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Abstract: Multimedia technology (MT) is now widely used in primary and secondary classrooms and
has excellent potential for environmental education. The discipline of Geography has strong synergies
with environmental education. The paper uses the Q methodology to investigate the responses of
pre-service geography teachers regarding the use of multimedia in environmental education (EE).
The viewpoints of respondents were clustered into three broad perspectives relating to the use of
multimedia: Perspective 1: the use of multimedia is regarded as valuable but difficult to apply;
perspective 2: the use of multimedia is rewarding and practicable; perspective 3: the use of all types
of multimedia is seen as highly valuable, although in the case of GIS the attitude is more equivocal.
All three perspectives align with the idea that MT can improve EE, although the respondents suggest
it cannot be a direct replacement for fieldwork. While all three perspectives are consistent with
the view that multimedia teaching has many functional advantages in relation to environmental
education, concerns are expressed regarding teachers’ capacity to fulfill its potential. The authors
suggest that understanding these perspectives can help improve pre-service teacher education and
advance environment education in middle school.

Keywords: environmental education; Information and Communication Technology; multimedia
teaching; Q methodology

1. Introduction

As a consequence of the COVID-19 pandemic, education institutions from pre-primary to
university all over the world were forced to close, and multimedia teaching methods delivered over the
internet became the norm in school education. Despite the obvious negative effects of school closure,
the situation required educators to deploy multimedia technology (MT) in online classes and, in so
doing, this offered an opportunity to develop multimedia resources that could be used and refined in
future. In relation to environmental education (EE), the outbreak of the coronavirus pandemic is a
kind of alarm bell from nature, and can make us think more deeply about the relationship between
humans and the environment. The pandemic not only prompted the use of online education but also
played an important role in the form of outreach media [1] and added further emphasis to the call for
all countries to adopt EE for sustainable development [2].

In China, as in many countries, EE is not taught as an independent subject in the curriculum
and is integrated into the topics of “nature” at elementary school, and into “geography” in secondary
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schools [3]. The action themes of Education for Sustainable Development (ESD; 2005-2014) include
overcoming poverty, gender equality, health promotion, environment, rural development, cultural
diversity, peace and human security, and sustainable urbanization [4]. ESD represents the shift toward
greater anthropocentric orientation in EE [5]. However, the early understandings of EE that focused on
the protection of natural environment should be retained in ESD. Geography, therefore, is central to
the idea of implementing education for sustainable development. The EE content of the geography
curriculum is clearly reflected in the content standards and textbooks at middle school level in China [6].
Therefore, it is important to establish the perceptions and literacy of geography pre-service teachers
in relation to EE. Effective EE requires that teachers have adequate levels of environmental literacy,
i.e., the knowledge, skills, and dispositions to solve problems and resolve issues individually and
collectively that sustain ecological, economic, and social stability. Moreover, if they are going to be
able to embrace MT in the context of EE, they must also have the relevant technical skillset. However,
many studies have reported that pre-service teachers are not trained or even encouraged to use
MT technologies to improve instruction and student engagement [7-9]. Although there are many
studies about the potential and disadvantages of MT to EE, there have been no previous studies of the
attitudes of pre-service teachers’ toward incorporating MT in EE. MT is increasingly used in EE and is
facilitated by the widespread availability of digital technology. Nevertheless, there are few courses
for pre-service geography teachers that explicitly deal with EE. In addition, due to safety and other
reasons, the method of fieldwork and field investigation is difficult to implement in EE, and therefore
other forms of bringing the field to the classroom have to be used. With the development of the
ICT, MT is a pedagogical innovation and a potentially new teaching method for EE. Given that the
discipline of Geography is so central to EE, assessing the nature of trainee geography teachers” attitudes
to MT in general, and to its use in EE in particular, is valuable. In principle, it is anticipated that
geography students who have been exposed to MT will be more likely to find MT valuable and apply
these methods in the EE context. Exploring their perceptions of MT in EE is a way of evaluating the
assumption that they will more easily engage with information technology in their teaching. Among
pre-service teachers, the levels of environmental literacy, attitudes toward MT, and their potential to
develop the EE curriculum using MT are largely unknown. Therefore, a four-month undergraduate
module for undergraduate sophomore geography students at East China Normal University was
presented in the early part of 2020. The course was designed to develop MT skills in these pre-service
teachers and to enable them to make use of multimedia courseware with potential application to
EE. The aim of this paper is to explore the attitudes of the course participants toward the use of MT,
specifically in the context of EE. In order to achieve this aim, we set the following objectives:

