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Abstract

This paper presents an initial version of an educational software which simulates / visualizes
microscopic oscillations of materials’ particles as well as the corresponding macroscopic waves,
interrelating the microscopic procedures with the macroscopic phenomena provoked by them. An
initial educational application and evaluation of a part of this software, including —only— the
transmission / reflection / superposition of pulses and waves in matter, demonstrates / proves that
school students, university students / perspective teachers and teachers not only understand better and
explain more effectively these phenomena, but they also are able to teach them to others, as
demonstrated by a complementary relevant research. The whole research not only showed / evaluated
the educational advantages of the interrelation of microscopic procedures with the macroscopic
phenomena but also evaluated / ranked the technical characteristics, functionality and feasibility of the
software as regards as their educational value.

Frame — Questions — Targets

Educational Digital Technologies - which include Information and Communication
Technologies, Simulation and Visualization, Experimentation and Automation, Processing
and Representation of information and organization and presentation of information (Kalkanis
2007b) - are by no means a panacea, as some researchers would like to believe, nor a
"problem" as others (who simply face problems in using them) regard them. In fact they are a
valuable "tool" for most users. In our view Simulation / Visualization Technologies (SVTs) in
particular are, and are destined to be, a decisive element in the evolution of research in
Science but in Science Education as well (Kalkanis 2010), with all the benefits deriving from
their use and the added value resulting in both research and education.

SVTs may be applied in every cognitive field, but Science in particular has taken advantage
(and will do more so in the future) in a larger scale through the development of modern
Digital Educational Technologies. These Technologies, which contribute in Science
Education, have the form of Experimentation Technologies (using Sensors and Actuators
connected to a computer) and Simulation / Visualization Technologies (Kalkanis 2007b). The
latter - through the use of Monte Carlo methods / techniques powered by series of random
numbers, not only contribute in, but are of vital importance to Science Education and, also,
are probably the single ones absolutely "justifying" and "legitimating" their use in this field
(Kalkanis 1996, 1997, 1999, 2001).

Considering especially the study of pulses and waves, we see that conventional textbooks
depict the final state of a waveform, no matter whether this refers to the standard wave or to
special cases such as superposition, interference, standing waves etc. Transitional states of the
elastic medium are not discussed / depicted, while accompanying exercises do address such
cases. Even when such images are presented, they can be nothing more than static
representations of a highly dynamic process, so the reader must stimulate his/her imagination



trying to combine information from the image, the text and the formulae, in order to complete
his/her understanding. The quality of the result depends on the multitude and the extend of the
accompanying material provided. On the other hand, many applets found over the internet,
focus on specific characteristics of the phenomenon under study, allowing the user to interact
with only a few parameters. So the user has limited chances of experimentation. What's more,
visualization is performed in two dimensions. In those rare cases where a 3D view is
included, it is limited to a specific viewing angle (the one considered most "appropriate"). So
there's no way of changing the viewing angle, while, parts of the image that are closer to the
observer cover the rest, thus limiting the detail depicted.
Another absent and, at the same time, much needed characteristic, refers to simulations /
visualizations of "invisible" microscopic processes, which may be used to interpret
macroscopic phenomena, correlating microscopic processes —causes- and macroscopic
phenomena -effects- (Imvrioti 2009).
A few questions for a corresponding research procedure are the following:
- is it possible to recreate / simulate structures, reactions, movements and processes of
microkosmos (which lead to specific phenomena of the macrokosmos (included in curricula)
in a way compatible to modern scientific models?
- which way of presentation / visualization is the most appropriate in order to make the
microscopic processes better conceivable by students?
- how is their obvious correlation to resulting macroscopic phenomena (perceivable by

students) best achieved?
The educational aims of the research procedure, realized through:

1) the production of educational simulation software correlating microscopic oscillations

and macroscopic waves, and
ii) the experimental application / evaluation of a part of this software referring to
propagation / reflection / superposition of pulses and waves in elastic media / surfaces

are:

- to create and apply a compatible to modern scientific models (i.e. the model of
microkosmos) representation / simulation of structures, reactions, movements and processes
of the microkosmos, which characterize the "microscopic oscillations" of particles and
cause macroscopic phenomena which we call waves, and, in particular, to apply and
evaluate the part of the educational software concerning propagation / reflection /
superposition of pulses and waves in elastic media, the study of which is included in the
curricula of typical education.

- to present / visualize these phenomena in a way that enables the students to fully understand
the microscopic processes (oscillations of particles)

- to correlate in an obvious and successful way these phenomena to their macroscopic results
(propagation / reflection / superposition of pulses and waves in elastic media / surfaces)
perceivable by students.

Proposal — Methodology

In the Science, Technology and Environment Laboratory of the Pedagogical Dept of P.E. of
the University of Athens a multitude of educational software has been produced over the
years, targeting a variety of areas, but mainly concentrating on Science (for example Kalkanis
et al. 2003, 2007c, Grigoriou et al. 2010), and, specifically, educational software performing
digital simulations / visualizations of the processes of the microkosmos. These processes are
stochastic by nature, thus the software implements Monte Carlo methods / techniques (for
example Dimopoulos 2003, Tsakonas 1998) and use of random numbers produced by the
computer.



