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Zakaj se moram uciti nekaj, kar mi ne bo nikoli

v Zivljenju prislo prav?
Why do I have to learn something that will never be useful in my life?

Petra Fic

Univerza v Mariboru, Fakulteta za naravoslovje in matematiko, Koroska cesta 160, 2000 Maribor, Slovenija

“Zakaj se moram to sploh uciti? Kaj bom to potreboval v Zivljenju?” Verjamem, da
nisem edina, ki se s tema dvema vpraSanjema srecuje prakti¢no na vsakih inStrukcijah,
ali, ¢e sem natancnejSa, se s takimi ali podobnimi vprasanji sreCujem v povprecju pet-
krat na inStrukcije. V mojem primeru govorim o inStrukcijah iz matematike, vendar sem
prepricana, da se s podobnimi vprasanji srecujejo tudi kolegi na drugih znanstvenih po-
dro¢jih. Prav tako lahko recem, da se taka vpraSanja pojavljajo med celotnim Solanjem, pa
ni vazno, ¢e govorimo o osnovni ali srednji Soli ali pa morda celo o fakulteti. Med svojim
inStruiranjem sem prav tako opazila, da ucenci, dijaki ali Studenti prihajajo na inStrukcije
z nekim odporom do snovi in predmeta, opazujem brezvoljnost in nezanimanje za ucenje,
zato predvidevam, da jim je zmanjkalo motivacije. Zato del svojih in$trukcij namenim tudi
motiviranju ucencev za ucenje.

Kako? Zakaj? Kaj sploh je motivacija?

Motivacija je stanje ali proces v posamezniku, ki spodbuja in usmerja odnos do od-
rejenega cilja. [5] Cilj v zgoraj opisanem primeru je enostaven — nauciti se matematiko.
Kako to uresniciti z ucenci, ki menijo, da matematike ne bodo potrebovali nikoli ve¢ v
Zivljenju? Po veCkratnem soocanju s tem vprasanjem in po dolgem razmisleku o tej tezavi
sem nasla svoj pristop. Odlocila sem se jim pokazati, koliko je znanost pravzaprav koristna
v Zivljenju. Skladno s snovjo, ki jo na inStrukcijah obravnavam, poskuSam najti primer iz
Zivljenja, kjer si bodo z znanjem, pridobljenim iz te snovi, lahko pomagali. Npr. z ek-
sponentno funkcijo si lahko pomagamo v biologiji, pri opazovanju razmnoZevanja bakterij,
kar je pa pomembno v medicini. Opazila sem, da se u¢encem potem spremeni in izboljSa
motivacija za ucenje, prav tako pa se ucijo hitreje.

Neodvisno od vsega modernega, ampak tudi pri najenostavnejSih matemati¢nih nalo-
gah, ki jih kot motivacijo uporabljam pri inStruiranju, menim, da je najvecji motivator
Pitagora. Pitagora, vsi ga poznamo kot ocCeta Stevil, je zelo vplival na grsko filozofijo in
versko uCenje v poznem 6. stoletju pred nasim Stetjem. Skupaj s svojimi ucenci je verjel,
da je vse povezano z matematiko ter da je vse pojave mogoce predvidevati in izmeriti v
ritmi¢nem ciklu. [2] Trdili so, da lahko Stevila opazimo v vsem, kar nas obkroza — v naravi,
vesolju, v ¢loveku in njegovi druzini. Verjeli so, da je vsaka oblika in proces definirana in
opisana s Stevili. Razmerja in napredovanja, ki se kazejo v naravi skozi oblike ali procese,
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ne obstajajo zgolj slu¢ajno. So namrel v skladu z matemati¢nimi zakonitostmi lepote in
skladja. [4] Pitagora je filozof in pravzaprav, na njem slovi razmiSljanje, ki me je priva-
bilo k Studiju matematike, da s tem motiviram tudi druge, da za¢nejo matematiko in druge
znanosti opazovati tudi drugace, da zaznajo njihove lepote in se z zanimanjem ucijo o njih.

Prav to me je pripeljalo na Fakulteto za naravoslovje in matematiko na magistrski Studij
matematike. Seveda, del mojih ocen iz predmetov nosijo seminarske naloge. Ze samo
dejstvo, da so del ocene in da si z dobro oceno seminarske naloge lahko zviSam oceno
celotnega predmeta, je zame dovoljSna motivacija, da tekom svojega Studija napiSem nekaj
deset seminarskih nalog z razli¢nih podrocij. Naloge, za katere smo raziskovali, hodili na
govorilne ure, o katerih smo se pogovarjali s kolegi in seveda vlozili veliko svojega Casa.
Vsaka vrstica, ki jo Student napiSe v sklopu seminarskih nalog, kljub svojemu trudu najpo-
gosteje pristane samo v rokah profesorja. Vendar so nekatere naloge izredno kvalitetne in
bi z malo dodelave in kaks$nih komentarjem lahko konkurirale ¢lankom, ki so objavljeni v
znanstvenih Casopisih.

Fakulteta za naravoslovje in matematiko omogoca vsem Studentom, ki Zelijo objaviti
svojo nalogo, da to tudi storijo. To je omogoceno v Casopisu za uporabo naravoslovnih
in matemati¢nih znanosti Dianoia. [1] V njem so objavljeni razli¢ni €lanki, z razli¢nih
podrodij in vsak, ki zeli, lahko v njej objavi svoj izdelek. 1z moje osebne izkusnje lahko
reCem, da sem zelo vesela, ker lahko moji objavljeni Clanki kolegom in profesorjem pri-
blizajo teme, s katerimi se ukvarjam in jih raziskujem. Prav tako lahko teme in ¢lanki
prinesejo dolocene kritike, ki so vedno dobrodosle za nadaljnji profesionalni razvoj.

Iz tega razloga, drage kolegice in dragi kolegi, Studentke in Studenti: ¢e imate za seboj
neko Stevilo odlicno napisanih seminarskih nalog ali pa ste enostavno zainteresirani za
raziskovanje razli¢nih podrocij, mogoce celo takih, s katerimi se med Studijem ne uspemo
ukvarjati, raziskujte, piSite in objavljajte svoje naloge. Tako boste seznanili svoje kolege in
profesorje z zanimivimi temami, ki zanimajo vas, in jih pripravili tudi za prihodnost. Sami
veste, da po zakljucku Studija pride iskanje zaposlitve. Ali ne veste, da bi se bilo najbolje
zaposliti v nekem poznanem okolju v temah, s katerimi ste se Ze ukvarjali in jih raziskovali
ter se o njih tako tudi veliko Ze naucili?

Z druge strani, drage profesorice in dragi profesorji, k vam pride veliko Stevilo odli¢no
napisanih seminarskih nalog in veliko Studentov. Motivirajte jih za objavljanje svojih raz-
iskav in jim pomagajte pri njihovem izbolj$anju s konstruktivnimi kritikami. Studenti se
po koncu Studija znajdejo na razpotju, kjer ne vedo, v katero smer bi §li. VaSe mentorstvo
jim je lahko v veliko pomo¢. Samo pomislite, da bi vaSe mentorstvo nekemu Studentu
omogocilo zaposlitev na podrocju, ki ga Ze obvlada. Seveda, skupaj s tem spremenite tudi
nacin seminarjev. Morda bi lahko namesto iste teorije nekje prikazali tudi primere iz upo-
rabe. Teoriji se tako ali tako ni mogoce ogniti, ker je potrebna za uporabo. Ker se veliko
ve¢ nau¢imo, ¢e svoje znanje tudi uporabimo, kot pa samo s ponavljanjem teorije. To bi
spremenilo smisel poved iz zaCetka tega uvodnika vsem, da bi lazje dojeli pomen znanosti.

Literatura
[1] Bokal, D.: Reviji Dianoia na pot / Farewell, first issue of Dianoia, Dianoia 1 (2017) 5 — 7.
[2] Daki¢, B.: Matematicki panoptikum, Skolska knjiga, Zagreb, 1995.
[3] Gorican, A.: Proces izdaje nove Stevilke revije Dianoia, Dianoia 1 (2017) 109 — 112.

[4] Komarova, N.: Matematika - kraljica svih znanosti, Nova Akropola, zajeto 14. 8. 2019,
https://nova-akropola.com/znanost-i-priroda/znanost/matematika-kraljica-svih-znanosti/.
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Slika 1: Proces izdaje naslednje Stevilke revije Dianoia.
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Temperaturne spremembe pri kemijskih reakcijah
nekaterih elementov periodnega sistema s

klorovodikovo Kislino in vodikovim peroksidom
Temperature changes by chemical reactions of some elements of
the periodic table with hydrochloric acid and hydrogen peroxide

Aljaz Bozi¢!, Brina Dojer!, Matjaz Kristl?
1 Fakulteta za naravoslovje in matematiko, Koroska cesta 160, 2000 Maribor

2Fakulteta za kemijo in kemijsko tehnologijo, Smetanova 17, 2000 Maribor

Povzetek

Izvedli smo kemijske reakcije z nekaterimi elementi kovin, polkovin in nekovin v njihovem elementarnem stanju.
Kot snovi, s katerima je posamezni element reagiral, smo izbrali klorovodikovo kislino in vodikov peroksid.
Namen na$ega dela je bil opredeliti reakcije elementa v elementarnem stanju s klorovodikovo kislino oziroma
vodikovim peroksidom kot endotermne ali eksotermne. Zanimale so nas tudi razlike in podobnosti reakcij kovin,
polkovin in nekovin. Kemijske reakcije smo izvajali v digestoriju, kjer smo s pomo¢jo Vernierjevega vmesnika
spremljali spreminjanje temperature v dolo¢enem ¢asovnem intervalu. Reakcije so potekale pri priblizno enakih
zunanjih pogojih.

Kljucne besede: endotermna reakcija, eksotermna reakcija, elementi v periodnem sistemu,
klorovodikova kislina, vodikov peroksid

Abstract

We preformed some chemical reacitons with elements of metals, metalloids and non-metals in their elemental
states. As reactants we choose hydrochloric acid and hydrogen peroxide. The purpose of our work was to define
the reactions of the elements in elemental states with hydrochloric acid and hydrogen peroxide as endothermic or
exothermic reactions. We were also trying to find out the differences and similarities of the reactions of metals,
metalloids and non-metals. The reactions were done in the hood and with the Verniers’ apparat we were observing
the changing of the temperature of the mixtures in define time. The reactions were going on in the same external
conditions.

