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Abstract. Sustainable development in education is the basis of sustainable development of soci-
ety. To ensure sustainable development in education, its principles need to be implemented in all
training courses. Higher pedagogical education should provide training in designing and teaching
such courses. At our universities, future primary school teachers are trained to keep their maths
lessons in line with the principles of sustainable development in three key areas. The first area
relates to the development of pupils’ social involvement through their acquisition of intellectual
and practical skills of using maths. The second area concerns pupils’ relationship with their natu-
ral and cultural environment. Future teachers are trained to design tasks that stimulate pupils’
emotional engagement and caring attitude. The third area that future teachers are trained to target
is pupils’ economic and financial competence. Teaching skills in all these areas can be developed
effectively through the case method.
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1. Introduction

The sustainable development strategy focuses on three main aspects: develop-
ment of a highly intelligent person capable of solving creative problems; preser-
vation of the natural and cultural human environment; formation of economic
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thinking and prudent use of the natural and financial resources [Ustoychivoe
razvitie 2011]. The National Strategy for Sustainable Socio-Economic Develop-
ment of the Republic of Belarus Until 2030 emphasizes the importance of sus-
tainable development in educational processes [Natsionalnaya strategia 2015].

To implement the idea of sustainable development in the process of train-
ing primary school teachers it is important to develop specific teaching methods.
Mathematics Teaching Methodology is one of the leading subjects in the cur-
ricula of the faculties preparing primary school teachers. The effectiveness of the
development of students’ competence to form appreciating attitude to the envi-
ronment in children largely depends on close connection between this subject
and the ideas of sustainable development.

The Mathematics school course offers a number of opportunities to educate
an individual in accordance with the ideas of sustainable development:

- mathematics can facilitate development of intellectual skills vital to solve
creative problems, to explore and preserve the human environment. Modelling
plays a special part in the system of intellectual abilities, being both mathematical
and intellectual ability. The experience of modelling is a valuable skill opening for
the person the possibilities of independent cognition and continuing the process
of education during the life [Gadzaova, Murauyeva & Urban 2015 ];

— through the content of verbal arithmetic problems children can get ac-
quainted with quantitative information that reflects the real environmental prob-
lems of the region and the cultural heritage of their native land;

— verbal arithmetic problems may contribute to the formation of pupils’ eco-
nomic thinking and prudent attitude to the natural resources and to the family
budget alike.

To enable a teacher to fully exploit the potential of mathematics to implement
the ideas of sustainable development in the classroom, the process of university
training must embody active methods of teaching students to develop the corre-
sponding mathematical tasks for children. The experience of teaching Mathemat-
ics Methodology at the Maxim Tank Belarusian State Pedagogical University and
the Yanka Kupala State University of Grodno proves that teaching students to
develop such tasks becomes more efficient when using the case method.

2. Formation of intellectual and practical activity
by means of mathematics

The development of intellectual and practical activity is based on human ability
to analyze and build models of natural, social and economic processes. The abil-
ity to build models is the basis of a creative approach to solving real problems,



Preparation of Future Primary School Teachers... 77

because, according to G. Altshuller, the transition from a practical problem to
its model makes it easier for a researcher to identify the physical contradiction
constituting the core of the problem situation [Altshuller 2011].

Modelling in teaching mathematics is seen as a didactic “projection” of the
method of mathematical modelling, the essence of which is a cyclical process
of solving real problems by mathematical means. In the most general form, the
process of mathematical modelling can be presented as a mathematisation cycle
offered by J. de Lange: real-word problem — mathematical problem — mathemati-
cal solution - real solution [De Lange 2006].

Understanding the nature of the process of mathematical modelling was the
basis for the didactic studies on the problem of forming pupils’ ability to model.
Despite the widespread view, according to which mathematical modelling should
be taught in middle and high school [Galbraith & Stillman 2001], several re-
searchers note that some elements of mathematical modelling may be available
and useful in teaching junior schoolchildren [Lehrer & Schauble 2003; English
& Watters 2005 ].

