The micro-Kosmos protype for younger students — ICT activities
about particulate nature of matter in Primary School.

Despina Imvrioti
Science, Technology and Environment Laboratory, Pedagogical Department of Primary Education,
National and Capodestrian University of Athens
dimvrioti@sch.gr

Abstract

It is supported by scientists and researchers of science education that Particulate Nature of Matter
(PNM) is a valuable tool for anyone to approach several branches of Science. The introduction of
PNM to education seems to be a difficult and longterm issue. However, a great deal of effort is spent
worldwide so as the best way of PNM education is reached. In this direction and bearing in mind the
difficulties that pupils of 10-12 years old face when approaching the particulate model, we tried to
introduce a very simple version of this model to pupils of the fith class of greek primary school taking
into account the learning value of analogies, multiple representation and using the concepts of model
and scale that are taught to the same class through other subject-lessons.

The framework — The research questions — The aims

Recently, there has been a great deal of questioning in greek education area about teaching or
not particulate nature of matter (PNM). In 1960’s Richard P. Feynman (1977) emphasized
the importance of PNM in science. During the last decates many educational researchers
consider PNM to be a valuable tool for students and seek for the best way of teaching it to
students of as younger age as possible. In bibliography it is put forward that it is of great
importance for students to comprehend the PNM so as they approach several branches of
Science (Bouwma-Gearhart et al. 2009). It is also supported that PNM assists students to treat
phenomena about which they lack supervision, as in case of invisible gases (Lofgren &
Helldén 2009, Papageorgiou et al. 2010).

Lately, United Kingdom government [DfES. (2002) Framework for teaching science: Years 7,
8 and 9. Key Stage 3 National Strategy, London: Department for Education and Skills] funded
the initiative to develop pedagogical strategies and support of National Curriculum. In this
framework, concerning science, the curriculum was organised around five key-ideas, one of
which is «particles» (Franco & Taber 2009). PNM education takes place at the first three
classes of secondary education, at students of 11-14 age groups.

Certainly, the difficulties that students -especially of younger ages- confront at their attempt
to comprehend the PNM are taken into serious account. Franco & Taber (2009) studying the
results of the implementation of the above mentioned curriculum in United Kingdom, found
out that a minority of students are likely to have understood the basic particulate theory at the
end of that educational course. As it is stated in another research (Georgousi et al. 2001),
particulate model has positive results at efficient students of secondary education. In the same
direction, a different research team (Lofgren & Helldén 2009) admits that the didactical aim
of PNM in their research was to offer students —those who were willing and found it
worthwhile and productive— the opportunity to use particulate model when approaching
changes of matter in several circumstances.

The fact is that there is a demand for further research so as we are all aware of the way to
support our students as early as possible at their school years to build the particulate model by



the age of 16 and develop the capability to use it in real world (Lofgren & Helldén 2009).
Coming to the case of Greece, there are encouraging results about considering PNM an
achievable didactical goal for young students (Papageorgiou et al. 2010). More specifically, it
is stated that an early version of particulate model that explains natural changes, seems to be
suitable for students of primary education even from the age of nine and on (Papageorgiou &
Johnson 2005).

Researchers seem to come to an agreement as concerning the development of a simple
particulate model early by the students, which will guide them later to a more complicated
sub-atomic model (Bouwma-Gearhart et al. 2009). Furthermore, the comprehension of a basic
particulate model by the students, appears to be a presupposition for them to approach the
structure of the atom that is taught later (Papageorgiou et al. 2010). According to Eshach &
Fried (2005) Science of early school years is an effective framework for scientific thought to
be evolved and is expected to contribute to the formation of the groundwork on which the
comprehension of difficult scientific concepts will be based so as they are approached later on
in a more typical maner.

Dealing with phenomena of the Physics curriculum of primary education (10-12 age-group)
merely through experiments —which are undoubtedly important— guides students towards
describing only “how” a phenomenon happens, but misses unexplained “why” this
phenomenon happens. Even from the beggining of the 5™ class (10 years old) where concepts
like mass and density are taught, students express questions like: «What is the sense of
density in the case of a solid rock, since the rock is a whole / compact object and not many
small ones like sugar powder?” There appears the need of a mechanism for students, a model
/ protype, that explains the phenomena involved in the several experiments (Papageorgiou et
al. 2010).

In order to contribute to the research that takes place internationally concerning the best way
to introduce particulate model even in primary education, we studied the teaching of a simple
particulate model, the micro-Kosmos protype, taking advantage of analogies of microscopic
phenomena with macroscopic ones, as well as of ICT and computer visualizations in order to
develop activities for students with particulate model.

Regarding analogies as a didactical tool, we are grounding our research to studies that point
them out on the one hand as important mechanisms of concept change and reconstruction of
knowledge (Vosniadou & Brewer 1987, Thiele & Treagust 1992) and on the other as means
for investigation, description and explanation of scientific and mathematical ideas (Harrison
& Treagust 2000). Furthermore, we pay serious attention so as these analogies make sense to
the students. More specifically, we use images of animals both natural ones and others from
students paintings and organise a discussion within the class, focusing on the similarities and
differences of analogies with world of particles. We also asked students to write down their
own examples of analogies for the particulate protype. In the same direction, we use role-
play, where students pretend to be particles.

About the second teaching tool of our proposal, computer visualizations, international
bibliography support the educational value and the learning advantage that moving images
hold in comparison to static ones (Girwidz 2004, Aiello-Nicosia & Sperandeo—Mineo 2000,
Korobilis et al. 2003).

Our basic research questions are as following: 1) Up to which extent may the students of 5"
class (age of 10-11) approach the concept of PNM? 2) Are analogies proper to contribute to
the introduction of particulate protype? 3) Is the use of educational software a tool that may
help students approach PNM?

The aims of the didactical intervention we propose, are: Students a) to describe a simple
particulate protype (size and motion of molecules), b) to describe any object as constructed by
particles, c) to relate energy with particles’ motion, d) to explain expansion as a



differentiation of the distance between particles. From the above mentrioned aims, the first
two are mainly the goals of our research. The concept of energy and its role at the particulate
protype as well as the use of that protype for the explanation of several phenomena are
secondary goals, as it is estimated that at this initial introduction of the particulate protype
there shouldn’t be paid a lot of attention to many aspects of the protype, as it is expected to
happen later on in an evolutionary course.

The didactical intevention — The methodology

It is admitted that there are two internal basic difficulties regarding the particulate protype.
First, it is a model / protype and not a real object and second, it is of a scale that students are
unable to comprehend through their senses. These are the main reasons that led us to the
utilization of other educational subjects during the didactical intervention in order to help
students understand as better as possible the concepts of model and scale. To be more
specific, we took advantage of Mathematics, where students are taught the technique to model
a problem in order to reach its solution more easily. Besides, in Geography students are
involved in activities about the scale of a map and the comparison between maps of different
scales. Last but not least, Arts offered a hand too, as students made their own pointillisme
designs, which seemed to be of compact colors when observed from distance, whilst proved
to be of many colored points when viewed at a close glance.