Key words: endothermic reaction, exothermic reaction, elements in periodic table,
hydrochloric acid, hydrogen peroxide

1 UVvOD

Ucitelji kemije ter naravoslovja v osnovnih in srednjih Solah se za izvedbo oziroma
eksperimentalni prikaz kemijskih reakcij zelo pogosto lotijo eksperimentov z uporabo snovi iz
vsakdanjega Zivljenja, kot npr. kuhinjske soli, citronske kisline, kisa, sode bikarbone, kvasa,
ipd. Ce lahko med obravnavo snovi pri pouku uporabijo omenjene in podobne snovi, je to
vsekakor zaZeleno, saj z ekonomi¢nim in okolju prijaznim pristopom ucence spodbudijo k
razmisljanju o snoveh, ki jih vsakodnevno srecujejo, kot o kemikalijah, poleg tega pa odpadki,
ki so rezultat eksperimentov niso $kodljivi nasemu telesu in okolju, v katerem Zivimo.

V raziskavi pa smo vseeno izvedli eksperimente, pri katerih so bile uporabljene nekatere
kemikalije, ki so lahko obremenilne za naSe zdravje, kot tudi okolje, ceprav so nekateri od
elementov v zelo majhnem delezu sestavni del nas in so tudi nujno potrebni za pravilno

E-mail naslov/i: aljaz.bozic@student.um.si (Aljaz Bozi¢), brina.dojer@um.si (Brina Dojer),
matjaz.kristt@um.si (Matjaz Kristl)
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funkcioniranje nasega telesa. Pri ravnanju s kemikalijami smo upostevali varnostna opozorila
in jih, ¢e je bilo potrebno, tudi varno odstranili v ustrezne posode.

Predvsem smo se osredotocili na reakcije kovin in nekovin v njihovem elementarnem stanju in
reakcije z vodikovim peroksidom ter koncentrirano klorovodikovo Kislino. Reakcij z vodo se
nismo lotili, saj bi slednje potekle le z malo elementi, ki smo jih imeli na voljo. Zanimalo nas
je, ali reakcije sploh potecejo oziroma, ¢e potecejo, za kaksno spremembo energije kemijske
reakcije gre: endotermno, za katero je znacilno, da se med potekom reakcije temperatura v
okolici zniza oziroma sistem med potekom reakcije ohladi okolico, ali eksotermne, pri katerih
se med potekom reakcije temperatura okolice zvisa, s ¢imer sistem segreje okolico.

Ob koncu endotermnega procesa imajo produkti vi§jo energijo, saj snov nekaj energije iz
okolice shrani. Poznamo le nekaj spontanih reakcij, ki so pri sobni temperaturi endotermne.[1]

T okolice

konec

,T (produkti)

Energija_

zafetek
(reaktanti)

potek
procesa~

Slika 1: Energijski diagram endotermne reakcije.

Pri eksotermnem procesu se energija v samem sistemu zniza, saj je sistem nekaj energije v
doloceni obliki oddal okolici. 1z tega razloga ima snov na koncu eksotermnega procesa
(produkti) nizjo energijo kot pred zacetkom procesa (reaktanti).

T okolice

N

zacetek
(reaktanti)

Energija

\$ konec

(produkti) potek

procesa~

Slika 2: Energijski diagram eksotermne reakcije.

Vecina kemijskih procesov je lahko endotermnih ali eksotermnih. Pri kemijski reakciji se
kemijske vezi med atomi prekinejo, pri Cemer je treba energijo dodati. Tvorijo se nove vezi, pri
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Cemer se energija sprosca. Poteka torej nekakSen “dvoboj” med obema prispevkoma, pri cemer
je skupna energijska sprememba odvisna od tega, kateri prispevek je vecji. [2]

Da postavimo delo v $irsi kontekst, predlagamo Se vsebine, kjer lahko tudi ucitelj uporabi
podane eksperimente: Na osnovnoSolski ravni se lahko uc¢enci z vsebino seznanijo v sklopu
teme Kemijske reakcije (obravnava kemijskih reakcij kot snovnih in energijskih sprememb,
urejanje kemijskih reakcij itd.), prav tako pa tudi v sklopu teme Elementi v periodnem sistemu
(reakcije smo izvajali s kovinami, polkovinami in nekovinami — ucenci lahko primerjajo
reaktivnost elementov s Kislino oziroma oksidantom itd.).[3] Na srednjesolski ravni lahko dijaki
na osnovi reakcij prikaZejo primer varnega eksperimentiranja v laboratoriju, lahko jih uporabijo
pri obravnavi vsebine Kemijska reakcija kot snovna in energijska sprememba, pri obravnavi
posameznih glavnih skupin elementov in prehodnih kovin v periodnem sistemu, pri poteku
kemijskih reakcij, v sklopu spoznavanja redoks reakcij itd.[4].

2 EKSPERIMENTALNO DELO

Vse reakcije smo izvedli po enakem postopku. Odtehtali smo 0,2 g posameznega elementa in
ga prenesli v epruveto, v katero smo predhodno odmerili 3 mL stalnega reagenta (koncentrirana
klorovodikova kislina ali vodikov peroksid). Epruveto smo dali v erlenmajerico iz trSega stekla
zaradi moznosti burne reakcije ali eksplozije. Erlenmajerica z epruveto je bila oblozena z
zrakom polnjeno folijo, vse skupaj pa je bilo v vecji ¢asi. S to »aparaturo« smo skusali prepreciti
izgube energije. Tako smo pri merjenju temperature dobili ¢im bolj natan¢ne rezultate, kljub
temu da nas je zanimalo zgolj naraS¢anje ali padanje temperature.

Slika 3: Caga z erlenmajerico in epruveto, v kateri so potekale reakcije.

Za merjenje spremembe temperature smo uporabili Vernier LabQuest, samostojni vmesnik, Ki
je uporaben za zbiranje podatkov, zaznanih s temperaturnim senzorjem (v nasem primeru).
Naprava tabelari¢no zbira izmerjene podatke in ponuja moznost analize (npr. graficni prikaz).
Dokaj velik zaslon na dotik omogoca enostavno uporabo. S pomoc¢jo USB-kabla lahko napravo
poveZzemo z racunalnikom, ki ima namescen program Logger pro.
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Slika 4: Vernierjev vmesnik s senzorjem temperature.

3 REZULTATI MERITEV

Najprej smo v epruveto nalili samo stalni reagent — klorovodikovo Kislino, HCI, oziroma
vodikov peroksid, H2O2, da smo preverili, ali poteka reakcija med sondo in reaktantom oziroma,
ali se spreminja temperatura zaradi drugih dejavnikov iz okolice.

trc)  Klorovodikova kislina TrC] Vodikov peroksid
50 50 -
40 - 40 -
30 - . 30 - .
20 - 20 -

t [min]
10 T T 1 10 T T 1 t
0 20 40 60 0 20 40 60 [min]

Slika 5: Spreminjanje temperature [°C] v odvisnosti od ¢asa [min].

V 45 minutah je temperatura narasla za priblizno 2 stopinji, Saj sistem ni bil zaprt niti izoliran.
Pri mocno eksotermnih reakcijah je ta podatek zanemarljiv. Pri reakcijah, ki potekajo pocasi,
pa je ta vpliv lahko velik. V prvih osmih oziroma desetih minutah se temperatura stalnemu
reagentu bistveno ne zvisa, pri vsaki izvedeni reakciji pa je vpliv okolice malenkost drugacen.
Pri ostalih reakcijah je meritev temperature trajala le osem oziroma deset minut in iz tega
razloga lahko ta vpliv na oba slepa vzorca zanemarimo.

Za izvedene eksperimente smo uporabili 26 elementov periodnega sistema, od tega 17 kovin, 5
nekovin in 4 polkovine.
Rezultati meritev temperature so podani v tabelah.
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periodnega sistema s klorovodikovo kislino in vodikovim peroksidom

Element Tzatetna [OC] T najvisja [OC] AT [OC]
Na 251 36,3 11,2
Mg 231 92,6 69,5
Al 23,0 26,3 3,3
Ca 25,0 52,1 27,1
\ 21,4 22,0 0,6
Cr 21,2 24,7 3,5
Fe 23,1 24,6 3,5
Co 23,1 23,5 0,4
Ni 215 22,6 1,1
Cu 25,5 25,7 0,2
Zn 21,8 52,5 30,7
Mo 25,4 25,6 0,2
Ag 25,2 253 0,1
Cd 20,7 33,2 12,5
In 21,4 26,3 4,9
Sn 21,0 22,4 14
Pb 21,4 22,3 0,9
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Tabela 1: Sprememba temperature pri reakcijah kovin s koncentrirano klorovodikovo kislino.

Vsi elementi ne reagirajo s kislino (srebro, baker — plemeniti kovini; molibden — se ne raztaplja
v kislini), pri tistih, ki reagirajo, pa potecejo eksotermne reakcije. V nekaterih primerih se je
temperatura povisala le za nekaj stopinj Celzija, v¢asih tudi za manj kot stopinjo. V teh primerih
je priSlo do pocasne eksotermne reakcije, ki ocitno ni prispevala k vecji temperaturni
spremembi. Pri delu z natrijem smo morali eksperiment (s klorovodikovo kislino in kasneje
vodikovim peroksidom) izvesti v vecji €aSi, saj se je v epruveti ob veckratnem poiskusanju
natrij zalepil na steno epruvete, poleg tega pa nismo hoteli tvegati vecje eksplozije in hkrati
uniCenja pripravljene “aparature”. Rezultate zato v tem primeru tezko primerjamo s preostalimi.

Vsekakor je reakcija natrija s koncentrirano klorovodikovo kislino mo¢no eksotermna.

Element Tzatetna [OC] T najvisja [OC] AT [OC]
Na 28,3 30,8 2,5
Mg 25,7 26,2 0,5
Al 25,4 25,4 0
Ca 23,1 29,4 6,3
\Y 23,8 27,3 3,5
Cr 32,0 42,0 10,0
Fe 27,6 28,5 0,9
Co 23,6 30,7 6,1
Ni 29,6 32,2 2,6
Cu 24,4 25,4 1,0
Zn 23,7 24,2 0,5
Mo 23,6 93,5 69,9
Ag 251 93.3 68,2
Cd 23,7 24,0 0,3
In 24,3 24,6 0,3
Sn 23,7 24,0 0,3
Pb 23,4 89,7 66,3

Tabela 2: Sprememba temperature pri reakcijah kovin z vodikovim peroksidom.
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Prav tako kot pri poskusih s kislino lahko tudi iz tabele 2 razberemo, da gre pri poteklih
reakcijah za eksotermne reakcije. Reakcije z aluminijem, indijem, kadmijem, magnezijem in
kositrom ne potecejo. Intenzivno pa potecejo v primerih elementov, ki s klorovodikovo kislino
niso reagirali (srebro, molibden) ali pa je bila reakcija pocasna (svinec). Vodikov peroksid je

znan kot mocan oksidant. Njegov razpad katalizirajo ioni tezkih kovin.