(i). To identify a comprehensive set of descriptive “statements” about the use of MT in EE;

(ii). To assess the responses of the course participants to these statements (i.e., levels of agreement
or disagreement);

(iii). To conduct the analysis of the responses using a suitable methodological tool;

(iv). To evaluate the perception of the course participants about the use of MT in EE;

(v). To develop a set of recommendations for pre-service teaching training in MT in relation to EE.

2. The Use of MT in EE

The past three decades have witnessed the rapid proliferation of computers and the internet,
which has profoundly changed many aspects of human activities [10]. ICT enables the application of
multimedia technology (MT) to teaching and has rapidly become an important part of the contemporary
social structure [11]. For almost every country, understanding and mastering MT has become one of
the core issues in education [12], and, indeed, China has released its policy initiative National Plan
for Medium and Long-Term Education Reform and Development to accelerate its digital educational
process [13]. The Action Plan for Education Informatization 2.0 proposes to realize the availability and
use of MT for all teachers and students, and the construction of a digital campus in all schools by 2022.
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This initiative goes hand in hand with the goal of improving the MT literacy of teachers and students
and to construct a new mode of talent cultivation under the condition of what is known as “internet
plus” [14].

The benefits of MT in improving the quality of education and skill levels among students are
widely acknowledged [15-18]. MT can facilitate the work of the teacher through its use as a cognitive
tool [19-21], an investigative tool, as a regulatory instrument, as a communication tool, and as an
information search tool [22]. By using cognitive tools in a constructive framework, learners engage
in a variety of critical, creative, and complex thinking opportunities [23,24]. MT has clearly been
demonstrated to play a positive role in enriching and improving students’ skills, in accelerating
learning, fostering motivation, and helping learners to connect theoretical knowledge with practical
issues and continues to develop into an essential learning tool [25]. Educators have also been focusing
on the paradigm shift from traditional teaching methods to modern teaching methods in order to create
an effective environment conducive to students’ learning [26]. Multimedia takes diverse forms that
can be exploited in education. Video annotations, for example, have been used successfully to improve
the learning of complex concepts in diverse subjects, such as Physics [27] and English Language [28],
among school learners and pre-service teachers [29]. We now provide some examples of why and how
MT has been used in EE. Other studies have highlighted the need for, and advantages of, pre-service
teachers acquiring IT skills, so that they can incorporate MT into their teaching [30]. The use of video, in
particular, has been shown to promote students’ learning and to support traditional study, for example
by improving the understanding of unfamiliar environments (Hill and Nelson, [31]).

Although the integration of MT into education may seem very promising, there are still some
fundamental questions around the misapplication, inequity of access, etc., that lie at the heart of the
emerging field of computer-aided EE [32]. Such questions may be partly attributed to the discrepancies
between existing theories and actual factors that influence teachers’ willingness and ability to adopt
MT [33]. There are several factors underlying the acceptance of MT in relation to EE in particular, viz.,
(a) perceived usefulness [33], (b) perceived ease of use [34], (c) perceived enjoyment [35], (d) technology
self-efficacy [36,37], (e) subjective norms [38-40], and (f) facilitating conditions [41]. In addition,
teacher pedagogical beliefs [42—44], attitudes toward technology [45], the educational experiences of
the teachers, and internal barriers [46] also influence the integration into EE.

Several studies have been undertaken to develop pre-service teachers’ ability to use MT in their
teaching. There is established research that indicates that the technological pedagogical content
knowledge (TPACK) of teachers is the contributing factor that determines MT integration and
transforms learning [47]. Researchers have developed instruments to investigate pre-service teachers’
perceptions of their TPACK in various contexts toward developing multimodal literacies [48,49].

There are many studies exploring the impact of different teaching strategies on the learning
performance of environmental education, using WebQuest [50], picture books [51], project-based
learning approach [52,53], problem-based learning [54], field-based/outdoor environmental education
program [55] or fieldwork [56].

