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Sustainable technologies,
mega-events, and environmental
awareness—Lessons from Expo
2020 Dubai

Sameh Al-Shihabi*, Ridvan Aydin, Atidel Hadj-Alouane and
Arwa Alshanasi

Industrial Engineering and Engineering Management Department, University of Sharjah, Sharjah,
United Arab Emirates

Different sustainable technologies were used in Expo 2020 Dubai to construct
the different participating pavilions. Moreover, participating countries in the Expo
have presented their state-of-the-art sustainable urban planning, transportation,
and energy technologies. The purpose of using and presenting these technologies
was to raise the visitors' environmental awareness. Thus, this study first presents a
sample of sustainable technologies that were used or presented at the Expo. It then
seeks to determine if using and presenting these technologies has fulfilled the Expo
goal of raising its visitors’ environmental awareness. It also tries to find out which
environmental dimension was raised the most. For this purpose, a questionnaire
was used to measure environmental awareness before and after visiting Expo 2020
Dubai. Statistically analyzing the responses of 1,108 frequent visitors shows that
Expo 2020 Dubai achieved its goal of increasing visitors’ environmental awareness,
particularly the environmental attitude dimension. The findings also reveal that it
is essential to have a point of interest devoted to environmental issues in similar
events. This positive impact on the visitors should convince upcoming mega-event
planners to follow Expo 2020 Dubai’s steps. However, researchers need to develop
strategies to raise the willingness to act dimension of environmental awareness.

KEYWORDS

environmental awareness, mega-events, sustainable technologies, Expo 2020 Dubai,
sustainable development goals

1. Introduction

Environmental awareness (Shelest et al., 2017) has been the primary motivator for
people to become environmentally conscious consumers according to Sekhokoane et al.
(2017). Eco-conscious consumers have pushed corporations and policymakers to adopt
sustainable development solutions and policies to mitigate critical environmental problems
(e.g., Ramsey et al., 1992; Bulkeley, 2000; Oguz et al., 2010). For example, Gadenne et al.
(2009) found that environmental awareness leads to environmentally friendly business
practices in small and medium enterprises. Similarly, Abramova (2020) has addressed the
necessity of boosting environmental awareness to create an integrated waste management
system in Moscow.

Environmental awareness campaigns have been limited to a specific nation (e.g.,
Gadenne et al,, 2009), industry (e.g., the freight transportation industry in Fu et al., 2020),
or ecological component (e.g., renewable energy in Bang et al., 2000). For this reason,
the Finnish-sponsored project, Strategic Guidelines for Improving Public Awareness and
Environmental Education in the Baltic Sea Area, targeted all Baltic Sea catchment area
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countries because ecological systems are not confined to a single
country (Partanen-Hertell et al., 1999).

Mega-events like Expos and World Cups provide ideal
opportunities to raise environmental awareness across all age
groups, geographies, and cultures. These events are great
opportunities to raise public awareness about the Sustainable
Development Goals of the United Nations (World Health
Organization, 2016). Sustainability is one of the three key objectives
of Expo 2020 Dubai. Sustainability can be defined as meeting the
needs of the present without compromising the ability of future
generations to meet their own needs.

The four key sustainability objectives of Expo 2020 Dubai,
hereafter referred to as Expo, are *:

1. Leaving a legacy of sustainable infrastructure and future-
oriented sustainable practices.

2. Catalyzing sustainability efforts in Dubai and the UAE.

3. Increasing public engaging
sustainability principles and sustainable living.

awareness by society on
4. Developing sustainability solutions that are scalable, extending
their benefits to the wider economy.

Sustainability is a broad phrase that encompasses economic,
social, and environmental factors. This study will focus on
environmental sustainability and investigate whether the Expo
achieved its goal of increasing the environmental awareness
of its attendees. Formally, this research aims to answer the
following question:

RQ1: Did Expo 2020 Dubai raise the environmental awareness
of its visitors?

As explained later, environmental awareness has several
dimensions: knowledge, attitude, and willingness (Fu et al., 2020).
Consequently, the next natural question to ask after addressing
RQl is:

RQ2: Which environmental awareness component was raised
the most due to visiting the Expo?