Our didactical intervention at the subject-lesson of Physics consisted of the following three
units: 1. The concept of model (1 didactical hour) 2. Analogies of non compact bodies (2
didactical hours) 3. Particulate protype (4 didactical hours). Later, when the unit of expandion
was taught, there was another reference to the particulate protype and we made an attempt to
explain the phenomenon of expansion based on this protype by the use of ICT for one
didactical hour. Before the above mentioned three units, a lesson about the concept of energy
took place. The students of the experimental group were working in the ICT lab of their
school in teams of three, guided be worksheets. The teacher used a data projector.

Images 1 and 2: The research group in ICT school laboratory

For the needs of the didactical intervention we developed a simple interactive educational
software.

During the intervention, students were guided to discover that the objects of macrokosmos
constist of particles, which are so small that are unvisible, are in continuous motion, never
come in contact with each other and when energy is offered to them, they move more quickly.
We should point out that in every activity students were prompted to differentiate the senses
level from the particles one, as it is stated that a reason why students use to fail in
approaching the particulate protype, is that they are not encouraged to make that distinction
(Gabel 1993) and that teachers do not help them to identify the limitations of the macroscopic
representation of microscopic phenomena and particles (Bouwma-Gearhart et al 2009).
Analogies with substances that move perpetually and give the impression of a compact object,
like swarms of birds of shoals of fish, were chosen because a basic alternative idea that
students hold is that particles are placed inside the bodies. However, due to the difficulty in



the world of senses to find swarms in vacuum (without water or air), we have second thoughts
about the students’ ability to overcome another alternative idea of theirs: that there is air
among the particles. There is a possibility that the use of black background at the visualisation
of particles on the computer screen may help students to cope with the above alternative idea,
whilst the use of white color may give them the impression of a substance within which the
particles are moving. Furthermore, there was an activity at the worksheets that asked students
to focus on the black background and express their hypotheses about the reason why this
color was chosen. The activity was followed by discussion in the classroom, during which it
was highlighted that there is nothing else between the particles but vacuum.

As multiple representations are accepted to improve the ability of students to represent the
particles (Myers 1990, Mayer 2001, 2003), we used visualisations on the computer screen,
students’ paintings on paper as well as theatrical role play as multiple representaions of the
microkosmos protype / model.

The research — The implementation — The evaluation

The research sample consisted of 45 students of the 5™ class (age 10-11) of the 1 Primary
School of Nea Moudania of Chalkidiki. 23 of them belonged to the control group and were
taught about the particulate protype by the use of static images from their school book for 2
didactical hours in their conventional classroom. The rest of the students who formed the
experimental group, were first taught about energy in Physics subject-lesson, as well as about
modeling problems in Mathematics, about map scale in Geography and pointillisme in Arts.
After the above, three units about the particulate protype followed. These units were devided
in a series of 7 lessons of 45 minutes each. Last, the unit of heat and temperature was taught
and after the end of the worksheet of the Student’s Workbook about expansion of solid
objects, an effort to explain the related phenomena by the particulate protype was made.

To collect data we used written questionnairs in both experimental and control groups before
the didactical intervention. The most important questions were about the definition of
“molecule” and the design of objects in microkosmos scale: “What do you think is a
molecule?”, “Design some molecules as you believe they look like”. Following the
questionnairs, some interviews took place so as we could better define answers of the
students. After the intervention, written tests were given to the groups again. We decided to
ask students to design particles based on the proposal of Van Meter and Garner (2005) who
support that during this activity students are helped to develop their ability of observation the
same as in activities of discussion or written description. The paintings and drawings of
students are considered to be a valuable tool for the approach and visual representation of
scientific concepts.

The data processing showed that 63% of the total sample of students (control and
experimental group) have heard about the word “molecule” before the didactical intervention.
The interview revealed that the students have heared about molecules on the TV, from their
parents, from older sisters and brothers. When they were asked to describe what a molecule is,
more than 60% of them could not answer, while merely 13,6% of them answered that it is a
sort of a particle.

After the didactical intervention the students when asked “what do you think a molecule is”
answered as at the graphic below, where “Particles-C” stands for the correct answers in
particulate level, “Particles-AC” represents the almost correct answers of the same level and
“Other” indicates those answers that instead of the word “particle” they contained others like
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At the designing questions, before the intervention almost 50% of the students made no
designs. Almost 30%, however, designed particulate models that were almost correct from a
scientific point of view. Based on the interview data we note that students have observed such
designs in books or TV docuentaries or advertisements. They are not sure, though, what the
symbols they used at their drawings were exactly. After the didactical intervention, the
unaswered questions reduced to 10% at the total sample, while at the experimental group the
higher percent was that of the correct designs (52,6%). At the control group the higher
percentage (47,6 %) was the one of the designs where there was a mix of macroscopic and
microscopic level.

Regarding the concept of expansion and bearing in mind that students were free to use or not
the microkosmos protype, we categorised the data of our research according to Johnson
(1998a) as following: 1. The particle protype was not used by the students (Not used), 2.
Particles are mentioned but as they were stuffed in the materials (Macro-micro), 3. Students
accept that the particles compose the material, but they attribute macroscopic properties to
them (Macro-micro properties), 4. Particles with microscopic properties compose the material
and are responsible for its macroscopic characteristics (micro-Correct). We ought to define
that in the first category we included answers where there was either no reference to the
particulate protype or it was used in a wrong way. Before the didactical intervention, no
students of the experimental group used the microkosmos protype to explain the expansion
phenomenon. Afterwards, their answers were as we may see below:
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The Conclusions — Suggestions

It is important to know that students aged 10-11 years have already heard about the particulate
protype and have formed alternative ideas about it before entering the 5™ class of primary
school. This fact justifies the effort made to introduce the microkosmos protype in Physics
course of this level.



According to our research goals and data analysis, it seems that students of the experimental
group are able to describe a simple particulate protype in a rather satisfactory way (50%), and
that a good ammount of students mention that all the bodies/objects of macroscopic level
consist of particles. The differences between the answers given by the control and the ones by
the experimental group, drive us to the conclusion that analogies and educational software
used in combination with spending more didactical time to the microkosmos protype,
contributes to an important extent to this initial approach of the protype.

Yet, the idea students hold about the existance of “something” between the particles (like air),
was not eliminated for some of the experimental group students, as we had estimated at the
begining. Furthermore, even though at the expansion unit the explanation of the phenomenon
by the particulate protype was taught, few of the students (22,7 %) managed to use the
protype in a scientifically correct way.