EE and MT share the potential to support critical and action-oriented problem-based learning in the
promotion of the understanding of sustainability. Given that MT and EE can both promote innovation
in the field of education, EE appears to be a promising platform in which to integrate these tools [57].
Research suggests that MT offers an array of powerful tools that have the potential to transform
the teaching and learning processes and foster new modes of learning for sustainability [17,58].
Indeed, MT presents a whole new set of extremely powerful ways of promoting, perhaps as never
before, the goals and objectives of EE [32,59]. Therefore, the use of MT in EE can help teachers to
harness the power of computers to integrate multimedia and to improve student awareness [18,19].
At the same time, teachers help learners to understand their own environment and its associated
problems. Nevertheless, there remains a paucity of research regarding the attitudes and preparedness
of pre-service teachers to adopt multimedia-aided EE.



Sustainability 2020, 12, 6903 40f 16

3. Methodology

This research is based on the outcomes of a four-month online course, “Multimedia Geography
Teaching and Courseware”, presented to sophomore Geography students at East China Normal
University, in Shanghai, China. It is one of the key courses in the teacher training program and
the only one that explicitly focuses on MT and EE. The objective of the course was to cultivate
geography pre-service teachers’ ability of MT, that is, how to use MT to make courseware in EE.
It consisted of several parts, as follows: geographical education and EE (content, including references
to the pandemic), multimedia design principles, multimedia courseware design steps, introduction
and use of the iebook software; multimedia resource search related to geography and environment,
courseware display and discussion, revision of content design and geographic information technology,
courseware modification, presentation, and peer evaluation. The student should learn multimedia
design principles, multimedia courseware design steps, and the use of the iebook software, and then
produce courseware by searching for different multimedia teaching resources, such as text, audio,
images, animations, video, and interactive content in the iebook software.

At the end of the course, the students were subjected to a survey designed using Q methodology.
Q methodology is a research tool, developed by the psychologist William Stephenson in the 1930s, and
is widely used in psychology and the social sciences as a means of revealing issues of subjectivity [60].
It contains a series of unique psychological measurement and operational principles and helps to
unpack the complexity involved in human subjectivity. Q methodology is based on two preconditions:
1. Subjective viewpoints are communicable, and 2. The subjective viewpoints are derived from
“self-reference” [61]. Researchers are able to apply quantitative analysis to detect and classify the range
of subjective elements of human behavior [61].

3.1. Selecting the Q Sample Statements

Q samples can be combined to create hybrid samples [61]. The author obtained more than
110 opinion statements on the relationship between EE and MT, mostly through an internet search
and partly through publications. Only little viewpoints were supplemented by canvassing additional
comments from the student participants themselves via the online communication platform known as
“Blackboard” [62], in order to ensure that the widest possible range of relevant aspects of the topic
are explicitly discussed [61]. The overall objective of the study was, in essence, to explore pre-service
geography teacher perceptions of MT in the context of EE. In addition, it was decided to include some
statements about Geography Information Systems (GIS), and EE in particular, in order to assess, as
did [22], whether or not the respondents favor the use of GIS in EE. After initially eliminating statements
with similar meaning or considered to be less relevant, the sample viewpoints were reviewed by experts
and peers to ensure clarity of language and that they were sufficiently comprehensive in representing
the possible range of opinions [61]. “Less relevant” refers to statements that were initially derived
from various sources but were considered as insufficiently directed toward the relationship between
MT and EE, and were therefore omitted. On this basis, the final set of 44 statements was classified into
seven categories, each containing 4-6 statements. As can be seen in Table 1, these are: the need for
MT, comparison with other teaching methods, disadvantage and advantages of MT, the role of MT in
student environmental literacy, the role of GIS in EE, and external factors.



Sustainability 2020, 12, 6903 50f 16

Table 1. Statements in the Q-set.

