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Figure1
3D printing’s potential economic value

illi r: 0-$500 00— Lo}
$3 trillion $1.4 trillion $330-35 $600-$90
billion billion
total US [ * US annual imports ’ ) = ’, o
annual imports in 3D-relevant imports that potentia
sectors could be onshored economic

with 3D printing value

23%-40%

1.8X Industrials 300-470
g Automotive 150-190
Consumer 80-120
products
Healthcare and 50-90
medical devices
Aerospace 10-30
*For every v dollar spent in manufacturing, ancther $1.81 is added to the economy, according to the National Association of Manufacturers,

Source: AT. Kearnsy 2017 30 Printing Study
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Engineering Offices Commission in Jordan Engineers Association Organizes
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The First Engineering Consultancy Conference (ECC)
“Towards a quantum leap”
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ABSTRACT

As the world population increases and the natural resources are being depleted the
application of sustainability principles is the duty of all people who should unite to reverse
this dangerous trend and make the mother earth inhabitable for future generations. One of
the ways to achieve this goal is by devising effective and focused educational measures
capable of bringing about a real change in the way economic developments are being carried
out and the way people relate to the environment in which all live. EJucation by doing or
experiential education is shown to have the potential of engaging youth in the drive for
sustainable development. Gaming as 3 mean of experiential education is discussed and
potentially effective games incorporating the routs to sustainability are identified.

1. INTRODUCTION

National developments have always been associated with increased energy consumption.
depletion of natural resources. increased GHG emissions. global warming and climate
change with consequent damage to the environment ecosystems. freshwater scarcity in
some parts of the world due water pollution and/or overconsumption and food security
problems. These problems are aggravated by the global population growth which is almost
exponential. Until1820. the global population stayed under1billion and it jumped to reach 2
billion around 1930. 3 billion around 1960. 5 billion around 1987 and 7 billion around 2011[1].
This lead to serious concerns over the sustainability of resources and the environment for
supporting life in the future the way it did so far.

Although sustainability has many definitions based on the context in which it is used. its
meaning remains the same. i.e.. human activities should proceed with minimal adverse
impact on the natural environment ecosystems and resources. Exponential population
growth is considered unsustainable due to increased consumption and Llimited life
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supporting resources such as fossil fuels and fresh water for irrigation and food production.
The Environmental Protection Agency adopted the following definition: “Sustainability
is based on a simple principle: Everything that we need for our survival and well-being
depends. either directly or indirectly. on our natural environment. To pursue sustainability
is to create and maintain the conditions under which humans and nature can exist in
productive harmony to support present and future generations.” [2]

Sustainabledevelopmentisviewed as meeting “the needsofthe presentwithoutcompromising
the ability of future generations to meet their own needs” (World Commission on Environment
and Development. 1987). This definition puts the world nations under increased pressure to
ensure that their production and consumption patterns are sustainable [3].

The three pillars of sustainability are the environment. the economy and the society. as
shown in Fig. 1. Thus. sustainability is always used in reference to the intersection of human
activities and ecological systems.

Social-Environmental
Emaronmental Juston Environmental
Haturai Rrscuarce L
Natral Resources Stowartshg > - Subsidias / Inceniives lor

Adptwd froms the 2002
Uneverzty of Mickspan
Secrmmabalis Azt

Figure 1: The three pillars of sustainability [3].

Economic sustainability implies a system of production that satisfies present consumption
levels without compromising future needs while social sustainability seeks to preserve the
environment through economic growth and the alleviation of poverty [4].

The objective of this paper is to shed light onto education for sustainability as a mean
of engaging people as individuals and communities in making the earth inhabitable now
and in the future. As the world population increases and urbanization is on the rise. the
envisioned role of sustainable cities is highlighted Ffirst.