Of course, we admit that this initial introduction of the microkosmos protype will generate
alternative ideas recorded by other researches as well. However, these ideas are about to be
confronted when the protype will be taught again at the secondary education level. There are
already a lot of researches that indicate on the one hand why teaching PNM is a tempting
issue and on the other what are the points where students fail. The attempt to introduce
particle concepts as early as possible in the educational process, and from then on the repeated
studying of them in several phenomena, appears to be successful eventually as regarding the
use of the particulate protype by the students in a correct way. However, there still has to be
paid attention at the alternative ideas this protype generates (Franco & Taber 2009). But the
process towards the scientific comprehension of the microkosmos protype will be slower,
when we leave it for later educational levels and when we do not emphasize to the use of it in
the explanation of several phenomena. We believe that our proposal to introduce the particle
protype at the 5™ class of primary school using analogies and computer activities, contributes
to a succesful initial approach of PNM dealing at the same time with some of the most
important alternative ideas students hold about the issue.
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«0 mkpoKoopog 6tov kKOopo TV KPpOWV» - Apactnprotntes pe TIIE
Yo T1) COROTIOWKT] doun TS VANG oty E’ Anpotikov.

Aéomowva IpPproty
Epyaotipio @voikwv Emotquov, Teyvoioyiag kou Hepifialioviog, I1L.T.AE., E.KIIA.
dimvrioti@sch.gr

HNepiinyn

> Biproypoeio vrootnpiletal 6Tl 1 couATIdOKT doun TG VANG (TpdTLTo TOL WiKpOKoouov) sival
éva TOADTIHO EPYAAELD YioL TNV KOTAVONGT TOAAGDV cOyypovav Topénv tov Ovoiwkeov Emotuov. H
EL0AYOYN TNG OTNV EKTAidELON TOPOVGLALEL SVOKOAIEG KOt AmOLTEL LOKPOYPOVIL SLUTPOYUATEVCT] OO
Toug pantés. Qotdco, Topatnpeital cuveyng mpoorddeln oe 61eBVEC emimedo Vo KOTAYpopovY Ot
BEATIOTOL TPOTTOL EKTOUOEVTIKNG TPOGEYYIGNC TOV COUATIOKOD TPOTVTTOL. LTV KaTeLOLVOT 0T Kot
yopic va mapayvopilovpe TIg SUGKOAIEG TOV EVEXEL 1| TPOGEYYION TOV TPOTVTOL Tov HUiKpOKoouov
omd woudd nAkiog 10-12 etdv, dOKIUAGALE HE O GEPA OAANAETIOPUACTIKOV dPACTNPLOTHTOV GTOV
VTOAOYIOTH VO €IGAYOLUE TOAD omAég évvoleg tov pikpoKoopov oe pobntéc g E’ Anpotucon
a&lomowdVTag TNV EKTOOELTIKY a&io TOV OVOAOYIOV, TOV TOAAUTAGYV OVATOPOCTACEDY KOl TMV
EVVOLOV TOL HOVTEAOL Kol TNG KAHOKAG, 7OV €16ayovTol omd GAAN YVOOTIKA OVIIKEILEVO NG

GUYKEKPEVNG TAENG.

Abstract

It is supported by scientists and researchers of science education that Particulate Nature of Matter
(PNM) is a valuable tool for anyone to approach several branches of Science. The introduction of
PNM to education seems to be a difficult and longterm issue. However, a great deal of effort is spent
worldwide so as the best way of PNM education is reached. In this direction and bearing in mind the
difficulties that pupils of 10-12 years old face when approaching the particulate model, we tried to
introduce a very simple version of this model to pupils of the fith class of greek primary school taking
into account the learning value of analogies, multiple representation and using the concepts of model
and scale that are taught to the same class through other subject-lessons.

To Miaicwo — Ta Epotipate — O Xtoyon

[Ipoocopata éxel mapatnpnOel oTov EAAVIKO EKTOOEVTIKO YDPO TPOPANUATICUOS GYETIKA LE
™ SWaoKaAl 1 Ol TOV EKTAOEVLTIKOD TPOTLITOL TOL HIKPOKOGHOV, 1| OTMOC KOTAYPAPETOL
ot debvn Piproypapio, g copatidlakng doung e VANG (particulate nature of matter).
"Hom amd 1 dexoaetio Tov 1960, o voumehiotag vowog Richard P. Feynman (1977) e€aipet
N onpocio Tov COUOTIOK0D HOVTEALOVL Yo TV emotnun. Tig televtaieg dekaetieg 6ToO YDPO
NG EKTOOEVTIKNG €pEvVaG, ivar ToALOl avtol mov yapakTnpilovy T0 COUATIOWKO TPOTLTTO
éva TOADTIHO gpyoreio Yo TOVG pabNTég Kot avalnTovy 10 PEATIOTO TPOTO O100CKAAMNG TOV
0TOVG poNTéG amd 0o kol pikpoTepn NAkia. Xt Piploypagio dtatvmmveror 1 BEon O6TL N
KaTovoOnon TG COUATIONKNAG dOUNG NG VANG eivan e€€yovoag onpaciog yio. Toug pobntég
TPOKEIUEVOD VO, TTPOcEYYioovv OAlovg Tovg Topeic tov dvowonv Emomuov (Bouwma-
Gearhart et al. 2009). Yrnootmpiletor pdioto 6t 10 copatidokd poviédo Pondd tovg
pabntég vo mpoceyyicouy QovOUEVO yloL TO. OTtoiol OEV €YOLV EMOMTEIN. OTMOC OVTE TOV
oyetiovtar pe ta adpata aépa (Lofgren & Helldén 2009, Papageorgiou et al. 2010).

[Ipécpata oto Hvouévo Baoiieo n kofépvnorn (DFES. (2002) Framework for teaching
science: Years 7, 8 and 9. Key Stage 3 National Strategy, London: Department for Education
and Skills) ypnuatoddmoe v mpoTOPOVAic. OVATTVENG TOOAYOYIKOV GTPATNYIKOV Kol
vrooTpiENg Tov EBvikov Avaivtikod [poypdupatoc. Xe avtd 10 TAaiclo 6GovV apopd GTIC



Ddvowkég Emomuec, o avalvutiko Tpoypopp opyoveadnke yopw omd mEve 106eG-KAEO, pia
€K TV omoiwv eivar Kot to. «copotiowwy (Franco & Taber 2009). ‘Etot, 1 ddackaAio g
COUATIOOKNG OOUNG TNG VANG TPOYLOTOTTOLEITON KATA TN O1dpKela TPV TAEemV amd TV apyn
g devtepofdbag exmaidocvong, oe pobntég nAkiog 11 éwg 14 etdv.