# Statements

The need for Multimedia Technology (MT)
1. EE urgently needs to adopt MT
2. MT is the best way to teach EE
3. MT can improve EE
4. MT supports student knowledge construction
Comparison with other teaching methods
5. MT is better than traditional teaching methods
6. MT in teaching cannot replace other forms of teaching
7. Students prefer MT
8. MT is more effective than field environmental activities
9. Multimedia simulation is easier to use
10. MT in teaching cannot become a daily EE method
Disadvantages of MT
11. MT is divorced from the actual living environment
12. MT encourages teachers to suspend their regular teaching methods
13. MT is a form of entertainment and does not help achieve EE learning objectives
14. Making MT courseware increases the burden on teachers
Advantages of MT
15. MT courseware is more environmentally friendly than paper resources
16. MT is able to meet a wider range of student learning needs
17. MT is easily used to promote EE
18. MT courseware arouses students’ emotions about the environment
19. MT courseware improves students’ learning efficiency in general
20. MT can be used to simulate environmental processes and events
21. MT is convenient to communicate environmental issues
22. MT mobilizes student learning initiatives
23. MT is beneficial to the development of EE resources in secondary schools
24. MT broadens the cognitive approach to the environment
25. MT courseware is easy to modify and update
The role of MT in student environmental literacy
26. MT improves the students’ learning interest
27. MT is conducive to improving students” environmental awareness
28. MT promotes active participation by students in environmental protection activities
29. MT courseware helps to explain difficult environmental concepts
30. MT courseware improves students’ ability to solve environmental problems
31. MT courseware promotes students’ creativity
32. MT courseware improves students” awareness of environmental aesthetics
33. MT cultivates the understanding of the relationship between humans and the earth
34. MT enhances an appreciation of social responsibility
35. MT cultivates critical thinking
36. MT promotes the personal development of students
The role of GIS in EE
37. The visualization and analysis of spatial data in GIS relates directly to EE
38. Using GIS data sources can promote EE
39. GIS effectively contributes to EE through the creation maps
40. It is difficult to apply GIS to EE
External factors
41. Teachers’ information literacy will impact the effect of EE
42. Existing MT software is unable to meet the needs of EE
43. Schools in most areas of China have the necessary facilities to teach with MT
44. Technical skill levels required to operate MT courseware restrict the potential of MT

3.2. Q-Sort and Interview Method

Due to the impact of the pandemic, it was not possible to conduct face-to-face interviews, so the
study was conducted online via the Tencent Meeting communication application. This study utilized
the responses of the 27 geography pre-service students who were selected according to their willingness
to participate and received no remuneration or other incentive. The students engaged in the study
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were sophomores between the ages of 19 and 22, and all but four of them were female. Although their
homes were in a diverse range of places across China, and they were from urban, suburban, and rural
areas, all students were enrolled in the pre-service teacher program for geography and will be qualified
as geography teachers in middle school after graduation. It is likely, based on past experience, that
most will teach geography in senior middle school.

The participants were divided into eight groups, and each was presented with a MSWord document
consisting of six parts, that included a brief interview guide, two preliminary questions, 44 statements,
a Q-score sheet (see Figure 1), and five post-sorting questions. The survey took approximately 70 min
to complete.

Figure 1. Q-score sheet.

3.3. Conducting the Q-Sort

Before sorting, the purpose of the study was explained to the participants. The participants
were encouraged to choose the viewpoints from their own perspective and not simply agree/disagree
according to “official” viewpoints. Two open questions were asked before formal sorting, viz., (a) briefly
outline what you understand about the relationship between geography education and environmental
education; and (b) do you agree that MT will have an effect on EE? If so, how? If not, why? These two
questions were designed to help adjust the mindsets of the participants. Instructions for completion of
the Q-sort were then given as follows: (i) carry out the survey in a quiet environment; (ii) after carefully
reading the statements, classify each one into three categories, viz., agree, disagree, unsure; (iii) select
the two statements that you most strongly agree with and place these in the column under the +4
marker; (iv) highlight these two statements in order to facilitate their later selection; (v) as in (iv) above,
select and highlight the two statements that you most strongly disagree with; (vi) continue as above,
progressively selecting the remaining statements that you most strongly agree/disagree with and place
them in the appropriate box. The participants were then asked to send a 60-s voice message via WeChat,
which was then transcribed, or to write a brief comment. Finally, the instructor conducted a short
interview with the participants, asking them to explain their sorting of viewpoints [63]. The interview
consisted of five questions as follows: (1) Please explain why you most strongly agree with the two
viewpoints in column +4. (2) Why do you most strongly disagree with the two viewpoints in column
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-4? (3) Why do you agree with the four viewpoints in column +3? (4) Why do you disagree with four
viewpoints in column -3? (5) What other points would you like to make?