Element Tzatetna [OC] T najvigja [OC] AT [OC]
C 25,4 25,4 0
P 22,2 22,6 0,4
S 24,9 25,2 0,3
Se 21,6 21,7 0,1
2 21,4 21,8 0,4

Tabela 3: Sprememba temperature pri reakcijah nekovin s klorovodikovo kislino.

Pri nobeni od nekovin ni priSlo do reakcije s klorovodikovo kislino, manjSe spremembe
temperature lahko pripiSemo zunanjim vplivom.

Tabela 4: Sprememba temperature pri reakcijah nekovin z vodikovim peroksidom.

Vse nekovine razen Zzvepla pocasi reagirajo z vodikovim peroksidom, vse reakcije so

Element Tzatetna [OC] T najvisja [OC] AT [OC]
C 23,7 25,9 2,2
P 25,0 26,7 1,7
S 24,8 24,9 0,1
Se 24,7 28,4 3,7
2 26,3 26,9 0,6

eksotermne.
Element Tzagetna [OC] T najvisja [OC] AT [OC]
Ge 23,2 23,3 0,1
As 21,7 22,0 0,3
Sb 25,3 25,3 0
Te 25,0 25,0 0

Tabela 5: Sprememba temperature pri reakcijah polkovin s klorovodikovo kislino.

Pri nobeni od polkovin ni pri§lo do reakcije s klorovodikovo kislino, manj$e spremembe
temperature lahko pripiSemo zunanjim vplivom.

Tabela 6: Sprememba temperature pri reakcijah polkovin z vodikovim peroksidom.

Element Tzatetna [OC] T najvigja [OC] AT [OC]
Ge 28,3 32,2 19
As 23,5 104,6 81,1
Sb 23,6 24,2 0,6
Te 24,9 26,3 14
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Vse polkovine reagirajo z vodikovim peroksidom, reakcije so eksotermne. V primeru arzena
pride do moc¢no eksotermne reakcije.

Zanimiva je predvsem primerjava reakcij nekaterih elementov z obema stalnima reagentoma,
zato dodajamo Se nekaj grafov:

rrq  MgvHCl(aq) T Mg v H,0,(aq)
100 - 50 -
80 r\ 40 -
60 -
40 - —1ra | 0 Tr°C)
20 - 20 1

0 ‘ ‘ ‘ t [min] 10 | | t [min]

0 5 10 15 0 5 10

Slika 6: Primerjava spreminjanja temperature pri reakciji magnezija s klorovodikovo kislino
in vodikovim peroksidom.

Reakcija magnezija s klorovodikovo kislino je mo¢no eksotermna, nastajata magnezijev klorid
in vodik. Z vodikovim peroksidom magnezij sicer reagira, vendar je sprememba temperature
majhna.

T[°C] Pb v HCl(aq) rrq PbVvH,0,(aq)

40 - 100
80 -

30 - 60 A

20 —T[°C] 40 - —T[°C]
20 -

10 ‘ ‘ ~ t[min] 0 ‘ - t[min]

0 5 10 15 0 5 10

Slika 7: Primerjava spreminjanja temperature pri reakciji svinca s klorovodikovo kislino in
vodikovim peroksidom.

S klorovodikovo kislino svinec pocasi reagira. Z vodikovim peroksidom potece reakcija po
nekaj minutah, ko se razgradi plast svin¢evega oksida, s katero je kovina obdana.
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Trd As v HCI(aq) rrq  AsvH,0,(aq)
40 150 +
30 - 100 -
20 4 —TI[°C] 50 4 —T[C]
10 t [min] 0 t [min]
0 5 10 15 0 5 10

Slika 8: Primerjava spreminjanja temperature pri reakciji arzena s klorovodikovo Kislino in
vodikovim peroksidom.

Arzen reagira z mo¢nimi oksidanti, v nasem primeru z vodikovim peroksidom. Reakcija potece
po nekaj minutah, ko se razgradi prekrivna plast arzenovega oksida, ki obdaja kovino.

5 ZAKLJUCEK

Z izvedbo eksperimentov smo ugotovili, da kovine s koncentrirano klorovodikovo Kislino
reagirajo zelo razlicno. V splo$nem se reaktivnost zmanjsuje po skupinah (periodnega sistema)
od leve proti desni. Natrij reagira s kislino najbolj burno, podobno bi reagiral litij, veliko bolj
eksplozivno pa kalij, rubidij in cezij. Dokaj burne reakcije so tudi pri zemeljsko alkalijskih
kovinah, ki so manj reaktivne kot alkalijske, vendar je reakcija z magnezijem Se vedno mo¢no
eksotermna, reakcija s kalcijem pa malo manj. Kovine tretje glavne skupine periodnega sistema
reagirajo s klorovodikovo kislino, vendar te reakcije niso vec tako izrazito eksotermne. Med
uporabljenimi prehodnimi kovinami je najintenzivneje reagiral cink.

Pri reakcijah kovin z vodikovim peroksidom smo dobili nekaj zelo zanimivih rezultatov. Svinec
je reagiral Cez nekaj Casa in reakcija je bila izrazito eksotermna. Tudi kalcij in natrij sta
zreagirala zelo hitro. Med prehodnimi kovinami sta s kislino najintenzivneje reagirala srebro in
molibden, kadmij pa sploh ni, ¢eprav so omenjene kovine v isti periodi.

Nobena izmed uporabljenih polkovin s koncentrirano klorovodikovo kislino ni reagirala, z

vodikovim peroksidom pa so. Polkovine ocitno reagirajo z mo¢nimi oksidanti.

Podobno kot polkovine tudi nekovine ne reagirajo s koncentrirano klorovodikovo kislino. Z
vodikovim peroksidom reagirajo pocasi, z izjemo Zvepla, ki sploh ne reagira.
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Abstract

Househols are one of the three existing economic units. It holds a great importance in the economy, because it is
a labour and income source for other two units (firms and governments). The purpose of this paper is using
mathematical and statistical tools find connection between household’s membership and its financial status. The
objective of this project is to identify memberships impact on households by testing eleven hypothesis which are
about effects of membership, gender and education on households. Each testing result will give more information
about households’ membership or its releation with households’ budgets. The final findings include not only
identification of connections but also social knowledge about participants of the survey.

Key words: household, budget, membership, children, female, male, householder.
Povzetek

Gospodinjstva so ena od treh obstojec¢ih gospodarskih enot. V gospodarstvu ima gospodinjtvo velik pomen, saj je
vir dela in dohodka za drugi dve enoti (podjetja in vlade). Namen tega prispevka je z uporabo matemati¢nih in
statisticnih orodij najti povezavo med ¢lanstvom gospodinjstva in njegovim finan¢nim stanjem. Cilj tega projekta
je ugotoviti vpliv ¢lanstva na gospodinjstva s testiranjem enajstih hipotez o u¢inkih ¢lanstva, spola in izobrazevanja
na gospodinjstva. Vsak rezultat testiranja bo dal ve¢ informacij o ¢lanstvu gospodinjstev ali njegovi povezanosti
proracuni gospodinjstev. Kon¢ne ugotovitve ne vkljucujejo samo identifikacije povezav, temvec¢ tudi druzbeno
znanje o udelezencih raziskave.

Kljucne besede: gospodinjstvo, proracun, ¢lanstvo, otroci, Zenska, moski, gospodar.

1 INTRODUCTION

Households are the main power which runs the economy. There are two main roles in the
market. First of all it supplies the factor services to the firms in the form of factors of production
like land, labour, capital etc. The second role it purchases all the final goods and services
produced by the firms from the markets directly [4]. For performing the first function,
households receive income, which later is spent and the action of spending turns into a seconod
role, this exchange illustrates the circular flow model. Households budget data is very
informative when analysing economic conditions in the country, it can represent the costs of
living, salary level, but it is also worthy to remember, that “Household is a group of people,
often a family, who live together” (Cambridge Dictionary) and it can be helpful not only in
economic, but also in social investigations. Household membership’s importance should not be
excluded from the research, beacause it can be a rich source of knowledge in studies about the
features causing an impact to household’s budget and overall social characteristics of the nation.
Due to memberships data, it is possible to find how the number of children, level of education,

E-mail naslov/i: emilijajd@gmail.com (Emilija Jurjonaité)
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gender can affect household’s state and from results make general conclusions about society’s
habits. The official Europe statistics website “Eurostat” every year submits statistical
information about each country economic state. Households are also included in “Eurostat”
research, but usually it arranges superficial statistical data, basically consisting of households
income and expenditures by purpose. “Eurostat” also collects data about householder’s
profession, age, main source of income, residence etc., but these features are distinguished from
households concept [6]. It is focused on all of them separately without searching connections
between them, meanwhile analysis about memberships effect on Lithuanian households is
particulary concentrated on associations between househols members’ characteristics and its
impact on households state.

2 METHODOLOGY

Data for reaserch about households in Lithuania has been collected since 1992. Until 2008, it
was performed every year, but later the information was presented periodically. According to
Lithuania's statistics department, for reaserch they use stratified random sampling, which
involves dividing the entire population into groups, from which random samples are taken.
Some information about households are automatically transfered from population register and
social incurence institution ("SODRA"), where it is available to reach information, for instance,
about households members employement. Also statistical department has arranged digital and
paper surveys to find out other necessary data about the household [2].

Data for this project is taken from Lithuania’s Statistics depatrement website [5]. It includes
3400 households and information about their membership, number of children in the household,
the gender of householder, householder’s education, household’s expenses and income. Using
this data, eight hypothesis were composed and, with the help of SPSS statistical program, tested
by Independdent Sample t-Test or Correlation.

3 HYPOTHESIS TESTING

1. The average number of children is higher in households where householder’s

education is lower than general.

Group Statistics

Std. Error
Education il Mean Std. Devigtion Mean

Number of children in the >= 4 2330 1,06 1,476 03
fousehald <4 1070 99 1302 043

Independent Samples Test

Levene's Test for Equality of
Variances ttest for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. 1 df Sig. (2-tailed) Difference Difference Lower Upper
Mumber of childreninthe  Equal variances 11,490 001 1,204 3398 196 089 054 -038 174
household assumed

Equal variances not 1,323 2189,243 186 069 052 -033 172
assumed

Figure 1: Independent Samples T-Test. Number of children in the household and Education

Levene’s Test for Equality of Variances showes significance p = 0,001< 0,05. It means that Ho
hypothesis must be rejected by the test and the variances are significantly different in the two
groups. In the section of t-Test for Equality of Means Sig- (2-tailed) is equal to 0,186. P > 0,05,
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which means that values are not statistically significant. According to Means in Group Statistic
table, household with higher education have slightly more children than with lower, but the
difference is not statistically significant.

