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THE VIRTUAL MATHEMATICS LABORATORY AS A STEAM CENTER
Toni Chehlarova

ABSTRACT

The structure of the Virtual Mathematics Laboratory is presented, which has been developed
since 2013 by the Institute of Mathematics and Informaititise Bulgarian Academy of Sciences
and the Union of Mathematicians in Bulgaria. Computer models thabearsed to conduct
explorationsand formulate hypotheses to find solutions to applied problems with sufficient
accuracy, are illustrated. Examples of educational resources for examination -axaseifation
are presented, including for the developmédrheeyebased proportion estimatio®pen access
topics, dynamic construction files, topics from past editions of "VIVA Mathematics avith
Computer" and Theme of the Month online competitions, educational resources using
augmented reality, virtual regl and more are suitable for use both in class in mathematics,
information technology, computer modelitiigie arts technology and entrepreneurshgpwell as
during selfpreparation in project work and education in STEAM centers.

Keywords: computermodels STEM; STEAM,; research approaghligital competencemathematical
competenceapplied tasksself assessment

14


https://doi.org/10.1007/s11858-022-01348-4
https://doi.org/10.1007/s11858-022-01348-4

RLuvrt1ry 410 17ROV O #RrRuu(f ¢ 1¢ loifRsUIOGL [ 1 ¢
fovrfovrsd 1 tofsrRur 1¢ AJR{uvLVLO[ 1 VYRJRZ[
fovrfouvrRs i

1 dsteed | Oudoe

trraftr
dddf 30O L O fkzedzdSkzoOdzj dO Isj s 5 &RBOIsj BBOIs

COBddzj s 5 EOj EOSICOR. 1j2dslsts i) HdOL dzOYj d
fsHEBlssoC OO 20 byjedd &EOjtdOdd (& &GOk O] :!
ki sctcOW dwg to Osifgfoupdgddzdj dzj dsj delsd d yw dzsfylsdats e o L k2 O
sfdmOodedj 20 Ghmdse ddlsj oi L By dshlsd dO fdhlsj O
B0l j BOdSO COkts StOjd 6jL kzdlsOls.

sdzt ysod i tBdzd 5 GO ) BOWEE Ok o @G/ Y dzO &Ols;j BOIsd yJ
CaomdW¥ S Oydesdzedzd SCtedlilsj tedd

F3lrorouRre

Il sHGEBIsts9 C Ols@j Is20OH dzwyjj iBSdafs BOIsj ted Odzd 5 dZOIs § B3O
Hi2dtsmMislsO dz20 ftei f sSsHO8 OIsjdzv. [Is bwodtslsts COyd mls
2O dztso d Isgjls LEz@@ddiis ] fmj . [Meo jdz sse O, B d&zOGtsH Ot dzd
hOQdgi s HO M dqLitsdzLeO® Eyjsdts fomMtseBdy L O MO®
ftojfsSHOoOlsjdz ddzd HO M dzOsd OO MEQ tz] v ga@ry dels | tzag
Csibts EypPbgy pym@® M Eydis dasdsde@icfdizéfstss d Sls ¢ s dz¢ slsts ¢
fteso jHjdes ) ftojftsHOaOIjdz d kEyjBsdts fsmsBdj. uts
fsHESIss9 C OISO d2Z0 Ekyjsdedlsy BOIs| t&Ed QGglrfiL zd® iz 6 5 G
sWistcdidz 2 gy JdAsH@ O -dfCds Olsi h dzs tOL o dIsdy d tsBdztso
fsmsBdj ©tewBoO HO BIiH] fHtesjCIlsdteOdess d dL i dzdaj ¢
SBtcOL B9 OIsj dzdets o1 LHj2Msad] COCIsts M @O dzO
COCIsts o9 w©OMRBECdIsjls@OO zdy) { gedzd of O dzdzs © ¢ OyJ Mise
gL Istsydzed € .