A quantitative research technique based on a survey targeting
Expo 2020 Dubai visitors are used to answer these questions.
The survey measures visitors' environmental awareness before
and after visiting the Expo, where environmental awareness is a
multidimensional construct (Sarstedt et al., 2019). To the authors’
knowledge, the extant literature did not address these questions
about previous mega-events. In addition to answering the above
two questions, this research also sheds light on the different
sustainable technologies presented at the Expo.

2. Expo 2020 Dubai

The 182-day Expo 2020 Dubai’s theme is “connecting minds,
creating the future” (EXPO 2020 DUBAI UAE, 2021a), which
is based on the idea that bringing the world together could

1 https://www.expo2020dubai.com/-/media/expo2020/sustainability/
expo2020-sustainability-report-2019-en.pdf

Frontiersin Sustainable Cities

10.3389/frsc.2023.1192295

result in a twist of new perspectives, actions, and inspirations
to establish solutions to challenges facing the whole world. Expo
2020 Dubai is divided into three thematic districts: sustainability,
transportation, and opportunity, where 192 countries participating
in the Expo have their own pavilion. There are additional pavilions
for national and international organizations and organizations
sponsoring the event.

Terra, the sustainability pavilion, is a unique pavilion that
focuses on environmental issues and solutions, with giant solar
panel-clad e-trees and 100% water recycling. In the following, a
more detailed description of Terra is provided, then, five country
pavilions that are likewise concerned with environmental issues
are described.

2.1. Terra—The sustainability pavilion

Under the heading “What to Expect When Visiting the Terra
Pavilion,” the official Expo’s website (EXPO 2020 DUBAT UAE,
2021b) highlights the following items:

e Be inspired to fight climate change.
e Solar energy and lots of it.

e Smart use of water.

e New paths of sustainability.

Terra consists of 4,192 mono-crystalline photovoltaic cells
mounted on a 130-m wide-angled, oval-shaped smart canopy
following the sun-like sunflowers and 18 Energy Trees scattered
around the pavilion, as shown in Figure . It can generate up
to 4 GWh of electricity per year, sufficient to power the energy
consumption of 370 average households. Besides being a smart
roof system for electricity generation and creating a thermally
isolated underground exhibition space, the main canopy also helps
collect rainwater and dew at night to produce clean water and
recycle graywater.

The Terra display has two immersive tracks for guests to choose
from: one exhibits the vivid secret world beneath the forest, as
shown in Figure 2, whereas the other shows the fully diversified
life beneath the sea, as shown in Figure 3. Following these trails,
visitors are confronted with the sad reality that people are harming
the lives of other creatures as a result of their actions.The dissolving
theater display as shown in Figure 4, for example, depicts how
ocean acidification and warming, both of which are the result of
human-caused environmental degradation, will harm sea animals.
Figure 5 shows the gnasher production machine. The gnasher uses
nature as an input and produces items as an output. The gnasher
also depicts the enormous amount of goods that are produced but
not consumed. After comprehending how human activities degrade
two rich ecosystems, the exhibition offers realistic, sustainable
solutions from several countries.

2.2. Country-pavilions

The Terra pavilion targeted environmental issues as well
as potential remedies. On the other hand, the pavilions of
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FIGURE 1
Terra pavilion photo. Source: Expo 2020 Dubai official website

FIGURE 2 FIGURE 4
Under the forest track. Source: Thinc design website: Dissolving theater. Source: Thinc design website:

ating hearts and diverse
s-we have more in
‘common with the wonders

of the ocean thanwe may

at first think.

FIGURE 3 FIGURE 5
Deep ocean life track. Source: Thinc design website: The gnasher. Source: Thinc design website
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the countries were more concerned with sustainable solutions.
Both the pavilions’ constructions and exhibitions featured these
solutions. This section overviews five country pavilions where
sustainable solutions were prioritized. These pavilions were
chosen using a peer-to-peer voting procedure. Staff from thirty
country pavilions were asked to recommend five pavilions, other
than their own, that focused on sustainability. This section
gives snapshots of Germany, Italy, Spain, Singapore, and the
Netherlands’ pavilions.