The problem of using models in the primary mathematical education is tra-
ditionally linked to visual representations due to the specifics of the mental pro-
cesses in children of this age group. This is why the manuals for grades 1-4 are
normally provided with many illustrations. However, not every visual representa-
tion contributes to a better comprehension of mathematical concepts, but mod-
els do. One of the first mathematicians to raise the question about the problem
of using visual (graphical) models in teaching mathematics was J.E. Littlewood
[1953], but the concept of visualization got widespread in teaching mathematics
only at the end of XX - beginning of XXI century [works by Bartolini Bussi &
Mariotti 2008; Giaquinto 2007; Goldin 2002; Reznik 2012, etc.].

A number of studies underline that for the understanding of mathematical
ideas the importance lies not in the visualization itself, but rather in “flexible and
competent translation back and forth between visual and analytic representa-
tions of the same situation” [Arcavi 2003: 235]. Therefore, internal representa-
tions of mathematical concepts that support the understanding can be of differ-
ent nature, because they are the mental configurations of a personality [Goldin
& Caput 1996].

Of course, visual representations of key concepts of mathematics are very im-
portant for the formation of mathematical thinking, especially in the early school
years, but they can and should also be verbal, notational, strategic or even affec-
tive [Goldin 1998].

Thus, in the process of searching a solution to a problem, beside visual mod-
els children learn to use verbal and symbolic models of the problem. The natural
language is used to construct verbal models and symbolic models use the lan-
guage of mathematical symbols. Ability to present the same idea by means of
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different languages (visual, verbal or symbolic representation) promotes the for-
mation of representational fluency [ Goldin 2002] and is an important social skill
of the modern individual [English & Watters 2005 ].

The set of math’s educational materials, based on the ideas of using modeling
as an instrument of problem solving, was launched in the Republic of Belarus in
2011. The set of books consists of a textbook, tutor’s manual, writing book, test
book, writing book for challenging tasks and digital educational resource. Figure
1 shows an example of visual, verbal and symbolic models of verbal problems in
Grade 2 Mathematics Textbook [Muravyova & Urban 2016], and figure 2 — ex-
amples of models made by children.
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Figure 1. Example of visual, verbal and symbolic models of verbal problems
in the Belarusian teaching materials in Mathematics

Source: Muravyeva & Urban 2016.
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Figure 2. Examples of models made by pupils
Source: own elaboration (photo by M. Sharapa and J. Talai).

Methodical preparation of students in this area includes, first, training stu-
dents to use models in the search for solutions of verbal problems, and second,
development of the competence of future teachers to form the modelling ability
in primary school children.
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3. Formation of respect
for the natural and cultural environment

An arithmetic problem can have a rich educational potential manifested in a story
contained in its text. At the Maxim Tank Belarusian State Pedagogical University
and the Yanka Kupala State University of Grodno the practical preparation of
future primary school teachers includes methodical tasks on developing verbal
arithmetic problems with cultural and environmental content. These tasks help
to enhance pupils’ positive and caring attitude to their natural and cultural envi-
ronment. Verbal arithmetic problems developed by students may:

— highlight the implications of the global climate change.
cultivate love to the nature and culture of Belarus,
raise awareness about the importance of the nature protection in Belarus,

— motivate children to contribute to the development of Belarusian culture.

The following are examples of verbal arithmetic problems developed by stu-
dents:

1) The area of Belarus is 207 600 km?. One tenth of the surface is covered by
swamps. The area of swamps taken under protection is about one-tenth of their
total area. In the future, this number will increase by a factor of 3. How many
square kilometres of Belarusian swamps will be subject to protection?

2) In 2009, a cycling path going through the whole city was built in Minsk.
The length of the cycling path is 26 km 800 m.

— How long would father’s return trip on the path take if his speed is 13400
m/h?

— How many litres of petrol would father need if he was to cover this distance
by car, considering that the car consumes 10 litres per 107 km 200 m?

3) Niasvizh Castle was built in the late 16th century. The restoration of the
castle began in 2004, and in 2012 the restoration was completed. How many
years did it take to restore the castle? How many centuries have passed from the
construction of the castle until the completion of its restoration in 20122

4. Formation
of economic and financial literacy

In respect to formation of economic and financial competence, future teachers
can create two types of project problems:

— projects showing children the need to limit the consumption of the natural
resources,
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— projects teaching children to use the family budget efliciently.

The following are examples of projects that can be offered to primary school
pupils.

1) Project “Limit the Consumption of the Natural Resources”

Note how much time you spend brushing your teeth in the morning. Count
how many litres of water run from the tap during this time. Calculate how many
litres of water can be saved per year by using a glass when brushing teeth.

