has to be rejected. It is very clear that students in Group3 found that the MUVE was
hard to use and students in Group2 considered the web-pages very easy to use.

e H6 and H7 can be accepted. Students in Group3 were clearly more motivated and had
more fun compared to students in groups 1 and 2.

Table 3 One-way ANOVA results

Tests and scales  F Sig LEQ F Sig

Pre-test F(2,323)=2.59 p=.077 Perceived ease of use F(1,216)=304.23 p<.001*

TAQ initial F(2,323)=1.42 p=.244 Enjoyment F(2,323)=100.92 p<.001*

NEP initial F(2,323)=1.19 p=.307 Motivation F(2,323)=49.02 p<.001*

Test 1 F(2,323)=7.06 p=.001* Perceived usefulness F(2,323)=2.11 p=.123

Test 2 F(2,323)=16.53 p<.001* Perceived impact on F(2,323)=15.14 p<.001*
knowledge

Delayed post-test  F(2,323)=10.10 p<.001*

TAQ final F(2,323)=24.31 p<.001*

NEP final F(2,323)=6.49 p=.002*
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e HBS has to be rejected. Given that there was no statistically significant difference regard-
ing the usefulness of the medium, it can be concluded that the printed material, the
web-pages, and the MUVE were considered equally useful.

e H9 can be accepted. Students thought that the MUVE had a greater impact on their
knowledge compared to students who used the printed material and the web-pages
(though the effect size, in this case, was small).

6 Discussion

A successful EE project builds upon two pillars knowledge and attitudes. The results indi-
cated that, as far as the former is concerned, the MUVE produced statistically significant
learning gains and improved conceptual understanding compared to the printed mate-
rial. Although the findings were somehow inconclusive when comparing the MUVE with
the web-pages, the results are—more or less—similar to the findings of previous studies
(e.g., Grotzer et al. 2013; Neulight et al. 2007). The results in the long-term retention of
knowledge were clearly in favor of the MUVE. Since others indicated that the retention
of knowledge is important to wildlife conservation educational programs (e.g., Jacobson
et al. 2015), it can be concluded that, regarding knowledge, the MUVE can be viewed as an
effective tool.

As far as attitudes are concerned, the study examined attitudinal changes in two levels
toward seals and toward the environment as a whole. It was found that the MUVE had a sig-
nificant impact on students’ attitudes toward seals, clearly surpassing the other tools. Given
that the research on the use of MUVEs for changing the users’ attitudes toward endangered
species is almost non-existent, this finding, though important, cannot be connected with
previous research. Coming to the attitudes toward the environment or toward eco problems,
the MUVE and the web-pages produced equally good results, with the MUVE having an
advantage over the printed material. This finding is quite interesting considering that (a)
attitudes toward specific animals are easier to impact than general environmental attitudes
(Kim et al. 2011) (b) general environmental attitudes need to be continuously reinforced
(Beaumont 2001), and (c) the study’s subject was seals and not the environmental prob-
lems in general.

Thus, an important issue to contemplate is the value of the observed attitudinal changes,
given that the link between knowledge, attitudes, behavioral intentions, and actual behav-
iors is not that clear. Some support the view that improved environmental knowledge and
attitudes are not reliable predictors of actual pro-environmental behaviors (Hughes 2013).
On the other hand, the theory of planned behavior (Ajzen 1991), supports the view that
one’s previous knowledge or experiences form salient beliefs upon which attitudes are
based; attitudes together with motivations to action form behavioral intentions; these are
likely to be translated into actual behaviors if opportunities of carrying them out are given.
In order to facilitate this chain of transformations in real life and in the context of EE pro-
jects for the conservation of endangered species (a) an interpretative approach is preferred
over passive provision of information (Ham 2007) (b) the first-hand experience of animals
can help (Kuo 2002) (c) examples of the desired attitudes and behaviors that are easy to
implement are required (Ballantyne et al. 2007) (d) experts that act as role models have an
impact (Apps et al. 2015), and (e) the emotional involvement of the learner can also help
(Ballantyne et al. 2007).
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It appears that the MUVE proved to be a medium able either to provide or simulate all
the above. It has to be reminded that the MUVE was a rather multifaceted simulation of the
seal’s habitat and that it was developed having in mind the main concepts of situated learn-
ing, constructivism, and simulation-based learning. The fact that inside the MUVE the stu-
dents (a) were engaged in tasks which addressed real problems and (b) they encountered
the simulated equivalents of real phenomena/situations, probably helped them to develop
a better understanding of the context in which the knowledge they acquired was applied/
situated (Brown et al. 1989; Dalgarno and Lee 2010). The collaborative nature of the tasks
that students had to complete, the encouragement of in-world discussions, and the free-
dom to explore and to repeat the simulated acts and experiments, probably had a positive
impact on content learning as constructivism postulates (Dalgarno and Lee 2010). On the
basis of notions originating from the simulation-based learning theory (Rutten et al. 2012),
the MUVE intended to provide rich and as-realistic-as-possible experiences (Harrington
2012); thus, it can be supported that students had the virtual analog of first-hand experi-
ences. Furthermore, the NPCs (with the exception of the fishermen) acted as role models
and presented the desired attitudes and behaviors, once again embedding these in the con-
text in which they apply.