red MO thdsesdedlsjy ItokzHdtsMisd, SCtdlsts fmj Mtejh O
d kyjsded ¢sftsBd"Y s dBOLj BOIdJSCO. 1i tcoOlO IstclzH
fsHAtsHWYh d §tod d3j toded IsiteH@apdnls @ 2 oolgftatdz@HAf L Oydwils O
SWitedzdzd dedd d BB dkSOoW o Odzj Ists dzO kyjsBdzslsts f smtse d 4

10U Msts L O MfOowdzy f 1 o OO IstekzH dzsMis M
fts6dzj H Is O disdzfoListy sedfdigiisfo-O Glpts dfBtdxfy jfdEs f tetslz Yo @z M4
j OCO. 1 isBiHd®l] tjMmkteihd MO tOL § BIWiFdGilsd o

56 tcOded Y4 dz, dzf MO HBMIsOI ydzd COlts Stsdzdyd Mise ts
Rdzls jtedzj s j MeOodzdlsj dzdets CtOli ¢ d Lo 0o Odzjlsts
dzj dzOH j ) H dzts.

l ststcOIsO IstckH desfls Mol oL OO M Istse O, Y J
GOl J BOsdyd MEd HdMydyfdddd MmO Mdsydd sl ¢6djHdo

1 Odzdyd jlsts dzO d3dzts G t&ticHzt @Ltcdddlzd f pdzets dif s te d3lz dzd e J
GJBAiR Isted Wdedff Wsddlslsts tcOL ftsdzsy jdzgd o t©OBRBSCdIlsj dzO
fsHESISts9 C OISO dzO 1 dzdaetsy g dedets § sitseB dj Mmdzsy dzts d Is
&ZO ftHtsBdts bkyjBdts fftmtsedy ydfmsts My o L 20O d

15



Edsj dzedw o ¢ tdWdg ydedyeo 4 JLLOIstczH dz2Y o O ftoj f sSH O9 Ols j dzw
By MOBsMssWIsj dzdzgs HO f sHEeBlead s d) M dzj B

1 OY[1RE R Je1fJ1RrR s{fPL1rr1UvR 10 dRt
Féove 1¢ vrfrR VL [fouvrfoursd

O dz0 ddalsjtedzj s B OLAZtE aCOISIE) fiolgom Isls jJg®d L O |
HSCtsdzE slsts Issa O § 91 L ditsy dzts, Ml LHO9 Odzj Iss d Mo
BOLJtedOdzd 5 &OIsj BOSFOBs Gipo Q L-§ B dzfyf esOfiple/tet@2] dzd
dqdzls jtedzj s Isjodzsdzsedd S OCIt d &0 jndejS lste§ dazd tsthlst
] sfdzj Hdetslsts )] toj OdzdL dic® ) fsBsh 5O &0 Al diolskz O
(Chehlarovaet al. 2014) ] sdzOMmlstswh | B sz ez®Isty dqzORHEBB A L O
nteOded dzd M § M) M MetetsHdd J dzj ¢ Istetsdedzdzd to jsig d2@finds o §
o wtd.2 X00UAs i LHO9 Odzj sts dzO0 J
90 o &Og Otzp sty dztiz® O tlzty) d Ggd ¥ H Go @ dgjj Is
BO LO fkBdzdCkzo Odzj | dg®Is & dgded 1 O
BOlj BOdSOA. JLjlkd L OJjHdts,
d2f d kitlkttjBO d&zO S Oyj Mmise j dz

i
1 1

t
v

> =

1 O
RsSU
j dzls

o

{ Mdeso dzd Isd od L figdssty HAlatdsig Qs ddg@s B OL 6O dzOls @zj M MisJ
2O kjdkdd tfits BOIj BOISdSO o OBl dz20 Al ddlsz O dzdz
LOHOHjdd Is vsded Y jirnt®tes) Oggdd MO toj Odzd L d tc ©dzd