BéBoawa, dev mapayvopilovial ot SLOKOMEG TOL EVEXEL TO COUATIOWKO TPOTLTO Yo TNV
avtiAnym Tov and Toug HadNTEC, Waitepa TOV KPOV TAEEMV aKOWO KoL TG O0EVTEPOPAOLILOG
exmaidevonc. Ot Franco & Taber (2009) mov pelétnoav to 0moTEAEGUOTO TNG EPOPLOYNG TOV
TpoavaPepBEVTOC  avaAvTikod mpoypdupatog tov Hvopévov Boaotleiov, dwmictowoov
gpeuVNTIKA OTL M peloymoeio tov pobntov eivol mbavd va €govv KaTavonoel T Pocikn
copatdxn Bewplo oto Téhog T mapamdve exmodevtikng mopeiag. Ommg Kataypdpeton
kot oe GAAn épevva (Georgousi et al. 2001), 10 ocwpoTdlOKO HOVIEAD £XEl KOAL
AMOTELECLLATO. GTOVG TLO 1KOVOLG LalONTES TG devTepofabitag ekmaidevong. v 1010 AoyIK
Kot GAAN epevvnTiky opddo (Lofgren & Helldén 2009) moapadéyetor 611 0 GKOTOG TNG
dWaoKaAiog TNG COUATIOKNG GUONG NG VANG otV £pguva Tovg NTav va mpospepBel M
dvvatdtto oe 6covg pantéc to embBupovv kot to Bewpodv YOVIHO KOl TOPAYOYIKO, VO
YPNOOTOOVV TO HOPLOKO HOVIEAO Otav mpoceyyilovv petaforés TG VANG G€ O1bpOpPES
TEPLOTAGELC.

Q061660 KATOYPAPETAL 1] ATALTNON Y10 TEPLGGOTEPT EPELVO. TPOKEUEVOL Vo YVOPILovLE MG
va vrootnpi&ovpe Toug padNTéG amd Vopig oTo GYOMKA TOVS YPOVIL OGTE TNV NAKio TV 16
ETMOV VO YOLV OOUNGEL TO COUATIONKO HOVIEAO KOl VoL ovartTOEOLY TV KAVOTNTO VO TO
ypnoonoovy oe mpayuatikés kotaotaoels (Lofgren & Helldén 2009). Kot otov edinviko
AOPO  TPOKVTTOLV  eVOAPPLVTIKA OmOTEAEGHOTO Kot VrooTnpileTor gpevvnTikd OtL M
ocouaTookn 10€a 0ev givor axatopbmTo emitevypa yioo Tovg veapovs padntég (Papageorgiou
et al. 2010). Zvykekpyéva, ava@épetal OTL Ho TPMTH KOO0 TOL COUATIOWKOD LOVTEAOV
OV EPUNVEVEL PLGIKEG PETAPOAES paiveTon vo etvar KATAAANAN Yoo pobntéc oTo emimedo g
TpOTOPAdog ekmaidevong kot pAAIoTO Omd TV MAIKIO TOV EVvEX ETOV KOl UETA
(Papageorgiou & Johnson 2005).

Daivetar vo SLOHOPPOVETOL O COULPOVIO TOV EPELVNTAOV TOL YDOPOL GTNV AVATTLEN O
vopig otovg pontéc evoc amhol COUOTIOWKOD HOVIEAOVL, TO OTOi0 apyOdTEPO. OTINV
exmaidoevon Tovg Ba tovg odnynoel oV Katavomon evog TEPICCOTEPO TOAVTAOKOV
VTOOTOUIKOD  copaTdlokoy poviélov (Bouwma-Gearhart et al. 2009). Mdlota, n
Katovonon evog Pacikod coUOTIONKOD TPOTHTOL amd TovG HabnTés, anotedel TpobimdOeon
YO TNV TPOGEYYIoN TNG SOUNG TOL 0TOUoV Tov dwdoketor apyotepa (Papageorgiou et al.
2010). Katé tovg Eshach & Fried (2005) ov @voikéc Emotipeg v pikpadv oxolkov tééemv
glvolr éva  amoteAecpotikd mAOIGIO0 Yoo TNV OVOTTTUEN NG EMGTNUOVIKNG OKEYNG Kol
OVOUEVETOL VO GUVEICQEPEL OTN OpOpemon Tewv Bepediov mov Ba odnynoovv otnv
KOTOVONGT OVGKOAMV EMIGTNHOVIKMOV EVVOIMV Kol Qatvopévav mtov Ba pedetnBodv apydtepa
G€ L0 L0 TUTIKT LOPOT).

H mpocéyyion tov ¢@aivopéveov mov meplAapPavovial 6To OVOALTIKO TPOYPOUUN TV
dvowov g npotofaduos exnaidosvong (E ko X1’ 14&n) anokieiotikd kot povo pe v
eKTELEOT TEPAUATOV, YOPIS PUOIKA Vo Ttapayvopiletor n a&lo Tovg, odnyel Toug padntég
OTNV TPOCEYYION KOl TEPLYPOPN] TOV «TAC» ocvuPaivel €va @avopevo, oAl oaenvel
avaTavINTO 10 «yloti» cvppaivel 10 eawvopevo. Amo T mpateg pbiota evotreg g E’
Anpotikov o0tov ot padntéc dwddackovtal yuwo TS €vvoleg TG HAlag Kot TG mTuKvOTNTOG,
onuovpyovvrol anopieg Onws: «I1dg umopd vor A® Yoo TV TUKVOTNTO P0G TETPOS 0PoD M
méTpa etvan éva mpdypo Kot Oyt mOAAG pkpd Oomwg n Chyxapn:» (epodtmon padntpag E’
Anpotwkcov). Ov pafntég delyvouv va ypetdlovtal &va unyaviopod, €va mpdTLIo, TOL Vo
epunvedEeL Ta eovopeva Tov TapoTnpovv ot tewpdpota (Papageorgiou et al. 2010).
Soupairoviag oty Epeguva Tov TPaypaTonoleiton o deBvEg enimedo oyeTIKA pe 0 BEATIOTO
TPOTO E1GAYMYNG TOV COUATIONKOD HOVTEAOL MOM amd v mpwToPdduia ekmaidgvon,



peAETNOOUE TN O000KAAID €VOC AAOD TPOTLITOL TOL UIKPOKOGUOL YPNOULOTOIDOVTIOS TIC
avoAoyieg pe eoavopevo omd Tov KOGHO TV actoemv, T0 HOKPOKOGHO, Kol 0EI0TOIDVTOS
TIC véeg TEYVOLOYiEG OTO TANIGIO NG OLVATOTNTOG TOV TPOGPEPOLY VO, OPYUVAOCOLLE
OpaCTNPLOTNTES Y10 TOVG PaONTEG He pHovTELD copoTdinv oto ukpdKoopo.