The results in LEQ might provide some additional insights into why the MUVE proved
to be a better teaching tool. Though all tools were considered equally useful, the students
thought that the MUVE had a greater impact on their learning compared to the other
tools. The preceding paragraph offers a number of plausible explanations for this out-
come. Among the five factors that were examined, fun/enjoyment was the one in which
the MUVE excelled. Also, as it was evident in the results in LEQ, the students who used
the MUVE were strongly motivated to learn. The link between the enjoyment users feel
when using VR/MUVEs applications and learning was established in previous studies
(e.g., Faiola et al. 2013; Fokides and Atsikpasi 2018). There is also a strong link between
enjoyment and motivation to learn (Fokides and Atsikpasi 2018; McLellan 2004) as well
as between motivation and actual learning (Fokides and Atsikpasi 2018). Therefore, one
can infer that the combination of elevated enjoyment and motivation to learn resulted in the
MUVE’s group increased learning gains and improved conceptual understanding. Unfortu-
nately, the results concerning the MUVE’s easiness of use were disappointing, indicating
that students faced significant problems when using the application (although they had a
practicing session prior to the beginning of the project). This factor plays a key role in
the quality of experience VR/MUVEs applications provide (Lee et al. 2010), affecting
enjoyment, motivation, and the learning outcomes (Fokides and Atsikpasi 2018). Given
the above, it is safe to assume that it acted as a mitigator of the otherwise good results that
students in the MUVE group had.

6.1 A Critical View of the Results

While the statistically significant differences between the three groups point to the logical
(and valid) conclusion that the MUVE was a better tool for raising students’ awareness of
endangered species (to a varying degree depending on which tool it was compared to), a
second more stringent reading of the results, may lead one to conclude that the "WOW!"
factor is somehow missing. Indeed, a number of interesting observations arise when view-
ing the results in Table 1 from a different perspective. First, the scores in the pre-test, all
groups considered, were disturbingly low; most students did not know much about seals.
A striking improvement to all groups was noted in the delayed post-test (ranging from
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81 to 97%). Moreover, the difference between the MUVE and the web-pages groups was
small, and both were closely followed by the printed material, given that there was no dif-
ference between groups 1 and 2 and there was a medium-sized difference between groups
1 and 3. Consequently, in terms of knowledge acquisition, all tools produced good results.
Coming to the results in TAQ, it is evident that all groups had quite high scores in the
initial TAQ, meaning that all students already had positive feelings toward seals. Given
that, the improvement was far less impressive (ranging from 17 to 32%). Though it was
the only case in which the MUVE group had a clear advantage over the other groups, the
results in the printed material group were also more than pleasing. Finally, the results in
NEP were similar to the results in the pre/post-tests. The difference between the initial and
the final NEP (in all groups) was remarkable, indicating a 45-54% positive change in stu-
dents’ views and attitudes toward eco problems. Once again, both the web-pages and the
MUVE proved to be equally influential, whereas the 9% difference between the printed
material and the MUVE, although enough to result in a medium-sized effect, was not that
impressive.

Given that the differences between the three groups were measurable but not that promi-
nent and considering all the time and effort needed for developing any type of MUVE,
one might ask a rather provocative question: "Did it worth the trouble?" A skeptic might
argue that it is better to stick to already well-received and effective tools, rather than use
elitist ones which do not provide a considerable added value and require above the aver-
age hardware in order to take full advantage of their features and affordances. Adopting an
eco-friendly (and education-friendly) point-of-view, one might counterargue that even the
slightest conceptual or attitudinal positive change—especially in younger generations—
is crucial if we are to succeed in saving the endangered species or the environment. The
debate is certainly not an easy one to settle, as it belongs to a broader—and ongoing—dis-
cussion for the educational value of diverse ICT tools.