1 ¢ LHOD Odgj yatsfislgdig® EZyjBdets fsfmsBdj, o Ct5]lk
CteOWde O, odHjts, dzQJ B flzapdzd ip@ OMIBOB | BOIsd ¢
mMifm MyJiyd¥duyudzOlso L P tB &ZzOMIISO Isdf sctcOW dw
vl tefnj dgj dzO toj Miktemd 6 S dZOMdW S OYydesdsj dz ¢
[JtecOdzdL JtcOdzj O Isjedlsy © bkyjsded § &zOdztso j
vl NtOdzj dzdj ®O toj Mzemd o §jteMcdOdkdkzd d §k
T [buydlOdejtf <A 0 O BsMislsO dzO toj Mkztemdlsj

vJ BBOISO dBtsy J HO Bl HO tcOL ¢ dafgDlsitOHEOY j IO | Sifig{dedis
MdMmlsj BOISO L O fEzBdzdS kzeo Odzj . sW M M Mssd s ko s

VotsHddWIls tOLANgazABO fisij dfPlifdstfd slIs L Oc &zOo d J , L
CdzomdW d¢ Oyd sdzézdzOf)ticed B Plc d ¢ dz, ftosHI dzy dbj dzgess i, ¢
M sdaps®o Iststc. HlstczC sEOISO dZO fsdzj IsSOSO 9 L O6 dzOo
dZO0 fHaBHWh EFyjBjdz BOLjtcdOdz MfstejH CStdlsjtedd,
4 dz

E

3arnaene MUTATDPOBATA TEOPEMA 1
knac 6. knac

MpoAENAHMTENHOCT 14,

Pazgen M3pazM, hHrypu
EenemeH 23 AWHaHHYHKTE dafnoee ca HeobxoguMK Java |iknK Geogebra
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INTERNET-BASED SYSTEM FOR PUBLISHING MATHEMATICS
THEME S WITHIN THE FRAMEWORK OF THE "VIRTUAL
MATHEMATICS LABORATORY "

Georgi Gachev

ABSTRACT

The InternetBased System for Publishingathematics fiemes is part of the "Virtual
MathematicsLaboratory. Its purpose is to facilitate teachers in the preparation of teaching
materials in mathematics with their characteristic specificity such as typography, special graphic
elements and overall visual desidie nmain capabilities of the systeare describedA sample
math workbook is presented as fhml result.
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MATHEMATICS AND COMPUTER MODELING IN THE STYLE OF
INQUIRY -BASED LEARNING

Evgenia Sendova and'svetelin Andreev

ABSTRACT

The core concepts dMirMathLab, a virtual matHaboratoryfor students and teachetscollaborate as

a research team, draw inspiration from constructionistin emphacis on theaquiry-based learning
(IBL). This philosophy wa central to the Research Group on EducdffaE,19781989) TheRGE
principles include integrating STEAM fields, empowering students as knowledge builders, and
fostering the creation of a public entity. These principés$vein Bulgarian education t@y through

IBL. We presentain IBL implementatiomn VirMathLabby rejuvenating relevant educational scenarios
and integrating knowledge from diverse STEAM fields using block programming. The format is a
dialogue between Achilles and the Turtle, symbolizimgp generations engaged in math and
informatics education.

Keywords VirMathLab; constructionismSTEAM; IBL; block programmingSNAP!
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MOTIVATED BY THE VIRTUAL SCHOOL MATH LAB ORATORY

Nely Stoyanova

ABSTRACT

The article presents mathematical games with functions graphs which are made by students
from highsschool educational levelSome of the games have been created through creative
modification ofappletsthat were already ready to use and are available froiithel School
Math Laloratory (VirMathLab). Other games have their ideas generated by resources of the
VirMathLab, but wereworked out by the children

The implementation of the games and theie wse carried out in Mathematics and
Information Technology classes, as well as in extracurricular activities.

Keywords functions graphanathematical gamestudent creativity
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9dHj RO tcd Odzd dtc Oa dste jOsizf{q tsefs ts & i) MBlay j O Bso C 59 O
(¢ GsztssO & B sEHIAREPIQ 9, D0 (2402dlnistse 202 1) , (v d
lQiBsteecdjo0O, uvhffRsdc@E&o20 5Bp,O0yjo0O 2023).
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SHORT VIDEO RESOURCESI N THE VI RTHEMATIGS)
LABORATORY

Neda Chehlarova, Koya Chehlarova

ABSTRACT

There are separate types of video resources inVther t u a | [ Ot hemati cs
developed at the Institute of Mathematics and Informatitise Bulgarian Academy of Sciences
and the Union oMathematicians in Bulgari&ome ideas, the layout and the purpose of the short
video materials are presented. Emphasis is placed on the possibilities of using some of them for
training in STEAM centers.

