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1. What to teach and what to learn in chemistry? — triple nature

2. Why students should learn specific topics in chemistry? —

context

3. For the end...
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1. Chemistry triplet and context-based chemistry
teaching and learning

Adequate mental model of chemical concept
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Complaxity
of chemistry

Chemical concepts’ level of
abstraction

Chemical literacy
- Triple nature of chemical concepts
- Meta-visual competence

ITLS model - Formal reasoning abilities; creativity
- Awareness of the importance of chemistry for
society

- Intrinsic motivation for continuous chemistry
TEACHER learning

LEARNING MATERIAL

Devetak, 1. (2017). Context-based teaching material and learning chemistry. In L.Leite et al. (Eds.), Contextualizing teaching to improve learning : the case of science and geography, (Education in
a competitive and globalizing world). New York: Nova science. cop. 261-282.

Slapnic¢ar, M., Tompa, V., Glazar, S.A. & Devetak, I. (2018). Fourteen-year-old students' misconceptions regarding the sub-micro and symbolic levels of specific chemical concepts.
Journal of Baltic science education, 17(4), 620-632.
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Devetak, I. & Ferk Savec, V. (2018). Chemical education in Slovenia: past experiences and future challenges. In C.T. Cox & W.E. Schatzberg (Eds.). International perspectives on chemistry
edncation, research, and practice, (ACS symposium series, 1293). Washington: American Chemical Society, 205-219
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ONCEPT School chemistry curriculum
Regulates chemical concepts
through learning objectives and

Abstract

leaning outcomes
SR ONTENT Learning material explains
Stimulation Framework concepts through chemical
content
Chemical content should be
supported by relevant context to

URRICULUM 3 A . ¥
stimulate situational interest for

Regulated

developing adequate chemistry
competences

Figure 2. The 4C model of the relationship between concept and context in
chemistry teaching and learning.

Devetak, I. & Ferk Savec, V. (2018). Chemical education in Slovenia: past experiences and future challenges. In C.T. Cox & W.E. Schatzberg (Eds.). International perspectives on chemistry
edncation, research, and practice, (ACS symposium series, 1293). Washington: American Chemical Society, 205-219
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Search profile: context-based chemistry
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2. Context in chemistry education

* There is always a dilemma what context to use when
preparing a teaching material for different age groups of
students:

* would it stimulate each student to develop mental models of specific
chemical concepts without much misconceptions.

* would maintain continuous interest for students to learn chemistry
with understanding.

* Studies (e.g. King & Ritchie, 2013; Broman, & Parchmann,
2014) show that contexts stimulates learning by putting
abstract chemistry concepts into reality — making chemistry
relevant.

King, D.T. & Ritchie, S.M. (2013). Academic Success in Context-Based Chemistry: Demonstrating fluid transitions between concepts and context. International Journal of Science
Education, 35, 1159-1182.

Broman, K. & Parchmann, 1. (2014). Students’ application of chemical concepts when solving chemistry problems in different contexts Chememistry Education Research and Practice, 15,
516-529.
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Anja Kotars® Master thests, and upgraded with
additional study with pre-service teachers

How interesting
specific contexts are for
in-service chemistry
teachers and 15 years
old students... and for
pre-service teachers?

TEMA 1: DELCI in PERIODNI SISTEM

PRIMER 1. ZAKAI NASTANE
OGNJEMET? — povezava z zgradbo
atomaov in prehodom elektronov med

podiupinami.

V raketah za ognjemete so razlitne
kovine. Ko se gorivo v raketi vige in
eksplodira se atomi teh kovin mocno
segrejejo. Pri tem oddajo svetlobo
dologene barve. Zakaj se to zgodi?

PRIMER 2. KDO JE SVETOVNO ZNANI
ZNANSTVENIK MENDELEIEV? —

povezava s periodnim sistemom
elementov.

Mendelejev je bil ruski znanstveni
je razvil periodni sistem elementov,
kot ga poznamo danes. Pripravil ga je
zato, da so Studenti laZje razumeli
lastnosti elementov. Zakaj je periodni
sistemn  elementov tako uporabna
tabela?

PRIMER 3. KAJ JE VELIKI HADRONSKI

TRKANIK? — povezava na osnovne
delce snovi, atom, proton, elektron,
nevtron,

V velikem hadronskem trkalniku, ki je
pospesevalnik delcev in lefi pod
zemljo med Svico in Francijo ter ima
premer kar 27 km, trkajo protoni pri
zelo velikih hitrostih. Pri tem nastajajo
lahko novi delci in znanstveniki
odkrivajo nove zakonitosti sveta
snovi. Kaj so protoni?

1. Razvrstite primere od 1 do 3 v vrsto glede na to, kateri primer je za vas najbolj zanimiv in kateri

najmanj?

Zakaj tako menite?

najbolj

najman;j

2. Razvrstite primere od 1 do 3 v vrsto glede na to, kateri primer je po vaiem mnenju za uéence 8.

ali 9. razreda najbolj zanimiv in kateri najmanj?