2.2.1. Pavilions’ constructions

The pavilions employed a variety of environmentally friendly,
architectural, and technological construction techniques. Some
illustrations of these techniques are as follows:

1. Reducing energy consumption.

(a) Having canopies as rooftops to reduce cooling requirements,
e.g., Singapore pavilion.

(b) Thermally insulating the exhibitions by adopting canonical-
shape structures, e.g., Spain and the Netherlands pavilions.
Vertically stacking structures to minimize exposure to sun,
e.g., stacking the three labs in the German pavilion.

Using greenery to keep the temperature down, e.g., Singapore
pavilion.

Creating a technical cloud to allow light to penetrate the roof
but to reduce direct sunlight impact, e.g., German pavilion.
Locating exhibitions underground, e.g., the Netherlands and
Spain pavilions.

Generating own energy using solar panels, e.g., Singapore and
Spain pavilions.

2. Reducing water consumption.

(a) Using sensors and robots to optimize the amount of water
needed for irrigation, e.g., Singapore pavilion.
(b) Using drip irrigation techniques, e.g., Singapore pavilion.

3. Generating own water.

(a) Condensing moisture to produce fresh water, e.g., the
Netherlands pavilion.

(b) Generating water through a desalination plant powered by
solar energy, e.g., Singapore pavilion.

4. Reducing materials needed for construction.

(a) Using Ethylene Tetraflouroethlyne (ETFE) for roofs to reduce
steel needed in construction, e.g., Italy pavilion.

(b) Enclosing the building with trees and plants instead of walls,
e.g., Singapore pavilion.

(c) Replacing walls with ropes made from recycled plastic, e.g.,
Italy pavilion.

5. Reusing materials.

(a) Using old materials in the structure, e.g., using old pipes for
the walls of the Netherlands pavilion.
(b) Using reusable materials in all pavilions.

6. Creating natural environments.
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(a) Creating a biotope, an area of uniform environmental
conditions providing a living place for a specific assemblage
of plants and animals, e.g., the Netherlands pavilion.

(b) Creating a rain forest in the middle of the desert, e.g.,
Singapore pavilion.

2.2.2. Pavilions’ exhibitions

The pavilions’ exhibitions used a variety of approaches to
promote environmental awareness. We briefly describe their
approaches:

1. Italy. The Italian exhibition is following the pavilion’s theme
of “Beauty connects people.” The pavilion has a 17-foot,
3D-printed reproduction of Michelangelo’s famed David
monument, as well as various other cultural and historical
displays, with 160 flora species adorning the walks and
walkways inside. Furthermore, the expo showcases a number of
innovative Italian technologies that support circular economies
and propose answers to environmental concerns.

. Germany. Being a campus, the pavilion has three labs: the energy
lab, the future city Lab and the biodiversity lab. In each lab,
cutting-edge German sustainable technologies are presented.
According to the pavilion’s official website, “Our aim in Dubai
is to show that, rather than only having a destructive impact
on our planet, humankind has the capacity—thanks to its
intelligence and creativity—to put global development back on
a positive course if, as the Expo theme suggests, people join
forces.” Visitors to the pavilion can learn about energy, smart
cities, and biodiversity by visiting the three labs. Visitors are
supposed to raise their environmental awareness at these labs
through various communication channels such as interactive
experiments, movies, and exhibits. A group of visitors swings in
avast room toward the end of the exhibition to demonstrate how
we can transform our surroundings by working together.

. Singapore. Singapore’s vision is to become a city in nature, and
the exhibition is proof of that. Visitors to the pavilions enter
through the ground garden that soothes the senses through the
cool air, proper sunshine, and abundance of greenery. Visitors
then watch a 360-degree, panoramic display in the city cone
that presents challenges faced in large cities and how Singapore
was able to defeat these challenges to become a city in nature.
In addition to the city cone, the pavilion has rainforest and
flower cones. On the one hand, the center piece of the rainforest
cone is a mimic of the giant Dipterocarp tree’s two-wing fruits
that spin down during the fruiting season. On the other hand,
the flower cone presents Singapore’s orchid hybridization and
conservation.