Keywords videg video resourcesligital competenceSTEAM; education
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BdsdzsedY d cjitetOWdw. wfitHjdjdd MO dHjd, Mmei tc
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{fdmodzd M tad ACdmsfijdstsfl Zyd ded ydlsy Jd3O~ 0O ol L d3tsy datsfyle
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sdzt ysod SHEMBAL Mdzj Hise Ols j daind & d IstoszdZos HS 1s qitfzy s (6 dgB dzth f tzdzd
jndsdksedd

IF3lorrure

1 HtcOo BMdztso dzis Is tso | A dedim @2 O dzMsfF@EANIs j § § dz2 yOfmls tslis
dLftcOQawdzj Ists dd3 fftstaijHH totfy tOstrj dejsdz didz0mn dats tc 3O dzdets  Is j ¢ dzts
fsSHHI to) Odzj dzO OCIsdoedzed MY Btclsded HJ 2 detsfls( . 1 i
s@OYEBjHILOdC DO cidzvd ddlsj 6§ M Hy dad Yo &HIBE § Ha J
ZOyddz HO Mmj-L O zW@ezOK @B Pdej dzO0 § etsB dzj BO.

I mj sfegHdzgs d Odze Oy O s L O Eydlsjdzv jdzHO s«
yd ddyd, tsHdlsjdd HP wE0d3)idde jidusGpsd dzdzd W § SH R tSH,
LdOdzdw 8 dqdesjtejMmide d dzifmMjdz L O o Lftedj di30dzj dzC
ZzOC Otc® tetsHdIsjdzdlsj HO MisOdzOIls Mmi {fl WGhAOVEEZFHOC T &3 s
W istcdslz dzd tc Odzd  ts frffdatsijSHazd Is 5 O fiy O e jL H defjPeoelrts | d3j dzdzad W EZ yd Is
fjHOEBEdYUjME OO Md HfwOCIsdS O, Mol toL Odzed M f j tof

sted j dzZsJtcOdzj sts &RH shisdge @I L dzls Qi) dis, B¢ A HsAsRB A Is et @p jJOM s
ftoedlsjy QOo O, B HE CdIstsW Sidadidds@] o dlatsfipdz], H Szod§) Iigddrn ¢ H
dqdas jtejd, kZdjdd¥ HO o9Hi Adesoawe O d dBslsdeodted® ddzO

[Mmi hjmMsoweOdzgjIsts dzO oteli LSO BIYHE dqLEYO® Odetsis &
Bz dOMByJ dtshls | 90y j d d@Bcsdj dis o e s lff H2OUA @ dag® iz
1l (v jrdzO& sl PIROIB Y Y toj H gl OasogCztsls L O ftoj SHisSdzZY 9 Odzj
LOMddzj dets Isj tstej Isd L of e daj dzdAQls ts @ iz cda]j PhfssfpO dplsO dzjO dzO
BiYHEZ dqLEYO9s Odeslsts bkyd Bdets i Hi joop®fghsjiL diz ufOdn@sidlgid -
Zyd dzdydisdy o wmudgdfQ@ ? dizOdstOdzAeli@OE L pdeWOtcd Is j dzdzOIs © f tSH
ftcd CStwiss kydlsjdvwils IstewBo O o dzd &3OIsj dzdzs H O f dzOdzd
fSHAaBSHWh dOydd M EyjsBdtlsts M HiolcEpOdzd jf cOE B J Mj g
tcj OdzdL Oydqw dz0 dL z2yOe Odedw dBOIsj tod Odz, HO fttskzyd
ftojHdzEYd fsHAatsHWhd ftedddjted d LOHOyYd, C0O0C¢Ikt (d
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1 toj Hipls @o jfdeds jf§ Isdzed Hj2Adetsfisd dzO@ Isj B30 A) HicOo 5
YOMme Rlsgl S0y dsdedzd Isjrndesdsedd M ftosHi dy dlsj ddzs
45 &ddzls )Gk G & OdzOsls vtj Hds ydddhj Awejlsd
GG. l &zseHdo. LUOMisded ydls j72%) M dz@ s j apsidy. 40 @ Q6 sl u
¢ BOL d Odzj dz J KGRz @IBAS dits BY LOUR Cidefj jdzC d