The educational software, the application and evaluation of which is presented here, was
created P. Tsakonas, PhD, teacher of Science, who has also created large number of the
aforementioned software.
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DObiject Particle ». 3.1 - 2010
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UserControl XORGraphics v. 1.0 - 2010
UserControl Bar v. 1.0 - 2009

As far as technical and functional features are concerned, the software includes three
dimensional representations, extensive parameter selection for "experimenting", dynamic
evolution in time, copying / saving snapshots, feedback, 3D visual enhancement through
several modes of drawing / coloring available, selection of perspective and scale, etc.
Additional characteristics include an embodied Internet Browser, Options window (allowing
the user to define general parameters), language selection of the interface, About window and
technical information on the configuration of the computer running the software...

A few of the technical / educational characteristic of the software are depicted in a series of
static snapshots, taken during its dynamic operation:




More static snapshots (with regard to propagation / reflection / superposition of pulses and
waves in elastic media / surfaces) with brief comments follow:

Propagation and superposition of pulses: the uses may change parameters such as the phase
difference of the two pulses, the initial direction of oscillation, the ratio of their amplitudes etc
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Propagation and reflection of waves: allowing the simulation to proceed in sufficient time, we
observe that the traversing and reflecting wave superimpose, thus resulting in the appearance
of a standing wave:
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This part of the software "propagation / reflection / superposition of pulses and waves in
elastic media" also includes simulations / visualizations of the reflection of pulses / waves in



free or bonded ends, propagation from / to materials with different impedance, 3D waves
produced on an elastic surface, surface waves interfering on a single point of the elastic
surface or on the elastic surface as a whole, etc.

The software was applied and evaluated during the research procedure in accordance to the
Steps of Scientific / Educational Methodology with Inquiry (Kalkanis 2007a), which, briefly
described, include: stimulation of interest, hypothesizing, experimentation, reaching
conclusions / model synthesis and generalization, systemic correlation, interpretations. In this
context experimentation consists of selecting / tweaking parameters to accommodate the
study of the generated pulses and waves.

This Educational Methodology with Investigation is proposed as suitable to incorporate the
software and the educational procedure of preference. Our Research Methodology is
described next.

Research — Application — Evaluation

The research was performed in a group of 24 students of the last year of lyceum, 38 university
students / teachers to be (of first and second grade education) and to 12 trainees in-service
teachers (of first and second grade education) during the school year 2008-2009. Since all
participants had been taught about pulses and waves in a traditional way using conventional
means - but in no case using the proposed software — they weren't split in groups (control and
experimental). Instead, after at first completing a pre-test, they all took a 4-hour course
incorporating an iterative use of the software, following the steps of scientific / educational
methodology by inquiry, using a worksheet, followed by a post-test. The work sheet included
instructions on the use of the software and a designated space for commenting the software's
operability. The questions referred to: a) the distinction of pulses from waves in elastic means,
b) the movements of microscopic particles of matter in the presence of pulses or waves, c) the
way these movements relate to the physical characteristics of pulses and waves, d) the
understanding of the behavior of pulses and waves during their propagation, e) reflection,
superposition, absorption / impedance, f) interpretation of these phenomena based on the
particles' movements, g) prediction of the shape of pulses and waves in elastic means when
the hypothetical movements of particles are known, (...)

The evaluation of the software was based on the answers the students / teachers presented on
pre- and post-test questions combined with their remarks / comments on the operability,
effectiveness of the parts of the software they worked with and the way they "experimented"
using the software. The answers on both test were classified as "deficit" (when correct
answers were less than half), "satisfactory" (when correct answers were more than half),
"complete" (when all answers were correct) and "exceptional" (when all answers were correct
and, in addition, they had managed to handle every step of the work plan successfully).
Remarks and comments on the operability / effectiveness of the software were categorized as
"deficit", "moderate", "satisfactory”, and "exceptional".

A preliminary assessment of answers and remarks / comments, indicated that there were no
significant differences between groups (high school students, university students, in-service
teachers), so the achieved results are present in total:



Pre-Test Post-Test

satisfactory
15%

exceptional
5%

Answers' percentages (%) on pre- and post-tests

deficit

Percentages (%) of software operability

In addition to the aforementioned research steps, all participants, after taking the pre-test but
before the 4-hour course, were asked if they would like to (i.e. consider themselves capable
of) teach(ing) the material to their "colleagues". The answers, in the majority, were negative.
When the same question was put to them after taking the 4-hour course and completing the
post-test, more than half responded affirmatively, and some indeed engaged in the process,
but the results were neither monitored, nor quantitatively estimated. Qualitative results on the
other hand were satisfactory and promising.