. Spain. The exhibition’s centerpiece, the Forest of Intelligence,
is kept underground to save on cooling costs. The fake forest
trees are made of special materials and can absorb CO2 and
other greenhouse gases in the same manner that real trees
can. Microalgae produced specifically for the pavilion also
enhance oxygen levels, reduce global warming, can minimize
future climate change effects, and are used to make biofuels
and protein-rich diets. Other innovations concerning circular
economies and closed-loop supply networks are also presented.
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5. Netherlands. Through an immersive and engaging experience,
visitors to the pavilion can learn about the biotope. A short
film demonstrating how the biotope works are displayed on
umbrellas handed to guests inside the cone. Waterfalls like rain
from the top of the cone at the end of the 3-min show.

3. Environmental awareness and expos

This section starts by reviewing the literature on measuring
environmental awareness. It then reviews publications about mega-
events and sustainability. Finally, this section ends by showing
the new contributions of this paper and its importance relative to
previous studies and future mega-events.

3.1. Measuring environmental awareness

Although environmental awareness as a construct was first used
over 50 years ago, experts have no consensus about measuring
it (Fu et al., 2020). However, scholars (e.g., Maloney and Ward,
1973; Dembkowski and Hanmer-Lloyd, 1994) have accepted that
environmental awareness is a higher-order construct (HOC). The
environmental awareness construct is formed from Cognitive
(e.g., knowledge), affective (e.g., attitudes), and conative (e.g.,
behavioral intentions or willingness) constructs (e.g., Maloney and
Ward, 1973; Maloney et al., 1975; Kollmuss and Agyeman, 2002;
Zs6ka, 2008; Zsoka et al, 2013). Several researchers (Kollmuss
and Agyeman, 2002; Zsoka et al., 2013) have also included
environmental concern (EC) in the environmental awareness
construct, while others considered EC as part of the environmental
attitude (Dunlap and Jones, 2002). The questionnaire used in
this work assumes a three-dimensional construct to measure
environmental awareness similar to that used by earlier researchers.
Thus, the questionnaire operationalizes and measures the lower-
order constructs (LOCs) of knowledge, attitude, and willingness.
thinking,
values, attitudes, and behavior toward environmental issues
(Dembkowski and Hanmer-Lloyd, 1994). Fryxell and Lo (2003)
defines environmental knowledge as “knowledge of facts, concepts,

Environmental knowledge affects a person’s

and relationships concerning the natural environment and its
major ecosystems.” Zsoka et al. (2013) extended this definition
such that environmental knowledge is not only about knowing
environmental problems but also about knowing the solutions to
these problems.

Environmental knowledge can be divided into objective and
subjective knowledge (e.g., Maloney et al., 1975; Pagiaslis and
Krontalis, 2014). On the one hand, objective knowledge measures
the extent of accurate information about the environment and its
problems stored in an individual’s long-term memory (Vicente-
Molina et al, 2013). On the other hand, subjective knowledge
measures what or how much a person knows about specific pro-
environmental actions (Pagiaslis and Krontalis, 2014). Researchers
typically rely on either type of knowledge when measuring
environmental Awareness (Vicente-Molina et al., 2013). It is argued
in Pagiaslis and Krontalis (2014) and Fu et al. (2020) that measuring
subjective environmental knowledge is more suitable for studies
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that measure the effects of environmental awareness on pro-
environmental behavior.

The second LOC that measures environmental awareness is
attitude. Attitude generally concerns a person’s belief regarding
the consequences of undertaking a specific behavior as a function
of the person’s valuation of the consequences (Ajzen, 1991).
According to Milfont and Duckitt (2010), environmental attitude
“is a psychological tendency expressed by evaluating the natural
environment with some degree of favor or disfavor.”

Willingness to act is the third LOC needed to measure
environmental awareness. According to Stone et al. (1995),
willingness to act defines behavioral intentions that are assumed
to capture the motivational factors that influence a given behavior
(Ajzen, 1991). Maloney et al. (1975) measures willingness by
measuring the verbal commitment to act.

3.2. Environmental awareness and expos

Multiple scholars have investigated the influence of mega-
events on environmental perspectives. Hao et al. (2011) and Deng
et al. (2014) analyzed the effects of Expo 2010 on the air quality
of Shanghai, China. Deng et al. (2014) investigated how effective
planning would improve urban life in the city, while Hao et al.
(2011) analyzed how Expo 2010 affected the air quality of Shanghai.
Regarding Expo 2015 Milan, Guizzardi et al. (2017), and Prayag
et al. (2021) investigated the impact of environmental certification
on Milan’s residents, not the visitors.