Sustainability Indicators of Sustainable Cities

In May 1996. the United Nations Population Fund reported that in the year 2006 more than half
the world’s population will be living in urban areas. This means that cities play a central role
in economic and social developments in any society while consuming the largest portion of
energy and food resources with consequent highest carbon footprint. In Jordan. 80% of the
population is living in urban areas (Friedrich-Ebert-Sifting and the Royal Scientific Society;
2013) [5]. This shows the importance of making our cities sustainable. A sustainable city
(SC) is a city designed with consideration for social. economic. environmental impact.
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and resilient habitat for existing populations [4]. Sustainable cities have the following
sustainability indicators:

Localized Energy Production: This is often referred to as distributed generation (DG)
which involves small-scale power generation. typically in the range of 1 kW to 10 MW. DG
systems include renewable energy systems such as solar thermal and solar PV systems.
wind.biomass.geothermal and.where applicable. hydroelectric. The University of Jordan
already contracted a3 16 MW PV power generation installed on rooftops of buildings and
parking areas [6]. This will not only cut down the huge electricity bill. but will contribute
to making the city of Amman more sustainable.

Localized Food Production: A large proportion of the food consumed in SC should
be produced within the city itself or in the immediate surroundings. This is possible
by growing highly productive crops in greenhouses designed to be efficient in water
consumption and indoor environmental control. Organic waste from kitchens waste can
be treatment to produce organic gas for cooking and the fertilizer/compost needed for
soil enrichment [7]. Greenhouses can be heated or cooled using renewable energy or.
where applicable. waste heat.

Buildings Passive Thermal Design: Energy requirements for buildings’ heating. cooling
and lighting can be reduced substantially by proper building architecture that takes
advantage of the natural environment and improved building envelop fabric. Thermal
insulation. color. natural ventilation. interactive shading and daylighting. and air
tightness are considered essential for designing energy-efficient buildings [7].

Sustainable Public Transportation: With the increased urbanization and the standard
of living many cities around the world have witnessed several manifolds increase in
number of vehicles on their streets. Sustainable cities (SCs) react fast to change by
devising ways and means of dealing with this problem. SCs continuously upgrade their
transportation infrastructure to eliminate traffic congestions which are time and energy
wasting with increased levels of pollution. SCs regulate and enforce clean air standards
by eliminating energy-inefficient transport vehicles. A well designed transportation
infrastructure that is keeping up with the state-of-the-art developments in transportation
systems is @ characteristic of sustainable cities [8].

Smart City: The British Standards Institute defines a smart city as “the effective
integration of physical. digital and human systems in the built environment to deliver
sustainable. prosperous and inclusive future for its citizens”. That is. sustainable cities
are smart cities with smart communication. information and power generation systems.
Smart flying cars which will soon become the common mean of personal transportation
need different infrastructure and smart cities foresee the change before it happen and
plan their infrastructure accordingly [9].

Thus. sustainable cities use new technologies: fuel-efficient cars. energy-efficient home
appliances. net-zero- or even energy-plus buildings. waste management (wastewater
treatment and recycling. paper recycling. solid-waste treatment into a biogas. spent cooking
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oil collection and treatment into a biofuel. etc.). less plastic and more biodegradable
substitute. rainwater collection and traffic congestion management using well-designed
transportation infrastructure with less stoplights.

2. EDUCATION FOR SUSTAINABILITY (ES)

Sustainable cities inhabited by people who. if educated for sustainability. would be
dedicated towards minimization of required inputs of energy. water and food and output
of air and water pollutions. In order to have a sustainable society. sustainability principles
should beimplemented at all levels of human activities. Thus.for preserving our environment
to be inhabitable by future generations. a holistic approach involving the three pillars of
sustainability is a3 must in any economic development. In the heart of this approach is the
education which molds the way we think and behave into a way of life lived and practiced
whenever we embark on any project or activity. Creating the awareness of sustainability
and the sense of responsibility towards the ecosystem including future generations is a
process that is deeply rooted in the way we are educated. A sustainability-aware engineer
who designs a process. a system. or a3 product would consider sustainability among his/
her design constraints for his/her project to be acceptable by his/her sustainability-aware
supervisor. As stated by a group of experts (Davidson et al) [10] “ in this new century. when
routine computation and manufacturing are becoming the province of machines. successful
engineers must be able to integrate information across the scales and time horizons that
are the province of sustainability”. Thus. education for sustainability (ES) will produce new
generations of engineers who will incorporate sustainability in any engineering decision
they make.