Avagopikd pe TG avaroyieg oG padnotokd epyareio, otnpllOHOCTE GE EPEVVNTEG TOV YDPOV
ol omoiot €d® Kot dekaetTieg TIG Be@POohV MG OMOPAGIGTIKOVG UNYAVIGHOVG EVVOLOAOYIKNG
aAhayng Kot avadlopydvoong g yvoong (Vosniadou & Brewer 1987, Thiele & Treagust
1992) oAAd g péoa yio Vv eEgpebivnon, TEPLYPOEN KOl £PUNVEID EMIGTNUOVIKOV KOl
padnuotikov 1dewv (Harrison & Treagust 2000). Atvoope 1dwaitepn mpocoyn HdAoTo, OCTE
aVTEG Ol OvaAoYieg va €youv vOnua Yo Tovg HoBNTESG. AVOALTIKOTEPQ, YPTCLLOTOLOVE
ewkoveg pe Coa omd ™ @evon aAAd ko épya {oypa@ikne tov dwv tov podntov kot
deEdyovpe oulnmon oty Téén, £0TAlOVTAG GTIG OUOOTNTEG Kol OLPOPES TOV AVAAOYLDV
and tov koouo TV copatdiov. Télog, (ntaue and toug padntég va Katoypdyovy Kot ot
{0101 01KA TOVG TOPASEYHATA OVOAOYIDV LLE TO COUATIOWKO TPOTLTO. XT0 {010 TANIGI0 TV
avoloyliov aglomoloVpe Kot 10 Propatikd moaryvidl, 6mov ot podntéc oe pOAOVG GOUATIOIWV
Tapovstalovy pésa otnv aifovca d1d0cKaAlNG o ovaloyio TOV COUATIOWKOD TPOTVTOV.
Q¢ mpog T0 deVTEPO SOOKTIKO epyareio TG TapEUPAONG LAG, TIC OTTIKOTOGELS, Ot 01Efvn)
Broypagio vrootnpiletarl n exmadevTiky o&io Kot 1 Hafnolokn VITEPOYN TOV KIVOULEVOV
EIKOVOV cLYKPVOUEVOVY pe TiG otatikég (Girwidz 2004, Aiello—Nicosia & Sperandeo—Mineo
2000, Korobilis et al. 2003).

Awtvm@vovpe 6T cuvExEl To Pacikd epevvnTiKA pog epotnuata: 1) Xe moo Pabuod
UTOpOLV va. Tpooeyyicouv ot pantéc e E’ Anpotucod v évvola g COUOTIONKNG dOUNS
™G VANG; 2) Mmopolhv ot avoroyies Vo GUVEIGQPEPOLY GTNV EIGAYMYN TOV COUOTIOKOD
TPOTOTOL; 3) Mmopel 1 ¥p1|oN EKTAOEVTIKOD AOYIGUIKOV Vo TOVG fondnoet o€ avTo;

Ot otoyor ¢ dwaktikng mapéupaong eivar: a) Or padntéc va meprypdeovv €va amdod
copotdlakd mpdtuno (Héyebog kar kivion popiov), B) Na meptypdeovv OAo To COUOTO MG
amoteAoVpeEve amd couatioln, y) No cuvoéouv Tnv evéPyeln UE TNV KWVNTIKOTNTO TV
copotwiov, 0) Na epunvedovv ) O1GTOAN ®G UETAPOAN TOV OTOCTACEMV UETOED TOV
copatdiov. Amd avtods, 6TOYOL TNG EPEVVNTIKNG Lo TPOoTAOELNG amoTEAOVY Kupimg ot 600
npoTol. H évvola g evépyetag Kot 0 pOA0G TG 6TO COUATIONNKO TPATLTTO KAOMDS Kol 1 ¥p1ion
TOV TPOTLTTOV OVTOV Y10 TNV EPUNVEIDL POIVOUEV®OV OTOTELOVV OEVTEPEVOVTES EPEVVITIKOVG
G6TOYOVS, KOOMG EKTILATOL OTL GE QLT TNV TPATN EIGAYMYN TOV COUATIOKOV TPOTHTOL JEV
npénmel vo 000el 1Wwitepn Popdtra, O0nwg B mpémer va cvuPel oe emduevn O100KTIKN
napépPacn o1o TA0IG10 TG EEEMKTIKNG OOUNGNG TOV COUATIOKOD TPOTHTOV.

H Avvoxtu Hopéppaocn — H MeBooolroyia

To copatdokd mpoétvmo evéyel 600 Pacwég dvokorieg. I[lpatov, elvar éva povtédo /
TPOTLTO KOl OYl TPOYUOTIKO OVTIKEILEVO KO KOTO 0£0TEPOV Ag1TOLPYEl GE KAILOKO TTOV Ot
panTég advvatovy vo avtiineovv pe Tig oohnocelg tove. o to Adyo awtd mpootabncope
KOTA TO YPOVO NG OWOKTIKNG Hag mopéuPacng va allomolcovpe Kot AL O1O0KTIKA
avtikeipeva yuoo va aviiineBodv ot pantég xkoidtepa v €vvolo TOL HOVIEAOL Kol TNG
KMpokog. Q¢ térowo avtikeipevo ypnopomomoope to Madnuoatikd, O6mov To wodd
OACKOVTAL TAOG VO LOVIEAOTOOUV €Vl TPOPANLLA Yo Vo POAGOVV EVKOAOTEPA GTNV EMIALON
tov. Emiong ot lewypoeio katd v apyn tov padnuatov oty E° Anpotikod ot pobnrég
dacKovTal TNV KAMUPOKA ToL XapTn Kot Aappdvouy Hépog 6e dpacTnpLOTNTEG GLYKPLIONG TOV
AEMTOUEPELDV TOV AMOTLIMVOVTOL GE XAPTEG e SLPOPETIKEG KAlpakes. Télog, a&lomomOnke
TO YVOOTIKO ovTikeipevo g AoOnTikng Aywync, 0mov e dpacTnpldTnTeg TOVOVTIYIGUOV, O
pafntég dnuovpyncav oyeda to. omoia amd KAmol amdGTACT) POIVOVTAY YPOUOTIGUEVO LE



CLUUTTOYT] YPOUOTO, EVEO O€ WKPOTEPN OmOGTOCT YIVOTAV EUPAVAG 1M YPNON TOAADV
YPOUATIGTOV KOVKIO®V.

