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Abstract

By to Directive 2008/98/EC on waste, which is the basic EU waste management legislation, waste
means any substance or object, which the holder discards, intends, or is required to discard.
Unfortunately, we are currently linking waste to the global problems of humanity. Every year
around 2 billion tonnes of municipal waste is collected worldwide. This amount will increase
every year due to the growth of global population. Environmental education is one of the basic
preventive tools of environmental protection. The basis of the submitted paper is to point out the
possibilities of modernization of Environmental education through selected ICT tools in the topic
of Waste in the teaching process. The aim of the paper is to introduce available mobile
applications (Trash Out, Green Daily, Czech Zero Waste) to teachers and pupils of lower
secondary education with the possibility of their application within the Environmental education.
The result of this work is a model of environmental education for lower secondary education,
which interconnects mobile learning, interdisciplinary learning, project-based learning and
outdoor education in order to modernize and streamline the teaching of waste issues and make
this issue more attractive to pupils. The content of education, which the model proposed by us,
mediates, consists of 3 consecutive levels. Through them, pupils gradually become acquainted
with the specific waste problem found in their immediate environment. Subsequently, they will
become acquainted with the possible solutions (corrections) of this problem and also with the
ways of preventing it.
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INTRODUCTION

Waste. We all know this word and when mentioned, we all imagine something
unnecessary that is no longer needed, and we want to get rid of it. By to Directive
2008/98/EC on waste, which is the basic EU waste management legislation, waste means
any substance or object which the holder discards or intends or is required to discard.
Unfortunately, we are currently linking waste to the global problems of humanity.

Every year around 2 billion tonnes of municipal waste is collected worldwide (data
from 2016). This amount will increase every year due to the growth of global population.



By 2050 mankind is expected to have produced up to 3.40 billion tons of waste
(http://datatopics.worldbank.org/what-a-waste/). On a global scale, we most often
encounter the problem of plastic waste that accumulates in the oceans and eventually
disintegrates into small particles known as microplastics (Tibbetts, 2015; Gross, 2015).
These can be caught by hundreds of different organisms and can also affect human health
through the food chain. Floating residues tend to accumulate in large ocean vortices
(gyre), such as the Great Pacific Garbage Patch. According to WWF (2019), up to 80%
of oceanic plastics are estimated to come from land-based sources, therefore not only the
seaside countries are responsible for plastics in the oceans. Example being the Danube
River, according to Lechner et al. (2014), through which 4.2 tonnes of plastic waste enters
the Black Sea every day.

Plastics are not the only type of waste currently emerging as a global environmental
problem. Other problematic types of waste include electrical waste (e-waste), which is
produced in staggering quantities. Alabaster et al. (2013) and Heacock et al. (2016)
consider e-waste the greatest threat to the environment. Grant et al. (2013) assess e-waste
as dangerous not only for the environment but also for human health, because it contains
a few hazardous components such as lead (Pb), mercury (Hg) and chromium (Cr). Food
waste is also often mentioned worldwide. Approximately 1.3 billion groceries are wasted
worldwide each year (FAO, 2013). According to Melikoglu et al. (2013), more than 95%
of food waste ends up in landfills where it is converted into methane, carbon dioxide and
other greenhouse gases under anaerobic conditions. Food waste therefore also has a
catastrophic impact on the climate change. Recently because of the so-called Fast
Fashion, a global problem related to textile and clothing waste is emerging. It is estimated
that between 1996 and 2012, the amount of clothing bought per person in the EU
increased by 40%, while in 2015 EU citizens bought 6.4 million tonnes of new clothing
(12.66 kg per person) (https://www.eea.europa.eu/). More than half of the garments are
not recycled and end up in mixed municipal waste and then sent to an incinerator or
landfill after they are discarded.

Most commonly, municipal waste is disposed of by landfilling or incineration.
However, in many parts of the Slovak Republic (SR), we can encounter illegal waste in
illegal dumps. They consist mainly of municipal mixed waste from households,
construction and bulky waste. The number of illegal dumps in the SR is estimated at 6000
—8000. Such landfills pose a great risk to the environment and, of course, to human health
(Boltiziar et al., 2016), causing not only aesthetic but also hygienic problems and waste
of raw materials that could be recycled. Tasaki et al. (2007) consider raising waste
disposal charges as one of the reasons for illegal landfills due to stricter waste treatment
regulations in order to better protection of the environment.

