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Abstract

The aim of this paper is not only to present anpicieactive methods, but also
to confirm that they encourage contemporary stigdntvork in class, acquire
knowledge and skills that are necessary in life.rédwer, it shows how
teachers apply active methods, assess the effeetigeof their work and how
students respond to this way of teaching. Teacbfnigdathematics is not only
concerned with the computational know-how of thebjsct but is also
concerned with the selection of the mathematicaker@ and communication
leading to its understanding and application. Sbilameaching mathematics,
one should use the teaching methods that are muaeh fruitful in gaining
adequate responses from the students than we kiavead in the past.

Teaching Mathematics and Natural Science is takiage in rapidly changing
conditions. It is necessary to look for optimal atiic and educational solutions
encompassing goals and contents as well as forohdemching methods allowing for
preparing students to face the challenges of theeagporary world.

The most significant role of educational system tarms of teaching
Mathematics and Natural Sciences is developingpaaohoting subject competences as
an important factor fostering student's personalettijoment and the development of
society. Well organised mathematical and naturednees education facilities logical
thinking and expressing ideas, planning and orgagizthe learning process,
collaboration and responsibility; it prepares fibe in a modern world and enables an
individual to perform his/her work effectively. Theacher is required to pay more
attention to students’ awareness of developingnlegr skills and study habits,
recognizing and analysing problems and predictolgt®ns to them. Undeniably, the
implementation of modern teaching methods and igokes enhances students’
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curiosity about Mathematics and Natural Scienceksiacreases their understanding of
the basis of mathematical and scientific knowledige.accordance with the trends

teaching Mathematics and Natural Sciences is s@gpimshelp students understand and
solve everyday problems.

Modern Methods of Teaching-Learning Mathematics andther Related Subjects

On account of social changes towards knowledgesdrsociety and new educational
needs relating to strategies, methods and techsidpre teaching Mathematics and
Natural Sciences, new pedagogical trends appeaosnoping “learning by doing,
experiencing and communicating”, (Malgorzata, Ad&@anowefa, 2017).

Knowledge should fulfil four basic functions:

- Activating function — i.e. stimulating previouslgaguired knowledge in order to
broaden it,

- Triggering function — i.e. stimulating the acquit of new information via
coming up with new ideas,

- Practical function — i.e. defining means of perforgnactions and activities,

- Educational function — i.e. enhancing positive aéond, creating attitudes and
increasing motivation.

Knowledge should be perceived as a process notodupt. Today, students are
constructing mathematical and scientific knowled@jke educational perspective has
been changed — from focusing on thoroughly pregedntasks, which must be
completed by students, to concentrating on a legrprocess and students’ previous
educational experience.

Modern teaching requires transition from teachetbjectivity to that of a student.
Transmitting subject knowledge, teachers providelesits with creative and critical
thinking skills, which consequently let them deyelthe skill of self-development.
Teacher's role is to enhance students’ knowledge skills acquisition in new
situations. The process of learning and self-impmeent should rely on students’
understanding the structure, functions and integradf the brain, sensory preferences,
differences in functioning brain hemispheres, bidominance profiles, learning styles,
copying with stress, and the different types of mem

As far as new educational solutions are concerleaaining strategies facilitating the
acquisition of students’ knowledge by means of isgivtheoretical and practical
problems are brought to the fore. They comprisetimal and intellectual actions as
wells as the ones that facilitate emotional develenpt, i.e. learning by doing (situation-
based learning), learning by communicating (probbased learning) and experiential
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learning (simulations, creative thinking techniquaschniques facilitating critical
thinking and asking questions).
They include:
1. Situation-based Learning
Situation-based learning relies on context andrsetie particular situations that require
acting, decision-making and communicating. Teachigreated as a social process,
during which knowledge is built collectively by #&udent and a teacher. Knowledge
must be contextual and refer to particular situetjavhereas learning must take place in
a particular social environment.

Frequently, while applying situation-based leagri@achers make use ofaesk-
based strategy

Depending on a trained skill, one out of five typd tasks controlling different
fields of knowledge can be chosen:
- theoretical tasks, which aim at monitoring and eatihg integrated tasks,
- control-oriented tasks and tasks evaluating theedegf knowledge and skills
acquisition concerning planning, predicting resultsdertaking theoretical and practical
tasks,
- corrective tasks, requiring and controlling tagkaion,
- decision-making tasks, requiring from studentsstki# of solving problems in a
particular situation, relying on previously acqditenowledge,
- tasks controlling and evaluating the skill of conmmating in different
situations.