3.4. Data Processing

PQMethod version 2.3 [64] was used to perform factor analysis. Principal Component Analysis
was used initially, and the final outputs of a varimax routine compared. Based on the criteria of
simplicity, clarity, distinctiveness, and stability [65], the result of three-factor rotation was selected.
Following rotation, the software identifies individual sorts that are representative of a particular factor
(see Supplementary Materials, Appendix A). The method indicated which respondents agreed with
each factor, and by how much.

3.5. Data Analysis

Generating descriptions of social perspectives is “something of an art” [65]. Factor interpretation
proceeds primarily in two ways, by (i) noting the objects that have significant factor loadings
(see Supplementary Materials, Appendix A), and (ii) by attending to the factor scores of Q sample items
characterizing the factor [61]. Firstly, the individual participants” sorts are examined carefully and
the transcript of the interview ordered according to the factor/statement they most closely represent.
Secondly, the data output file generated by the POMethod to examine the Normalized Factor Scores
of each statement enables the identification of the statements most representative of each factor [66].
Statements which rank +3 or higher, and -3 or lower, were used to interpret the meaning of each
factor, as they indicate the statements that most strongly distinguish each factor (Tables 2—4). It is then
possible to assess which factors the respondents rate as most important. References to the comments
made during the interview further assist in interpreting the factor loading (see Appendix A) and enable
the researcher to derive the final list of perspectives, which are then reviewed.

Table 2. Top ranked and distinguishing statements for factor 1.

No. Statement Normalized Z-Score
Factor Scores

Top ranked statement scores for Factor 1

21 MT is convenient to communicate environmental issues 4 1.733
3 MT can improve EE 4 1.600
15 MT courseware is more environmentally friendly than paper resources 3 1.509
41 Teachers’ information literacy will impact the effect of EE 3 1.447
17 MT is easily used to promote EE 3 1.262
20 MT can be used to simulate environmental processes and events 3 1.167
43 Schools in most areas of China have the necessary facilities to teach with MT -3 -1.360
13 MT is a form of entertainment and does not help achieve EE 3 1.369
learning objectives - o
12 MT encourages teachers to suspend their regular teaching methods -3 -1.653
8 MT is more effective than field environmental activities —4 -1.860
Distinguishing statements for Factor 1
14 Making MT courseware increases the burden on teachers 2 1.04*
6 MT in teaching cannot replace other forms of teaching 1 0.58 *
1 EE urgently needs to adopt MT -3 -1.40*
2 MT is the best way to teach EE -4 -2.05*%

Note: p < 0.05; Asterisk (*) Indicates Significance at p < 0.01.
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Table 3. Top ranked and distinguishing statements for factor 2.
No. Statement Normalized Z-Score
Factor Scores
Top ranked statement scores for Factor 2
15 MT courseware is more environmentally friendly than 4 1.743
paper resources
4 MT supports student knowledge construction 3 1.489
3 MT can improve EE 3 1.038
2 MT is the best way to teach EE -3 —-0.965
34 MT enhances an appreciation of social responsibility -3 -0.990
31 MT courseware promotes student creativity -3 -1.041
11 MT is divorced from the actual living environment -3 -1.819
13 MT is a form of entertainment and does not help achieve EE 4 ~1.898
learning objectives '
8 MT is more effective than field environmental activities -4 -2.519
Distinguishing statements for Factor 2
43 Schools in most areas of China have the necessary facilities to 4 216*
teach with MT ’

16 MT is able to meet a wider range of student learning needs 3 1.70*
25 MT courseware is easy to modify and update 3 1.54*
5 MT is better than traditional teaching methods 2 0.83*
9 Multimedia simulation is easier to use 2 0.80 *
41 Teachers’ information literacy will impact the effect of EE 1 0.51*
21 MT is convenient to communicate environmental issues 0 0.20*
17 MT is easily used to promote EE -1 -0.31*
Note: p < 0.05; Asterisk (*) Indicates Significance at p < 0.01.