To tackle the global waste problem, it is necessary to spend a lot of money and
resources to improve the waste situation. At the same time, it is important to consider
other means necessary to prevent more unnecessary waste to be generated. The basic
preventive tools of environmental protection include environmental education. Its goal is
the assessment of an environmental issue and any feasible solutions it may have; in that
assessment problems are analysed systematically, not only as a theory of reality but also
as an action strategy to be undertaken (Magnus et al., 1997).

Under the current educational conditions within the State Educational, the Program
“Environmental Education” is a mandatory part of education and is implemented as a



cross-cutting topic. Through it, it is possible to point out the seriousness of the waste issue
and to influence pupils so that they get "engaged in activities aimed at protecting and
improving the environment and actively participating in the elimination of environmental
pollution" (http://www.statpedu.sk). We believe that further education, knowledgeability
and spreading of information on waste education is not only needed, but also necessary.

The basis of the submitted paper is to point out the possibilities of modernization of
environmental education through selected ICT tools in the topic of Waste in the teaching
process. The aim of the paper is to introduce available mobile applications to teachers and
pupils of lower secondary education with the possibility of their application within the
environmental education.

METHODS

In our view, modernization of environmental education concerns three
interconnected areas: modernizing of the content of education, modernizing of the
education process and modernization of the teaching aids and didactic technology.

Modernizing of the content of education

The issue of waste as a topic of environmental education can be demonstrated to
pupils through the following basic areas: what is waste, types of waste, waste
characteristics, history of waste origin, place of waste origin, how we handle waste,
environmental problems related to waste, prevention and minimization of production of
waste.

However, this content does not remain on a global, theoretical and impersonal level.
It is linked to the pupils' daily lives and the environment that surrounds them directly.
Pupils themselves discover the seriousness of the waste problem by mapping illegal
landfills or littering (Earll et al., 2000; Valiente et al., 2020) and looking for solutions to
address and prevent these problems.

Modernizing of the education process

We propose to use a combination of the following teaching approaches to implement
the Waste issue in the teaching process within the secondary education:

» Interdisciplinary learning — Rowntree (1982) defines an interdisciplinary approach as
an approach in which two or more disciplines come together, preferably in such a way
that they interact. Interdisciplinary education according to Ivanitskaya et al. (2002) is
characterized by the integration of multidisciplinary knowledge into the central theme in
our case it is the issue of waste.

* Project-based learning — is a comprehensive perspective focused on teaching by
engaging students in investigation. Within this framework, students pursue solutions to
nontrivial problems by asking and refining questions, debating ideas, making
predictions, de- signing plans and/or experiments, collecting and analysing data, drawing
conclusions, communicating their ideas and findings to others, asking new questions, and
creating artefacts (Blumenfeld et al., 1991).

* Qutdoor education — is known as a method of developing knowledge, skills and
attitudes concerning the world in which we live. It is an expression of the place where
teaching takes place, but also of the topic to be taught (Ford, 1986).



The purpose of the outdoor activities is to give pupils out-of-classroom educational
experiences involving direct contact with various environments. These experiences are
intended to give pupils in-depth knowledge of environmental issues and to develop their
self-confidence, environmental sensitivity, action skills, responsible action in nature, and
their social relationships (Palmberg, Kuru, 2000).

Modernization of the teaching aids and didactic technology

The implementation of new technologies and practices into education currently
represents the greatest support for the development of learner’s cognitive and intellectual
abilities (Balogh, Kucharik, 2019; Balogh, Koprda, 2014). Information and
communication technology (ICT) is a key tool for the modernization of teaching aids and
didactic technology. Stoffova (1998) considers computing, telecommunications,
transmission, and organizational technology used for information processing to be ICT.
It also includes software and organizational arrangements. Smitek (1998) explains ICT
as methods, procedures and methods for collecting, storing, processing, verifying,
evaluating, selecting, distributing and timely delivering the necessary information.