3.3. Gaps and contributions

Previous research on Expos and environmental concerns
focused solely on the environmental effects of the Expos on the
host cities, such as urban planning and air quality. These studies
did not study how these events have affected their visitors. Thus, it
is essential to determine whether or not these mega-events achieve
their goals of raising the environmental awareness of visitors.

This paper
environmental awareness. These tools are not limited to exhibitions

also documents the tools used to raise
and showcases but also the pavilions’ constructions. The effect of
employing construction to raise environmental awareness was not
tested before.

4. Research design

This study’s sample consists of Expo attendees who purchased
annual passes. In this research, an identical questionnaire was
administered twice, before and after the Expo. Comparing the
findings of the two surveys would provide an answer to the study’s
research questions.

All annual pass purchasers must register their phone numbers
and email addresses with the Expo administration. A random
sample of 1,500 visitors out of approximately 300,000 individuals
who bought the annual passes was contacted. From this sample,
1,240 individuals volunteered to complete the questionnaire.
Although 1,240 people completed the questionnaire before the

frontiersin.org
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FIGURE 6
Environmental awareness measured using a reflective-formative HOC.

Environmental

Environmental

Knowledge

Attitude

Expo, only 1,108 responses were received after the Expo. The pre-
visit and post-visit surveys were administered 1 week before and
after the Expo. Participants received electronic surveys, followed
by phone calls to answer any questions and urge them to complete
the surveys.

The questionnaire consisted of two sections. The first section
addressed (i) general demographic questions and (ii) pavilion visits.
Questions assessing the LOCs of environmental awareness were
asked in the second section. The questionnaire’s second section was
identical before and after the Expo. However, questions regarding
pavilion visits were not included in the first survey.

4.1. Environmental awareness

Since the Expo had two goals: (i) to shed light on
environmental problems and (ii) to demonstrate that there are
solutions to these problems, both goals were assessed through the
survey questions. So, the survey included two questions about
environmental problems and two other questions about solutions
to environmental problems when assessing knowledge and attitude
(Zsoka et al,, 2013). All questions were adopted from the literature,
possibly slightly modified, to avoid deviating from the literature,
and still serve the purpose of this study. As illustrated in Figure 6, a
reflective-formative HOC to assess awareness is used.

Questions EK1-EK4 in Table | are comparable to those in
Pagiaslis and Krontalis (2014). Pagiaslis and Krontalis (2014)
focused on biofuels; hence, they evaluated the consequences of
pollution and how biofuels might resolve these issues. However,
this study is not concentrating on a single environmental problem
and its solution; hence, the questions adopted from Pagiaslis and

Frontiersin Sustainable Cities

Krontalis (2014) were modified to make them more suitable to the
information presented in the key pavilions. As previously indicated,
questions EK1 and EK2 test the environmental knowledge of
visitors regarding environmental problems, whereas questions EK3
and K4 assess their environmental knowledge regarding solutions
to these problems.

Dunlap et al. (2000) have created a set of environmental
attitude-measuring questions, the revised new ecological paradigm
(NEP-R) (Milfont and Duckitt, 2010), from which four questions
are selected. Questions EA1 and EA2 in Table 1 inquire about the
severity of environmental problems. The remaining two questions,
EA3 and EA4, address potential fixes to the challenges. The verbal
commitment subscale created by Maloney et al. (1975) examines
what a person is willing to do about environmental issues, such as
sorting rubbish or using public transportation. Questions EW1-
EW4 in Table 1 assess willingness to follow the guidelines in
Maloney et al. (1975). Moreover, these issues are compatible with
what the respondents have experienced in the Expo.

4.2. Questionnaire validation

Before collecting data, the questionnaire was validated using the
procedures described by Bang et al. (2000). Seven professionals in
the field assessed the questionnaire, one of whom has peer-reviewed
articles on environmental awareness assessments. Face validation
of the questionnaire and recommendations for question revisions
were solicited. The questionnaire was then administered to twenty
individuals who were questioned about the questions’ clarity and
ambiguity. Before sending the questionnaire to the respondents,
questions were adjusted based on the inputs received from experts

frontiersin.org
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TABLE 1 Questions asked in the survey to measure environmental
awareness.