Conclusion — Proposal

Judging by the answers received and the work sheets completed by students and in-service
teachers, we reach the conclusion the educational software in question can fully and
effectively support both second and third grade education targeting on concepts and
phenomena related to pulses and waves in elastic media, in the frame of scientific /
educational methodology. In particular, the software enables the users a) to correlate the
particles' oscillations to the macroscopic waves and b) to interpret, through this correlation,
phenomena such as propagation / reflection / superposition of pulses and waves in elastic
material, mainly since the operability, the added value of functional and aesthetic
characteristics, along with the possibility of repeated "experimentation", were ascertained.
We, therefore, consider that it is possible to generalize the use of the software, at least in the
typical education, since the sample used in the research, was wide enough to justify our view.
We also believe that other parts of the software need to be evaluated and we propose its
incorporation in the educational process
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Hepiinyn

[opovowaletor por TpdT €KG0YN €VOG EKTAOELTIKOD AOYIOUIKOD TO OMOI0 TPOGOUOIDVEL /
OTTIKOTOLEL TIG UIKPOGKOTIKEG TOAUVIMGEL; TOV OCOUATIOIOV TOV VAIKOV KOl TO OvVTIGTOU(O
LOKPOGKOTIKG, KOUOTO TV COUATMV, GUGYETILOVTOG TIG —TPMTOYEVEIG— KPOGKOTIKES OUOKOGIEG LE
TO —OEVTEPOYEVII— HOKPOOKOTIKA (POIVOUEVE T OMOl0. TPOKAAOVVTOL Mio PMOTN EKTOIOEVTIKN
gpopuoyn kat a&loAdynon evog TUNHOTOS 0VTOV TOL AOYIGHUKOD, TO 0TT0i0 apopd —Ldvo— ot dtddoon
/ avéchoon / veépOecT KUUOTOTOAUMY KOl KUUATOV GE VAIKO UEGO / EMPAVEIEC COUATOV ATOOEIKVOEL
OTL poONTEG, POITNTEG / PEAAOVTIKOT EKTOUOEVTIKOT KOl EKTTOOEVTIKOL Ol LOVO KOTAVOOUV KOADTEPQ
KOL EPUNVEVOVY OCQUAESTEPO TA (QOIVOUEVA LT, OAAL KAl €ivar oe Béom va Ta O104EovV o€
GUVOOEAPOVG TOVG, OTMG OMOSEIKVVEL W0, CUUTANPOUOTIKY, GYETIKN épevva. H OAn epguvntikm
dwdkacio Oyt puoévo €deiée / aflohdynce T EKTOUOEVTIKG TAEOVEKTHUOTO TNG GLOYETIONG
LUIKPOGKOTIKMV S1001KACIOV KOl LOKPOGKOTIKOV QUVOUEVAOV 0AAG Kot a&loddynoe / Pabporodynoe ta
TEYVIKA YOPOKTNPIOTIKA, TIG OLUVATOTNTEC KOl TN AELTOVPYIKOTNTO TOV AOYICUIKOD ®C TPOG TNV
exmandenTikn o&io Tovg.

Abstract

At this paper is presented an initial version of an educational software which simulates / visualizes
microscopic oscillations of materials’ particles as well as the corresponding macroscopic waves,
interrelating the microscopic procedures with the macroscopic phenomena provoked by them. An
initial educational application and evaluation of a part of this software, including —only— the
transmission / reflection / confluence of wavepulses and waves in matter, demonstrates / proves that
school students, university students / perspective teachers and teachers not only understand better and
explain more effectively these phenomena, but they also are able to teach them to others, as
demonstrated by a complementary relevant research. The whole research not only showed / evaluated
the educational advantages of the interrelation of microscopic procedures with the macroscopic
phenomena but also evaluated / ranked the technical characteristics, functionality and feasibility of the
software as regards as their educational value.

To IMlaiocw — Ta Epotipata — O X16y01

Ol exmodeVTIKEG YNELOKES TEXYVOAOYIEG —OTIC OmOleC TEPAAUPAVOVUE TIC TEXVOAOYIES
TANPOEOPNONG KOl EMKOWVOVIOG, TPOGOUOIMONG KOl OMTIKOTOINONG, TEPOUUATIGHOD Kot
OVTOUOTICHOV, emeepyaciog KOl OVOTAPACTAUONG TNG TANPOPOPING Kol opydvmong Kot
napovcioong g minpoopiog (Koikdvng 2007B)— dev elvarl aoQOADG «TOVAKELO» OTMG
pepwkol Tic epeavifovv, 00Te VTLYMDG «TPOPANUO» OTTWG TIC Be®POVY AALOL O OTTOT01 ATAMC
gyouv mPOPANUO pHE TN YPNON TOVG, &£ivol OU®G €vol TOAVTIHO «EPYUAEIO» YlOL TOVLG
neP1ocdTeEPOLS. E1dkotepa o1 ymelaxéc teyvoloyiec Tpooopoimons / onTikoroinong Kotd
YVoun pog omotédesov —Kot 8o amotehovv— €va kaboploTikd ototyeio oty e&EMEn Gyt Lovo
™G €PELVOG TOV QLUOIKAOV EMCTNUOV OAAG KOl TNG EKTOIOEVONG OTIC QUOIKEG EMIGTNLES



(KaAxkavng 2010) pe Olo to mAeovekTuHOTO TO Omoio, €€l 1 0EOMOINGN TOLG KOl M

nwpooTBEUEVN a&ia amd TN PN oY TOLG TOCO YL TNV EPELVA OGO KO Y10 TNV EKTOLOEVOT).