2) Project “Family Budget”

Your mobile provider offers two rate plans. The first suggests paying 1 rouble
20 kopecks per 5 minutes. The second is 7 kopecks per 10 seconds. Which rate
plan is a better deal for your family budget?

3) Project “Fighting Air Pollution”

It is known that a car emits into the atmosphere 20 g of carbon monoxide per
1 km and a truck emits 170 g per 1 km. One tree processes 2 kg of carbon mon-
oxide in 1 hour on average. How many vehicles pass by your house in 1 hour and
how many trees must be planted along 1 km to clear the air of carbon monoxide?

4) Project “Family Car”

Does your family own a car? How many kilometres a week does your car run?
How much money does your family spend on the car per week if the car con-
sumes about 18 litres of gasoline per 100 km and the price of 1 litre of gasoline
is 1 rouble 10 kopecks? How much money can the family save if it chose to use
public transport or bicycles during that period?

5. Application of the case method
in teaching students

The case method has long established itself as one of the most effective teaching
techniques for adults, especially in the field of economics and business educa-
tion. The case method is based on the holistic review and analysis of real life situ-
ations (people, events, decisions, etc.) [Thomas 2011]. The case method aims
to encourage pupils to find a way to overcome the difficulties faced by the main
character(s) of the case [Leenders & Erskine 1989]. The generation of the ways
to solve the problem presented in the case is a particularly valuable component of
the process of working with cases [Woodside 2010].

Several studies have underlined the effectiveness of the case method for the
realization of the ideas of sustainable development in the university training of
students [Kostyuchenko & Smolennikov 2016]. Using the basic ideas of the case
method in the mathematical training of primary school teachers seems to be not
only possible but also feasible [ Urban 2003].
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Caselets, or short cases, are a special variant of cases that a teacher can use
in the classroom. Such cases feature small size (up to three pages) so they can
be used for practical lessons with students without special preparation at home.
The studies note that the use of caselets is now becoming a very popular means
of training as it is easier to adapt a short case to a particular topic, audience or
a particular teaching style [Selvam, Babu & Raja 2006]. The experience of using
caselets in teaching shows that in spite of their small volume caselets, as well as
a “big” case, allow students to practice applying theoretical ideas to solving real
life problems [ Gladkikh 2008 ].

To realize the ideas of sustainable development in the course of Mathematics
Teaching Methodology it is important to offer students specially designed cases.
Such cases should be based on the following principles:

— the principle of an underlying verbal arithmetic problem. In accordance
with this principle, the central element of the case should be a verbal arithmetic
problem with the content allowing to reveal the challenges of sustainable
development;

— the poly-directional principle, which involves the organization of several
thematic working groups of students to analyze the proposed case from differ-
ent points of view (mathematical aspect, cultural and environmental aspect, eco-
nomic aspect);

— the principle of minimalism, according to which the case should be short
(no more than one page text), which allows its successful analysis by students
during one practical lesson lasting 90 minutes.

6. Practical application of the case method
in the process of training students

to conduct mathematics lessons

in primary school

The Maxim Tank Belarusian State Pedagogical University and the Yanka Kupala
State University of Grodno have developed a series of cases (caselets) for prac-
tical activities with students, which associate the formation of methodological
and mathematical competence of future teachers with the implementation of the
ideas of sustainable development. Here is one of the cases developed for practi-
cal activities on the topic “Methods of Working on Problems with Proportionate
Quantities”. The topic was chosen due to the fact that problems with proportion-
al quantities describe many processes in the environment and make it possible
to organize purposeful work on formation of the initial concepts of functional
relationships of the quantities [Gadzaova 2014].
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For the development of cases we applied the case structure recommended
by the scientific literature [Gladkikh 2005 ], which usually contains the following
sections:

1. Case text.

2. Questions for discussion.

3. Applications.

4. Teaching notes.

In this article, we do not intend to provide methodical guidelines for the work
with cases (teaching notes), thus, only a brief description of the three main sec-
tions will be presented: case text, questions for discussion and applications.

