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Povzetek

V gradivih, ki so nastali v okviru 3 leta trajajoCega (2009-2012) evropskega
Comenius projekta EdUmatics, v katerem je sodelovalo dvajset srednjih 3ol in
fakultet iz 7 evropskih drzav se prepletajo izkuSnje in znanja uciteljev in raziskovalcev
iz razlicnih izobrazevalnih sistemov. Vsem je skupen cilj izobraziti ucitelje za uporabo
IKT pri pou¢evanju matematike na srednjih Solah. V okviru projekta EdUmatics je bila
razvita vrsta gradiv in postopkov, uporabnih v razlicnih oblikah izobraZzevanja
uciteljev.

Kljuéne besede: e-izobraZevanje, IKT, stalno strokovno izpopolnjevanje uciteljev,
matematika

Abstract

The Comenius EdUmatics Project (2009-2012) brought together twenty school and
university partners from seven EU countries to collaborate on the design of a
resource to support secondary mathematics teachers to integrate technology within
their classroom practice. The resulting resources offer a range of tasks and activities
Suitable for adaptation within professional development and teacher training courses.
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1 Uvod

Letos se je koncal evropski projekt EdUmatics (European Development for the Use of
Mathematics Technology in Classroom), v katerem sta iz Slovenije sodelovali dve slovenski
izobrazevalni inStituciji: Univerza v Ljubljani, Fakulteta za matematiko in fiziko ter
Gimnazija Jozeta Ple¢nika Ljubljana.

Cilj projekta je bil razviti gradiva za izobrazevanje uliteljev za uporabo IKT pri poucevanju
matematike, ki jih je mo¢ uporabiti pri pripravi razlicnih oblik stalnega strokovnega
izpopolnjevanja uciteljev za uporabo tehnologije pri pouku matematike na srednjih Solah.

Pri razvoju materialov so sodelovali ucitelji in raziskovalci iz deset univerz oz. raziskovalnih
institutov ter deset srednjih Sol iz sedmih evropskih drzav (Velike Britanije, Ceske, Francije,
Italije, Nemcije, Nizozemske in Slovenije). V trilethem sodelovanju je bil razvit model
seminarja za ucitelje, ki ga je mocC integrirati v izobrazevanje ucliteljev v izobrazevalnih
sistemih vseh partnerskih drzav. Seminar nudi uiteljem visoko strokovna in prakti¢no
uporabna znanja za didakti¢no ustrezno uporabo racunalnika pri pouku matematike na srednji
Soli. Ucitelji in raziskovalci iz univerz in raziskovalnih ustanov (University of Chichester,
Universitdt Wiirzburg, Universiteit Utrecht, Padagogische Hochschule Freiburg, Univerzita
Karlova v Praze, Institut National de Recherche Pédagogique, Université Paris Diderot - Paris
7, Institut de Recherche sur 1'Enseignement des Mathématiques, Universitd di Torino,
Univerza v Ljubljani - Fakulteta za matematiko in fiziko) ter ucitelji matematike iz srednjih
Sol (Davison CE High School and Technology College for Girls, Hans-Leinberger-
Gymnasium Landshut, Zakladni skola a matefskd Skola Na Slovance, Berthold-Gymnasium
Freiburg, Lycée Parc Chabri¢res, Lycée Régional Georges Clemenceau, Lycée Jacques
Prévert, Liceo Scientifico Statale Arturo Issel, CSG Liudger - locatie Raai, Gimnazija Jozeta
Ple¢nika Ljubljana) so svoje znanje in delo povezovali pri skupnem razvoju in navzkriznem
preizkusanju materialov. Na ta naCin so izboljSevali kvaliteto svojega dela ter materialov, ki
so nastali kot rezultat projekta. Med sodelavci in institucijami, ko so sodelovali pri projektu
EdUmatics, so Stevilni taki, ki na podro¢ju matemati¢nega izobrazevanja sodijo v svetovni
vrh, kar zagotavlja kvaliteto razvitih materialov, ki je primerljiva tudi preko meja Evrope.
Gradiva, nastala v okviru projekta EdUmatics, so uporabnikom na voljo na spletni strani
http://www.edumatics.eu/.