2. The average number of households with or without children is greater when
education is higher than general.

Group Statistics

Std. Error
Education ] Mean Std. Deviation Me=an
Household with or >=4 2330 1,49 ,500 010
without children =q 1070 151 500 015

Independent Samples Test

Levene's Testfor Equality of

Variances ttestfor Equality of Means
95% Confidence Interval of the
Mean Std. Error Dimerence
F Sig t df Sig. (2-tailed) Difference Difference Lower Upper
Househaold with or Equal variances 061 805 -1,085 3398 273 -020 018 -,056 016
without children assumed
Equal variances not -1,085 2075070 274 -020 o018 -,056 016

assumed

Figure 2: Independent Samples T-Test. Household with or without children and Education

The table reveals that Equal variences are assumed, which means that Ho hypothesis can not be
rejected by the test and the variances are not significantly different in the two groups. Sig. (2-
tailed) also show that values are not statistically significant.

3. The average of expenses incurred by households with children are greater than by
those who don’t have children.

Group Statistics

Std. Error
With or withaut children b Mean Std. Deviation Mean
Expenses 1 1709 6767770773 500,4167723 1210488941
2 1691 6664154014 470,8085272 11,44313078

Independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Mean std Error Diftersnes
F Sig 1 df Sig. (2-tailed) Difference Difference Lower Upper

Expenses  Equalvariances 1,129 288 622 3398 534 10,36158587 16,66703650 -22,3168454 43,04001711
assumed

Equal variances not 622 3389410 534 10,36158587 16,66166088 -22,3063351 4302950682
assumed

Figure 3: Independent Samples T-Test. Household with or wihout children and Expenses

The table reveals that Ho can not be rejected by the test and the variances are not significantly
different. Sig.(2-tailed) = 0,534 > 0,05, which confirms that values are not statistically
significant. The Mean Difference is equal to 10,36, according to Mean in the Group Statistics
the higher mean of expensess is in households with children, but it is not statistically significant.
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4. The number of children in the households have a negative

households’ income.

Correlations

Number of

children in the

correlation with

household Income
Number of children in the Pearson Correlation 1 ,012
household Sig. (1-tailed) 1235
N 3400 3400
Income Pearson Correlation ,012 1
Sig. (1-tailed) ,235
N 3400 3400

Figure 4: Correlation. Number of children in the household and Income

The Correlation table reveals that correlation between Number of children in the household and
Income is positive, but not statistically significant . Correlation Coefficient is equal to 0,012.
According to correlation range it is a very weak correlation level, included in interval [0,0 ;0,2].

5. The Number of members in the households have a positive correlation with

households income.

Correlations

Mumber of
members in
the
household Income
Mumber of members in Fearson Correlation 1 ,352“
the household ; ;
Sig. (1-tailed) aoo
[+l 3400 3400
Income Pearson Correlation 352" 1
Sig. (1-tailed) aoo
[+l 3400 3400

. Correlation is significant at the 0.01 level (1-tailed).

Figure 5: Correlation. Number of members in the household and Income

The Correlation table reveals that correlation between Number of members in the household
and Income is positive. Correlation Coefficient is equal to 0,352. According to correlation range
it is a weak correlation level, included in interval [0,2 ;0,5], but positive correlation is

significant.
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6. Households with two adult partners have higher earnings than one person
households.

Group Statistics

Std. Error
Partnership M Mean Std. Deviation Mean
Earnings 1 2338 8216692082 647 5360311 13,39312509
2 1062 4541982587 366,5154115 11,24682616

Independent Samples Test

Levene's Testfor Equality of
Variances test for Equality of Means

95% Confidence Interval of the

Mean Std. Errar Differzncz
F Sig t df Sig. (2-tailed) Difference Difference Lower Upper
Earnings  Equal variances 89,697 ,000 17,277 3398 000 367,4709495 21,26961969 3257684066 4091734924
assumed
Equal variances not 21,011 3243011 000 367,4709495 17,48905081 3331802418 4017616572
assumed

Figure 6: Independent Samples T-Test. Earnings and Partnership

Levene’s Test for Equality of Variances showes significance p = 0,000< 0,05. It means that Ho
hypothesis must be rejected by the test and the variances are significantly different in the two
groups. In the section of t-Test for Equality of Means Sig- (2-tailed) is equal to 0,000. P < 0,05,
which means that values are statistically significant. According to Means in Group Statistics
table, household with two adult partners have greater earnings than one person households and
the difference is statistically significant.

7. Households with two adult partners have more children than one adult households.

Group Statistics

Std. Error

Partnership N Mean Std. Deviation Mean
Number of children 1 2338 1,04 1,442 030
2 1062 99 1415 043

Independent Samples Test

Levene's Test for Equality of

Variances ttestfor Equality of Means
95% Confidence Interval of the
Mean std. Errar Differznes
F Sig t df Sig. (2-tailzd) Difference Difference Lower Upper
MNumber of children  Equal variances 2743 098 882 3398 378 047 053 -057 51
assumed
Equal variances not B89 2087580 374 047 053 -, 066 160

assumed

Figure 7: Independent Samples T-Test. Number of children and Partnership

Levene’s Test for Equality of Variances showes significance p = 0,098>0,05. It means that Ho
hypothesis can not be rejected by the test and the variances are not significantly different in the
two groups. In the section of t-Test for Equality of Means Sig- (2-tailed) is equal to 0,378.
P>0,05, which means that values are not statistically significant. According to Means in Group
Statistic table, household with two partners have slightly more children than one adult person
households, but the difference is not statistically significant.
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8. The number of members in the households has a positive correlation with
households’ expenses.

Correlations

Mumber of
members in
the
household Expenses
Mumber of members in Fearson Correlation 1 ,389“
the household ; ;
Sig. (1-tailed) aoo
[+l 3400 3400
Expenses Pearson Correlation 388" 1
Sig. (1-tailed) 000
[l 3400 3400

** Correlation is significant atthe 0.01 level (1-tailed).

Figure 8: Correlation. Number of members in the household and Expenses

The Correlation table reveals that correlation between Number of members in the household
and Expenses is positive. Correlation Coefficient is equal to 0,389. According to correlation
range it is a weak correlation level, included in interval [0,2 ;0,5], but positive correlation is
statistcally significant.

9. Education has a positive correlation with earnings.

Correlations

Education Income
Education Pearson Correlation 1 ,383"
Sig. (1-tailed) ,000
N 3400 3400
Income Pearson Correlation ,383" 1
Sig. (1-tailed) ,000
N 3400 3400

**_Correlation is significant at the 0.01 level (1-tailed).

Figure 9: Correlation. Education and Income

The Correlation table reveals that correlation between Education and Income is positive.
Correlation Coefficient is equal to 0,383. According to correlation range it is a weak correlation
level, included in interval [0,2 ;0,5]. Correlation is statistically significant.
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10. The average expenses of household when householder is a woman is equal to
households’ when a householder is man.

Group Statistics

Std. Error
Gender N Mean Std. Deviation Mean
Expenses 1 1932 7459361454 504,3500428 11,47436078
2 1468 631,2051681 4861269533 1268781020

Independent Samples Test

Levene's Test for Equality of

Variances ttest for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig t df Sig. (2-tailad) Difference Diffzrence Lower Upper
Expenses  Equalvariances 4712 030 6,673 3398 000 114,7309774 17,19288425 81,02153624 148,4404185
assumed
Equal variances not 6,707 3214422 000 114,7309774 17106876717 81,18970018 148,2722545

assumed

Figure 10: Independent Samples T-Test. Expenses and Gender

The table reveals that Levene’s Test for Equality of Variances significance p = 0,03< 0,05. It
means that Ho hypothesis must be rejected rejected by the test and the variances are significantly
different in the two groups. In the section of t-Test for Equality of Means Sig- (2-tailed) is equal
to 0,000. p=0,000<0,05, confirms that values are statistically significant. The Group Statistics
expose when the householder is a man the average expenses is 745,94€ and this amount is 114€
larger than in the circumstances when a householder is a woman.

11. The average earnings of household when the householder is a woman is equal to
households’ when a head is man.

Group Statistics

Std. Error
Gender N Mean Std. Deviation Mean
Income 1 1932 T86,7033111 6232711453 14,17990954
2 1468 690,3661334 6301646953 1644716467

Independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Mean Std. Error Diference
F Sig 1 df Sig. (2-tailed) Difference Difference Lower Upper
Income  Equal variances 094 758 4,443 3398 000 96,33717773 21,68328927 53,82356848 138,8507870
assumed
Equal variances not 4,436 3140270 000 96,33717773 21,71587116 53,75844121 138,9159143

assumed

Figure 11: Independent Samples T-Test. Income and Gender

The table reveals that Levene’s Test for Equality of Variances significance p = 0,759 > 0,05. It
means that Ho hypothesis can not be rejected by the test and the variances are not significantly
different. In the section of t-Test for Equality of Means Sig- (2-tailed) p=0,000<0,05, showes
that values are statistically significant. The Group Statistics expose when the householder is a
man the average Income is 14% larger than in the circumstances when a househead is a female.
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RESULT INTERPRETATION

The hypothesis that the average number of children is higher in households where
householder’s education is lower than general is rejected. The Group Statistics showed that
hoseholder with higher education has slightly more children then with lower education
level, albeit the difference is not statistically significant. This result could be an assumption
that people are planning the enlargement of the family. They seek for better education and
career.

This result could be also supported after testing the second hypothesis, which was checking
which group (with higher or lower education) has more households with children. The
average number of households with children was slightly larger, but not statistically
significant, in households with lower education, since in the data households with children
were indicated as "1" and households without children as "2" , the greater mean indicates
about a larger number of households without children. This result can confirm the idea that
people who already acquired higher education are more willing to get offsprings.

The third test shows that higher expenses are incured by households which have children.
Households for raising children are recieving government financial support. Unfortunately,
it covers only a very small part of child’s needs. It also can supplement first two results.
Parents take into account the fact of child raising costs and before having children prefer to
gain better education, have a stable finance source.

The fourth hypothesis searched for negative correlation between the number of children in
the household and households income. It showed that coorelation between these two
variebles is positive, but statistically not significant. This means that the number of children
does not have affect on household’s income.

What has influence on households income is the number of members in the household. The
testing of fifth hypothesis revieled that the number of members and income has statistically
positive correlation, which means that with the growing numer of members the income also
grow. Thus it should be taken into account the fact that a number of adults in the household
possibly have an effect on households income.