Dimension Item

Knowledge EK1: How knowledgeable are you regarding the negative
impacts of our current consumption patterns of food and

products?®

EK2: How knowledgeable are you regarding the negative
impacts of relying on non-renewable energy sources like
petrol and natural gas?*

EK3: How knowledgeable are you regarding the positive
impacts of using different renewable energy sources?*

EK4: How knowledgeable are you regarding the concepts of
reduce, reuse, and recycle to solve environmental problems?*

Attitude EA1: Humans are severely abusing the environment”

EA2: Exploitation of nature has driven us to the brink of
ecological collapse®

EA3: Most environmental problems can be solved by
applying more and better technology®

EA4: Humans will eventually learn how to solve all
environmental problems®

Willingness EW1: I am willing to replace plastic products with other

reusable ones®

EW2:I am willing to donate my used clothes and goods
instead of throwing them away®

EW3: T am willing to purchase electric or hybrid cars instead
of petrol ones next time I need to buy a car®

EW4:I am willing to sort my waste®

2 Adapted from Pagiaslis and Krontalis (2014).
bAdapted from NEP-R, Dunlap et al. (2000).
“Following Maloney and Ward (1973) to assess willingness.

and the pilot test. The replies were measured using a five-point
Likert scale, with responses matching the question type.

5. Data analysis

In this section, the gathered data were initially evaluated for
reliability and validity. Then, two hypotheses are used to answer
RQ1 and RQ2. Last, a series of statistical tests were conducted to
assess whether demographic data or Expo attendance affects raising
environmental awareness.

5.1. Reliability and validity

The LOCs in our model are reflective because the used
indicators are manifestations of these constructs; however,
environmental awareness is a formative construct because each
LOC defines one of its facets. This distinction in causation between
reflective and formative notions requires distinct methods for
assessing their reliability and validity (e.g., Hair et al., 2011, 2012;
Sarstedt et al., 2019).

The values of Cronbach’s alpha(«), composite reliability (CR),
and average variance extracted (AVE) are presented in Table 2
for the LOCs before and after attending the Expo. Cronbach(«)
and CR values over 0.7, according to Cronbach (1951) and Hair
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et al. (2011), respectively, indicate internal consistency. Table 2
demonstrates that all LOCs surpass these threshold values in
surveys done before and following the Expo. In addition to internal
consistency, indicator reliability is approved if the indicator loading
associated with each question exceeds 0.6, as discussed by Chin
(1998) and Henseler et al. (2009). Before and after the Expo, the
lowest indicator loading in both models was 0.646%. Thus, the
LOC:s are deemed reliable.

AVE must be more than 0.5 to establish convergent validity, as
mentioned in Fornell and Larcker (1981). Table 2 demonstrates that
all LOCs have met this criterion. According to Fornell and Larcker
(1981), the Fornell-Larcker criterion for evaluating discriminant
validity demands that the AVE of each concept be greater than the
squared correlations with all other constructs. This relation holds
for all LOCs in both models.

In our approach, the LOCs serve as environmental awareness
indicators, a formative HOC. Petter et al. (2007) suggest that
examining the reliability of formative constructs is not essential
because each dimension assesses a different aspect of the construct.
Consequently, the significance of each LOC on the HOC and the
relationship between LOCs are evaluated (Henseler et al., 2009).
The relevance of each LOC is determined by comparing the weights
of the indicators to a threshold value of 0.1 (Andreev et al,
2009), where a bootstrapping approach determines the weights
(Henseler et al, 2009; Hair et al., 2011). Table 3 demonstrates
that all weights surpass 0.1 and are statistically significant based
on the P-values associated with each LOC. Table 3 also displays
variance inflation factors (VIFs) employed to quantify the degree
of multicollinearity between the indicators (Hair et al, 2011).
According to Diamantopoulos and Siguaw (2006) and Hair et al.
(2011), indicators are deemed independent if their VIF values are
less than 5 or 3.3, respectively. In our models, the VIF values are less
than 3.3.