6.2 Contribution to Research and Implications for Practice

The Mediterranean monk seal was selected as the MUVE’s theme as it is an endangered
species present in Greece’s seas. It was presumed that students already knew quite a lot and
had positive feelings toward this animal due to the publicity it receives in the mass media.
The former assumption was disproved due to the findings in the pre-test, while the latter
was confirmed as the scores in the initial TAQ were high. Thus, the study provides a—
rather general—idea of students’ views, feelings, and knowledge for seals. Given that how
children’s attitudes toward animals are influenced can play a vital role in the success of EE
programs for raising awareness of endangered species, research on this matter is vital. The
problem is that such attitudinal studies focused either on animals that are charismatic like
dolphins (Barney et al. 2005) or on animals that people fear or dislike such as bats and spi-
ders (Prokop and Tunnicliffe 2008). Research on the attitudes toward specific endangered
species is rather limited (e.g., Kwan et al. 2017). Thus, the present study contributes to the
relevant literature as it (a) utilized a teaching tool (MUVEs) that it is not commonly used
in EE (b) examined a species that does not fall in the above categories, and (c) quantified
the influence of three different teaching tools on students’ knowledge, views, and attitudes.

The study’s findings have implications for the experts involved in the development of VR/
MUVE:s. Enjoyment received an exceptionally high score in the MUVE group and the impor-
tance of this finding has already been discussed in a preceding section. Thus, developers can
focus on features that have the potential to increase the sense of enjoyment even more. One
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way to achieve this is by adding game-like features, as these facilitate both enjoyment and
motivation (Faiola et al. 2013; McLellan 2004; Kozlov and Johansen 2010). The MUVEs’
realism is also a feature that can be improved even further since it also affects enjoyment (Fok-
ides and Atsikpasi 2018). Then again, caution is advised, because to achieve increased realism
means to extensively use detailed 3D objects, which, in turn, results in complex applications
that require advanced computers in order to run smoothly. The MUVE failed miserably in
its easiness of use. Given that this had a negative impact on students’ learning experience,
as presented earlier, software developers need to find more "natural” methods for implement-
ing user-application interactions, probably by using devices for immersive VR (e.g., head-
mounted displays).

Also, the findings have implications for education, at least in formal settings. The organ-
izational problems that were encountered are indicators of the inadequacies of the conven-
tional curricula of study. Since, in the classes’ timetables no teaching hours were allocated in
advance for initiatives that require more than one teaching hour per session, lessons had to be
skipped and courses had to be rescheduled. The teachers’ objections to the above were strong
and—up to a certain degree—justified; trying to insert two two-hour sessions per week in an
already oversaturated timetable was troublesome, even if it was a temporary deviation from
the classes’ routine. It is quite logical to state that the feasibility of projects with extended
duration is questionable. Alas, such problems hinder the introduction of EE or VR/MUVEs
(which by their own right are time-consuming when introduced in classrooms) in everyday
teaching. Education administrators and policymakers have to reconsider how the curriculum
in primary and secondary education is structured and come up with solutions that encourage
the use of contemporary teaching methods instead of thwarting them.

6.3 Limitations and Future Work

While the results were thought-provoking, there are certain limitations to the study that bear
mentioning. The sample, although more than sufficient for statistical analysis, could have been
larger and a wider age range could have been included. Therefore, there are some reservations
regarding the generalizability of the results. The number of sessions was small; organizational
problems limited the duration of the study. Though multiple aspects of students’ performance
and views were recorded, no data were collected regarding the teachers’ views or how well
they were able to implement each teaching method.

Further studies will help to identify similarities or differences to the findings of the present
study. For example, the target group can be students of all ages, so as to determine the suitable
content (and the right difficulty level) for each age group and at what age a greater impact on
knowledge and attitudes is to be expected. Other endangered species and environmental issues
can be examined. Additional research tools can also be utilized; observations and interviews
with students and teachers will allow an in-depth understanding of the pros and cons of each
teaching tool. For that matter, devices (e.g., tablets) and technologies (e.g., immersive VR) can
be used and compare the results.