Ocov apopd ot1g Bepatikés, avtég KOAOTTOUV OAN GXEOOV TA YVOGIOKA OVTIKEILEVA, OU®G Ol

QULOIKEG EMOTNUES €YoV em®PeAnfel —kor €yovv vo emm@EeANBoLV Kot 6T0 PEALOV— OE

peyoAvtepo iomg Pabud oe oxéon pe To. GAAD YVOOLOKA AVTIKEIPEVE amd TV aSlomoinon —

OA®V— TV cOYYPOVAOV  YNELIK®OV EKTOOEVTIKOV TEYXVOAOYIDV. Avtég, PéPata, ot

EKTIALOEVTIKEG TEXVOAOYIEG O1 OTTOTES EOIKOTEPO GUVEIGPEPOVV GTNV EKTTAIOEVOT TOV PVCIKAOV

emomuov egivar ot Teyvoloyieg Ilepopotiopod (pe ypnon ochnmpov Kol antipov,

dlovvoedeévav e MAekTpovikd vmoAoylotn) kot ot Teyvoloyieg IIpocopoiwong /

Ontwonoinong (Koaikavng 2007B). Ot tedevtaieg —pe xpnon tov peboddwv / texvikov Monte

Carlo kot toyoimv aplBudv— Oyt HOVO GLVEIGPEPOLY OAAG glval amopoitnTeEG OTNV

EKTOIOEVOTN OTIC QULOIKEG EMOTNUEG Kol —emmAéov— lowg €ivor ot uodveg ot omoieg

«OKOLOAOYOUV» KOl «VOULLOTOIOUVY» OOALTA TN P10 TOLG GTNV EKTOUOEVOT| OTIC PLGIKES

emotueg (Kalkanis 1996, 1997, 1999, 2001).

Av g€etdoovpe €101KOTEPA TN OEUOTIKY TOV KUUOTOTOAUDV KOl KUUAT®V O0TIGTOVOVUE OTL

ta ovpuPatikd ekmadevtikd Pipiia cuvnBmg Tapovslalovy TNV TEAIKY] KOTAGTOOTN HLOG

KOUHOTOHOPPNG, €ITE OVT aVOQEPETOL GTO AMAO TPEYOV KOUA, €1TE OE EO0IKEG TEPUTTACELG

(vmépBeom, ovuPoAn, otdoo K.AT.). Ae yivetal dwitepn pvela otn LETOPATIKY KATAOGTOON

oV TOPOVOIALEL TO EAOCTIKO HEGO, EVM Ol GUVOOEVTIKEG OOKNGEL GLYVA TeEPIAauPivovy

TETOLEG TEPWMTAOOELS. AKOUN KL OTOV TEPIAAUPAVOVTAL EIKOVEG, OVTEC €ivon polpoior OTATIKEG

KOl QToutoOV TV OUTEVEPYELD TOV AVAYVAGTN (OGTE VO GYNUOTIGEL GTN GOVINGio TOL [

TANPN EKOVA, GLVOLALOVTOGC TIC TANPOPOPIES OO TO EKTOLOEVTIKO VAIKO TOV TOV TTAPEYETAL..

Opoimg, elvar aAnBela 6t 10 amotédlecpa eivor 1060 KaALTEPO OGO TANPECTEPO €ival TO

EMOTTIKO VAMKO oL dwutifeton. Amd v GAAN TAevpd, oe TOAAES epaploYEg (applets) mov

dtotifevtal 6to d1diKTLO, Ol TPOGOUOIMCELS Eival LOVOTAEVPES Le TNV Evvola OTL £0TIAL0VV

o€ £val LOVO YOPOKTNPLOTIKO TOV LITO UEAETY] PALVOUEVOL KOL OEV OPIVOLV TTEPODPLO. GTO

YPNOTN G TPOG TNV TPOTOTOINGN T®V TIHAOV £vog TAnBovg mapapétpov. Etol, o yprotng

otepeitan dvvoTOoTTOV TEPANATIGHOV. EminpochHeta, n ontuconoinon yivetoar cuvnbéotata

Katd TpOTO O160146TATO. LTI CTAVIEG TEPITTAOGELS TOV £ival TPLGOIAGTOTN, ) TPOPOAN| YiveTan

amtd GLYKEKPIUEVN OTTIKN YoVia. Agv vdpyel Aomdv 1 dvvatdTNTa BE0oNG OO EVOALUKTIKEG

0éoeig. Toavtoypova to TUMHOTO NG €KOVOS Tov givol "o Kovid" otov mapoTnpnTh

KAADTTOUV T0 VITOAOLTAL.

‘Eva axoun éileippo / aatoOpHeEvo TG €KMOIOELONG OTIC PUGIKEG EMIGTHUES APOPH GTIG

TPOCOUOIMGELS / OTTIKOTOOELS TOV «OOPAUTMVY HUKPOSKOTIKAOV S1001KOGIMV Ol OTTOIES Eivat

duvatd Vo EPUNVELOLY TO. HOKPOOSKOMIKE @avOpeva, GLoYETILOVTOG TIS HIKPOGKOMIKES

dladKkaoieg —aitio— Kot to LaKpooKomikd gavopeva —otiato— (IuPpuon 2009).