1itodWls EyjBjd YOff SBR00dzO Hj2dtsfisd 65 sl
CORCEdzOlstste (Wde. 1). rj2dshisdls] 6 otjdj dzO o
foqddsy jdd] d0 COdstd?2 dd"Y SOkSEzdoOktst, M i HOs Ods
2O ®BOtcGdodtdEarth ftoj HMIsOowh tsMmdeseo dzd =R tcOdzdIsj dzdzd 1 to
fesdLotHdlsjd&d d dL dsmdlsj dd.

@ Ilon: Mux

Mazumunm (30%) — 428.2 keal 47.5 Masuunn (30%

ANCLtDOdsted j dz C OdS k zOls s te
https://www.geogebra.org/material/iframe/id/nmgjupSh

| dOb@@syi o dvl kujisid WO rujddydlE dyl omw
YyOfmi s sBRroaOdO HOoO jIOfO, i teodwli GOslfldsidtsdzi l ¢ d
fleskys Odzj, Mol esOdaslsth Bic Qdzje@p shdzslsS ted o Odzj  dzC
dLydmdzy e Odgj dzO@ ddzv j CMO dz2O Isj dzj fdzOlsO BOMO, B (
stee OdzgdL 3O Hdzj oded SCStdzdyj Mlsoa © COdzsted d, ol gdzj nd
sl YHOMz §BH WsttdOlsO dapO frpsBlsafij fizO L& jvW tc d3Wddzid
COoOzsted jdz SO ZdzOstste.  sdzv IsO dzO Eudlsj dzv dz0 Ists
dzdlsj cOlskztcded dLIstsydzdyd. I SSHAatSHWhIt | HO Mmj dL § t5¢
COts My slsetso sted dz® OCpdty H gad Ifjtc j o idzPtc Bz ded j Is ts
COdS ZdzOIstste? s0OCod WEAR ydtsdOddtsmisd IsttewBo O HO
dzj sBrsHd®BJ? s0C00 dJdWtstedzkOydw dzd Htoj HisMisOoaw?2 |
vsdzj Ho Oh jIsOf By M LHO9 Odzj dzQzCGe@GRyds d ) tzts § O z8iz Wz §
Hy2dtslsd o Cdz¢ yoOr O HtsBOoawWdzj dzO dzj sBrBBHJABdIS]
dZdots d2O0 Y dLdujMmMSO OCIkde dzsfls, | dzB@Oe&RY dzj O dzBIs i @O«
Isd € Mistefa jo ) @dejo dzO dzj 5B - t5H J ddisiji ¢ §U WDNdzPdzdyO MO, ¢
By sOBtsdzdL i &5 d dej sBrtsHdd@RdIs] S Odztsted d, ol gdzj ~dHTte
slkfdzOs o Odzj Jdzd dzOHH O Odzjse @OV tej C HOCEE | Hzj g &s C
Mstej ZYBCAHAAHQPIC MO dzO s dzj MdzOIS O BON@EO p OL sy dzts i) k
Eujddydlsj mMOBsmistswlisj dds HO ©OLEYyOlk d jCMmijtdd
GeoGebra H O MmJ LdDfdsiiyddgvisly fidgd gtz Bdzdzg v o yddzd h j dz €
B0Is j di3sOGhgHa@vadt al. 2019 LO HO ftwdHtepdWwisEktst s By O
MWz @ e® M fdlsOl HO tj OdzdL dtcOls MOERSMIS W Is
Hj2dedm{d.j R ZOso ® 2020) MO ftojHMmisOo j dzd tOL dzd y
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THE HEALTHY EATING IN CONTEXT OF STEM
Ivan Petkov