In our case, we mainly included mobile learning in the ICT group, which includes
the use of mobile or wireless devices for learning purposes. Typical examples of devices
used in mobile learning are mobile phones, smartphones, handheld computers, tablet
computers, laptops or personal multimedia players (Kukulska-Hulme, Traxler, 2005).

The main applications that we use within our proposed mobile learning to teach the
topic Waste include:

* TrashOut — is an environmental project that aims to locate all illegal dumps around the
world. Since 2012, the Ministry of the Environment of the Slovak Republic
(http://www.minzp.sk) has published on its website a new way of reporting the
occurrence of illegal landfills in nature using the TrashOut mobile application (TrashOut,
n.f.). TrashOut is a mobile application that is free to download for Android and iOS not
only in Slovak, but also in other languages (Fig. 1). It was based on a worldwide initiative
to locate and eliminate illegal landfills (https://www.trashout.ngo/). This form is
considered very simple and effective. The main functions of the application are: easy
reporting of illegal dumps, map of illegal dumps, anonymous reporting of illegal dumps,
all check-ins can be synced, badges earned for activity and sign in with Facebook or
email.

* Green Daily — free and downloadable application for both Android and iOS in Slovak
language (EKOrast, 0.z.) (Fig. 2). Since the system of sorting common waste is not
uniform in Slovakia, the waste producer's application navigates to what colour of the
waste bin it belongs in its municipality or city e.g. can, paper, glass, etc. At the same time,
this simple application will offer the user the possibility to find the nearest place for the
collection of specific waste in each municipality or town, such as medicines, electrical
waste, old batteries, kitchen oil or construction waste. The application includes useful
information and contact details for collection yards and other establishments or shops that
take care of specific waste and ensure its consistent recycling. The application also
includes a learning window that explains to the user why he should sort the waste and
some interesting information. The application was prepared by a civic association as one
of the projects for the public, companies, children, and youth in the field of environmental
protection.



» Czech Zero Waste — is a free mobile application in Czech language created by girls who
blog about life without waste (Czech Zero Waste) (Fig. 3). The application guides the
user to meet the 40-day waste-free challenge. Every day, the user is given a new challenge
that prompts him to live with less waste. Since checking the current status of the trash
can, the user has moved on to perform day-to-day tasks, such as a shopping bag, a water
bottle, less paper, a food bag, a waste-free drugstore, leaflets, food waste, etc. Each task
explains its purpose and meaning. The user can document the fulfilment of tasks by
photographing them and then sharing them on social networks. If a user fails to complete
a task or it does not suit them on a given day, it is possible to postpone it and return to it
later. Zero waste is a lifestyle that aims to reduce or prevent the amount of waste we
produce under the five basic 5R rules: R - Refuse, R - Reduce, R - Reuse, R - Recycle, R
- Rot (http://www.zerowasteslovakia.sk/).

Figure 1: Free mobile Figure 2: Free mobile Figure 3: Free mobile
application TrashOut for application Green Daily for  application Czech Zero Waste
Android and i0S Android and i0S for Android and iOS

Other ICTs that can be integrated into the training model we propose include GPS
and GIS. We discussed them in more detail in our previous published papers (Zigova et
al., 2018; Pucherova et al., 2019).

RESULTS

The result of this work is a model of environmental education for lower secondary
education, which interconnects mobile learning, interdisciplinary learning, project-based
learning and outdoor education in order to modernize and streamline the teaching of waste
issues and make this issue more attractive to pupils.

The content of education, which the model we propose mediates, consists of three
successive levels. Through them, pupils gradually become acquainted with the specific



waste problem found in their immediate environment. Subsequently, they will become
acquainted with the possible solutions (corrections) of this problem and also with the
ways of preventing it.

Waste issues are a part of the education since the kindergartens. Pupils in lower
secondary education, therefore, have a certain level of knowledge and habits. However,
before execution of the model it is necessary to repeat the previously learned knowledge
and habits. This level is shown in Fig. 4 as "level 0" and is represented by the key
question: What do we know about waste and the problems that waste causes?