Mepikd epOTLOTO Y100 [0 VEQ GYETIKT EPEVVNTIKT OladtKacio etvat:

- givan dvvarr  dnuovpyio pog cvuPatng He To GUYXPOVO EMIGTNUOVIKA TTpdTLTO (TO
TPOTUTO  TOL  WWKPOKOGLOV)  avomapdctacns /  MPOGOUOI®MOoNG  T®OV  OOU®V,
OAANAETIOPACE®Y, KIVIIOEDV KOl  Ol0OIKAGIOV TOV HKPOKOCUOL Ol OMOIES TPOKAAOVV
OUYKEKPIUEVO  (QOIVOUEVO TOL  UOKPOKOGHOV 7oL  TEPIAAUPAVOVTIOL GTO  OVOALTIKA
EKTTOOEVTIKG TPOYPALLLOTOL;

- mota glvatl M MAEOV KATAAANAN TapovsiooT / OMTIKOTOINGT TOVS MGTE Ol HKPOCKOMIKES
dladKacieg va givol KaTavonTEg amd TOVG EKTAOEVOUEVOLGS;

- TOG EMTVYXAVETOL 1| TPOPAVIG GLGYETIGN TOVG HE TO LOKPOGKOTIKO (POLVOLEVA TO. OTOial
TPOKOAOVV Ko £IvVOL OVTIANTTA OO TOVS EKTOOEVOLEVOC;

O1 exkmoudevtikol 6TdYOL TNG EPELVNTIKNG dladkaciog 1 ool emyepnOnKe pe TN dnpovpyia

EKTTALOEVTIKOD AOYIGUIKOD TPOCOUOI®MONG / CLUGYETIONG LWKPOCKOTIKMY TOAUVIMGEMY KOl

LOKPOCKOMIKOV KUUATMOV KOl TNV TEWPAUATIKN €aproyn / a&toddynon evog LEPOLS TOL TO



omoio apopd otr 014000m / avdihaon / VIEPHEST KUUATOTOAUDY KOl KUUAT®OV GE VAIKE péca

/ EM@AVEIEC COUATOV lvar:

- M onuovpyio Kol EPAPUOYT HOG CUUPOTNG LE TOL GUYYPOVO ETIGTNUOVIKG TPOTLTO (TO
TPOTLTO  TOV  WKPOKOGLOV)  OVOTTOPACTAONG /  TPOCOUOIMoNS TV JOU®V,
AAMNAETIOPAGE®V, KIVIICEMY Kol  O1001KOGIMDV TOV UIKPOKOGHOV Ol OTOieg yopaktnpilovv
TIC «UIKPOOKOTIKEG TOAOVIMOELY) TOV OCOUATIOMV Kol Ol ONOleC TPOKAAOLV Ta.
LLOKPOCGKOTIKA (OIVOLEVO TOL OTTOi0. OVOUALOVTOL «KOUOTOY, EOIKOTEPA OE TNV EPOPULOYN
Kol aE0AOYNOY TOL HEPOVS TOL EKTOUOEVTIKOV AOYICUIKOV TO 0moio apopd otn diddoon /
avdxhaon / vaépBeon KUHOTOTUAUDY KOl KOUATOV 6€ VAKE péca / empdvele coudTmv
KOl TV omoiwv 1N HEAET TPOPAENETOL OTA OVOAVTIKG TPOYPOUUOTO TNG TLTIKNG
EKTTAIOEVOMNG

- M TapovciaoTn / OTTIKOTOINGT TOVG MOTE Ol UIKPOOCKOMIKEG OUOIKACIES (TAAAVIDGELS TV
COUOTOIOV) Vo glval KATOVONTEG A0 TOVS EKTOOEVOLEVOVG

- N OLOYETION TOVG UE TO UOKPOOKOMIKG @aivopeva (dtddoon / avdxiaon / vrépbeon
KUHOTOTOAU®DV KOl KOUATOV G€ DVAMKG LEGA / EMPAVEIES COUAT®V) TOL OOl TPOKAAOVV Kot
elval avTANTTd amd ToVG EKTOOEVOLEVOVG VO EIVOL TPOPOVIG KOl ETLTUYTG.

H Ilpoétaon — H Me@oooroyia

210 Epyoaotiplo dvokdv Emommuav, Teyvoroyiog kot Ilepipairoviog tov IMadaywytkon
Tunuatog A.E. tov [Movemotpiov AGnvav £xovv dnuovpyndel 6to moperfov ekmondevTikd
AOYIGLUKA pE S1apopa. BEpaTa YL S1ApOopa YVMOOIOKA aVTIKEILEVE KUPIMG OUMG EKTAIOEVLTIKA
AOYIOUIKA Y1 TIG PLOIKES emotnpeg (evoektikd Koikdvng kd. 2003, 2007y, Grigoriou et al.
2010), eddTEPO OE EKTOUOEVTIKA AOYICUIKE LE YNPLUKES TPOCOUOLDCELS / OTTIKOTOW|CELS —
Kuplwc— pe Bépa 11 S1001K0GIEG TOL HIKPOKOGHOV. AVTEG Ol d1001KOGIEG Eival GTOYOOTIKES /
TOOVOKPATIKEG YU OVTO Ol TPOGOUOIMGELS £YovV dnuovpyndei pe ypnon tov uedodwv /
teyvikdv Monte Carlo (gvdeiktikd Dimopoulos 2003, Tsakonas 1998) kot tuyaiov apBudv
amd TOV NAEKTPOVIKO VTTOAOYIOTY).
To ekmoudevTikd AOyIGHIKO TOL Omoiov 1 €papuoyr] Kot a&oddynon mopovctaleral
onuovpyndnke and tov dwdktopa / ektondevtikd ITE4 Tlavayivt Todkwva o omoiog eival
OMNUIOVPYAS Kot TOAADV OO T TAPOUTAVED OVOPEPOUEVO AOYIGLULKAL.