2 Uporaba tehnologije pri poué¢evanju matematike

V preteklih desetletjih je bilo v Stevilnih raziskavah prikazano, kje so prednosti uporabe
razli¢nih oblik orodij informacijsko komunikacijske tehnologije pri poucevanju matematike in
katere so Sibke tocke in pasti teh orodij. Na voljo so Stevilne teoreti¢ne in empiri¢ne Studije in
porocila iz prakse [2], [4], [6], [7] — samo kak$no revijo iz podroc¢ja didaktike matematike je
treba odpreti ali pa v brskalnik kak$ne knjiznice ali spleta vtipkati »technology in
mathematics teaching« oz. kak pojem iz tega podrocja. Literature je ve¢ kot dovolj — za
argumentacijo najrazli¢nejSih vidikov za in proti. Kar obseZen pregled novejsih virov je mo¢
najti tudi na spletni strani projekta EdUmatics [1], kjer bo seznam obcasno tudi aktualiziran.
Se posebej je temu posveéen modul Uporaba IKT v razredu (modul 4),.

Vendar pa argumenti »za« (vsi, teoreti¢ni in prakti¢ni) in primeri uporabe v literaturi v
knjiznici ali na spletu, niso zadosten pogoj za to, da bi ucitelji pri pouku uporabljali
informacijsko tehnologijo. Tudi o tem, da je nujno in kako je mozno vkljuciti uporabo
tehnologije pri pouku matematike v izobrazevanje uciteljev, je bilo Ze veliko napisanega [3],

[5].
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Didakticne vsebine uporabe tehnologije pri razvoju matematicnih pojmov pri pouku
matematike je neobhodno potrebno vkljuciti v izobrazevanje uciteljev. (Bodoce) ucitelje je
potrebno ne samo nauciti kako uporabljati tehnologijo, temve¢ tudi razpoznati didakti¢ne
prednosti uporabe tehnologije in le-te izkoristiti za doseganje u¢nih ciljev. Model seminarja
za ucitelje, predstavljen na spletni strani EdUmatics [1] nudi tak§ne moZnosti.

3 Razvita gradiva

EdUmatics B e B0 o ™

Welcome to EdUmatics

R The EdUmatcs project aims 1o provide teachers of secondary mathematics wil suppoet 10 leam to use and
MIBgEAe IECANGIOZY WRNIN e CASS00MS

» ADOUL EQUMALES
The resowrtes fof professional development, whitst aimed al teachers, nclude a range of tasks for students 1o

» About The Pariners enable Mem 10 Lse technoiogy within modeRing and problem-solving actvities. These ane availabée in the
different project languages

» Techmcal indo
The resoues include inks 10 free and inal software, appacations and animations in AdAmon 1o taskshests and

fees inc

». Links nelpsheets that can e adapted for different sCenancs.

» Contacts i you e & teacher raines, Mere is S0GBONSI guIdance 10 SUPPO you 10 e he prodessional development
modutes wih leachers and trainee leachers

17 EdUmancs | Emas info@edumates com

Slika 1: Vstopna stran projekta EdUmatics

Poglavitni pomen posameznih delov spletnih strani je v razdelku z gradivi. Vendar si spletnih
strani projekta ne smemo predstavljati kot repozitorij, kjer iSCemo gradiva, ki jih potem
uporabimo pri pouku. Smisel spletnih strani je v tem, da dajejo navodila o tem, kako gradiva
uporabiti, prikazujejo ucne situacije in nudijo razpravo glede tega, kdaj in kako je smiselno
uporabiti doloceno u¢no tehnologijo.

Ceprav so v sklopu projekta moduli osteviléeni od 1 do 5, pa njihove oznake nikakor ne
pomenijo vrstnega reda, v katerem naj bi si ulitelj spoznaval stvari. Zato je osnovna
"odskoc¢na deska" do gradiv pripravljena v obliki zvezde.
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Zacetki dela z IKT

0Od statiéne k Vzajemne relacije
dinamicni med programi
reprezentaciji

Vkljuéevanje
IKTv
matematicne
ucilnice

Konstruiranje Uporaba IKT v
funkcij in razredu
modelov

Slika 2: Pot k posameznim sestavnim delom

Pri Modulu 1 je poudarek predvsem na predstavitvi razli¢nih oblik gradiv ter na tem, kako
pripraviti navodila za uporabo razlicnih gradiv sklopu pouka. Izbrani so tudi primeri gradiv,
ki pokazejo ustrezno uporabo tehnologije pri pouku matematike.