ABSTRACT

An option for realization of projediased learning in information technology lessas
introduced. It combines computer technologies, mathematics, physics, biology and geography.
Some ideas, related to the development of dynamic resources with GeoGebra, creating a route in
Google Earth and their integration into the learning processared Activities in which students
had the opportunity to put into practice and in real surroundings what they have learned are
described. Emphasi s IS pl aced on the health
competence. Tasks, providing an oppboityifor experimentation, research and application of the
finished product in a real situation are presenigfficulties in the realization of project activities
and solutions supporting the learning process, are shown.

Keywords STEM; inquiry based leaing; digital competencanformation technology
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MATHEMAT | GRSTUAL AND REAL

Dinko Tsvyatkov

ABSTRACT

It has been 10 dynamic years since my first encounter with the Virtual Mathematics
Laboratory. This is the Bulgarian dynamic platfofon explorationsand teachingn a new and
interesting way of mathematics asseience. This platform opened new doors to knowledge,

science, and helped the Bulgarian teacher to apply infasgd learning in mathematics
education in a more exciting and intriguing manner.

Keywords:mathematicsvirtual school mathematics laboratpilyquiry based learningseoGebra
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TECHNICAL DRAWING WITH FREE DYNAMIC SOFTWARE
Darinka Valkova

ABSTRACT

Using dynamic software in technical drawing classes is a must. Accessible,-feztamd
interactive, GeoGebra can help the teacher find the right appmeaxplaintasks that will develop
students' spatial thinking. To clarify the essence of the objects around us, we use in one form or
another the cut and section as ways of visualization.s€hantplanes that we pass through the
objects must be reduced to an omimumber, as well as the obtained cuts and sections must be
sufficient and at the same time there shawdtbe any unvisualizggiarts of the objects.

Keywords section section secant planedetalil
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MUCnKUTe NK, Ye OT AHEC HaTaTbK NO-YeCTo Wie Habnioaasare 3a Bb3MOXHOCTH
OT peanHus XXUBOT, KOMTO MOraT fla ce onuwaT ¢ GYHKLMOHANHM 3aBUCUMOCTH?
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RESEARCH STORIES IN THE VIRTUAL SCHOOL MATHEMATICS
LABORATORY

Roumiana Anguelova

ABSTRACT

The article presents moments from a binary lesson in Mathematics and German with ninth
graders of the Professional High School of Economics and Managdtaeatdzhik prepared and
conducted with resources from the Virtual Mathematics Classroom. It emphasizes the usage of the

opportunities provided by the lesson format and the digital environment to motivate students'
research activity.

Keywords binary lessonvirtual school mathematics laboratprgsearch group
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orpaH1MueHne Ha BpemMeTo

LlenTpanta cumeTpus 6e3 BbpTeHe - 6es
orpaHvyeHue Ha BpemMeTo

LleHTpanHa cumeTpus c BbpTeHe - 6es
orpaHvyeHune Ha BpemMeTo

LleHTpasiHa cuMeTpusi B NPpOCTPaHCTBOTO - 6e3
orpaHuyeHue Ha BpemMeTo

LieHTpasiHa CMMETPUs B NPOCTPAHCTBOTO - C
orpaHu4yeHve Ha BpeMeTo
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CENTRAL SYMMETRY ON A 3 -DIMENSIONAL BOARD

Mladen Valkov

ABSTRACT

Here we present thesage of a B board in an educational game Central symmetry on a
board developed on the game engine Unity3D. It incltesections with levels with increasing
difficulty, which are a natural extension to the already existing sections with central symmetry on
a boardn the planeThe purpose of it is to include more educational activities udihgt8ects
in the standard mathematical classexd also for development of the digital competence in the
player. This topic is also part of the theme Central symmetry on a board in the educational system
StruniMa.

Keywords symmetry in the @limensional spac@D board, center afymretry
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