7 Conclusion
Within the framework laid by a previous pilot study, a project was implemented for exam-

ining the impact of MUVESs on students’ knowledge and attitudes toward issues related
to the protection of endangered species. As far as knowledge is concerned, the findings
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demonstrated that the MUVE had an advantage over web-pages and printed material. As
far as attitudes toward the Mediterranean monk seals are concerned, the MUVE instigated
a considerable positive change compared to both the printed material and the web-pages.
On the other hand, the differences in attitudes toward eco problems were prominent only
when the MUVE was compared with the printed material. Nevertheless, and despite the
study’s limitations, the experimental data that were obtained support the view that MUVEs
offer an interesting alternative method for raising student’s awareness of endangered spe-
cies and of environmental issues. Then again, a lot more can be done in order to improve
their effectiveness; there is still a long way ahead before their full potential and their impact
on EE and on pedagogy, in general, is fully realized.
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Appendix
The revised Toad Attitude Questionnaire (Tomazi¢ 2011).
Scientistic
1. I would like to learn about different species of seals.
2. I'would like to learn about the environments where seals live.
3. Iwould like to read about seals.
4. I would like to know how seals eat, smell and hear.
5. T would like to know how seals develop.
6. I would like to study seals in nature.
7. 1 get bored when the teacher is talking about seals. (reversed)
8. Fishermen kill too many seals each year.
9. Icould observe seals for a long time.

Negativistic
10. When I am on the beach, I do not have a special wish to meet a seal. (reversed)
11. I would rather see a model of a seal than a live one. (reversed)
12.  Seals are disgusting animals. (reversed)
13. I would rather see a movie about seals than watch them in nature. (reversed)
14. 1 would like to hold a seal in my arms.
15. Tam afraid of seals. (reversed)
16. I would like to have a seal as a pet.
17. Seals are ugly. (reversed)
Moralistic
18. We don’t need to protect the Aegean Sea, because seals living there will move else-
where. (reversed)
19. It would be for the best if all seals were killed. (reversed)
20. Seals need to have rights too.
21. I wouldn’t like to hunt seals.
22. Hunting seals for fun is cruel.
23. Keeping seals in captivity is cruel.
24. Seals are very important in nature.
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25. Toads are of value as they eat mosquitoes and other bugs. (excluded)
New Ecological Paradigm scale (Dunlap et al. 2000).

We are approaching the limit of the number of people the Earth can support.
Humans have the right to modify the natural environment to suit their needs.
When humans interfere with nature it often produces disastrous consequences.
Human ingenuity will ensure that we do not make the Earth unlivable.
Humans are seriously abusing the environment.
The Earth has plenty of natural resources if we just learn how to develop them.
Plants and animals have as much right as humans to exist.
The balance of nature is strong enough to cope with the impacts of modern industrial
nations.

9. Despite our special abilities, humans are still subject to the laws of nature.
10. The so-called "ecological crisis" facing humankind has been greatly exaggerated.
11. The Earth is like a spaceship with very limited room and resources.
12.  Humans were meant to rule over the rest of nature.
13.  The balance of nature is very delicate and easily upset.
14.  Humans will eventually learn enough about how nature works to be able to control it.
15. If things continue on their present course, we will soon experience a major ecological
catastrophe.

NN R W

The Learning Experience Questionnaire-selected factors (Fokides et al. in press).
Perceived ease of use (not applicable for printed material).

I think it was easy to learn how to use the application.

I found the application unnecessarily complex. (reversed)

I would imagine that most people would learn to use this application very quickly.

I needed to learn a lot of things before I could get going with this application. (reversed)

I felt that I needed help from someone else to use the application because it was not

easy for me to use it. (reversed)

It was easy for me to become skillful at using the application.

Enjoyment

I think the application/printed material was fun to use/read.

I felt bored while using/reading the application/printed material. (reversed)

9. Ienjoyed using/reading the application/printed material.

10. Ireally enjoyed studying with this application/printed material.

11. It felt good to successfully complete the tasks in this application/printed material.

12. Ifelt frustrated. (reversed)
Motivation

13.  This application/printed material did not hold my attention. (reversed)

14. The application/printed material was interesting and got my attention. (reversed)

15. When using/reading the application/printed material, I did not have the impulse to
learn more about the subject. (reversed)

16. The application/printed material did not motivate me to learn. (reversed)

17. This application/printed material had things that stimulated my curiosity.

18. The amount of repetition in this application/printed material caused me to get bored.

(reversed)
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Perceived usefulness

19. I feel that this application/printed material eased the way I learn.

20. This application/printed material was a much easier way to learn compared to the usual
teaching.

21.  Why use this application/printed material? There are easier ways to learn what I want
to learn. (reversed)

22. The application/printed material can make learning more interesting.
Perceived knowledge improvement

23. Ifelt that the application/printed material increased my knowledge.

24. 1 felt that I caught the basic ideas of the subject I was taught.

25. I will definitely try to apply the knowledge I learned.

26. There were explanations and examples of how to use the knowledge I acquired.

27. The presentation of the learning material conveyed the impression that its content is
worth knowing.
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