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Abstract

This research aims to explain the process of designing Augmented Reality (AR)
media about climate change specifically to increase awareness across
generations. The method used is Design-based Research, through the stages of
analysis, design, development, and evaluation. The results of the research are in
the form of card-shaped media as markers and application software called
ClimateChange AR. Several validation tests were carried out on the product,
namely in terms of material, media, and readability for representatives of the
Millennial Generation (Gen-Y) and Post-Millennial Generation (Gen-Z) with a
validation percentage in terms of material, media, and readability respectively of
90.20, 85.25, and 90.50%. Apart from that, a limited media trial was also carried
out on 20 Millennial Generation (Gen-Y) and 20 Post-Millennial Generation
(Gen-Z) people, where the results showed an increase in awareness of climate
change with medium category and the need for action to reduce the factors that
cause climate change. happen. It can be concluded that the AR media developed
is very suitable for use and is expected to increase awareness across generations
in protecting the earth and reducing factors that cause climate change. It is
recommended for further research to test its effectiveness and use across
generations with a wider scope.
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1. Introduction

Human activities, particularly the combustion of fossil fuels, have increased the
concentration of greenhouse gases in the atmosphere since the Industrial Revolution,
resulting in global climate change and global warming [1, 2]. Climate change has
become one of the top ten ecological problems confronting humans relating to cross-
generational awareness [3]. Many reports regarding climate change and its impact
has been well-documented [4-7]. In the climate change study, the term cross-
generational awareness was into five components: knowledge, climate-friendly
behaviour, multiplicative actions, attitude, and personal concern [8].

How to slow down, adapt to, and safeguard the environment including human
awareness of multi-generation in the face of climate change has become a hot topic
in the international community [9]. In the early 1990s, the United States, the United
Kingdom, and the Netherlands assumed the lead in performing climate change and
awareness research, followed by other countries [10]. To deal with climate change,
scholars have been researching cross-generational awareness in the earth's
ecosystems [11]. This climate change has had a significant impact on the concept
of sustainable development [12]. Climate change and cross-generational awareness
are also interdisciplinary research subjects that include environmental science,
geographical area, forest products, atmospheric sciences, environmental
engineering, and social science [13, 14].

Climate change could pose global and unprecedented threats to humanity [15].
Climate change is expected to create intense heat waves, acute droughts, and air
pollution, as well as the danger of catastrophic flooding, which might lead to water
scarcity, food insecurity, and malnutrition [16]. Similarly, analysts believe that
climate change will exacerbate the effects of pollution and environmental issues,
posing serious dangers to human health and safety [17]. Climate change, according
to the World Health Organization, will have a significant impact on human health in
a variety of ways, including disruptions in drinking water supplies, nutritional food
composition, and safe housing [18]. These climate change issues necessitate more
expansive imaginations that are responsive to the situated and interconnected worlds
that we inherited and transmit throughout time, generations, and species [12, 19].

Given the current and possible impacts of climate change on humans,
ecosystems, and the environment, worldwide analysts believe that severe action is
required to study, reduce, and mitigate climate change to avoid future devastating
and costly consequences related to awareness [20]. Similarly, sustainable
approaches and innovative technologies are being used to predict and comprehend
the effects of climate change on numerous sectors. That is why sustainable
development goals (SDGs) has been one of the hot topics to solve issue in climate
change, including putting it in all education levels [21-25].

The use of computational approaches such as artificial intelligence [26-28], the
Internet of Things [29-32], and deep machine learning [33- 37] is one such strategy
to solve current problems in the world [38].

Technology that is simple but interactive and in line with developments in the
Y and Z generations [39]. one of which is Augmented Reality (AR) [40-41],
wherewith AR abstract things can be visualized as real, and give a more real
impression in presenting interactive video elements by scanning markers. [42].
Therefore, the novelty in this research is the creation of AR about climate change
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that is adapted to the characteristics of Gen Y and Gen Z, with the hope that this
AR can increase cross-generational awareness of climate change and the need for
action to reduce the factors that cause climate change that occurs.

2. Literature Review

In addition to the strictly scientific components of climate research, much
contemporary interest has been driven by the accumulation of observational and
modelling information on the ways humans influence the climate system, involving
cross-generational knowledge [43]. To review and coordinate the scientific
community's research activities in this area, the United Nations Environment
Program and the World Meteorological Organization established the
Intergovernmental Panel on Climate Change (IPCC) in 1988; its assessment reports
are issued every 4-6 years [44]. The ARs describe scientific advances, unresolved
problems, and bottlenecks in our ability to detect, model, analyse, and predict the
evolution of the climate system by assembling systematic reviews of pertinent
scientific literature [45]. Evolution of climate models across the first four IPCC
assessment reports, ranging from the early 1990s to the mid-2000s [46].

Many climatic variables are now being remotely sensed from the most remote
areas of the globe. For example, they measure the overall intensity and spectral
parameters of emitted infrared and display noticeable and ultraviolet radiation, as
well as complex algorithms relate these basic measurements to actual atmospheric
properties such as temperature and the amount of cloudiness [47].

Because perceptions of climate change risk among generations are poorly
understood, the theoretical model is based on environmental behaviour theory and
incorporates current knowledge of how generations perceive the environment [48].
The Value Belief Norm (VBN) theory of environmentally responsible behaviour
draws on several awareness-related behaviour theories to form a causal chain of
variables: personal values, a set of beliefs about the environment, awareness of
consequences, attribution of responsibility, and personal norms for environmental
action [49]. Risk perception can be viewed as awareness of consequences using the
VBN framework. Values help generate beliefs and influence risk perception
(awareness of consequences) [50].