2. Problem-based learning

Modern problem-based learning neither rely on ajiranproblem situations, so called
pseudo problems (after all each difficulty is alpem), nor on tasks which do not
require creative thinking, asking questions, answerwhich can be found in a course
book as well as wrongly formulated questions, uarcler including the answer. If this

were the case, the teacher would seem to be thyepamson in the class who has a
problem to solve, while students would easily gatugtomed to apparent participation
in a lesson.

Problem-based Learning relies on the following: organizing problem sitioat,
depicting problems, providing students with indisg@ble assistance in solving
problems and in this way checking solutions, mamggfie process of systematizing and
reinforcing the required knowledge.
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According to Joshi (2008), a problem situation esonhen we know what we
want to achieve, but we do not know how to donttdrn, a problem task appears if
there is no algorithm (an explicit and reliable tinstion composed of the finite
sequence of operations that is necessary to berpexdl to achieve a particular goal).
Didactic problem is a theoretical or practical idifilty, the solution to which students
owe to their own research. The following types imfippems can be identified:

. Indicative problems (cognitive) — decision-makingequiring making a
decision) — executive (requiring taking actions),

. Open problems — closed (having the set of possitilgions),

. Convergent problems (having one solution) — divetgéhaving many
solutions).

The stages of Problem-based Learning:

" Creating a problem situation,

" Eliciting and defining a general problem,

" Identifying specific problems,

" Putting forward and confirming hypotheses,

" Establishing the means of solving specific and gang@oblems,

" Verifying hypotheses in practice,

" Drawing conclusions and solving a problem.

In practical terms the problem-solving method nadgetthe form of:

A discovery methodis used by teachers while solving mathematical seidntific
subject problems. It involves actions which aimrevealing and naming relations
between phenomena by means of laws and rules. \Atiileng problems by a discovery
method, students develop learning skills and ldarrapply acquired knowledge by
analyzing real situations. Furthermore, a discoveeyhodrelies on a mental process of
innovativeness or inventiveness. Searching for s@wtions, students should follow the
path of an innovator. This method is applied toseastudents’ awareness of the
shortcomings or flaws of an object, so that theyfarced to look for improvements by
eliminating deficiencies and discovering a rule etthallows for finding a new solution.

Action planning method is used for solving technological, production, mmmic and
structural problems. It follows the subsequentestag

. Becoming aware of necessary actions in a particitiaation,

" Identifying the main task, needed to carryout thiee the objective, a detailed
analysis of the present and desired situation,|dpirgy a solution and valuing different
projects,

" Preparing and implementing a new action plan.
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3. Learning by doing, experiencing and communicating

The choice of a teaching strategy depends on whethevant students to come up with
their own new ideas (learning by doing) and cortfrilem with their experience or a
situation (experiential learning) or to accept antooversial idea (learning by
communicating).

Learning by doing, experiencing and communicatiags|the basis for the research-
oriented attitude of students and conditions, #neetbpment of skills in terms of putting
forward and verifying hypotheses concerning natupAenomena and processes,
practical application of knowledge, observationgasurements and experiments, as
well as broadening the knowledge of the methodolofiyNatural Sciences. The
acquisition of the above mentioned competencesimeld by educational objectives
and goals.

Learning by doing, experiencing and communicatire;mn de applied in everyday
situations, in which students deal with their owaskis and projects. As far as advantages
of this practical method are concerned, the mostial ones are facing real life
challenges that every person has to cope with,edsas developing social skills and
dealing with changes.

In this strategy scientific thinking, scientificagoning and scientific competences of
learners plays a crucial role.

Scientific thinking is an ability of applying scientific knowledge tdentify and solve
problems as well as drawing conclusions based girea observations of nature and
society.

Scientific reasoningrefers to understanding characteristic scientifiacpdures (a sort
of mental activity), methods and tools thanks tdchtscientific research is conducted
and conclusions are drawn, e.g. distinguishing betwinformation based on facts or
scientific evidence and information including oping or assumptions.