Level 1 —presents an analysis of the problem that waste poses directly in our communities
and in close proximity. Attention is paid to illegal waste dumps and littering. This level
is executed through outdoor education and represents the beginning of the work of pupil
groups on their projects (within the project teaching). Pupils map illegal landfills directly
in the field, using their mobile phones or tablets and using TrashOut to record individual
landfills (Fig. 4).

After mapping the area, the result of this level is to report the occurrence of illegal
dumping to the appropriate municipal or city authority or using the TrashOut a mobile
application to generate an e-mail with all the necessary data. Subsequently, the data is
also sent to the Ministry of Environment of SR or the relevant city that has expressed
interest in cooperation (https://www.enviroportal.sk/clanok/trashout-mapuje-negalne-
skladky). Since 2010, the Reference for Mayor platform has been increasingly used,
through which citizens can report to the municipality categories of incentives and
environmental problems, including “black dumps” (https://www.odkazprestarostu.sk/).

Within this level, it is possible to use various interdisciplinary relations by which
pupils apply the previously learned knowledge and skills in acquiring and processing
spatial data. For example mathematics — calculation of landfill area, expression of
percentage of individual types of waste; informatics — creation of charts and graphs;
geography — creation of analogue or digital map by GIS, surveying (positioning) of
landfill by GPS; biology — description of habitat/ecosystem situated landfill; chemistry —
landfill potential for chemical pollution of individual environmental compartments, etc.

Level 2 — is a continuation of work on pupil projects. Attention is focused on the
prevention of illegal dumps. Pupils learn how to handle municipal waste, respectively
how to separate out what we know to use as a secondary raw material in the recycling
process from mixed municipal waste disposal by landfills. At the same time, pupils will
learn to save natural resources, energy, and water by correct separation.

At this level, pupils use the Green Daily application, which is a suitable guide for the
correct separation of municipal waste, respectively the possibility of using the collection
yard (Fig. 4).

Level 3 — the longest lasting part of our model is the use of the mobile application Czech
Zero Waste. Through the 40-day challenge included in this application, pupils learn to
prevent waste production. As they say about zero waste, we apply voluntary modesty in
pupils' lives and teach pupils to think before each purchase. This is changing their
consumer mindset and behaviour for the future. Pupils will understand that what they buy
today will become waste tomorrow (Fig. 4).
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Figure 4: Scheme of the educational model with available mobile applications to teachers and
pupils of lower secondary education with the possibility of their application within the
environmental education

After the third level, the question raised in “level 0” can be reopened: What do we
know about waste and the problems it causes? It is interesting to trace the shift in pupils'
knowledge of skills and habits. The model can be continued by mapping other waste
problems (for example, the mapping of the aforementioned littering). If interested, the
project can be continued through peer education, which Shiner (1999) describes as the
education of young people by young people. Pupils can share the experience gained by
project teaching to classmates or younger pupils in the form of not only contact teaching,
but also the use of ICT - for example by creating a short video about the progress and
results of the mapping.

DISCUSSION

The topic of waste is currently discussed quite often. The economic development,
production and changing market of human consumption have led to a surge in waste



worldwide over the last decades. Waste disposal harms the environment and poses a threat
to human health. Therefore, there is a great deal of effort to reduce the total waste of each
of us.

Education is very important to reduce waste production because education can
change people's knowledge, attitudes, and behaviour towards waste management. Since
2009, the topic of waste has become a part of the state educational program for the first
and second grades of primary schools and for eight-year grammar schools in the SR
within the cross-sectional theme of Environmental Education. Within the 2 thematic areas
Human Activities and Environmental Problems and Human Relation to the environment,
pupils are acquainted with waste and ways of managing it, even with the example of a
city or municipality, and as well as within the lifestyle of each of us (areas: waste and
nature, principles and ways of waste management, ways of utilization and solution of
waste management, types of waste, disposal, separation, recycling of waste, consumption
of things, saving of natural resources and energy, impact on environment).