Melétn Malpdv / Kupdtov [ e e e
ﬂpéypappavl'lngoopo[uar]g

(C) 2007-2010, IN.Todkwvas
Object Particle v. 3.1 - 2010
UserControl XORGraphics v. 1.0 - 2010

Thatos

Ocov apopd ota TEYVIKA Kol AETOVPYIKE YOPOKTNPIOTIKA TOL EKTOOELTIKOD OVTOV
AOYIoHIKOV, G€ auTtd TEPAOUPAvVOVTOL Ol TPIGOEOTOTEG AVATOPAUCTAGELS, T ETIAOYN
TOPOUETPOV Y10, CTEPAUOTIGUON», N OLVOUIKY] €EEMEN TOV OVOTOPACTACE®Y, 1| dVVATOTNTO
Mymg / amofnkeuong  OSTIYUOTUI®V, 1| OVAOPUCTIKOTNTO, Ol TPIOOIACTOTES YPOUMKES N
YPOUATIKEG OVATOPACTAGELS, Ol EMAOYEG TPOOMTIKNG Kot KAMpOKAG KTA. Axoun €xet
dvvatdtnteg ot omoieg ouvvoyilovior og: mpdsPacn oto SadIKTLO (HE EVOOUOTOUEVO



QUAAOLETPNTY), EMAOYT YADGGAS, TOPAUETPOTTOINCT (KOBOPIoUOS YEVIKMDV TOPAUETP®V MG
TPOG TN AETOVPYIO TOV), GTOXEID EQAPUOYNG (TOVTOTNTA TNG EPAPUOYNG KOl TANPOPOPIES
TEYVIKNG VOTG CYETIKA LE TO VITOAOYIGTIKO GUGTILO GTO OTO10 EKTEAEITAL TO AOYIGHIKO). ..

Mepikd amd ta TeEXVIKA / EKTOUOEVTIKA YOUPUKTNPIOTIKAE TOV POiVOVTOL OO LEPTKA EVOEIKTIKA
OTOTIKA OTLYHOTLTO TOL 07010 £xovv ANeOel Katd TN ddpKela TNG SLVOUIKNG AElToVPYiag TOV:

Mepkd otatikd eniong otrypdtTumo to. omoio £xovv AneOel amd T duvapukn Agttovpyio Tov
AOYIOUIKOV KOl apopovV oTr| 01d000M / avaKkAaoT / VITEPHEST] KUUATOTOAUMY KOl KOUAT®V GE
VAMKG péca / em@AVEIES COUATOV QAivOVTOl GTI) GUVEXELL GLVOOEVOUEVO OO GUVTOUO
Kelpeva:

Alddoon kot vépOeoT KupoTomaAp®v: divetar ) dvvatdtnTa vo. kabopicovpe TN dtopopd
@AaoNG PHetall TV KOUOTOTOAL®Y, TNV Kotevhuvon Kiviong Tovg, 10 A0Y0 TV TANTMV TOVG
K@
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To pé€pog awtd ToL AOYIoUIKOL «d1ddooT) / avakiootn / vagpheon KVUATOTOAU®DY Kol KOUATOV
ce VMkd péoo» meptlopPdver emiong TPOCOUOIDGELS /  ORMTIKOMOMGES OVOKAMONG
KUUOTOTOAUMV Kol KOPUAT®V o€ eAe00epO KOl OECUEVUEVO AKPO, SIEAEVONG KLUOTOTOALDY
Kol KOPATOV omd / 6€ VMKO e SOpOPETIKN EUTEINOT), TPIGOACTAT®OV KUUATOV G EMInedO
€GO, GLUPOANG EMIMEI®V TPIOIACTATMOV KUUATOV GE CTLUELO Kol EMUPAVELQL.

To Aoyopkd epappdctnke kot a&lohoyndnke Kotd v gpevvnTikn Sadkacio, Eviaypuévo
oto Puata g emoTNUOVIKNG / exmandevtikng pebodoroyiog pe diepedvnon (Kokkdvng
20070) ta omoic cuvOmTIKG TEPLYPAPOVTOL MG €ENG: EVALOUO EVOLOPEPOVTOS, OLOTOTTOON
VTOOEGEWMV, TEPAUOTIGUOC, SUTVTMGCT GUUTEPAGUATOV / GUVOEST] TPOTHTOV Kol YEVIKELOT),
GUGTNUIKY] CLGYETION, epunveies. Q¢ «mePAUOTIGUO» Bempodue v oriayr| / emhoyn
TOPOUETPOV Y10, TN LEAETT TOV TOPOYOUEVOV KUUOTOTUALMDY KOl KOUAT®V.

Xg outn TV EMOTNUOVIKY / ekmondevTikn pebodoroyio pe depebvnon mpoteivetanr va
EVIAGGETAL TO AOYICHKO KOl OTTOL0L EKTOOEVTIKT dtadkacio otnv omoia ypnowonoteital. H
gpeuvnTikn pebodoroyia TePLypAPETOL GTN GLUVEYELD.