3. Research Methods

The research carried out is included in Design-based research (DBR). The
research uses 4 steps, namely: analysis, design, development, and evaluation.
Analysis the need for innovative delivery to cross generations, especially Gen-Y
and Gen-Z who are already accustomed to the use of technology, regarding the
importance of understanding climate change which is one of the ten ecological
problems. The main problem faced by humans is related to intergenerational
awareness. Then, the design stage was carried out in the form of an AR media
design regarding climate change.

This was carried out as a development stage and validation tests were carried
out from media experts. In addition to the validation test, a limited trial was carried
out on 20 Generation Millennial (Gen-Y) people, they are aged 30 (2 people), 33
(8 people), 36 (4 people), and 39 (4 people) and 40 (2 people); and 20 Generation
Post-Millennial (Gen-Z) people, they are aged 18 (12 people), 17 (8 people). The
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instrument used to measure the knowledge, attitudes, climate-friendly behaviour,
and multiplicative action of millennials and post-millennials was developed by
researchers. Knowledge consists of 10 items with true (1) and false (0) statements,
and attitude consists of 15 items with a Likert scale of 1-4. Researchers also
conducted interviews about their opinions and action plans that they would carry
out as agents of climate-friendly behaviour and were committed to carrying out
multiplicative actions as a form of climate change awareness.

4. Results and Discussion

The results obtained from the Augmented Realty media using the DBR process on
climate change include Analysis, Design, Development, and Evaluation.

The analysis was carried out by observing multigenerational human awareness
in facing climate change, then analysing the need for innovative delivery to cross
generations, especially the Millennial Generation and Post-Millennial Generation
who are already accustomed to the use of technology, regarding the importance of
understanding climate change which is one of the ten ecological problems.

The results of the analysis include: 1) each generation needs to be given
treatment. Thus, there is an increased awareness of climate change which needs to
be addressed and handled for sustainable development for a better future life, 2) the
treatment given to increase awareness across generations must be provided using
media assistance that suits the characteristics of the generation itself. One
development that can be carried out is by adding the help of AR technology media
which is adapted to the millennial and post-millennial generations by adding videos
containing the causes and impacts of climate change. This is because AR can clarify
explanation tasks in the interactive videos provided [51].

AR design is then created that is tailored to your needs. The sketch or story
board for the AR is in Fig. 1. View page in the process running video is in Fig. 2.
At the development stage in creating AR, this is done at the end of the media, where
the user or validator considers it necessary to have a statement before exiting to
choose whether to exit or not. Thus, the application after pressing the exit button
does not exit immediately, shows about process login to the App
ClimateChange.AR, Running AR until the end, that at the end an additional display
of options likes suggestion from validator.

‘ Exit |4 ------ AR not
Running
¥
Click _ i [ '— /s N
the —P‘ Login ‘—h Sa'“ —ﬂ Play |—r: Marer  —> [ End H Bt ‘
lcon — | ShEen —_— ‘, 7 Running

Fig. 1. Design sketch for AR.
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Fig. 2. Process use the climatechange.AR App.

Step on evaluation, AR technology media about climate change was validated
by language and media experts, where the indicators used included suitability of
material, media, and readability [20]. Several validation tests were carried out on
the product, namely in terms of material, media, and user readability. With
validation percentages in terms of material, media, and readability of 90.20, 85.25,
and 90.50% respectively. The AR media developed has validity in the very good
category in terms of material, media, and legibility.

With the rapid development of technology today, there is a need for media or
tools to explain information and encourage changes in awareness, especially in the
millennial and post-millennial generations that are practical, effective, and
interesting, and interactive with more meaningful functions. This can also be seen
from the limited test results, where the average increase in awareness across
millennial and post-millennial generations for all components is in the medium
category (Table 1.). In this case, the choice of AR technology is aimed at achieving
the tasks and goals of increasing cross-generational awareness as expected [51].
Providing clearer information will help media users understand the importance of
conserving nature as an agent of sustainable development [52].

Table 1. Differences in knowledge, attitudes, climate-friendly
behaviour, and multiplicative action before and after using AR.

Variable G Mean Conclusion

‘" "Before After Difference  N-gain Category
Knowledge Z 4.18 8.24 4.06 0,70 High

Y 3.45 7.35 3.90 0,60 Medium
Attitude Z 42.85 4991 7.06 0,41 Medium

Y 45.35 50.24 4,89 0,33 Medium
Climate-friendly Z 39.82 46.32 6.50 0,32 Medium
behaviour Y 40,25 49.42 9,17 0,46 Medium
Multiplicative Z 30.56 45.81 15.25 0,52 Medium
action Y 41.36 50.21 8,85 0,47 Medium

5. Conclusion

Intergenerational awareness has recognized that planning for intergenerational
impacts, and evolutionary awareness may be useful strategies for mitigating the
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impacts of urbanization and climate change. The primary focus of researchers has
steadily shifted from climate change goals to the social viewpoint of
intergenerational consciousness studies over the previous decades. DBR was
carried out by creating AR technology media about climate change with the results
of development validation in the very valid category and very suitable for use
across generations as a solution for implementing sustainable living. The result is
increased awareness of climate change in the moderate category and the need for
action to reduce the factors that cause climate change. It is recommended for further
research to test the effectiveness and use across generations with a wider scope.
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