Case Name: Designing a lesson on the topic “Solving Problems with Propor-
tional Quantities”

Case Content: During teaching practice at school a student held a mathe-
matics lesson in the fourth grade. The list of the lesson goals included the fol-
lowing: to consolidate the ability to solve problems with the 4™ proportional by
the method of relationships; to consolidate the ability to solve problems in the
determination of the price, quantity and value; to cultivate respect for the natural
resources; to teach to plan the family budget. To realize these goals the trainee
planned to work on two verbal problems:

— A family of three people consumes 285 litres of water per day. How much
water is consumed per day by a family of four, if water consumption per person
is almost equal?

— Father paid 24 roubles for 8 m of wire. Is S roubles enough for father to buy
other 4 m of the wire?

During self-analysis the trainee stated that she was satisfied with the lesson
because the children had time to write the solutions of both problems in their
notebooks and the contents of the problems helped to achieve the educational
goals of the lesson. However, the students and teachers who attended the lesson
thought that the lesson goals were not achieved. During the discussion of the les-
son several comments were made.

Comment One. The work on the problems did not correspond to the consoli-
dation stage; the children did not show independence. The solution of the prob-
lem through relationships was not discussed; the potential of the model was not
used to find the solution of the problem through relationships. The first problem
could not be solved in two ways, and when solving the second problem the meth-
od of relationships was not discussed.

Comment Two. Educational potential of the content of the problem to form in
children the respect for the Belarusian natural resources was not used. The teach-
er did not hold any discussion about the importance of conservation of freshwa-
ter reservoirs in the country and around the world and did not focus children’s
attention to the problem of rational water consumption.
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Comment Three. The lesson did reveal the relation between saving the natural
resources and planning the family budget, the texts of the problems were not cor-
related with the social problems of the family.

The student was offered to prepare and hold another lesson taking into ac-
count the comments made.

Questions for discussion

1. How to organize the work on the proposed tasks to form the understanding
of the functional relationships of values by means of modeling? What methodical
techniques will you use at the stage of searching solutions to the problem? What
changes must be made in the text of the first problem to allow two ways of solv-
ing by the arithmetic method? Can you offer any other ways to organize creative
work on the problem after its solution? Prepare a presentation of the group ideas.

2. How to organize the work on the first task to contribute to the develop-
ment of respect for the nature of the native land? What methodical techniques
will you recommend to apply? What environmental information will you need?
Prepare a presentation of the group ideas.

3. How to organize the work on the proposed tasks to create conditions for
the realization of the goal of building skills of rational use of the family budget?
What methodical techniques do you recommend to apply? How can you work
on the problem after its solution? Prepare a presentation of the group ideas.

Applications

Article 1.

Provision of clean drinking water is one of the major social and environmen-
tal challenges, the solution of which aims at the preservation of human health.
The main source of drinking water for the population of Belarus is groundwater,
and in Minsk and Grodno water from surface sources is used for these purposes.
Industrial enterprises and agricultural complexes also require significant water
consumption.

Water quality depends on human activities. Industrial wastes, sewage from
agricultural and cattle-breeding complexes bring to the rivers various harmful
substances (oil products, metals, fertilizers, etc.) that pollute the water sources.
The condition of water also depends on the proximity to major population cen-
tres and the state of the treatment plants. E.g,, 2 liters of engine oil discharged into
the river will contaminate the volume of water equal to 5 swimming pools. Thus,
the Svisloch River is one of the most polluted rivers in Belarus, and the Neman
River is one of the cleanest rivers in our country.

Article 2.

The needs of the modern society require a lot of water. Belarus has sufficient
water, but at the moment 22 countries in the world already experience a chronic
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shortage of water, and by 2025 their number will increase to 32 countries. This
means that water intake per capita in these countries amounts to 1000000 liters
per year while the standard rate is 1 800 000 liters per year.

Drinking water consumption per capita in cities ranges from 140 liters to 370
liters per day. Due to the installation of individual water meters in Belarus, the
population tends to reduce water consumption. 1000 liters of water cost about
47 kopecks at the consumption of up to 140 liters per day per person and 69 ko-
pecks at the consumption in excess of 140 liters per day per person.

During one day an average person uses water for: hand washing — 8 liters;
tooth brushing — 9 liters, if the tap is not closed; washing fruit under running
water — 185 liters; taking a shower — 15-20 liters per minute; taking a bath — 150
liters; laundry — 130-150 liters at a time.