Education for sustainability (ES) links knowledge. inquiry. and action to help build a healthy
future for communities and the planet. €S bridges grade levels and subject areas. curriculum
and school operations. parent and community partnerships. Through school projects.
d school can develop educational program to develop the sustainability awareness and
meaningful. coherent approach to improve curriculum. community partnerships and campus
ecology. The United Nations declared a Decade of Education for Sustainable Development
(20052014-) to promote the local and global acceptance of principles of «sustainable
development”. The 21st century calls upon nations to show a clear commitment to educate
people to be active partners in a complex and ever changing world [11]. In 1997 UNISCO
identified that «education is humanity>s best hope and most effective means in the quest
to achieve sustainable development»[12].

2.1. Learning by Doing

Educational psychologists often assert that people retain 80% of what they do as opposed
to 1020%- of what they hear and read (Bhamra and Lofthouse. 2004). Individuals tend to
filter information based on a series of factors such as interest. preconceptions and clarity of
information during the transference and delivery (Treher. 2011). Thus. experience is essential
for learning. However. experience by itself hardly grows into meaningful learning unless
the events in such experience allow giving meaning and relevance upon reflection and thus.
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developing the corresponding skill and mind set (Treher. 2011). In schools. sustainability
could be taught using creative methods under the umbrella of “learning by doing” such as
outdoor activities and interactive games [13].

Game-based learning is an experiential learning method that empowers youths to get a
grip of complex subjects as sustainability mindfulness. states of mind and behaviors in a
fun way in and out of classrooms [14]. A game is defined by Zyda (2005) as: “a physical or a
mental challenge played concurring to particular rules. with the objective of interesting or
fulfilling the participant.” [15].

Tapscott (2011). the author of the book on “The Next Generation”. has pointed out the need of
the next generation to have fun.speed. collaboration. inventiveness and to customize almost
everything they can [17]. Games represent the answers to these needs quite effectively. The
players of a game are stimulated to play. thus staying longer in without feeling bored as
they would in traditional learning environment (Leemkuil. 2006) [16].

Gee (2007) portrays how he experienced learning in playing with his child. and how he
attempted to perused the game manual to begin with and found he didn’t figure out how it
is played. At that point he attempted the other way around. playing the game to begin with.
and at that point reading the manual which turned out to be much easier to understand.
That is what kids do: play to begin with and then peruse the manual to learn the essentials
about the game. This is “learning by doing” which refers to a theory of education expounded
by American philosopher John Dewey (Dewey. 1916). He theorized that learning should be
relevant and practical. not just passive and theoretical.

Sustainability. by its nature. is a multi-disciplinary subject that can’t be instructed
effectively by conventional means. The complexity of sustainability requires radical changes
in government policies. social values. and people openness to alter behavior.

Hence. games constitute an ideal tool to teach sustainability theme as they can combine
complex information with heads-on and hands-on experiences to foster understanding.
Gaming bridges the hypothesis and practice in a risk-free and adaptable manner while
enabling the social interaction required for creating the satisfaction in achieving
improvement [17].

The educational value of games and simulations has been recognized. theorized and
observationally explored in the past by many researchers. This is exemplified by: the
intrinsic motivation stimulated in games (Malone and Lepper. 1987); the experiential
learning occurring while playing (Dieleman and Huisingh. 2006); the presence of pedagogic
principles in game design (Becker. 2007); and the access to shared social practices for the
construction of knowledge (CGee 2007; Steinkhueler. 2008).

Board games are an imperative tool to supply hands-on and heads on expertise and information
improvement forindividuals ofallagesonallsubjects.since they give a satisfactory environment
where the user can learn from mistakes and successes to construct upon methodologies and
information. Moreover. it advances issue understanding. visual analogies and representations
to connect unused data. and utilize of theoretical concepts (Treher. 2011).
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Well-designed games create an engaging. a3 non-threatening. playful. however competitive
environment in which focus is on substance thereby strengthening learning. When played
in groups. individuals learn together and from each other. Team-based board recreations
offer a tool to construct communication and relationship abilities as players work face-to-
face to respond to questions or highlight issues [18].

There are three primary types of board recreations.based on the kind of interaction required
from the players (Zagal et al. 2006). These are:

« Competitive Games: Those that require creating a procedure contradicting the activities
of the other players in arrange to win. They run from the less difficult such as Monopoly
and Risk to more complex games such as Magic the Gathering.