H Epgvva — H E@appoynq — H A&oAéynon

H gpevvntikn dadwcocio Tpaypotonomdnke o 24 pobntég g v~ Avkeiov, og 38 porntég /
UEALOVTIKOVG EKTOOEVTIKOVG TNG TpwToPaduiag Kot devtepoPaduiog ekmaidevong kot og 12



EMUOPPOVUEVOLG / €V gvepyeinr eKTTAOELTIKOVS TNG TPMOTOPAOag Kot devtepoPadiag
eKTaidevonG, Kotd 10 oYOAIKS / ekmondevuTikd £1oc 2008-2009. Ene1dn 6Aot ot GUUUETEYOVTES
pantég / eoumrég / exmandevtikol elyav dwdaybel v mpoavapepbeica Oepoatikny pe tov
TOPOOOCIOKO TPOTO Kol HE ovuPatikd péoa —ce k0be mepimTton OU®G Ol UE TO
TPOTEWVOUEVO LOYIGUIKO— OEV YMPISTNKOV GE OLADES OVOPOPAS KOt TEPOUATIGHOD 0AAG OAOL
POV CLUTANPOGOV £VOL EPOTNUATOAOYI0 (pre test) oV apyn TS EPELVNTIKNG SLUOIKAGING,
HETEYOV OE oL EKTOOELTIKY Stodikacio 4 ®pdV e OvVAdPACTIKN YPNOT TOV TPOTEWVOUEVOL
AOYIGLIKOD 0KOAOLODVTAG To PAUATO TNG EMOTNUOVIKNG / EKTONOELTIKNG pebodoroyiag pe
Baon éva eOALO gpyaciag, LeTE O CUUTANP®GAV EVO OKOUN EpOTNHOTOAGYIO (post test) oTo
TEAOG TNG EKTOOEVTIKNG OladtKaciag. Xta pUAAL epyaciog Tovg dtdfalav Tig 0dnyiec ypnong
TOV AOYIGHKOD Kot 6€ SloTfEHEVO YDPO oxoAlalav TN AeTovpyKOTTA TOL AoYyiopiKov. Ot
EPMOTNOELS TOV EPMOTNUOTOAOYIOV 0LPOPOVCAY GT OLAKPICT) KUUATOTUALMY Kol KOUAT®OV oTo.
VAMKG GOUATO, OTIS KIVAGES TOV UIKPOGKOTIKAOV COUOTIIOV NG VANG OTOV OTO VAIKA
omUaTo REAviCovTal KUHOTOTOALOL 1] KOUOTO, GTOV TPOTO WE TOV OMOI0 Ol KIVIOELS OUTEG
TOV coORoTioV ovoyetiCovioar / dovvdoéovior HE TO OAQOPA YOPOUKTNPIOTIKA TOV
KUUOTOTOAUMV KOl KUUAT®OV OTO COUOTO, OTNV KOTOVONOT TNG GULUTEPLPOPES TOV
KUHOTOTAGUDV Kol KOUATOV KOTA TN StipKeLd THG S1dd00NG TOVG, TNG OVAKANGYG TOVS, TNG
vépBeong / cupPoing Tovg, TG amoppoOPNoNG / EUMEONONG TOVLG, OTNV  EPUNVEID TV
QOWVOLEVOVY aVTOV pE PBdor TIg KIVIOES TV COUOTOIOV 0AAd Kot otnv TpdPreyn g
HOPPNG KLUOTOTOAUDV KOl KUHATOV G€ LMKA copato Otav yvopilovue Tig vmofeTicés
KIVIOELS TV COUOTOIOV TOVG (...)

H a&lohdynon tov ekmaidevtikod AOYICUIKOV £Yve e PAOT TIC ATAVTNOELS TOV pobntodv /
QOUINTAV / EKTOLOEVTIKDOV GTO, EPMOTNUATOAOYLO TPV KOl LETA TV EKTALOEVTIKY / EPEVLVNTIKNY
ddkacio kaBdg Ko pe Paon Tic mapatnpnoels / oxOAd Tovg yio TN AElTovpykoOTnTOL /
AMOTELECUATIKOTNTA TV S10POP®V OELOTIKOV TOV AOYIGHKOD, 0ALAL KOL TOV «TEPAUOTIGULON
TOVG e T0 AOYIoKO. Ot amavtioelg TV HodnTtdv / o1tnTadyV / EKTOOEVTIKMV KOl 6TA 0VO
epOTNUATOAOYL (TPV Kot HETA) TaStvopnOnkay oTig eENg katnyopleg: «eAeUATIKESY (OTOV
amavTooOV EMAPKMOG O AYOTEPO OO TO UICO EPOTNUOTO), «IKOVOTOMTIKES) (OTOV
ATOVTOVGOV ETOPKADS GE TEPIGCOTEPA OO TO LIGE EPOTILATAL), «TANPES) (OTOV OTAVTOVCHY
EMOPKADG GE OANL TOL EPOTNUATO) KOl «EEAPETIKES (OTAV AMOVTOVGOV TANPWOS GE OAOL TOL
EPMTNLATO KO ELYOV SOTPOYUATEVTEL EMTLYMOG OA Ta. friaTo TV oyedimv epyaciog).

Ot TapotPNOELS Kot TOL GYOALOL Y10l TH AELITOVPYIKOTNTA / OTOTEAEGLATIKOTITO T®V dOPOPMV
BepaTikdv ToV AoYIGHKoD TaStvopnOnkay, eTiong, o€ KATNYOPIES: CEALEIUATIKN», «UETPLO,
«UKOVOTTOMNTIKTY, «EEOPETIKNY.