Table 4. Top ranked and distinguishing statements for factor 3.

No. Statement Normalized Z-Score

factor scores
Top ranked statement scores for Factor 3
17 MT is easily used to promote EE 3 1.469
3 MT can improve EE 3 1.351
21 MT is convenient to communicate environmental issues 3 1.348
41 Teachers’ information literacy will impact the effect of EE 3 1.323
11 MT is divorced from the actual living environment -3 -1.205
12 MT encourages teachers to suspend their regular _3 _1.257
teaching methods
37 The visualization and ar}alys1s of spatial data in GIS relates _3 ~1.304
directly to EE
43 Schools in most areas of China have the necessary facilities to 3 1331
teach with MT ’
8 MT is more effective than field environmental activities —4 -2.194
Distinguishing statements for Factor 3
20 MT can be used to simulate environmental processes 4 1.86 *
and events
26 MT improves the students’ learning interest 4 1.68 *
38 Using GIS data sources can promote EE -2 -0.76 *
36 MT promotes the personal development of students -2 -1.17*
37 The visualization and analysis of spatial data in GIS relates 3 130 *
directly to EE B e
10 MT in teaching cannot become a daily EE method —4 -1.74*

Note: p < 0.05; Asterisk (*) Indicates Significance at p < 0.01.
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4. Results

As evident in Tables 2—4, the three factors can be grouped into three broad perspectives.

4.1. Perspective 1: MT Is Perceived as Valuable for Teaching EE, But It Is Difficult to Use

Perspective 1 is shared by a relatively large proportion of the respondents (11/27). Although these
respondents recognize the role of MT in EE, this response is tempered by the observation that they do
not agree that MT is the best way to promote EE (Statement 2), or that EE urgently needs to adopt MT
(Statement 1). By way of example, here are some representative comments that reflect the respondents
grouped into perspective 1.

Respondent no. 6:

Undeniably, multimedia technology is a good way of promoting environmental education, but it
is not indispensable, it has limitations, and it is not better than other ways.

Respondent no. 3:

I feel that MT is indeed very useful, but it is something of an armchair strategy. The role of MT
and its range of applications have been exaggerated ...

This group contends that MT requires the acquisition of skills that take a lot of time and energy,
and increases the teachers’ workload. It was also highlighted that there are marked regional differences
in China concerning the availability of appropriate facilities.

Respondent no. 4:

MT is definitely both a challenge and a burden for teachers.

Respondent no. 6:

Making multimedia courseware is not easy ... it takes a long time and energy to produce a
beautiful, desired effect and satisfactory courseware.

Respondent no. 18 (from Inner Mongolia):

MT cannot be implemented in many areas.

4.2. Perspective 2: MT Advances Student Learning in EE

This perspective considers MT to be a very good way of teaching EE and that it may be better than
traditional teaching methods (Statement 5), although they recognize that it cannot replace field study
(Statement 8). This perspective highlights the importance of the availability of appropriate facilities
but is of the view that these are generally available across schools in the country (Statement 43).

Respondent no. 5:

MT equipment is basically popular in China now. The requirements of multimedia equipment for
EE are generally not high and can be adjusted according to the needs of teachers.

This perspective emphasizes the advantages of MT itself and notes, furthermore, that MT
courseware is more environmentally friendly than paper resources and is easier to modify and update.
This group perceives MT to be more than simply a form of entertainment.

Respondent no. 5:

Multimedia is not necessarily entertaining, although it depends on the teachers’ selecting
appropriate content and students” own interests, which are subjective factors.

Respondent no. 11:

Traditional education relies more on paper resources that may not be recycled. Content using MT
can be modified and updated easily without impacting the environment.