» Cooperative Games: Those requiring the permit for exchange and collusions. As a rule
these games have a created ‘economy’ framework that permit for transaction and asset
administration. An example of this kind is Settlers of Catan.

* Collaborative Games: Regularly seen in frightfulness themed games. They require that all players
concurin planning common methodologies to win. since the equal is a ‘virtual’ enemy[18].

Board games are effective learning tools as they:
Consolidate heads- and hands-on learning
Summarize and strengthen vital data in an easy-to-grasp manner.
Diminish the time required to memorize. keep in mind. and apply unused information.

Advance communication. dialog and collaboration [14].

Serious games on sustainability. renewable energy and efficiency can invigorate
‘experimental learning by gaming’. Genuine games encourage learning the alternative
paths to sustainability and energy conservation. Based on research works by Fabricatore
(2000). Apperley (2006). and Kim (2008) games were classified in categories differentiated
by aspects of game dynamics potentially impacting the development of the sustainability
mindset. The following categories were considered:

* Q&A (Question and Answer): Players are required to answer questions to earn credit in
order to continue in the game. Players use previously acquired knowledge and when
wrong answers are given. they learn from their mistakes. These games usually provide
feedback promoting the understanding and memorization of information.

* Simulation: games focused on the simulation of the mechanics of some system (e.g.
machinery. cities. ecosystems). requiring players to understand such mechanics in order
to purposefully act upon the system.

* Action-Adventure: games involving players in interactive story. requiring them to explore
and interact with the environment in which they are immersed. solving problems and
puzzles to unfold the story. In this category the degree in which action and narrative
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aspects are emphasized varies from game to game.

e Strategy: games requiring planning skills in order to develop. administer. and deploy
limited resources in constrained conditions. in order to fulfill the purpose of the game.

* Puzzle: 3 form of game requiring players to configure a desired state/solution employing
differentcomponents/ pieces. Puzzle games usually rely on objective rules thatdetermine
whether a solution is correct or not. and/or compare solutions (e.g. a jigsaw. where
pieces either fit with each other or not). However. it is possible that victory conditions
are determined based on subjective rules. i.e.. judges compare solutions to pick ‘the
best one’ [19].

Designing games to address education for sustainability can be done with the following
requirements: knowledge of different routes to sustainability. a clear and brief rules and
mechanics to guarantee simplicity and basic understanding of the fundamentals and
elements of challenge and fun.

Learning by Doing Examples

At Torriano Primary School in London. UK a program developed to address sustainable
development goals (SDGs) consisted of the following activities:

The school incorporated SDGs into the existing curriculum

The school organized staff training days and encouraged teachers to discuss the SDGs
with their students.

Every teacher addressed SDGs in relation to her/his subject area.
Parents got involved by filling questionnaire about the SDGCs.

Students opened food waste cafe at the school to collect unused and nutritious food
ingredients from friends. families. the school kitchen and shops in the community.

Another example is the program that was implemented at D.A.V. Public School in Ludhiana. India.

Students conducted Skype sessions with other school groups around the world to
discuss the SDGs

Students organized a series of after-school debates with other local schools on themes
related to the SDGs.

Students developed a public Facebook page to encourage their local community to get
involved in discussions about the SDGCs.

Programs similar to the programs mentioned above can be and should be done in Jordan
schools and higher education institutions. It is worthy to design an educational program
based on the idea of experiential learning discussed in this paper. People and decision
makers. in particular. should be utterly concerned about the dangers of unsustainable living
which eventually will leave the planet uninhabitable for the future generations. Education
for sustainability is the first and most crucial stride towards sustainable environment.
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3. CONCLUSION

As the world population increases and urbanization is on the rise. the envisioned role of
sustainable cities is becoming central to sustainable development. As sustainability is
everyone business. education for sustainability is central to preserving the environment for
future generation to live in. EJucation by doing is the key to involving youth to be part of the
process and thus creating generations of professionals who put sustainability constraints
in economic development projects. The best route to education by doing or experiential
education is by devising games that encompass the routs to sustainability while being fun
to play. Games may be developed based on the ideas presented in this paper.
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