Koatd ™ dwaktikny pog mapéppocn, oto pddnuo tov Guoikov oddydnkav ot €ENG TPELg
evotreg: 1. H évvola tov povtédov (1 ddaxtikny dpa) 2. Avadoyieg U GOUTOYOV COUATOV
(2 dwaxTtikég Mpeg) 3. ZoMoTIOKO TPOTLTO (4 SWAKTIKEG MPES). Apydtepa dtav d10dyOnKe
N evOTNTa TNG OGTOANG TOV COUATOV, EYIVE KOl TOAL OVOPOPE GTO COUATIOKO TPOTLTO
Ko EmyelpnOnKe 1 epunveia Tov EAVOREVOL LE TNV 0EI0TOINGT CVTOV TOL TPOTLTOL KATA TN
dugpkela piog SOaKTIKNG dpag pe ™ ypnon vroroyotn. Ilpwv v évapén tov mapamdvo
EVOTNTOV Tpaypatomomdnke 1 owackoia g evotntag g Evépyslog amd 10 oYoAko
eyyepidro. Ov pafntég g opadag MEPAUATICHOV KaTd TN OdpKew TG TopeRPaong
Bpioxovtav oto Epyoactipio Kowwviag g [TAnpopopiag tov oyoreiov ko epyalovrov og
OUAOES TV TPUDV GE OKTM NAEKTPOVIKOVG VITOAOYIGTES e TNV KaBoonynon eOAAwV epyacio.
Yrnpye emiong évag data projector yio TOV EKTOLOEVTIKO.

Ewoveg 1 kot 2: H opdda nepapaticpod oto Epyactipro Kowvawviag g [IAnpoeopiog

[o 11 avdykeg ™c moapéuPaong dnpovpyndnke Kot ypnowomomonKe omid EKTOOEVTIKO
AOYIOUIKO OAANAETIOPAGTIKOD TOTTOV.

Katd v mopépPfacn ot pobntég odonyndnkav oty avakdivyn OTL T0 OVTIKEIHLEVO TOV
LoKPOKOGHOL amoTEAOVVTOL 0O COUATIOW, Ta omoia gival TOGO HKPA TOV dEV UTOPOVLE VO
Ta doVE, Ppiokovion oe dlapkn Kivnon, dev €pyovtal o emoP] HETAED TOLG Ko OTAV TOVG
TPOGPEPETOL EVEPYELQ, KIVOVVTOL TEPIGTOTEPO.

ToviCetar 611 01 padntég kalovvtav oe kdBe OpOCTNPLOTNTO GTOV VLITOAOYIGT M OTN
ocv{non va kdvovv T JKplon HETOEL TOL oucHnTol Kol TOL COUOTIONNKOD EMTESOV,
kabmOg vrootpiletoar 0Tl €vog AOYOG Yoo Tov omoio ot pafnTtég amoTvyydvouv GTnV
TPOGEYYION TOL COUATIOKOD TPOTHTTOV, gival OTL dgv evBappivovTal va dtakpivouy petaln
avtdVv TV 000 emmédowv (Gabel 1993) kal 611 0 ekmodeLTIKOG O Tpémer va. Bonbad Tovg
panTég va avayvopilovv Toug TEPLOPICHOVE TOL BETEL | LAKPOGKOMIKY| AVATOPACTACY| TOV
copotdinv Kot awvouévev (Bouwma-Gearhart et al 2009).

Ot avaAoyieg pe OVIOTNTES TOL KLVOUVTOL GLVEXMG Kot OvOUV TNV EVIUTMOOT] GLUTOYOVG
CMUATOG, OTMOS TO. CUNVN TTNVOV 1 Yoplov, eTAéyOnkov kabmg po Bactk eVOAALOKTIKN
dmoym mov £yovv ot pabntég eivar 0tL ta copatidw Ppickovror Tomobetmuéva péca ota
ocopato. Qotd6co, kabmg 6Tov KOCUO TV oucHncewv 0ev givar €0KOAO vo gviomicOovv
KvoOpevVa GUVN 610 KeVO (amovsio aépa 1 vepoD), STLITOVOVLE TNV EMPVAAEY LaG OTL O
pafntég dev Ba EemepAoOLV E TOV TPOTEWVOUEVO TPOTO L0 OEVTEPT] EVOALOKTIKY] AITOWYT| TTOV
éyouv, 0Tt dNAadn ovdhpecso ota copatiow vrapyel aépag. IIBavov va Pondnost otnv
OVTILETAOTION OLTNG TNG AToYNG TOV KotV 1 ¥pNon HOVPOL GOVIOL GTIC OTTIKOTOWGELS
TOV COUOTIOV GTOV LTOAOYIGTH, OVIL AELKOL (OVIOVL MOV TUPOMEUTEL GTNV TOPOLGIN
Kkémowog ovsiog. EmmAéov ota guAAa epyaciog vanpye epmtnon mov Katevhuve Tovg pobntég
VO TOPATNPGOVY TO HOUPO YPOUO KOl VO SIOTUVTOCOVV TIG VITOBEGES TOVG GYETIKA LE TO
AdYo v tov omoio emAéyOnke avtd TO YpOUHa. AkoAovOnce cvlntnom oty ThEn Omov
TOVIoTNKE GTOLG paBNTéEG OTL PeTalld TV coUATIdIMV dev VILAPYEL KATow ovcia mapd LOvVo
KeVO.



Koboc or moArlamhég avamapaotdoelg vroompiletor 0Tt PEATIOVOLY TNV 1KOVOTNTA T®V
pafnTov vo ontikonmolovy o cowpotidle (Myers 1990, Mayer 2001, 2003), aglonomcape Tig
OTITIKOTOINOEL GTOV VWOAOYIOTH, TG (OYpagléc o€ yopti oamd Tovg Hadntég Ko
dpapatomoinon oto pdOnua ¢ Ogatpikng AyYOyNg ¢ OPOPETIKEG / TOAAATAES
OVOTOPACTAGELS TOL TPOTVTTOL TOL KPOKOGHOL.

H Epgvva — H E@appoyfq — H ASwohdynon

To detypo ¢ €pevvdc pog omotéhecov 45 pobntéc kar poditpiec B 1aéng tov 1%°
Anpotikov Zyoieiov Néwv Movdavidv Xaikidwkne. H opdoa eréyyov nepirapfave 23 modd
ta. omoia. dWdyOnkav 10 copaTIdOKO TPOTLIO e TN Pondeln TOV CTATIKOV EKOVOV TOV
BiAiov yio to Mabnt| «Epgovd kot AvakoAdmTm» yior 00 SdakTkéG dpeg otV aibovca
dwaokaAiog. Ot pantéc g opnddag mEPARATICHOD TPMTO dWAYONnKay TV evdtnTa NG
Evépyelng ot0 mhaico tov pabnuatog tov Ouoikdv, KaBdG Kot TIC €VOTNTEG NG
povtelomoinong tpofAnudteov ota Madnuotikd, g kKAipokog tov xapt ot ['eoypaeio kot
TOV TTOVOAVTIYICUOD 6TV Aotk Aywyn. Xt cuvéyela Tpoypatorodnke n ddacKoiic
TOV TPIOV €VOTNTOV He BEua TO COUOTIOWKO TPOTLTO O U0 GEWPE ENTA podnudToOv
dwbpketog 45 Aemtmv 10 kabéva. AxorovOnce 1 dwbackario Tov kKepaiaiov g OeppoTnTag
Kol Ogppokpaciog, 6mov petd to T€Aog Tov DVALov Epyaciag and to Tetpdoro Epyaciav yu
1 OLGTOAT TMV GTEPEDV GOUATOV, 0E0TOMONKE TO COUOTIONNKO TPOTLTTO Yo TNV EPUNVEILN
TOV GYETIKOV QUIVOUEVOV.