Partnerships influence on households income was tested by sixth hypothesis. It confirmed
that households with two adults are gaining more income than households with one adult
person.

According to seventh hypothesis, households with two adults have more children than one
person households, but the difference is not statistically significant. This result can also be
supplemented by fourth hypothesis, which indicated the existence of positive correlation
between number of children in the household and income. Households with two adults have
more children and, as the sixth hypothesis confirmed, higher income.

Expenses incurred by the household have a direct connection with the number of memebers
in the household. With the number of household members growing expenses grow as well,
because not all members are employed and have income, for instace, children, who are
supported by their parents.

The hypothesis of positive correlation between education and earnings, was confirmed, as
correlation results showed that it has weak relation and values are statistically significant.
The earnings in Lithuania depend on the education level. It is important to have a high
qualification for a better emlpoyement possibilities.

The tenth and eleventh hypothesis establish the presence of gender discrimination.
Acording to results, women are less paid than men. Since women have less income
respectively expenses are also lower than men.
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6 CONCLUSION

After more detail look to households data, it is clear that households can be a subject not only
for economic and financial research but is also suitable for social habit investigation. In this
analysis, one of the most important characteristics in the household is householder’s education.
If education level is higher, household can receive higher income. When household is in a stable
financial position, as the second hypothesis showed, household tends to have children.
According to tests, more favourable financial position is reached in a partnership. A household
of two adults is gaining more income and has more children then one adult household. With the
number of household members growing, according to T-Test, expenses grow as well. If these
associations are less popular in household analysis, the comparison between male and female
householders are more popular. Statistics about gender pay gap are available in all countires,
for example, “Eurostat” is submitting data about all European countries. This analysis exposed
that in Lithuania a household receives approximately 15% less income when a householder is
a female, which proves the existence of this problem. Taking everything into account, this
analysis proved that memebers and their status in the household or features are playing a major
role in household state.

References

[1] Cekanavidius, V., & Murauskas, G. (2001). Statistika ir jos taikymas I. Vilnius: TEV.
Retrieved from http://stat.vadoveliai.lt/files/STAT1SV_DEMO.pdf

[2] Gyvenimo lygio ir uzimtumo statistikos skyrius. (2016). Namy tkiy biudZeto statistinio
tyrimo metodika. Retrieved April 30, 2019, https://osp.stat.gov.lt/documents/10180/
130368/NUBT_metodika_2016_092.pdf

[3] Morkevicius, V. (2010). Statistiné¢ kiekybiniy duomeny analizé su SPSS ir STATA.
Retrieved April 30, 2019, from http://www.lidata.eu/index.php?file=files/mokymai/stat/
stat.html&course_file=stat_ 111_4.html

[4] Seith, T. (2015, August 12). Roles of Households for Building an Economy. Retrieved April
30, 2019, from http://www.economicsdiscussion.net/articles/roles-of-households-for-
building-an-economy/2028

[5] VieSos duomeny rinkmenos. (2016). Retrieved April 30, 2019, from https://osp.stat.
gov.lt/viesos-duomenu-rinkmenos

[6] Your key to European statistics. (2016, November 23). Retrieved April 30, 2019, from
https://ec.europa.eu/eurostat/web/household-budget-surveys/database






STROKOVNI PRISPEVKI
Dianoia 3 (2019) 91-100

Digitalna pismenost dijakov drugih letnikov

gimnazije in uporaba IKT pri pouku
Digital literacy of students and the use of ICT in the classroom

Kaja Krizan

Univerza v Mariboru, Fakulteta za naravoslovje in matematiko, Koroska cesta 160, 2000 Maribor

Povzetek

V ¢lanku je podrobneje predstavljena digitalna pismenost dijakov drugih letnikov gimnazije in vkljucevanje
informacijsko komunikacijske tehnologije v pouk. Clanek je sicer bolj osredototen na digitalno pismenost dijakov,
posamezne okvire digitalne pismenosti in DCA model merjenja digitalne pismenosti. Po modelu DCA je izmerjena
digitalna pismenost dijakov drugega letnika Skofijske gimnazije Maribor; ti rezultati so tudi predstavljeni v &lanku.

Kljucne besede: digitalna pismenost, IKT, DCA - model, eticha dimenzija, kognitivna
dimenzija, tehnoloska dimenzija

Abstract

The article presents the details of digital literacy of second year high school students and the inclusion of ICT in
teaching. The article focuses more on the digital literacy of students, the individual frames of digital literacy and
the DCA model of digital literacy measurement.

Key words: digital literacy, ICT, DCA model, ethical dimension, cognitive dimension,
technological dimension

1 UVOD

Informacijska tehnologija (v nadaljevanju IKT) je v zadnjih nekaj letih dozivela hiter razvoj in
s tem postala vedno bolj vpeta v nase vsakdanje zivljenje in delo, s tem pa je digitalna pismenost
postala ena izmed kljucnih kompetenc. Mladostniki, rojeni v 21. stoletju, naj bi digitalno
pismenost razvili Ze zgodaj v izobrazevalnem procesu, prav tako pa je pomemben tudi razvoj
bralno-u¢nih navad, kjer se razvija bralna pismenost. Osnovnosolci se Ze zelo zgodaj srecajo z
digitalno tehnologijo, tekom izobrazevanja pa ¢rpajo informacije iz tiskanih in digitalnih virov,
s tem pa razvijajo digitalno in bralno pismenost. Postavlja se vprasanje, koliko so dijaki
gimnazijskih programov zares digitalno pismeni. V ta namen smo izvedli raziskavo na Skofijski
gimnaziji Maribor, na kateri trenutno poucujem.

Digitalna pismenost

Izraz digitalna pismenost, ki ga danes uporabljamo, je prvi¢ predstavil Gilster v svoji knjigi z
enakim naslovom (Gilster, 1997). Digitalno pismenost je definiral kot zmoznost pridobivanja
in uporabe informacij, ki so pridobljene iz razli¢nih digitalnih virov. Za to opredelitev je
znacilno, da ni podanih natan¢nih in jasnih ves¢in, ki naj bi jih potreboval posameznik, ki je
digitalno pismen. Njegova glavna ideja je bila povezati pojmovanje pismenosti z uporabo
tehnologije, ki je dostopna v trenutnem ¢asovnem okviru.

Za pojem digitalna pismenost se je uporabljal tudi izraz »multipismenost«, Ki je opisoval
razli¢ne spretnosti, potrebe za uporabo, razumevanje in ustvarjanje digitalnih vsebin, zato
digitalno pismenost lahko razumemo kot okvir med seboj povezanih pismenosti — medijske,
tehnoloske, informacijske, vizualne, komunikacijske in socialne pismenosti.
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Sodobne definicije s pojmom digitalne pismenosti poudarjajo predvsem ucinkovito uporabo
sodobne tehnologije in razvoj informacijskih spretnosti, ki jih potrebujemo za reSevanje
problemov, izvajanje vsakdanjih nalog, delo, zivljenje in medsebojno komunikacijo (Ferrari,
2012).

V okviru projekta Digital Literacy so zapisali definicijo digitalne pismenosti, za katero je
znacilno, da vkljucuje samozavestno in kriticno uporabo tehnologij informacijske druzbe za
delo, prosti ¢as in komunikacijo, ter da je podprta je z osnovnimi spretnostmi rabe IKT. Sem
spada uporaba racunalnikov za razli¢no delo z informacijami (npr. pridobivanje, shranjevanje,
predstavljanje in izmenjavanje informacij), komunikacija in sodelovanje v omrezjih preko
interneta (Vehovar, N. Brecko, & Prevodnik, 2008).

Modeli merjenja digitalne pismenosti

Za merjenje digitalne pismenosti obstaja ve¢ okvirov. Osnovni tipi za merjenje nivoja digitalne
pismenosti so samoevalvacijski vprasalnik, reSevanje nalog in longitudinalne Studije. Za
doseganje najboljsih rezultatov je najbolj primerno reSevanje nalog v digitalnem okolju, vendar
je ta na¢in hkrati najbolj zahteven za izvedbo (Ala-Mutka, 2011).

Prej omenjena okvira za merjenje digitalne pismenosti se osredotocata na teoreti¢ni prikaz
potrebnega znanja in ne vsebujeta instrumentarija za ocenjevanje znanja. Sedaj omenimo $e en
okvir, ki pa ima izdelan instrumentarij merjenja, to je model DCA (Digital Competence
Assessment).

Model za ocenjevanje digitalne pismenosti DCA je pripravila skupina strokovnjakov z razli¢nih
italijanskih univerz, ki ga je vodil Antonio Calvani z Univerze v Firencah (Calvani, Cartelli,
Fini, & Ranieri, 2008).

Okvir merjenja digitalne pismenosti po modelu DCA vkljucuje naslednje dimenzije (Slika 1):
tehnolosko: izkazovanje znanja uporabe in upravljanja z IKT,

kognitivno: preverjanje miselnih procesov ob uporabi IKT,

eti¢no: odnos do drugih in do sebe,

povezovalno: razumevanje moznosti, ki jih ponuja nova IKT pri sodelovanju in
izgradnji novega znanja (Calvani, Cartelli, Fini, & Ranieri, 2008).

eti¢na dimenzija

Povezovalna
dinenzis

Slika 1: Dimenzije DCA — modela.

Raziskava digitalne pismenosti dijakov drugih letnikov

Raziskava je bila izvedena v eni izmed mariborskih gimnazij v drugih letnikih. Vprasalniki so
bili oblikovani tako, da je v njem potekalo preverjanje vseh podrocij in dimenzij, na katerih
temelji okvir digitalne pismenosti DCA. Vprasalnik je bil povzet po raziskavi Digitalna
pismenost srednjeSolcev, katere avtorja sta SaSo Stanojev in Viktorija Florjancic. Vprasanja so
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bila razdeljena v $tiri kategorije, 7 vpraSanj s podrocja tehnoloske dimenzije, 10 vprasanj s
podrocja kognitivne dimenzije in 13 vprasanj s podrocja eti¢ne dimenzije digitalne pismenosti.
Vprasalnik je vseboval tudi 10 splosnih vpraSanj, pri ¢emer je bila veCina vprasanj zaprtega
tipa.
Ugotoviti smo Zeleli:

e S pomocjo katere naprave dijaki dostopajo do spleta in zakaj najveckrat uporabljajo
splet?
Ali se pri pouku vsakodnevno uporablja IKT?
Pri koliko predmetih se pri pouku uporablja IKT?
Ali so dijaki drugih letnikov digitalno pismeni?
Katera podrocja po DCA modelu so najbolj razvita?