V tem modulu so prikazane nekatere karakteristicne dejavnosti, pri katerih lahko pri pouku
matematike v srednji Soli uporabljamo IKT. Te dejavnosti so pripravljene za dve razli¢ni IKT
orodji: TI-Nspire in GeoGebra. Njihov osnovni namen je predstaviti nekatere didakti¢ne
vidike in podroc¢ja uporabe, pri katerih lahko uporaba IKT nudi oporo in obogatitev
ucinkovitosti klasi¢nemu nacinu poucevanja matematike. Razlicne oblike predstavitve
matemati¢nih pojmov (geometrijska, grafi¢na, algebrska in numeri¢na), ki so pri danih
primerih uporabljene, spodbujajo individualni pristop k matematiki in individualni kognitivni
razvoj matematicnega znanja in s tem omogocajo dvig kvalitete in ucinkovitosti uc¢enja in
poucevanja.
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€ 4 D o | @Web | wwnedumaticsen e | [8F = Search with Ge
| £ EdUmatics
|
| Module 1 Module 2 Module 3 Module 4 Module 5
+ Gettlng stanted B T T st —
. 0 i GETING STARTED WITH TECHNOLOGY IN MATHEMATICS Vi
« AimsiGoals
Technology allows you to introduce new sorts of tasks to the mathematics classroom. For examgle, the following question can be explored dynamically
= Benefits with @ number of dflerent approaches
'R Main actnities
| = Chicken fence A cubic function intersects the x-axis of three gven paints
» Box problem Construct the tangent at the midpaint of a line segment that joins the two zeros of the function. What do you notice?
= Water gutter
+ Supplementary resources  VDEN you use inthe it can enable more interaction between students # In adddion, dierent mathematical
« Evakiation representations # can be used intevactively by integrating technology that includes a computer algebra system (CAS)

This idea is demenstrated within the following | Technical suppon

animation, which shows a possible contruction |Here you can find soma hints # f you
for the sclution of the problem stated above want to sobe this problem for yourself
using the technology. A range of hints
are prowided for you to choose the
apprach that suits you best

Technical helpsheets

We also provide some different types of technical helpsheets. So there are paper based instructions #, screencasts # as well as HTML pages. This
also demonstrates how it is possible to use technology to provide very nch support # for students. In this format, the le& side of the screen gives the
precise instructions and on the nght side, there is an applet where students can carry out the task

Slika 3: Modul 1 - zacetki dela z IKT

Modul 2 prinaSa primere, s katerimi je na primerih iz razlicnih podroc¢ij matematike, kot so
statistika, geometrija, algebra in diferencialni ra¢un mo¢ nazorno predstaviti razliko med
stati¢no in dinami¢no reprezentacijo. Vsebina tega modula pomaga pri razumevanju pomena
razlicnih oblik ponazoritve in predstavitve matemati¢nih pojmov pri uenju in poucevanju,
kakor tudi razliénih mozZnosti, ki jih ponuja uporaba IKT za predstavitev matemati¢nih
objektov na dinamicen nacin.
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i e
» Introducton
= Wity thin thie 7 In e parapective of tnaching Gaomatry and Models in 3 dynarmic way, techasiogies being 3aded values in dfferent ways. This part of the module &5

* ”“'“h:’ i devnied 1o the discovery of these added values, without hiding the dficulties (in terms of teaching and leaming] through the example of this particular
5 situation The second am of this section m to understand the possibie modications of the situation when using one of ancther software Tha i both

» Didactics limkedd with the didactical concess of didactical variable and with the mstrumental groesis.
« Prungieses
« Mathematcs
s Tocknoligy Déftevent studenss” fles
s The aim of this part of the madule i to think about 1he result of the wse of the same fechnalogy in difrent ways
« Outeoms « in tarms of technologic
= Ovandew of the « in terms of kncwdadge
modle
+ Statistcs “Reaction”™
= The problem The use of GeoGebra allows 10 sobe this problemn i dflerest ways, according 1o the kind of independent vanable chosen. The more ratural chaices for
= A scens in the the ndependent vanable are the length of the walk siong the peameter of the exarmuned bgure o the width of is central angle. In the case of the circle.
clasarcom withar we consider 25 independent varisble the central angle (see Appiel 1) or the arc length with regard 1o a reference pomnt (see Appiet 2). we get tha
= Role of technology same graphical represertation of the distance fom the center: a straight kine. Apphet 1. central angle
comstruction
= Implemantation
gadeines
« Teachary' rapons In the sther cases (square. rectangle. haxadgon. any regular polygon| we ot & déferent graghical representation. according 1o the lund of ndependent
« Pattems and huncticny variabla: choosing the bength of the walk 33 independent variatie. in fact, the graph of the distance bom the canter consists of portiens of hyperbole. in Appiat 2 mec et
Wkt is the nea ™ thes case to get the gragh is necessary to define a diferert mowng pomt for each side of the Sgure
» The problem

« A scenano in the
classroom

« Role of lechnology

Constructon
+ Implsmantation
gadabnas
+ Teachars' repots
+ Geometry: “The walking
problem™
o Tht problam
= A scenano in the
classroom