Qg 6pyavo GLALOYNG OEOOUEVOV YPNCLULOTOMONKAY YPOTTE £POTNUATOAIYIO KOl GTIS VO
opdoES (TEpARaTIoCHOD Kot EAEYYOV) TPtV T SOaKTIKY] Tapépfact. Ot KuploTeEPES EPOTNOELG
oV TEPILOUPAVOVTOV OVOPEPOVTAY GTOV OPICUO TOL «UOPiov» KOl 6T GYEHi0CT COUATOV
TNV KAMpoko Tov pkpokospov: « Tt vopilelg 0Tt givar éva poplo;», «Xyedilace pepkd popo
omwg vopilerg Ot avtd potdlovvy. MeTd TN GULUTANPOON TOV  EPMTNUATOAOYI®MV
TpaypatoromOnkoy cuvevtenEelg Yoo T OlELKPIVION KATOW®V Omd TS OMOVTIOCELS TTOV
£0waoav ol pobntég. Metd and v mapépPocn 600nKay Kot TaA ypontd epoTnUOTOAOYLe. H
EMAOYY ™G oyediaong copatdiov otpiydnke oty npotacn towv Van Meter kar Garner
(2005) ot omoiot woyvpilovtar 6Tt OTOv (nTovpE OO TOLG HOONTEG Vo OYEOIAGOLV TA
copatioln, Toug Bonbovue va avoartoEovy T de&lotnTa TG mapatnpnong eéicov dnwg dtav
Kkévovpe dtahdyous pali Tovg kat dtav toug {ntdpe va ta meptypayovy ypoartd. Tao oyédio Ko
o1l Loypaiég Tov pantov Bewpodvtal Eva aSlOAoyo epyYarEio Yl TNV TPOGEYYIOT KO OTTTIKT
ATOKMOTKOTOIN G EMGTNUOVIKMY EVVOLDV.

Amo v enelepyacio TOV AmOTEAECUATOV QAVNKE OTL Ol poONTEC £xouv akoLGEL TN AEEN
«Hopo» kat mpv TN dwakTikn mapéuPacn oe mocootd 63% 610 GUVOAO TOL JdetypoTog
(opado eAEYYOL KOl OHAdO TEWPAUATIGHOV). ATO TN GLVEVTEVEN EAvNKE OTL £(0VV OKOVGEL
Yol TO LOPLOL OO EKTOUTEG TNG TNAEOPAOTG, OO TOVS YOVELG 1) amd UEYOAVTEPQ 0OEPPLAL TOVC.
Otav tovg Inmdnke va meptypdyouy Tt givar £va popto, méve ond to 60% oev amdvinoay,
EVO HOVO éva 1060010 13,6% Eypoyav OTL TPOKELTOL Y10 KATOLO0 GOUATION0.

Metd ™) ddaxTiKY| TapépPacn otnyv EpATNON «Tt VORLETE OTL €lvan £va LOPLO» O1 ATTOVTIOELG
TOV HoONTOV 0T1g dV0 OUAdES KLUAVONKAY OT®G OTOTLTMOVETAL GTO TOPUKAT® YPAONLLOL,
Omov pE «ZouaTio-Z» yopaktnpilovior ot opfég amavINsES COUATIOWKOD TUTOV, LE
«Zopotidte-ME» o1 anavTNoElg COUATIOKOD TOHTOL TOV Eival HEPIKE GMOTEG Kot e « AAAO»
Ol OTOVTNGELS TOL OEV OvVOPEPOLV TN AEEN COUOTIO OAAL «OPYAVICUOG», «ITPOYLOTAKL)
KA.
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2T EPMTNOCELS MOV ATOLTOVGOV OO TOLG HOONTEG Vo oxedldoovy Ta Hoplo. 0TS aTol
vopifouv 01t elvar, mpv ) dwakTiKy mapépPacn mepimov 10 50% dev €xave kavéva GyEot0.
‘Eva mocootd dyovg 30%, wotdc0, oyediace poviéda copotdiov mov mpoceyyilovv v
EMOTNUOVIKA OmOOEKTN amAvTnon. ATO T oLVvEVTELEN OMICTOCUUE OTL TETOOL €100VG
OTTIKOTOMCELS £XOVV Ttapatnproel o€ PiPiia 1| o€ ekmouméc g Aedpaons. Agv yvopilovv
Onmg Tt akpPog givor To sOUPOAN TOL YPNGILOTOINGAV GTO GYESA TOLG. META TN O100KTIKN
wapéuPacn, ot avamdvinteg epOTOoElg petwdnkav oto 10% kot oto chvoro Tov detypotod,
EVD OTO TUNUO TEPOUATICUOD TO HEYOAVTEPO TOCOCGTO CNUEIMONKE OTN CMOOTY oYedioom
(52,6%). Zto Tpunuo eEAEyxov ot mepiocdtepeg amavinoelg (47,6 %) ocvykevipodnkav ot
oyedioom 0mov gumiekoTay 1o eninedo Tov MaxpoKoaopov pe avtd tov pikpoKoopov.