Induction (inferring general conclusions on the basis of olz®ns) anddeduction
(inferring the specific from the general) consttthe starting point for reasoning.
Scientific competencesefer to abilities and willingness to employ knodde and
methodology for explaining phenomena in order tomidate questions and draw
evidence-based conclusions.

4. Action teaching

The overall aim of this method is to gain operatidmowledge by a studetitirough a
well-planned set of actions. Students construcir tkeowledge integrating it with
materials and various tasks through the prismeif #xperience.
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Action teaching is a strategy of a teaching-leagrmpnocess rooted in Piaget’s theory of
cognitive development, applied mainly in teachingtiMematics. It aims at gaining
operational knowledge not merely by means of chatempts of solving mathematical
problems, but via pre-planned by a teacher stusl@ttions. The tasks shall be selected
in such a way that enables students’ transitiomfrooncrete operations, through
symbolic to abstract ones. A thorough analysis mérations within concepts, which
must be acquired by students, is the starting goimplanning and selecting tasks. Thus,
as the designer and promoter of this strategy larfdo- Zofia Krygowska claims, there
are two basic teaching principles that the teasherquired to implement:

1. By means of analysis extracting from a subject endibisic operations within
each definition, theorem and proof.
2. Creating problem situations that enhance intedign and student’s

mathematical thinking as a specific and consciaesaf gradually adopted operations.
Moreover, the consistent application of didactiogasses aims at ensuring the accuracy
and effectiveness of this process. While developiregunderstanding of concepts, it is
necessary to plan the didactic process properlythab enactive representations will
result from specific actions, iconic representatiavill stem from symbolic operations
and symbolic representations will derive from abstoperations.

The trial and error method, a spontaneous, intuitiased means of dealing with tasks
and solving problems, can be an element of actaching. This involves performing
seemingly chaotic actions (for these who are useabplying schemes and analogies),
until a desired result is achieved.

The trial and error method constitutes the basisrfany other methods which lead to
discoveries and solving problems.

In Mathematics it is called a method of successipproximations, i.e. rethinking and
searching for something new and good. That is wthgeivelops critical thinking,
creativity, originality and resourcefulness of stuot.

5. Anticipating education

Anticipating education relies on the assumptionsarfstructivist learning theory: from
references to students’ prior knowledge (most of@mmon-sense knowledge, but also
semantic one) or external sources, through prawgssisystematization so as to finally
with the assistance of the teacher build learrsyrstem of categories.

The essence of anticipating education involvesnkya’ active organizing and
acquiring knowledge before the lesson during irtligi collecting information as well
as searching for references in own prior knowlectgecerning the subject matter, which
is finally discussed during the lesson. In order gain preliminary, general or
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psychological understanding of new material, sttglense existing knowledge,
experience, assumptions, emotional-cognitive @iati common-sense knowledge or
even semantic knowledge. They search memory farnmition and experience which
will allow them to understand and personalize neatemal. Only after developing an
overall picture of the planned topic, a directeticactakes place in accordance with the
tasks that are precisely defined by the teacheredared in such a way learner, comes
to the class to present his/her knowledge to thehier, whose role is to inspire the
learner to systemize acquired information. It @riteer’s self-assessment that primarily
finalizes the whole process. Students are famikakiwith tasks before a lesson, which
directs learners’ thinking not towards the matepetsented by a sender-teacher, but
towards self-gathering and organizing informationgther words mental processing of
acquired information. In this way new informatiaician be actively associated with the
one stored in memory. According to Jean Piaget fpwocesses occur here -
accommodation and assimilation. The existing schiewhaan be accommodated, and
the new one assimilated. In this way the essel@sslon is the response to anticipatory
operations. In this type of learning students @&t bf all inspired to build a bridge
between the existing schema, common-sense knowledgeell as experience and
information that they are supposed to acquire. §Kewski, 2004) Anticipating
education, may seem to be useful for building sadbridge. It assumes that school
education falls into three stages:

" Looking for references in existing schemata andrewg sources,
" Information processing,
. Systematization and categorization.

Actually, students gather information, organizand then build their personal subject
knowledge via constructing contents, performindgsaso as to finally with the help of
the teacher systemize the acquired knowledge. Wisiteorming tasks connected with
the upcoming lesson, learners first of all make afsthe above mentioned tools. They
also use them while communicating with a teacher.