« el of technalogy
» Knowladge Ll
=R e

Slika 4: Modul 2 - Od stati¢ne k dinami¢ni reprezentacijji

Osrednja tema modula 3 so funkcije in enacbe ter oblikovanje matematiénih modelov. V tem
modulu je prikazano, kako pri pouku matematike uporabljati IKT pri vpeljavi funkcij in kot
orodje za raziskovanje njihovih lastnosti skozi dinami¢no uporabo razli¢nih predstavitvenih
oblik, ki jih omogoca IKT. Predstavljene so tudi moznosti uporabe IKT kot orodja za
matematicno modeliranje v najrazli¢nejSih kontekstih.
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Module 2 Module 3 Module 4
« Getting started

e an

« Aims of Shop Signs

Activty After a global presentation of the actnity, two scenanos are proposed here. Each of these two scenanos can be
+ Description and developed and conducted with different software, especially a spreadsheet or dynamic g y software
possible scenanios with « Description of actmity
| students » Exploring and modeling pursuits

« Desacriptions of the
training course

« Evaluation of the
training course

» Example from piloting

« Equations family

« Aims of Equations and
Intersections Actity

« Descriptions of
activity

» Desaiptions of the » Session 3 . Pursuit with anticipation
training course

« Evaluation of the
training course

« Example from piloting
« Pursuing Curves family

= Preparatory stage - Introduction of the actmity
» Assigning the problem - First obsenations
» Praparing formulas for simulation
« Creating a model of the situation with ICT
» Proposing the path of the target and its representation by a function
» Studying the instantaneous speed
» Simulating pursuits
» Sassion 1 Introduction
« Session 2 . First Pursuit Game

« Session 4 ;| Pursuit without anticipation

= Aims of Pursuing
Curves Activity

+ Descriptions of
activity

» Description of the
training course

» Evaluation of the
training course

» Example from piloting

» Background and
suggestad readings

Slika 5: Modul 3 - Konstruiranje funkcij in modelov

Modul 4 je nekoliko bolj teoreticno-didakticno obarvan. Prinasa vrsto video posnetkov, ki
prikazujejo razlicne uc¢ne pristope kako ucinkovito poucevati s pomocjo tehnologije. Prav
tako je tu zbranih vrsta ¢lankov — od zelo prakti¢no usmerjenih do "pravih" raziskovalnih
¢lankov s podrocja uvajanja tehnologije v pouk matematike. Cilj tega modula je spodbuditi
ucitelje k refleksiji vsakodnevne u¢ne prakse in izkuSenj — posebno ko uporabljamo IKT
orodja — in stalnemu izpopolnjevanju iz izboljSanju nac¢ina uporabe IKT ter s tem k dvigu
kvalitete in ucinkovitosti svojega poucevanja. Skozi navzkrizno izmenjavo izkuSenj med
kolegi, ki s pomocjo IKT poucujejo na drugi $oli, ali morda celo v drugi drzavi, lahko ucitel;
dobi vedno znova sveze ideje za svoj pouk, skozi prebiranje strokovnih ¢lankov pa poglablja
svojo matemati¢no-didakti¢no osnovo za poucevanje s pomocjo IKT.

296



& & D o= [ @Web |wwnedumaticsen ) *] [~ sen
| - EdUmatics

Y Module 4 |

» About this modula
+ Getting Started
» Actraties
+ Watching video
| = Further reading
» Other activities
» Resources
« Video resources
« Reading resources
« Other resources
= Evaluation

GLOBAL INFORMATION

The above fact sheet image links to the
wieo clip

This video chip is of a teacher using graphical calculators with the accompanying software on the inferactive whiteboard with a class of 15-16 year old
students who are consolidating their understanding of linear functions.

What we consider relevant in this clip is the way that the teacher organises the whole-class discussion using the saftware the interactive whiteboard
As a watchang guideline, therefore, we recommend you to pay specific attention the way in which the teacher questioned the students during the

i+ you need to the contexd of the clip. The film strp links to the

wheie-class discussion
» Ruthven, K. (2009). An investigative lesson with dynamic geomelry. a case study of key i of gy integ in

classimom practice. Paper presented at the Paper presented to WGT, CERMEG conference, 28 January - 1 February 2009 \:"EJ

POSSIBLE QUESTIONS TO ANSWER AFTER WATCHING THIS CLIP ARE

+ How did the teacher organise the students to work independently?
« How did the design of the task suppor to students to consolidate and extend their knowledge about linear function?