On one hand, we are trying to educate the younger generation, and on the other, the
waste situation is not improving because we are increasing the amount of municipal waste
per capita in Slovakia every year (Fig. 5). Compared to the average amount of municipal
waste per capita in the EU (489 kg) and in individual EU countries, Slovakia is one of the
countries with lower quantities, but landfilling predominates in waste management (61%)
and thus the Slovak Republic ranks among the countries with a high share of landfilled
waste. The EU has set itself the target of landfilling only 10% of municipal waste by 2035
(currently around 23.5%) (https://www.europarl.europa.eu/).

In these years the problem with waste disposal seems to be the biggest problem in
waste management in Slovakia. Too much waste goes to landfills and their capacity is, of
course, reduced. Pursuant to the legislation in force, the obligatory separate collection of
paper, plastics, glass, and metals, later biodegradable waste and multi-layer composite
materials based on cardboard was gradually introduced from 1 January 2010 in the Slovak
Republic. All these commodities are prohibited from landfills in accordance with
applicable waste legislation, it is forbidden to throw these into mixed waste, which is
directly transported to the landfill. Although the share of separation is increasing every
year, we are still relatively at a low level compared to EU countries.

One possibility is to change people's minds by avoiding or at least reducing waste.

The model proposed by us connects the worldwide topic of waste with modern
pedagogical approaches, i.e. using mobile phones within ICT in teaching and with pupils'
lives and their environment. In addition to the educational objectives that aim to raise
pupils' environmental awareness, the model has the potential to develop a wide range of
other skills and we agree with Belisle, Rosado (2007) active use of ICT develops skills
associated with ICT.

Using interdisciplinary education, pupils develop interdisciplinary thinking, improve
critical thinking skills, cognitive skills, and understand the relationships between different
disciplines (Ivanitskaya et al., 2002). Project-based learning develops reasoning,
problem-solving and communication skills (Barrows, Tamblyn, 1980).



kg per capita

1993 I 438
1994 IS 354
1995 I 300
1996 N 312
1997 I 313
1998 e 323
1999 N 321
2000 M 316
2001 I 390
2002 N 283

2003 N 297
2004 IS 294
2005 I 289
2006 I 301
2007 I 309
2008 I 331
2009 N 322
2010 N 333
2011 N 327
2012 N 323
2013 e 322
2014 I 339
2015 e 348
2016 I 359
2017 I 393
2018 I 427

Figure 5: The amount of municipal waste per capita of the SR in the years 1993 — 2018
(https://www.enviroportal.sk/spravy/kat21)

According to Mergendoller et al. (2006) in project teaching, pupils acquire 21st-
century skills such as collaboration, communication, critical thinking, creativity,
language skills, innovation, global relationships, technology use and much more. Studies
(Dresner, Gill, 1994; Palmberg, 1989) comparing pupils with experience in outdoor
teaching with pupils without experience show that the difference between them is in the
acquisition, improvement of action skills.

As aresult, experienced learners were more confident in their activities, feeling safe
without adult dependency (teachers), more committed to engaging, knowing their limits,
and, positively, being spontaneous, open and willing to cooperate.

CONCLUSION

Waste production has its own history in human society. The current age has the
attribute of a "consumer society" with typical redundant consumption. People often buy
what they do not need and after a certain time, unnecessary things go to trashbins,
containers, landfills or incinerators.

Every year, as the population grows, the economic activity of the population
increases. Waste is generated in every part, so it is related not only to production but also
to consumption. In this way, the so-called "human standard", which is also linked to
increased waste production, is growing.

Many of these wastes can be recycled, many of them are destined for disposal, eg. to
incinerators or to legal landfills, but a significant part of these wastes end up in places
that are arbitrarily and in violation of several laws established by so-called "cultural
person".

According to Hazra, Goel (2009) environmentally friendly management of municipal
waste has become a global challenge due to limited natural resources, exponentially
increasing population, rapid urbanization, and global industrialization.



We will certainly not be able to solve the waste problems within a day, but the way
the environment is going to look in the future depends on our current behaviour and
decision-making.
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