5.2. Answering the research questions

Each research question is associated with an appropriate
hypothesis. Conclusions made from testing these hypotheses
answer RQ1 and RQ2. Since measures are taken before and
after visiting the Expo for the same individuals, paired tests
are used to examine the differences in environmental awareness
before and after the Expo. Wilcoxon-signed-rank test (Taheri and
Hesamian, 2013) is used to answer RQI1, which is associated
with Hypothesis 1, where [Zpefr and [Laper are the population
medians of environmental awareness before and after the Expo,
respectively. The Wilcoxon-signed-rank test is non-parametric and
is more appropriate for hypothesis resulting from Likert-scale data,
which could violate the assumptions of normality needed to use
parametric testing (Carifio and Perla, 2008; De Winter and Dodou,
2010).

Hypothesis 1:

Ho: ﬁAfter - ﬁBefore =0
Hy: ﬁAfter - ﬁBefoe >0

In addition to testing environmental awareness before and after
the Expo, the three LOCs are also tested, as shown in Hypothesis 2.
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TABLE 2 Cronbach(«), CR, and AVE measures before and after visiting the Expo.

Responses before Expo

Responses after Expo

Cronbach (&) CR Cronbach () CR
Environmental knowledge 0.769 0.852 0.593 0.743 0.833 0.56
Environmental attitude 0.841 0.894 0.679 0.821 0.822 0.653
Environmental willingness 0.708 0.814 0.531 0.713 0.805 0.515

TABLE 3 Indicators’ weights as found using a bootstrapping algorithm.

Responses before Expo

Responses after Expo

Weight P-value Weight P-value
Environmental knowledge 0.503 < 0.001 2.022 0.483 < 0.001 2.1211
Environmental attitude 0.421 < 0.001 2.061 0.441 < 0.001 1.981
Environmental willingness 0.27 < 0.001 1.234 0.24 < 0.001 1.673

In this hypothesis, q refers to one of the three LOCs components
used to measure environmental awareness.
Hypothesis 2:

Ho: 'az}fter - 'a?iefore =0
Hy: ﬁf‘xﬁer - ﬁgefoe >0

Using a confidence level of 0.01, i.e., « = 0.01, the four null
hypotheses are rejected because the P-values for all the tests are less
than 0.01. Thus, it is concluded that environmental awareness and
all its dimensions were raised after visiting the Expo.

RQ2 is about identifying the environmental awareness
component that was most increased because of Expo attendance.
As shown in Hypotheses 3A-5B, six tests are conducted to rank
the environmental awareness components based on how much they
were raised. The null hypotheses assume the equality of the median
changes, while the alternative, one-sided hypotheses check which
of the tested components has been raised more. The A pcomponent
represents the change in medians of the environmental awareness
of the tested component. By component, we mean the three LOCs
of knowledge, attitude, and willingness.

Hypothesis 3A:

Hy: [Ha:] A/’anowledge — AL atitude = 0

Hy: A/'LKnowledge — Al attitude > 0
Hypothesis 3B:

Hy: Al’anmvledge — AL attitude = 0

Hy: AﬁKnawledge — Al attitude < 0
Hypothesis 4A:

Ho: A:lNIVKm)wledge - AI’ZWillingness =0

Hy: A/J*Knowledge - AMWillingness >0
Hypothesis 4B:

Ho: A,ZL’Knowledge - AﬁWillingness =0

Ha: ALlknowledge — AU willingness < 0

Hypothesis 5A:

Hy: ﬁAttitude - ﬁWillingness =0

Frontiersin Sustainable Cities

Ha: Hauitude — /IWillingness >0
Hypothesis 5B:

Ho: Hatitude — ﬁWillingness =0
Hat Ranitude — K Willingness < 0

The P-value of hypothesis 3A is almost 1, while it is < 0.01
for hypothesis 3B. Thus, it is concluded that environmental attitude
has been raised more than environmental knowledge. Hypotheses
4A and 4B conclusions show that environmental knowledge has
increased more than environmental willingness, while Hypotheses
5A and 5B conclusions show that environmental attitude has
increased more than environmental willingness. Consequently, the
results of these three hypotheses show that environmental attitude
was raised the most, followed by environmental knowledge and
environmental willingness.