Slika 6: Modul 4 - Uporaba IKT v razredu

In v modulu 5 so na primerih predstavljene moznosti povezav med razlicnimi tipi tehnologije
in utemeljena uporaba razli¢nih predstavitvenih oblik. Vsebine tega modula so osredotoCene
na moznosti dinami¢nega nacina prehajanja med razlinimi predstawitvenimi oblikami
matemati¢nih pojmov, ki jih omogocajo razli¢na orodja IKT in na didakticno uporabo teh
moznosti pri pouku. Gre za fleksibilno uporabo programov za dinami¢no geometrijo - DGS,
programov za simbolno algebro - CAS in programov za delo s preglednicami.
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« Az and leaming

objectives Classroom activities - Growth Sequences

» Background reading and The followang subsections contain examples suitable to discuss growth sequences in the classrcom and to benefit from the use of multiple
theory representations. | TT link
» Basi: compatencies

R kit Al ACTIVITY 1: THE QUIZ SHOW
make conjectimes

= L dynasmic
;:r‘v?elw 1o make Problem
conjectures In & quiz show, a candidate is to be asked up to ten questions. f be or she gives the wrong answer, the candidate must leave the show, but may
» Lsing graphics 1o make keep the prize he or she won up 1o that question.
conjectires Prior 1o being asked the first queston, the candidate is given two altemative prize options from which he or she must choose ane
» Lsing CAS to make = Type 1. Each comectly answered question adds additional 100 €
conjectures » Type 2: The first question comectly answered ywelds 20 € each additional comect answer doubbes the prize.
« Adiculating the different a) Consider these two options! Which ane would you chaose spontanscusly? Discuss with your nesghbour
representations
= Crowth sequences After a shont discussion, the students should continue with the second pan of the task
» Purpase and aims i
» Teacher's actmity b Gie fx3 Wl
Jackrabbits and - =3 _
bobcats ;‘:’:::9 Download spreadshest
. i
s 2:;1"::" « the comesponding graph
¥y
. Met cal for both pze models. You could use the spreadshest program on the nght, whach contains this exact file
redlection

e and waliarica ) Compare the two prize models and discuss which one might be preferred regarding certain circumstances.

» Purpose and aims

d) Would you change your mind if one of the amounts were diferent? Expenment with the applet on the nght, then discuss your decisson! Applet "Quiz Show
» Teacher's actrty
ﬂ;ummballlng Summary The benefit of using multiple representations in this actnity is the simplfied companson between linear and exponential sequences. By
(g:I experimenting with their parameters and obserdng the for ail given students receive a valuable impression of growth
» Classroom ;
aciadien sequences’ diflerent shapes
» Mathododogical = z =
reBaction ACTIVITY 2: THE WATER LILY
» Introduction of the =
dervative Watey lilies are rapidly growing plants that can quickly cover an entire lake with their leaves, when an appropriate
- Purpose and aims  emaronment is given. With 3 water lily growing 30% each week and starting with 0.8 m”, how lang wall it 1ake the water lily o
- Teacher's actwity 1o cover an area len times bigger than is onginal size? ‘
Limits of a methad « Start by computing the lily's size afer one week, then, using the results, compute its size after two weeks. Use a M
» Classroom walue table 1o wiite down what you found out!
actralies » Deaw a graph of the lily's sizes, with the time increasing towards the right and the water lily's size increasing towards the top. Try to descrbe Applet "Water Lily
= Mathodclogical the shape of the graph in your own words. Do you know other examples that grow in a similar way?
refection » Haow usa the applst on the right to check your results. Experimant with the skders 1o ses what happens when the lily grows at a differont rate
= Assessment
B & o a —

Slika 7: Modul 5 - Vzajemne relacije med programi

4 Zakljucek

Za zakljucek navedimo le poglavitni vtis, ki je slovenske in tudi druge sodelavce motiviral za
delo v tem projektu. Eden od osnovnih razlogov za probleme pri uvajanju IKT v matemati¢ne
ucilnice je ta, da Zal nismo uspeli narediti dovolj na podrocju usposabljanja uciteljev za to,
kako gradiva ucinkovito in smiselno uporabljati v razredu. Vecina projektov s podrocja
uvajanja IKT v pouk se je osredotocila na samo pripravo gradiv, manj pa je bilo narejeno v
smeri, kako ta gradiva smiselno uporabiti pri u¢enju ali poucevanju. S podobnimi tezavami in
preprekami, ki jih na tem podrocju srecujemo doma, se sreCuje tudi veliko nasih kolegov v
drugih evropskih dezelah. Upamo, da je ta projekt en izmed korakov, kako bi vsaj del teh
tezav premostili.
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