Na podlagi teorije in raziskovalnih vprasanj smo sestavili naslednje hipoteze:
1. Dijaki do spleta najveckrat dostopajo s pomocjo pametnih telefonov in jih uporabljajo
za komunikacijo s prijatelji preko druzbenih omrezij.
Pri pouku se uporablja IKT nekajkrat tedensko pri vseh predmetih.
3. Vecina dijakov je digitalno pismenih.
4. Pri dijakih je najbolj razvito tehnolosko podrocje.

n

2 METODOLOGIJA RAZISKOVANJA

Raziskovalni vzorec:

Raziskava je bila opravljena v decembru 2018. V anketo je bilo vklju¢enih 92 dijakov drugih
letnikov Skofijske gimnazije Maribor. Prevladovale so Zenske, ki so predstavljale 78 % vseh
anketiranih.

Raziskovalne metode:

Anketiranje je potekalo s pomocjo spletne ankete 1ka. Vprasalnik je bil razdeljen na 4 sklope,
kjer se je prvi sklop nanasal na uporabo digitalne tehnologije doma in v $oli, ostali trije sklopi
pa so se nanasali na digitalno pismenost. Pri pregledu anket je bilo 10 reSenih povrsno, zato
smo te odstranili iz svoje raziskave. Za izdelavo grafikonov smo uporabili program Excel.

Rezultati

V vprasalniku nas je zanimalo, kakSne naprave dijaki doma uporabljajo za povezovanje z
internetom. Rezultati so pokazali, da imajo vsi (100 %) doma racunalnik ali pametni telefon z
dostopom do interneta, kar je posledi¢no pomenilo, da 97 % vprasanih vsak dan dostopa do
interneta, preostalih 3 % pa je na vprasanje, kako pogosto dostopajo do interneta, izbralo
odgovor drugo, ki pa ga niso definirali.

Zanimalo nas je prav tako, s katero napravo najpogosteje dostopajo do interneta. Rezultat
raziskave je pokazal, da za dostop do interneta dijaki uporabljajo pametni telefon (93 %) in
namizni ali prenosni ra¢unalnik (7 %). Glede na predhodne rezultate smo dobili pricakovane
rezultate tudi pri vprasanju o dostopanju do interneta doma, Kjer skoraj vsi dijaki (98 %) do
interneta dostopajo vsak dan. Zanimiva je tudi informacija, da dijaki najpogosteje (100 %)
internet uporabijo za komunikacijo s prijatelji, na drugo mesto pa se je uvrstilo iskanje
informacij za osebno rabo ali Solo.

Dijaki so na vprasanje, kje so pridobili najve¢ znanja o IKT, odgovorili, da v procesu $olanja
in pa s pomocjo samoucenja s pomo¢jo virov, dostopnih na internetu.
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Rezultati so pokazali precej$no uporabo IKT pri delu v Soli (Slika 2), saj jo 65 % dijakov
uporablja nekajkrat tedensko, 20 % dijakov pa kar vsak dan, kar pokaZze dobro opremljenost
nasSih Sol z IKT, s tem pa tudi veliko moznosti za drugacne metod poucevanja in ucenja.

Kako pogosto uporabljate IKT pri
delu v Soli?

Nekajkrat letno |
Nekajkrat mesecno [N
Nekajkrat tedensko I
Vsak dan [N

0 20 40 60 80 100

Slika 2: Pogostost uporabe IKT pri delu v $oli

Zanimivost, ki se pojavlja pri rezultatih, je ta, da naj bi prenovljeni u¢ni nacrti spodbujali
digitalno pismenost z rabo IKT pri vseh predmetih, vendar je skoraj polovica dijakov
odgovorila, da IKT porabljajo le pri enem ali dveh predmetih (Slika 3).

Pri koliko predmetih v Soli
uporabljate IKT?

Pri nobenem predmetu

Pri enem ali dveh predmetih IEE—————————
Pri Cetrtini  IEEEG—————
Pri polovici
Privseh
0 20 40 60 80 100

Slika 3: Uporaba IKT pri predmetih v Soli

Digitalna pismenost se je preverjala po modelu DCA, Kjer so bila vprasanja razdeljena na tri
podro¢ja: tehnolosko — 7 vprasanj, kognitivno — 10 vpraSanj in eti¢éno — 13 vpraSanj. Vsako
podrocje je bilo to¢kovano z do 20 tockami. Za pozitivni rezultat — digitalno pismen dijak — je
bila dolocena meja 75 %. Povpre¢ni doseZeni rezultat je bil 67,4 %, kar je pod mejo, saj je mejni
prag 75 % doseglo le 18 anketiranih dijakov, kar predstavlja 20 % (Slika 4).
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Slika 4: Delez digitalno pismenih in nepismenih

Rezultati po posameznih dimenzijah so pokazali, da je najboljsi rezultat v povprecju pri
tehnoloski dimenziji 79,3 %, kar nam pove, da dijaki dobro poznajo tehni¢ne probleme. SlabSa
sta bila rezultata pri kognitivni (59,4 %) in eti¢ni dimenziji (63,5 %).

Dimenzija  Znanje ali ves¢ina Delez v odstotkih [%]
Tehnoloska Vizualna pismenost 95,5

Razumevanje tehnoloskih konceptov 71,7

Resevanje problemov 70,8

Kognitivna Organizacija in povezovanje besedilnih in 61,7
vizualnih podatkov

Strukturiranje pridobljenih podatkov 56,9
Iskanje informacij 59,9
Eti¢na Druzbeno-kulturni vpliv tehnologije 58,2
Spostovanje drugih 72,4
Varovanje zasebnosti 60,1

Tabela 1: Dosezeni rezultat po modelu DCA

Ce pogledamo tehnolosko dimenzijo pismenosti, vidimo, da so najboljsi rezultati na podro&ju
vizualne pismenosti, in sicer 95,5 %, kar pomeni visoko raven znanja pri prepoznavanju
simbolov, ikon in uporabniskih vmesnikov najbolj uporabljene programske opreme. TO je
seveda povezano s vsakodnevno uporabo IKT. Na podro¢ju reSevanja problemov in
razumevanja tehnoloskih konceptov je rezultat slabsi. Razumevanje tehnoloskih konceptov se
je nanasalo na poznavanje osnovnih sporo¢il in moznih vzrokov nedelovanja racunalnika, pri
¢emer so dijaki dosegli 71,7 %. Pri reSevanju problemov so dijaki dosegli $e slabsi rezultat, in
sicer 70,8 %, kar nakazuje na to, da ne poznajo dobro problemov, ki so vezani na delovanje
racunalnikov in zunanjih enot, ki jih lahko v racunalnik prikljuc¢imo.

Najslabsi rezultat so dijaki dosegli na kognitivnem podrocju, in sicer 59,4 %. Podrocje se je
nanaSalo na miselne procese ustvarjanja, povezovanja in graficnega prikaza podatkov, kjer so
dijaki dosegli 61,7 %. Eno izmed podrocij preverjanja je bilo tudi analiziranje in strukturiranje
podatkov, kjer so bili rezultati $e slabsi kot na prejSnjem podrocju, in sicer 56,9 %. Zadnje
podrodje, ki se je preverjalo v tej dimenziji, je bilo kriticno vrednotenje pridobljenih informacij,
kjer so dijaki dosegli 59,9 % uspeh.

Eti¢no podrocje je v povprecju doseglo 63,5 % in se je nanaSalo na varovanje zasebnosti, pri
kateri so dijaki dosegli 60,1 %, s ¢imer ugotovimo, da se dijaki §¢ vedno premalo zavedajo
posledic objave osebnih podatkov na spletu. Najboljsi rezultat na tem podro¢ju so dijaki dosegli
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pri spostovanju drugih uporabnikov (72,4 %), medtem ko pa Se vedno nimajo dobre predstave
o vplivu digitalne tehnologije na druzbo (58,2 %).

ericns -

cognitvna NI

Tehnoloska
Skupro -

10 20 30 40 50 60 70 80 90 100

o

Slika 5: Rezultati po dimenzijah

3 DISKUSIJA

Namen raziskave je bil ugotoviti uporabo IKT pri pouku in pismenost dijakov drugih letnikov.
Na zacetku nas je zanimalo, kako dijaki dostopajo do interneta. Rezultati so potrdili, da dijaki
dostopajo do spleta s pomo¢jo pametnih telefonov (93 %) in splet uporabljajo za komuniciranje
s prijatelji preko druzbenih omreZij (100 %), na drugo mesto pa so uvrstili iskanje podatkov za
potrebe Sole. Ta rezultat nas ni presenetil in je potrdil naso hipotezo.

Rezultati raziskave so pokazali, da se nekajkrat tedensko pri pouku uporablja IKT v 65 %, kar
nas ni presenetilo, saj je opremljenost Sole z IKT zelo dobra, Sola ima tudi mobilno ucilnico s
tabli¢nimi racunalniki. Skoraj polovica dijakov je odgovorila, da IKT uporabljajo le pri enem
ali dveh predmetih, preostali odgovori pa so se razdelili med druge moznosti, pri ¢emer je drugo
mesto zasedel odgovor, da IKT uporabljajo pri &etrtini predmetov. Ce pogledamo odgovore
glede na posamezen oddelek (na Soli so trije oddelki 2. letnika: a, b, in c), ugotovimo, da so
dijaki oddelka ¢ odgovorili na vprasanje, da pri polovici predmetov uporabljajo IKT (od tega
pa sta 2 dijaka pa sta odgovorila, da IKT uporabljajo pri vseh predmetih; ker odgovora odstopata
od vecine, ju zanemarimo). V 2. letniku je oddelek c inovativni oddelek, kar pomeni, da je pri
pouku poudarek na uporabi IKT (dijaki pri pouku velikokrat uporabljajo tabli¢ne racunalnike
ali pametne telefone), i-u¢benikov in razli¢nih e-storitev ter orodij, ki lahko pomagajo pri delu
in raziskovanju ter samostojnem ucéenju. Posledica tega pa se pokaze v nasSih odgovorih, saj
zato ta razred pri pouku veckrat uporablja IKT kot drugi razredi in tudi profesorji, ki poucujejo
v tem razredu, poskusajo v svoje ure vpeljati ¢im ve¢ uporabe IKT. Glede na ostale oddelke pa
se IKT pri pouku uporablja manj, zato lahko naso hipotezo le delno potrdimo. Zadnje Case se
zelo podpira vpeljevanje IKT v pouk, potekajo razna izobraZevanja za ucitelje, prav tako na
fakultetah ucijo vpeljevanja IKT v pouk, zato nas je ta rezultat razocaral. Oc¢itno $e vedno veliko
uciteljem IKT predstavlja nek strah in odpor, zato se je ne posluzujejo pri pouku.