Mo v katnyoplomoinon TOV amOTEAEGUATOV TNG £PELVAG Yo TNV €VVOL0 TNG OLGTOANG,
OOV 01 HOONTEG TNG OUAONG TEWPAUATIGHOD NTaV EAEHOEPOL VO YPNOIUOTOCOVY 1 Ol TO
TPOTLTO TOL KPOKOGHOL, aKoAoLONONKe M mpdTaon Tov Johnson (1998a) otnv omoia
avapEpovtol t€ooepls Pacikéc katnyopieg amavioemv: 1. To copatidiokd mpdtumo oev
ypMnoonoleitor amd toug pantés, 2. Ot pabntég avaeépovy o cmpatiol aAld o Oempodv
tomofeTnuéva péca 6To VAIKO, 3. Amodéyovtal 0Tl To. GOUATIOW Elval TO oMU, dAAE TOVG
TPocdidovy HOKPOoKOTIKEG 1010tNTeG, 4. Ta copotidlo pe TG SIKEG TOVS UIKPOCKOTIKEG
010TNTEC  amOTEAOVY TNV OVGi0. Kol TPOcdidOVY G LT HOKPOOKOTIKEG 1O10TNTEG.
Atevkpwvilovpe 0TL oV €PELVA LOG, OTNV TPAOTN OUAd0 OTOVINCEWV KoTaywpnonkav
OTOVTIOEL, OTI Omoieg €ite 0ev  avVOEEPOTOV TO OCOUATIOWKO TPOTVTO €ite  TO
YPNOILOTOLOVGOV Ol HobNTég pe eviehdg AavBacpévo tpémo. [pv ) dwdaktiky mapépuPoon
Kovévag amd Toug HaBnTéG ™S OUAd0S TEPAUATICUOD OEV YPNCLUOTOINCE TO TPATLTTO TOV
pikpoéKoopov vy v epunveion Tov  eovopévov NG SoTOANG. Metd T SOOKTIKY
TOPEUPOCT O1 ATOVTICELS TOVG OTOTLIIMVOVTOL GTO TAPUKATM YPAOTLLOL:
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Ta Xvpmepdopato — OvIlpotdoeg

Etvon onupovtikd va yvopilovpe 01t ot podntég otnv nhikia 10-11 etdv éxovv akovoeL Yo To
COUOTIONNKO TPOTLTTO OTd SLAPOPES TNYEG KOl £XOVV GYNUOTICEL EVOALOKTIKES TOPACTACELS
YL TO GLYKEKPIEVO TpOTLTTO TPV £pBovv otnv E’ 14EN tov Anpotikod yoleiov. Avti N
dmicTmon evioybEL TIg TPOSTADEIEG TOV KOTAPAALOVTOL Y10 TNV EICAY®OYT TOL TPOTHTOL TOV
pikpoKoopov 611 0100kt VAT TNG CLYKEKPIUEVNC Pabpida.

2OUQOVE e TOVG OPYKOVS LOG EPELVITIKOVS GTOYOVS, Paivetal 6Tl HeTd TNV avdAvon TV
OTOTEAECUATOV Ol pobntég TG opdoag mepapatiopod givol oe Béon va meptypdeovy Eva
amAO COUATIOKO TPOTLTTO G€ IKAVOTomTKO Badud (50%), evd éva IKavoTomTikd TOGOGTO
OOV OVOPEPOLYV OTL OANL TOL GOUOTO TOV LOKPOKOGHOV OmOTEAOVVTOL 0O cmpatiown. Ard
TIG SpPOopPEG GTNV OUAO0. TTEPAUATICHOD KOl GTNV OpAda eAEyyov, cvumepoivovpe OTL TO
avéloya mov ypnoomomonkay kol 1 a&lomoinon EKTUOEVTIKOD AOYIGUIKOD GE GLVOVACUO
pe TNV a@Epwon SWOKTIKOD Ypovov o©t1o mpodTLmo TOoL UIKPOKOGLOV, cuvelsEEpOLY
ONUOVTIKA GTNV TPMT OLTIH TPOGEYYIST| TOL TPOTVTTOV.

Qo1660, emPeformOnie n apykn Hog extipnon Ot 1 Wéo TV LodNTOV TG VITAPYEL KKATL
HETOED TV COROTOIMV, OTMC 0épug, TAPEUEIVE GE KAMOOVS HadNTég ™S opdoog
TEWPAUATICHOV. AKOUW, Tapd TO OTL GTNV EVOTNTA TNG JGTOANG d1ddyOnKe 1 epunveia Tov
QOVOUEVOL pe Bdomn To copaTdkd TpoOTLTO, Alyol podntég (22,7 %) KatapEpvouy EmTUYMG
Vo YPNOWOTO0VV  TO COUATIOWKO TPOTLTO YO EPUNVELTIKOVG OKOTOLG HE  Evav
EMOTNUOVIKA 00dEKTO TPOTO.

BéBaia, avayvopilovpe 6Tt o TpdT E100YOYN TOL COUOTIONKOD TPOTHTTOL O 0dNYNOEL G
EVOAAOKTIKEG OMOWEIS OV KOTOYPAPOVTOL KOl GE OAAEC £PEVVEC KOL Ol OTOiEg HE TN
dwaokaAio. TOv TPOTOMOL Ge peYaALTEPEG TAEES NG devtepofabuog ekmaidevong Ba
OVTILETOTIGTOVV. YTTAPYOLV NON OPKETEG EPELVES OV dElYVOLV APEVOS Y10TL 1| COUOTIONOKTY|
doun g VANG amoteAel éva deAeaoTiKO BEpa, apeTEPOL de OV Ol podnTég amotvyydvouy. H
TPOCTAOELN EIGAYMYNG TOV COUATIOWKOV 0DV VOPIc otnV ekmaidgevon Tov pobntov, Kot
OTN GLVEYEWL 1] CLYVN EMAVOSOTPAYUATELST TOVG Kol PeATioon Tovg Katd TV epunveio
olopmv  powvouévav, Ovimg ¢aivetor vo odnyel oe PdBoc ypoévov o1 YProm TOL
COUOTONKOD TPOTVTOL OO  IKOVOTOMNTIKO TOGOCTO HoONTOV ©g €VOG EPUNVELTIKOD
TPOTOTTOL OTIS PUOIKEG EMIGTNUES, YWOPIG ®OTOCcO va Eemepvd To YvOOTA TPOPANHaTo
EVOAMOKTIKOV OmOYEOV TOV HodNT®dV 6NV Kotavonon Kot xpnomn tov mpotvmov (Franco &
Taber 2009). ®aivetor 6Tt | TPOOSOG TPOG TNV EMGTNLOVIKY] KOTOVON G TOV COUATIOKOD
mpoTOHMOL Ba eivor po akOpa mwo apyn oadikacio Otav apyodue vo dddEovue ™
COUATIOWKT OOUN KOl OTaV Ogv divoupe EUPOCT) GTNV EPOPUOYN TNG OTIS EpUNVEIEC TV
SpoOpwV Pavouévev. Oempovpe OTL N TPOTAGCT| UAG HE TNV EGOYOYT TOV TPOTHTOL TOL
pikpokospov otnv E’ 14&n tov onpotikod oyoreiov alomoimdvtog TG avaAoyieg Kot Tig
OpacTNPOTNTEG OGTOV VLTOAOYIGTH] GOLUPAAEL G€ 1O EMTUYN TPOTN EGAYOYN NG
COUATIOKNG OOUNG TNG VANG HE TOVTOYPOV OVTIUETMOMION KATOW®V omd TS coPapég
EVOALOKTIKEG amOYELS TV LafNTOV Yo To B€pa avTo.
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