Having read the case, the students were divided into three groups in accor-
dance with the notes provided in the text. One group analyzed the situation from
the point of view of achieving the mathematical objectives of the lesson, the
second group considered the cultural and environmental aspects, and the third
group reviewed it from the perspective of the family budget. The groups worked
for 30 minutes and then presented their solutions. Each presentation lasted about
10 minutes. After presentations of the group solutions a 30 minute group dis-
cussion was held, during which the students came to the conclusion about the
possibility and feasibility of combining methodical and socially important edu-
cational ideas in teaching to solve verbal arithmetic problems at a mathematics
lesson.

7. Conclusion

To achieve the goals of sustainable development it is necessary to represent its
ideas both in the content and in the teaching methods at the different levels of
education. Thus, future teachers must be trained taking into account the current
social, environmental and economic situation.

Education for sustainable development is associated with a change in educa-
tional approaches. For teachers — from the transfer of knowledge to the creation
of conditions for active learning and gaining practical skills. For students — from
passive learning of information to active search, critical comprehension and use
in practice, to dialogue and action.

Teaching modelling should be part of the preparation of future primary
school teachers, because the ability to build models of different types (visual,
verbal and symbolic) is an important social skill and intellectual ability of a mod-
ern person. Developing and solving verbal problems with cultural, environmental
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and economic content contributes to the education of the individual for the pur-
poses of sustainable development.

One of the methods aimed at the implementation of the idea of sustainable
development is the case method. This is due to the orientation of education to
the development of personality, values and attitude to life, mastering the skills to
work with information in the process of formation of professional competence.

The special character of the content and organization of work with the cases,
that allow to implement the idea of sustainable development in preparation of
future primary school teachers to teach mathematics, is reflected in the following
principles: the principle of an underlying verbal arithmetic problem, the prin-
ciple of poly-directional thematic working groups of students, and the principle
of minimalism.

The conducted methodical work has shown that the means of the subject
Mathematics Teaching Methodology can have a positive impact on the achieve-
ment of a number of key goals of education for sustainable development: to form
general educational intellectual and practical skills, to master the subject content
with a focus on the formation of attitudes and the development of critical think-
ing; to enhance economic literacy; to develop responsibility for the preservation
of the natural and cultural environment.
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Przygotowanie
przysztych nauczycieli szkoty podstawowe;j
do realizacji idei zrownowazonego rozwoju

na lekcjach matematyki

Streszczenie. Podstawa przejécia do zréwnowazonego rozwoju spoleczenistwa jest wlaczenie
idei zréwnowazonego rozwoju do edukacji. Skutecznos¢ edukacji na rzecz zréwnowazonego roz-
woju wymaga wdrazania przedmiotowych zagadnien we wszystkich kursach. W ramach wyzszej
edukacji pedagogicznej niezbedne jest zapewnienie studentom dostepu do wiedzy oraz umiejet-
nosci, ktére pozwolg im zaréwno na wiaczanie zagadnien zréwnowazonego rozwoju do naucza-
nych przedmiotdw, jak i na opracowanie odpowiedniego naukowo-metodologicznego wsparcia.
Na uniwersytetach biatoruskich przygotowanie przyszlych nauczycieli szkél podstawowych do
realizacji idei zrbwnowazonego rozwoju w nauczaniu matematyki odbywa si¢ w trzech obsza-
rach. Pierwszy zwigzany jest z aktywnoécia spoteczng jednostki i obejmuje rozw6j intelektualny
ucznidéw oraz nabywanie umiejetnosci praktycznych za posrednictwem matematyki do samo-
dzielnego funkcjonowania w spoleczenstwie. Drugi to ksztalcenie umiejetnosci tworzenia tresci
zadan matematycznych, ktore majg rozwija¢ u dzieci stosunek emocjonalny oraz szacunek wobec
$rodowiska naturalnego i kulturowego. Trzeci obszar metodologicznego przygotowania zwigzany
jest z ksztaltowaniem wiedzy ekonomicznej u dzieci. Wszystkie te obszary moga by¢ skutecznie
rozwijane za pomocg studium przypadku jako metody nauczania studentow.

Stowa kluczowe: edukacja dla zréwnowazonego rozwoju, metody nauczania matematyki, szkota
podstawowa, umiejetno$ci modelujace, stadium przypadku