Po modelu DCA je digitalno pismen tisti dijak, ki v povprecju vseh treh podro¢ij doseze 75 %.
Rezultati raziskave so pokazali, da je digitalno pismenih po modelu DCA le 20 % , kar je 18
dijakov in s tem hipotezo ovrzemo. Najve¢ dijakov je bilo v rangu med 50 % in 75 %. Rezultat
glede digitalne pismenosti nas je zelo razocaral, saj bi glede na uporabo IKT v $oli in doma ter
uporabo spleta bilo pricakovati, da je vsaj polovica anketiranih dijakov digitalno pismenih.
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Anketni vprasalnik je potrdil zadnjo hipotezo, da je pri dijakih najbolj razvito tehnolosko
podrocje, saj so dijaki na tem podro¢ju dosegali dobre rezultate. V poprecju so dosegli 79,3 %,
pri ¢emer ta odstotek dvigne vizualna pismenost, ki je bila 95,5 %, kar pa pomeni, da dobro
poznajo simbole, ikone, uporabniske vmesnike, medtem ko jim ve¢ tezav povzroca
razumevanje tehnoloskih konceptov in resevanje problemov.

4 ZAKLJUCEK

Namen c¢lanka je bil raziskati uporabo IKT pri pouku, digitalno pismenost dijakov drugih
letnikov ter tudi, s katero digitalno tehnologijo najpogosteje dijaki dostopajo do interneta in v
kaksne namene. Rezultati so pokazali, da dijaki najpogosteje dostopajo do interneta s pomocjo
pametnih telefonov za komunikacijo s prijatelji, na drugo mesto so uvrstili uporabo interneta
za potrebe Sole. IKT se pri pouku uporablja nekajkrat tedensko, vendar le pri enem ali dveh
predmetih, kar se zdi zaskrbljujoce, saj bi v danasnjem Casu morali ucitelji IKT ¢im bolj
vkljuevati v proces pouka.

Digitalno pismenih je zelo malo dijakov, kar pomeni, da IKT vec¢inoma uporabljajo za zabavo,
druzbena omrezja, prav tako se e vedno ne zavedajo nevarnosti objave podatkov na spletu. Pri
reSevanju razli¢nih problemov, ki so povezani z racunalnikom in njegovimi zunanjimi enotami,
so dosegli slabe rezultate, saj so se vprasanja nanasala na osnovne probleme, ki bi jih moral
poznati vsak uporabnik racunalnika. Prav tako se je pokazalo, da je Sibko podrocje tudi
povezovanje in graficni prikaz podatkov in tudi analiziranje in strukturiranje podatkov.

Glede na rezultate bi lahko rekli, da bi bilo treba v Solah uvesti ve¢ ur ra¢unalnistva/informatike
in uc¢ence/dijake najprej nauciti osnove uporabe IKT. Prav tako pa bi bilo treba razvijati tudi
kognitivno in eti¢no raven, saj bi samo tako lahko dosegali boljSe rezultate. Ena izmed reSitev
je mogoce tudi ta, da bi morali vsi oddelki posameznih razredov na vseh Solah postati inovativni
oddelki oz. bi morali vkljucevati uporabo IKT v pouk vsak dan, saj bi s tem ucenci/dijaki
pridobil veliko novih znanj, s tem pa bi bili tudi ucitelji prisiljeni bolj uporabljati IKT in jo
vpeljevati v proces pouka.

Glede uporabe IKT pri pouku je sicer bilo ze veliko narejenega, ampak je Se vedno veliko
uciteljev ne vkljucuje v proces pouka, zato bi bilo smiselno Se naprej izvajati izobrazevanja na
tem podrocju.
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Playful introduction to 2-crossing-critical graphs
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Abstract

Dudeney in 1913 published the puzzle of connecting three houses and three utilities (water, gas, electricity) so that no two
connecting lines would cross. Attempting to solve this puzzle, one quickly sees that it is easy to put all but one of the connections
in, and the last one seems to be impossible.

In the paper, we summarize the mathematical MSc thesis that investigates the concepts related to this puzzle. The summary
consists of a series of exercisces that constitute a research path from the puzzle through a significant theorem by Kuratowski
showing that in a certain mathematical model, adding the last connection respecting the constraints is indeed impossible and at
least one crossing of the lines is needed. How would one organize the connections between houses, if we would state that one
crossing is allowed, but we would want the puzzle to require at least two in a manner similar to Dudeney’s?

A recent mathematical result characterizes such “puzzles” , which are abstractly modelled as 2-crossing-critical graphs. The
tasks of this paper build the path from the elementary puzzle to understanding the characterization of 2-crossing-critical graphs,
and conclude by proving that all but finitely many 2-crossing-critical graphs are Hamiltonian. In this manner, the paper illustrates
how curiosity starts with a simple puzzle, but builds upon increasingly deeper understanding of the problems to end at the frontier
of human knowledge.

Keywords: Graph theory, Hamiltonian cycle, Hamiltonian graph, Minor, Subdivision, Crossing num-
ber, Crossing critical graph, Planar graph, Alphabet, 2-crossing critical graph.

Povzetek

Dudeney je leta 1913 objavil nalogo povezovanja treh hi§ in treh virov (voda, plin, elektricna energija), tako da ne bi prislo do
dveh povezav, ki bi se sekale. Ko poskusamo resiti to zagonetko, hitro vidimo, da je enostavno povezati vse razen ene povezave,
in zadnja se zdi nemogoca.

V prispevku povzemamo matemati¢no magistrsko nalogo, ki raziskuje pojme, povezane s to uganko. Povzetek je sestavljen
iz niza vaj, ki predstavljajo raziskovalno pot od izhodis¢ne zagonetke skozi pomemben izrek Kuratowskega, ki kaze, da je v
dolocenem matemati¢nem modelu dodajanje zadnje povezave glede na omejitve dejansko nemogoce in da je potrebno vsaj eno
krizanje. Kako bi organizirali povezave med hiSami, ¢e bi rekli, da je dovoljen eno kriZanje, vendar bi Zeleli, da bi uganka
zahtevala vsaj dva na nacin, podoben Dudeneyjevemu?

Nedavni matematicni rezultat opiSe vse taksne “uganke” , ki so abstraktno modelirane kot 2-prekrizno-kriti¢ni grafi. Naloge
tega prispevka gradijo pot od elementarne zagonetke do razumevanja karakterizacije 2-prekrizno-kriticnih grafov in zakljucijo
z dokazovanjem, da so vsi, dovolj veliki 2-prekrizno-kriticni grafi Hamiltonovi. Na ta nacin ¢lanek ponazarja, kako se zacenja
radovednost s preprosto uganko, vendar gradi na vse globljem razumevanju problemov, ki privedejo do meje ¢loveskega znanja.

Kljucne besede: teorija grafov, Hamiltonov cikel, Hamiltonov graf, minor, subdivizija, prekrino
Stevilo, prekrizno-kriticen graf, ravninski graf, abeceda, 2-prekrizno-kriticen graf.

1 INTRODUCTION

It is necessary for research results to be described carefully, straightforward and in an exact
manner for them to be accepted well in scientific community since after all, they are meant

E-mail naslovi: tadej.zerak @databitlab.eu (Tadej Zerak 1), drago.bokal @um.si (Drago Bokal 2)
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for people that purely seek information and straight facts. However, on many occasions
a person with interests in specific fields or maybe even just some results on a particular
problem is not skilled enough to fully understand e.g. article where a result of interest is
presented and thus is left with two options. Either to stop further inquiries and accept that
the result will not be completely understood, or seek the unfamiliar details not contained in
the paper and thus obtain knowledge required to understand it. The first option is usually
chosen when one does not have the time or willpower to continue the research and that
may be the saddest ending of one’s interests. All the information is out there but on many
occasions — especially if the reader is not familiar with the field — it takes too much time
to find it and just because of that, this person stops learning. Furthermore, the author is
again at a loss, as a person that was interested in his results has not been able to satisfy
her curiosity and, possibly, use the information in her work. The knowledge, seemingly
available, is hidden behind a curtain of understanding.

The second option, that is to further research the subject, is really what needs to be
encouraged. As stated before, it can be time consuming, and time is a resource people
usually do not have a lot of. It can take hours or even days to find and learn certain details
to fully understand an article even from a field the reader is familiar with. But what if
this is a whole new field, unexplored to this day by the person that wishes to learn? It
can be very frustrating and dare I say scary to start something like this with a work that
presents results which we would like to know. All those new terms, concepts that need
to be explained, and if we try to understand one of them, it brings a lot of new ones with
it. That can be very discouraging and can lead to giving up very quickly. Furthermore,
there are some concepts that are relevant for the domain at large, but not for the result in
question. Which ones are required for a specific result to be understood is seldomly clear.
One is frequently faced with a choice to either study a general textbook or browse isolated
pieces of encyclopedically organized information, such as wikipedia, Wolfram World or
similar.

Thus an approach that familiarizes the reader with the subject first is adopted, requiring
little to no knowledge at the start, and building understanding of concepts required to un-
derstand the final result. All the necessary information is either presented or a source where
it can be found is provided. With that, any reader will hopefully be able to understand the
final result regardless of the starting knowledge of graph theory.

To further encourage a reader to try to fully read and understand this, each section is
divided into tasks and subtasks through which the reader will get familiar with the specific
goal of the section. A series of tasks is given with hints where to find required definitions,
theorems and other for acquiring adequate knowledge for solving the given task. In this
manner, the reader is familiarized with the subject to a level where he is able to solve
the task completely by himself and thus acquiring enough knowledge to progress through
paper. With this method, the reader is forced to understand the subject and by solving the
task revisits what he learned and with this making him remember what he learned even
more. What may also come is a pleasant feeling of self-gratification upon solving each
task, motivating the reader even more to continue with developing the understanding.

The tasks are divided into six sections. The first two are meant for introducing with
the basic graph theory concepts and the terms essential for any kind of work in the field
of graph theory. The third section is for acquiring basic knowledge of the crossing-critical
graphs that is used in the fourth section where they are described and characterized using
tiles, fifth section leads to proving existence of Hamiltonian cycles in the large 2-crossing-
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critical graphs, and finally the last section presents an option for further research of the
topic.

Each task is accompanied by the list of sources where the knowledge to solve the task
is presented. For maximum experience of how research unfolds, we advise you to follow
these steps:

1. Read the task and try to understand in in the context of your existing knowledge.

2. Once you understand where the limit of your knowledge is, seek online sources of
knowledge. Should they allow you to solve the task, proceed to the next task.

3. Should the online sources you found prove unsatisfactory, investigate the sources we
recommend and try solving the task.