This perspective also emphasizes the effect of MT as a cognitive tool that positively impacts on
student learning. This is consistent with Mayer’s (2001) learner-centered design, which promotes
learning and improves knowledge construction. These respondents agree strongly that MT is able to
meet a wider range of student learning needs (Statement 16), although they do not consider that it
advances creativity (Statement 31) or social responsibility (Statement 34).
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4.3. Perspective 3: MT Is a Highly Effective Tool in Advancing Student Learning in EE, Although the
Application of GIS Is More Difficult

This perspective has the most positive response to the perceived usefulness of MT as a tool to
enhance EE. This is best illustrated by the strongly positive reaction to Statements 20 and 26, and the fact
that they most negatively scored Statement 10 (see Table 4). Seven respondents, loaded prominently
on this perspective, believe that MT can be used to simulate environmental processes and that it can be
applied on a daily basis to improve students’ interest in learning. For example:

Respondent no. 19:

Using multimedia in teaching methods can present information and resources through multiple
channels to maximize students’ interest and concern.

Through interaction, students’ sense of participation and their learning interest in, and concern
for, the environment can be further improved.

Respondent no. 13:

MT can promote students” awareness of environmental protection. It can help to better carry out
EE in daily life.

Although this viewpoint is very strongly in favor of MT in EE, the respondents highlight some
further challenges. For example, there is rather less certainty around the visualization and analysis of
spatial data using GIS (Statements 37 and 38).

Respondent no. 13:

GIS is good at data management and operation analysis, but it still needs to be processed before it
can be used in education. The data provided by GIS also need to be interpreted in order to convey
ideas about the environment.

Reservations are also expressed concerning the availability of GIS technology in schools and the
capacity of teachers to use it, given the complexity of geospatial data.

Respondent no. 8:

Students are only exposed to textbook maps or remote sensing images on TV or the internet . ..
because of the difference in GIS’ popularization rate or education, students lack access to the GPS
databases of some authoritative observation sites.

Respondent no. 24:

GIS has little effect on EE for teachers who are not particularly good at its application. GIS is
complicated in analysis, and it is challenging for students” understanding and cognitive ability. I think
teachers should be able to explain the fundamentals in simple terms, it can be adopted appropriately,
but not put the cart before the horse.

5. Discussion

The results of the Q-score exercise conducted with the 27 student participants indicate that there
is a continuum of responses from those participants (Perspective 1) who feel that, although MT has
great potential in teaching EE, it is difficult to apply, to those who embrace MT and are strongly in
favor of using it consistently in the classroom (Perspective 3). In general, the study highlights the
potential of MT in EE, and some respondents go as far as to say it is an essential element. However,
there are some limitations noted, especially in relation to fieldwork, where many feel that exposure to
real-world conditions beyond the classroom cannot be substituted for MT. Furthermore, while GIS is
accepted as a valuable means of collating, analyzing, and interpreting geospatial data, the respondents
are very uncertain about applying this in their teaching—and this despite the fact that they have all
successfully passed a GIS module as part of their curriculum. This finding concurs with several recent
research studies which question the benefits and learning outcomes of GIS [67-69]. This may be partly
attributed to several challenges to incorporating GIS in secondary education [70-74] Challenges can be
summarized as technological and societal [75]: for example, students may focus on technology rather
than on geography while adapting GIS to the curriculum, which may lead to GIS becoming the actual
aim in the teaching process instead of a mere tool [76]. The teachers also mentioned several potential
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problems, including their own shortcomings in using both computers and GIS, the lack of time allotted
for such activities, inadequate computer skills, and the level of difficulty of GIS, since it has been found
to be rather complex [77].

The geography and environmental education research community has perhaps still not fully
embraced the potential contribution of GIS to substantive learning [78]. Without doubt, however,
GIS education will be of increasing importance in the future. GIS may indeed make significant gains
if environmental educators embrace the technology [75], and it will be essential for all geography
teachers to develop adequate skills, a situation that should become more feasible as open-source GIS
software becomes more user-friendly. For example, in the newly revised curriculum standard in 2017,
GIS is strongly prevalent [79]

The uncertainty over GIS in the responses points perhaps to a more deep-seated issue among
pre-service teachers. Multimedia literacy in general appears to be underdeveloped, a problem
exacerbated by the inequitable distribution of MT resources in Chinese schools. It has been suggested
that technology receives little attention in teacher education programs [80]. Consequently, their
technological knowledge and the ability to use MT is in need of being strengthened overall in teacher
education, not only from the perspective of EE [81]. Of course this begs the question as to what
level of student and teacher information literacy should be expected. It is widely accepted that
achieving high levels of competency in MT is time-consuming and labor-intensive, and it is probably
unreasonable to expect teachers to acquire the skills to actually produce multimedia software and
content. It is more realistic to train teachers in the use of software that is already developed and, in the
context of the goal of sustainability, customized for EE. Courseware modules can be produced by a
range of actors, including university research units, government agencies, environmental protection
organizations, and commercial enterprises that can cooperate to promote the application of MT in
environmental education.