Mo Tp®dTN amOTIUNON TOV OTAVINCEDV GTO EPMOTNUATOAOYIO KOL TOV TOPATNPNGEDV /
oxoMmv ota @UALL gpyaciog €0eie OTL 0ev LANPEAY ONUAVTIKEG OLAPOPES UETOED TMV
SPOPOV KATNYOPLOV TOL Oeiylatog g épevvag (LoBNTOV, POUTNTAOV, EKTAUOEVLTIK®V), YU
aVTO KO TO OTOTEAEGHOTE TG EREOVICOVTAL EVOTOMUEVAL:

Mpwv Merd
eEAIPETIKEG 2
. EMEIMHATIKES i
505 TARPEL
1r;p% § IKOVOTTOINTIKEG 12% eéalpeormsg
15% 42%

eMEIMHATIKEG IKOAVOTTOINTIKEG

TTAAPEIG
57% 23% 31%

[Mocootd (%) amavtice®Vv EpOTUATOAOYIOV TPLY Kol LETA



METPIO  gAAEIUpATIKA
2%

IKOVOTTOINTIKA

25%
L

£EQIPETIKA
65%

[Tocootd (%) AertovpykdTNTOS AOYIGHLKOD

SOUTANPOUATIKO NG TEPLYPOPEicas €pevuvag, OAoL ot paBntég, ot eountég Kol ot
EKTALOEVTIKOL, LETA TN CUUTANPOGCT TOL TPAOTOL EPMTNUATOAOYIOV KOL TPV TNV EKTOLOEVTIKT
dladKacio pe To AoYIGUIKO, poTOnKay av emtBupovy (/ Bewpoldv Tovg E0VTOVG TOVS KOVOVG)
va O0aEOVY TIG Bepatikég avTég 68 —IAAOVG— GLUVAOEAPOLS TovG. H cuvtpuntiky migioymoeia
toug opviOnke. Ot dor Otov poONKOV HETA TN  CLUTANPMOT TOL  OEVTEPOV
EPMTNUATOAOYIOL KoL PETG TNV EKTOOELTIKN Stodikacio pe T0 Aoyiopko, av emibopovv (/
Bempovv TOVC €0LTOVE TOVG 1KAVOVS) v 010aEovv TIg Oepatikéc avtég oe —dAAOVC—
GLUVOOEAPOVS TOVE, TTEPICCOTEPOL GO TOLG HIGOVG OMAVINGOV KOTOPOTIKG Kol KATOl0l TO
emyeipnoay, yopic va Kataypayovue / EKTIUNGOVLE TOCOTIKA To amoTeAéspata. Ta motoTikd
AmOTELECULATO, OLLMG NTOV IKOVOTIOTIKG Kol EATIO0(QOPA.

Ta Zvpnepdopato — Orv Ilpotdosig

AT TIG AMOVTACELS OTA EPOTNUOTOAGYLN KOl TO. VAL gpyaciog TV padntomv / eortntdv /
EKTTOOEVTIKMV TPOKLNTEL OTL TO GLYKEKPIUEVO EKTAOELTIKO AOYIGHIKO glval dvvatd va
vrootpilel TANPOS Kot ATOTELEGUATIKA TNV EKTOOEVLTIKN dladtKacio —oTn dgvTepoPdOpial /
AvKEWK Kol TNV TPIToPaduio. EKTOIOELON— TOV EVVOLOV KOl TOV QOIVOUEVOV TA OToio
oyetilovtol pe TOLG KLUATOTOAUOVS KOU TO KOUOTO GE VAIKA HEGO, GTO TAQICLO 1TNg
EMOTNUOVIKNG / ekmoudevTikng pebodoroyiog. Eidikotepa, emTUYYAVEL EKTOIOELTIKA TN
GLGYETION OO TOVG EKTOLOEVOUEVOVS TOV UIKPOGKOTIKMV TOAAVIOGEDMV TOV COUUTIOIOV TOV
VMK®OV HE TO HOKPOOKOTIKG KOUOTO GE LAIKA KOl EPUNVEDEL UE OGLTN TN CLGYETION TO
eoawvopeva g dwadoong / avakiaong / vrEpHEcNS KUUATOTOAU®DY KOl KOUATOV GE LAKA
HEGQ / EMPAVEIEG COUATOV, APOL JATIOTOONKE €MioNG N AEITOVPYIKOTNTO TOV AOYICUIKOV
Kot M TPooTBENEVT] aflo TOV TEYVIKOV Kol alsONTIKAOV YOpOKTNPIOTIKOV TOV, KAODS Kot M
SVVOTOTNTO ETOVOANTTIKOD KTEPAUATIGLOVY LE TO AOYIGHKO.

Oeswpodue g ek tovToL OTL €ivor duvary M yevikevon g ypnong / a&omoinong tov
AOYIGHIKOV OTNV TUTIKY] —TOLAGYIOTOV— EKTOUOELGT, QPO TO Oelylo TNG EPELVNTIKNG
Swdkaciog NTov apketd evpv, MGTEVOVUE OTL TPEMEL VAL 0EL0A0YNO0VV KoL ToL VITOAOLTA LEPT
TOV AOYIOUIKOV, T Omoiol apopohv Kot og GAAec Ospotikég, mpoteivovpe 6 ™ ypnon /
a&lonoinon tov.
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