4. If even these sources do not help, do look into the "explanation" section of the cor-
responding task in the MSc thesis [6].

5. If even this explanation is not enough, look into the "solution" section of the corre-
sponding task in the thesis.

The above process will not only inform you about the result we are presenting, but will
help you develop the skills required to find such a result. The set of exercises could be used
as a flipped-learning approach to graph theory, as presented in [6], or as an independent
individual refreshing of hobby investigation of graph theory.

2 APUZZLE

Task 2.1: Three houses would like to connect themselves to sources of electricity, water
and gas. Each house must be connected to each source. However, citizens have another
wish. What they would like to have is for each connection to not be crossed by another
one, as this may ease the maintenance.

Problem was proposed by Henry Dudeney in 1913 in a series of problems as Problem
of Water, Gas and Electricity [9].

Try to connect each house with each station with lines so that no line is crossed by
another one.

Figure 1: Positioning of houses and commodities’ sources.
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Sources: [9, 11].

Task 2.2: Draw a graph with four vertices and four edges.
Sources: [12].

Task 2.3: Present two drawings of the graphs. Draw one graph that is planar, and one
that is not, both of them with six vertices and connected.
Sources: [18].

Task 2.4: Draw a graph K3 3.
Sources: [15, 16].

Task 2.5: Draw complete graphs K4, K5 and complete bipartite graphs K5 3, K3 4, and
for each graph if it is planar, prove so by drawing so that no edges cross.
Sources: [16, 18].

Task 2.6: Draw a subgraph of K5 with four vertices and five edges.
Sources: [13, 15].

3 TOPOLOGICAL GRAPH THEORY CONCEPTS

Task 3.1: Draw a Vg graph with one crossing in two essentially different ways, i.e., so
that significantly different edges cross (with respect to relabelling vertices of a graph and
trivial rerouting of edges, see homeomorphism of a drawing).

Sources: [4].

Task 3.2: Determine the edge-connectivity and vertex-connectivity of Petersen graph.
Sources: [4].

Task 3.3: Draw a subdivision of a K3 3 graph with eight vertices.
Sources: [7].

Task 3.4: Show that a Petersen Graph is a minor of Kg, and that K5 is a minor of a
Petersen graph.
Sources: [7].

4 CROSSING-CRITICAL GRAPHS

Task 4.1: Determine the crossing number of a graph K3 3.
Sources: [4].

Task 4.2: Find an example of a 1-crossing-critical graph.
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Sources: [2].

Task 4.3: Find an example of a 2-crossing-critical graph.
Sources: [2].

Task 4.4: What is a perfect planar tile and what operations can be done with them?
Sources: [8].

S  WORDS DEFINING LARGE 2-CROSSING-CRITICAL GRAPHS

Task 5.1: Find a paper and the theorem characterizing all large 2-crossing-critical graphs.

Sources: [1].

Task 5.2: Exhibit an example of a 2-crossing-critical graph containing V7 subdivision.
Sources: [1].

Task 5.3:  Show that if a 2-crossing-critical graph G contains a Vj( subdivision, then G
is 2-connected.
Sources: [1].

Task 5.4: Read the first two sections of the paper [1] on large 2-crossing-critical graphs.
Understand it well enough to be able to draw all 42 tiles.
Sources: [1].

Task 5.5: Define the entity “tile” and its attributes that would uniquely describe each of
the 42 tiles (which are used in construction of large 2-crossing-critical graphs). What are
similar parts among different tiles? How do you discriminate between them?

Sources: [1].

Task 5.6:  Use the formalization from the previous task to list all the possible tiles and
specify the name for the tiles presented in Figure 2.
Sources: [1].
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A B C

Figure 2: Tiles for the task.

Task 5.7:  Devise an algorithm that verifies if a word is describing a large 2-crossing-
critical graph.
Sources: [3, 6].

Task 5.8: Prove the correctness of your algorithm from Task 5.7.
Sources: [3, 6].

6 ALMOST ALL 2-CROSSING-CRITICAL GRAPHS ARE HAMIL-
TONIAN

Task 6.1: Show three variations of how a path can stay on or change course in a Hamil-
tonian cycle in a large 2-crossing-critical graph.
Sources: [3].

Task 6.2:  Show that in each tile, there exist either one or two edge disjoint traversing
paths, containing all the vertices.
Sources: [3, 6].

Task 6.3: Show that each large 2-crossing-critical graph containing a V7 subdivision is
Hamiltonian.
Sources: [3, 6].
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Task 6.4: How many distinct pairs of traversing spanning paths are there in each tile?
Sources: [3, 6].

Task 6.5: How many traversing Hamiltonian cycles are there in a large 2-crossing-critical
graph containing V7 subdivision?
Sources: [3, 6].

Task 6.6: Find Hamiltonian cycles of all three types in a Kochol graph of length 5.
Sources: [3, 6].

Task 6.7: Count Hamiltonian cycles in the large 2-crossing-critical graph
DDdL DDdL DDdL DDdL DDdL.
Sources: [3, 6].

7 RESEARCH WORK

Exact counting and calculating Hamiltonian cycles with zigzag and flanking paths is not
a trivial task. We pose the Task 7.1 as an example of how this series of tasks can result
in new research discoveries. You may attempt to solve task 7.1 on your own, however the
solution in published in [3]. If you are looking for uncovered ground, you may skip task
7.1 and head directly for 7.2.

Task 7.1:  An article in preparation [3] shows counting zigzag and flanking Hamiltonian
cycles. Learn how to count them. Try to draw a 2-crossing critical graph, classify it, and
count Hamiltonian cycles in it.

Sources: [3].

By following these steps, you have become familiar with large 2-crossing-critical graphs.
They are not trivial, but not too complex either.

Task 7.2: Pick your favourite graph invariant and study its behaviour on large 2-crossing-
critical graphs. What is their chromatic number? What is their chromatic index? Their
pathwidth? Their domination number? Etc.

Sources: [3].
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VABILO AVTORJEM

Dianoia (gr$ko dudvola) po Platonu oznacuje védenje, razmisljanje o modelih stvarnosti, o
naravoslovno-matemati¢nih in tehni¢nih temah. Uporabljajo ga matematiki (modeliranje) in
znanstveniki  (formuliranje problema), inzenirji (nacrtovanje sistema). Opredeljuje
kompetenco, proces ali rezultat diskurzivnega razmiS$ljanja, za razliko od neposrednega
razumevanja obravnavane tematike. Aristotel to védenje naprej razdeli na teoreti¢no
(episteme) in prakti¢no (phronesis).

Dianoia po Platonu torej oznacuje vmesni nivo ¢loveSkega spoznanja, prehod od intuitivnih
obcutkov do najglobljega spoznanja dejanskosti. Tako je idealna oznaka za objave v pri¢ujoci
reviji, ki povezujejo teoreti¢na, znanstvena izhodis¢a z njihovo uporabno namembnostjo.
Studentje, avtorji teh ¢&lankov, ste na prehodu od udenja k delu, od teoretitnega h
konkretnemu, ki vas bo pripeljalo do kruha, do dela, s katerim boste odigrali svojo vlogo v
druzbi. Na tem prehodu pa poleg znanja, ki ga ponuja redno izobrazevanje, potrebujete tudi
izkusnje s konkretnih izzivov in mehke kompetence sodelovanja v ekipah delodajalcev, k
¢emur Vvas spodbuja in vam pri tem pomaga revija Dianoia.

V reviji bomo objavljali poljudne in strokovne ¢lanke s podro¢ja naravoslovja, matematike ali
znanosti, ki uporabljajo znanja teh podrocij. Ciljna publika bralcev so v prvi vrsti delodajalci,
Ki tovrstna znanja potrebujejo in Zelijo izvedeti, kaj je kdo zanimivega razmislil na njihovem
podro¢ju. V drugi vrsti so ciljna publika Studentje, ki i8¢ejo zamisli za svojo poklicno pot in
lahko v reviji najdejo navdih za lastna raziskovanja in iskanje stikov s trgom dela.

Za kakovost izdelkov bo skrbel uredniski odbor in uredniski svet, v Katerih so vrhunski
strokovnjaki, povezani s podrodji, ki jih revija obravnava. Clanki bodo anonimno recenzirani,
o objavi pa na podlagi recenzije odloca uredniski odbor. Priporo¢ljivo je, da avtorji besedilo
spremenijo v skladu s priporo€ili recenzentov in da popravljeni ¢lanek z utemeljitvijo
sprejema ali zavrnitve sprememb ponovno posljejo v pregled. Urednistvo lahko objavo ¢lanka
zavrne, ¢e vsebinsko ali po merilih kakovosti ne ustreza standardom revije, o Cemer avtorje
obvestimo v najkrajSem moznem casu.

S prispevkom v reviji bodo avtorji spodbujali Sirjenje znanja s podro¢ja naravoslovja in
matematike ter tehnike oziroma izobraZevanja teh podrocij in svoje poglede prenasali na trg
dela in na prihajajoce generacije.

NAVODILA AVTORJEM

Avtorje prosimo, da pri pripravi ¢lanka upostevajo naslednja navodila.

Ce je ¢lanek napisan v slovens¢ini, naj ima angleski prevod naslova, povzetka in kljuénih
besed. Veseli bomo tudi prispevkov v angleséini, ki pa morajo imeti naslov, razsirjen
povzetek v obsegu 300 — 400 besed in kljuéne besede v slovens¢ini. Kljuénih besed naj bo do
Sest.

Prispevki naj bodo zanimivi za Sirsi krog bralcev. Kljuéna je intuitivna predstavitev zamisli in
rezultatov, podrobnosti pa lahko ostanejo prihranjene za morebitni znanstveni ¢lanek, ki bi bil
nadgradnja ¢lanka, objavljenega v reviji Dianoia.

Clanek naj vsebuje naslov, ime avtorja (avtorjev) in sedeZ ustanove, kjer avtor(ji) dela(jo).
Sledi naj povzetek, z najve¢ 150 besedami, seznam klju¢nih besed in besedilo, ki ne presega
3000 besed. Besedilo naj bo zapisano v urejevalniku besedil MS Word 2010 oz. kasnejsi ali
LaTeX in naj uporablja objavljeno predlogo. Slike in tabele morajo biti oStevil¢ene in imeti
natancen opis, da jih lahko razumemo brez preostalega besedila. Slike v elektronski obliki naj
bodo visoke kakovosti v formatu PNG ali JPEG.

Prispevek v PDF obliki posljite na naslov dianoia@um.si z zadevo: »Za revijo Dianoia«. Ce
bo sprejet v objavo, vas bomo prosili za izvorno obliko prispevka.
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