Respondents grouped in Perspective 2 consider multimedia as a cognitive learning tool and that
MT presentations do more than simply provide information, and can also guide students as to how to
process the information. In other words, as in constructivism, MT can aid the process of knowledge
construction [82]. This constructivist view is in many ways highly consistent with the well-established
Guiding Principles of Environmental Education [83] and levels of environmental literacy [84].

Of course, pre-service teacher education should only focus not on how to use technology, but
also on how technology intersects with pedagogical and content knowledge [85,86]. As Mishra
and Koehler [87] advocate, it is only when teachers demonstrate the interplay of technological
knowledge (TK), pedagogical knowledge (PK), and content knowledge (CK) that they can be effective
in using technology to enhance their teaching practices. This study clearly emphasizes the need for
improvements in teacher-education programs using MT to enhance EE.

6. Conclusions

Based on a 17-week undergraduate course aimed at guiding the students to develop EE courseware,
the paper investigates empirically the levels of understanding and attitudes toward MT in relation to
the EE of a cohort of geography pre-service teachers. Three related but distinctive perspectives are
identified. The respondents grouped into Perspective 1, while recognizing the potential of MT, suggest
that it is difficult to apply and that they are more likely to continue to use more traditional teaching
methods. Those grouped in Perspective 2 are more supportive of applying MT in EE, considering that
it offers a valuable cognitive tool for student learning, although they identify limitations in regard
to fieldwork which cannot be easily replaced by a reliance on technology. Perspective 3 respondents
are most strongly in support MT and consider that it can make a very valuable contribution to EE,
although they are much less certain about the role of GIS.

Through its application of the Q method, this study offers a deeper understanding of pre-service
geography teacher perceptions of the use of MT to enhance the effectiveness of EE. The results of this
study indicate that, even after the completion of a short course introducing MT in the EE context, these
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prospective teachers still have variable opinions, and a substantial number of them remain uncertain
as to its application, especially in relation to GIS. To move forward, improvements in pre-service
teacher education programs in China are recommended. In particular, attention should be paid to
the application of a constructivist learning theory and to developing MT skills in general and GIS
competency in particular. Such interventions should help to harness the advantages of MT and promote
EE in schools.
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Appendix A

Table A1. Factor matrix with an X indicating a defining sort.

Participant# Factor
F1 F2 F3
1 0.5692 0.5840 * -0.1007
2 0.4821 0.4696 0.2394
3 0.7391 * 0.1923 0.3725
4 0.6829 * 0.1292 0.4911
5 0.0032 0.6882 * 0.2590
6 0.8328 * 0.0199 0.0387
7 0.6802 * 0.2846 0.2524
8 0.1148 0.1717 0.6538 *
9 0.2488 0.4859 * 0.3507
10 0.5639 0.5167 0.3056
11 0.1746 0.6933 * 0.4061
12 0.6189 * 0.2887 0.4742
13 0.3490 0.2189 0.6015 *
14 0.5891 * 0.1351 0.4136
15 0.5759 0.1594 0.6000 *
16 0.0423 0.4077 0.5129 *
17 0.5579 * 0.3239 0.2221
18 0.6757 * 0.0878 0.0857
19 0.4813 0.0251 0.7345 *
20 0.4737 0.3679 0.4957
21 0.1520 0.6436 * —0.0450
22 0.6248 * 0.3663 0.3900
23 0.6105 * 0.1097 0.3546
24 0.2812 0.2782 0.5854 *
25 0.5652 0.5065 0.2725
26 0.5958 * 0.3288 0.3800
27 0.1710 0.0552 0.7384 *
% expl. Var. 26 14 19

Note: The numbers 1, 2, 3, and 4 refer to the particular participants, in order to protect their privacy; * Represents a
defining sort, which means one perspective.
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