Table 4 highlights the respondents’ demographic information.
It also provides information regarding the number of pavilions
visited by respondents and statistics regarding the Terra pavilion
visits. Table 4 shows the gender neutrality of our sample since 52%
of respondents are male, and 48% are female. However, the sample
was biased in terms of age and education. Most respondents are
18-35 years old and hold bachelor’s degrees. The Terra pavilion was
visited by 84% of the survey respondents. Respondents are clustered
into various groups based on the criteria indicated in column
1 of Table 4. Last, respondents came from 84 different counties;
consequently, nationality is excluded from any further analysis.

5.3. Demographic effects

Table 4 displays the results of five hypotheses tests to determine
whether Expo attendance had an equivalent impact on all groups
within each criterion. The tested hypotheses are shown in column
5 of Table 4, while the p-values of each test are shown in column
6 of Table 4. The Kruskal-Wallis test, the non-parametric version
of the analysis of variance (ANOVA) test, is used. It is evident from
the analysis that gender did not influence how much environmental
awareness was raised. Similarly, the frequency of trips to the
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TABLE 4 Test-of-hypothesis about the change in environmental awareness for the different groups that visited the expo.

Criterion Group Frequency Percentage Hypothesis P-value
Gender Female 531 48 Hy : AMale — A pyFemale > 0.05
Male 577 52
Age 18-35 years 609 55 Hy: Af8-3%r =
36-50 years 310 28 A0—50rs = < 0.05
> 50years 189 17 Ai=50rs
Education School 100 9 Ho: AJiSchool — A pyBachelor —
Bachelor 937 85 Apbost <05
Postgraduate 71 6
Terra visit Yes 928 84 Hy: ALY = AN < 0.05
Number of visits to
country pavilions ! 0 0 Hy: AR = AR* =
2 102 9 A = At > 0.05
3 358 32
4 537 48

country pavilion did not affect environmental awareness, as seen
by the p-value of the last hypothesis. The reason behind the high p-
value of the last hypothesis is: (1) the majority of visitors, 84%, have
visited Terra, and (2) all respondents have visited at least one of the
listed pavilions.

Visiting Terra undoubtedly increased visitors awareness
since the fourth hypothesis in Table4 was rejected. This
significant outcome demonstrates the need for a dedicated
pavilion to highlight environmental issues and their solutions.
Furthermore, different age groups were affected differently
their
environmental awareness increased significantly, whereas middle-

regarding environmental awareness. Young visitors’
aged visitors' environmental awareness increased the least.
Lastly, education affected the visitors’” environmental awareness.
Visitors with advanced degrees experienced the greatest increase
in environmental awareness, followed by those with high

school education.

6. Conclusion and future work

This study examined whether a global mega-event such as the
Dubai 2020 Expo could increase environmental awareness among
eventgoers, given that sustainability is one of the Expo’s goals.
Participating pavilions in the Expo have either used sustainable
technologies in construction or presented sustainable technologies
used in domains like energy and transportation. In this research,
a survey was administered to determine if the Expo had raised
visitors environmental awareness. Through the same survey, the
most boosted environmental awareness aspect was identified.

Environmental awareness of a sample of 1,108 Expo attendees
was measured before and after the Expo. Results show that visiting
the Expo has raised the environmental awareness of the sample
group. Moreover, among the three environmental awareness
components, the Expo’s visits increased environmental attitude
more than knowledge and willingness. The results also indicate that
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a pavilion devoted to environmental issues and their solutions, like
the Terra pavilion, undeniably boosts environmental awareness.

Every major event should aim to raise environmental
awareness, particularly in light of the Dubai 2020 Expo’s success in
this area. As environmental knowledge and attitude increased more
than environmental willingness due to the Expo, researchers, event
planners, and mega-event participants must devise new strategies
to promote environmental willingness.

Researchers must assemble, review, and contrast the tools
used to raise environmental awareness in mega-events so that
decision-makers can choose the best for future events. Moreover,
organizations granting the rights for countries to host these mega-
events need to consider what hosting countries can do to raise
environmental awareness.
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