Anticipating education takes place in stages. Estelge is connected with particular
actions aiming at attaining desired goals.

Activation

Activating students, their common-sense knowledbeut objects, phenomena and
problems takes place at this stage. Learners téflemselves as well as with the aid of
a teacher (teacher-directed reflection) on the esmbjnatter of the lesson. Activating
prior knowledge of the subject matter is the cofestoidents’ actions at this stage.
Teacher’s role is to support and encourage ledreeestive thinking, to inspire the
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creation of personal information concerning the jectb matter, based on various
sources, own thoughts and judgements.

Processing

This is the stage at which learners perform paldaictasks connected with the
subject matter, using various educational materfaiadents work individually and in
groups, communicating with one another and withagher, and tend to collate and sort
out collected material. At this stage it is crucial use such mental processes as:
analysis, synthesis, generalization, making comspad, defining and reasoning
(proving, explaining, concluding).

Systematization

This stage takes place during the lesson at thgepce of the teacher. At this
stage students systematize information acquiredevamswering questions and solving
problems. They develop the awareness of persogaiitdge constructs and incorporate
them into a scientific categories system, in acaocg with a defined and selected by a
teacher category of educational goals. Categories adso specified in terms of
pragmatic thinking. What? In which context...? Whyldomow? With what results...?

Evaluation

Students deal with acquired knowledge at this estathey act as critics,
reviewers, making statements concerning their warki achievements, what has
changed in their knowledge since they started dgaliith the subject matter, what can
be added, how it can be organized better.

Teacher’s task is to evaluate students’ work om klasis of collaboratively
elaborated with them criteria.

This stage is to shape students’ belief that arsteequestions always arise new
guestions, that knowledge is never final, that &s ha temporary and existential
dimension.

The elements of verification and evaluation appmaeach stage of the anticipating
strategy.
Depending on the evaluator, there can be distihgdis

= Self-assessment the act of evaluation which shifts the focus frorteenal
control to self-control.
" Peer-assessment the act of evaluationduring which a learner collaborating

with the group or presenting the output of his worront of peers receives feedback
from them, which has a formative character.
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With regard to the subject of correction and eviduethere can be distinguished:

. Student’s source-based work assessmenthe anticipating education strategy
is largely based on students’ personal engagemeditverse information source-based
work. Learner’'s work results are placed in an etedt portfolio and are presented in
the class to all participants of the lesson. Is tidse the subject of evaluation can be the
analysis of source texts, distinguishing the red¢waformation from the less important
one, or verification of the reliability of sourcé8onsideration may also be given to self-
reliance in dealing with issues. After all, intexfing information is different from
copying it.

. Student's work assessment -frequently material works, such as posters,
projects, e.g. connected with survey research @ndnialysis or a social campaign are
the results of tasks performed within the anticigatstrategy. The originality of
students’ works, reliability, honesty in researett, can be the subject of evaluation.

" Student’s involvement evaluation - e-learning requires considerable
commitment from students, manifested by activitychat rooms and internet forums
likewise during lessons, when numerous discusdiaks place. In this case, learner’s
activity, the content of statements, the abilitypodviding arguments based on facts and
distinguishing them from judgements will be thejsabof assessment.

. Student's knowledge assessment tests measuring students’ knowledge
connected with the current subject matter.

Conclusion

A paradigm shift in mathematical and nature sasneducation, student-centre
teaching and the growing popularity of construstivias a starting point of planning a
teaching process has aroused an interest in moggthrods of teaching.

A modern approach to teaching methods, from the pepective of both a
teacher and a student, relies on the following assptions:

" The teacher and the student are partners — batk aig equally responsible for
the results of joint work. They decide togetheitloaways of obtaining results.
" The teacher and the student take on new roles.oNgel is the teacher an

omniscient authority, but he becomes an advisor amcrganizer. Students from a
passive recipients turn into active participanesponsible for planning, organizing and
evaluating their own work. The reversal of rolesp@ssible provided both sides are
required to articulate their needs including metiogical support.

" The aim of school is to prepare the student foefrehdent work; students need
to be told how to organize their own workshop, htmwrationally plan the time of
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learning, and in general how to learn (at home |ewtiding projects, during individual
work in the classroom).

Searching for ideal solutions fosters the effectess of teaching and learning
Mathematics and Natural Sciences.
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