Zakaj tako menite?

najbolj

najmanj

3. €evam noben primer ni najbolj ustrezen, predlagajte primer, ki bi bil za vsebino POVEZOVANIE

DELCEV za uéence zanimiv in bi spodbudil zanimanje za uéenje te vsebine in ga opidite.
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In-service teachers (INV=55) Pre-service teachers (N=166) 15-years-old students (N=200)
B Fireworks M Mendeleev M Large Hadron Collider B Fireworks M Mendeleev M Large Hadron Collider B Fireworks ® Mendeleev M Large Hadron Collider
92% 90% 69%
72% 78% - 66% 56%
/ 1o 5%
0 30/
31% 300/0 23% 0 X
18% 8% 20% 12%
4%, 10% 80/0 0% 30/0 8/0 7% . 30/0 8% . .
— - |

Very interesting Qulte interesting  Not interesting Very interesting Quite interesting Not interesting Very interesting Quite interesting Not interesting

-'\Nhich context from 1 to 3 is the most interesting for-
15 years old students when learning the topic:
Atoms and periodic table?

A B C
Context 1 Context 2 Context 3

- Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app -
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In-service teachers (IN=55)
B Salt formation
B The Hindenburg disaster
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-'\Nhich context from 1 to 3 is the most interesting for-

15 years old students when learning the topic:

Chemical bond?

Context 1

Context 2

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app

Context 3
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Miha Slapnicars® Doctoral thesis

How interesting the specific contexts are for pre-
service chemistry teachers?

Soljenje cest pripomore k hitrejSemu taljenju snega in ledu, zato so ceste
varnejSe za voznjo. Vodna raztopina soli, ki jo obcestne rastline vsrkajo,
negativno vpliva na njihovo rast in razvoj. Rastline sCasoma propadejo, tla

postanejo manj prepustna za zrak in vodo.

Shema na naslednji zaslonski sliki prikazuje nastanek soli, ki se med drugim

uporablja tudi za soljenje cest.

Cim natanéneje pojasnite nastanek belega dima.

Cl,(g) + 2 Na(s) — 2 NaCl(s)

Slovensko kemijsko druétvo
Slovenian Chemical Society

R
(0 KEMIJA postane

VLIENJE.

Kovine 11. skupine periodnega sistema imajo poleg dekorativne vrednosti
pomembno vlogo v industriji. Baker se med drugim uporablja za elektri¢ne vodnike,
elektromagnete in kot toplotni prevodnik. Srebro in zlato pa za izdelavo nakita,
dekorativnih izdelkov in monetarne zaloge. Zaradi velike korozijske odpornosti te

kovine uporabljamo tudi za izdelavo zlitin.

Shema na naslednji zaslonski sliki prikazuje izlo¢anje trdne snovi na bakrenih Zicah.

Cim natanéneje pojasnite izlo€anje trdne snovi na bakrenih Zicah.

E°(Cu?*/Cu)=0,34V

Culs) +2 Ag'(aq) + 2 NO,"(aq) == 2 Ag(s) + Cu*(aq) + 2 NO;"(aq) £ (Ag*/Ag) = 0,79V

V prvi svetovni vojni so nemske vojaske sile kot kemicno oroZje proti
francoski vojski in osvajanju francoskega ozemlja uporabile klor. Ker je klor
te?ji od zraka se je kopi€il v strelskih jarkih in zaradi svoje strupenosti
poskodoval pljua francoskih vojakov. Halogeni elementi so zelo reaktivni

in za organizme smrtno nevarni.

Shema na naslednji zaslonski sliki prikazuje izpodrivanje halogenega

elementa s halogenidnim ionom.

Cim natanéneje pojasnite dogajanje med snovmi v epruveti.

p(CH,Cl) =1,330g/mL T=20"C
p(H,0)=0998g/mL  T=20°C

CHCl,
Cl,(aq) + 2 K'(aq) + 2 Br'(aq) == Br,(aq) +2 K*(aq) +2 CI"(aq)
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Miha Slapnicars® Doctoral thesis

How interesting the specific contexts
teachers (/N=55)?

Soljenje cest pripomore k hitrejSemu taljenju snega in ledu, zato so ceste

varnejse za voinjo. Vodna raztopina soli, ki jo obcestne rastline vsrkajo,

negativno vpliva na njihovo rast in razvoj. _ tla

\

postanejo manj prepustna za zrak in vodo.

Shema na naslednji zaslonski sliki prikazuje nastanek soli, ki se med

uporablja tudi za soljenje cest.

are for pre-service chemistry

Roadside plants slowly decay...
38% of pre-service teachers

J

Soljenje cest pripomore k hitrejfemu taljenju snega in ledu, zato so ceste
varnejse za voznjo. Vodna raztopina soli, ki jo obcestne rastline Vsrkajo,
negativno vpliva na njihovo rast in razvoj. Rastline scasoma propadejo, tia

postanejo man| prepustna zazrak in vodo.

Shema na naslednji zaslonski sliki prikazuje nastanek soli, ki se med drugim

uporablja tudi za soljenje cest.

Heatmaps showing the average eye fixation to
the specific part of the context.
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2. Context in chemistry education

Miha Slapnicars® Doctoral thesis

How interesting the specific contexts are for pre-service chemistry
teachers (/N=55)?

Silver and gold are used to make

Kovine 11. skupine periodnega sistema imajo poleg dekorativne vrednosti

jewelry, decorative items and as
monetary stocks. 63% of pre-
service teachers

pomembno vlogo v industriji. Baker se med drugim uporablja za elektri¢ne vodnike,

elektromagnete in kot toplotni prevodnik. _

Heatmaps showing the average eye fixation to
Shema na nasledniji zaslonski sliki prikazuje izloganje trdne snovi na bakrenih Zicah. | (e speciﬁc part of the context.
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Miha Slapnicars® Doctoral thesis

How interesting the specific contexts are for pre-service chemistry

teachers (IN=55)?

V prvi svetovni vojni so nemske vojaske sile kot kemicno oroZje proti
francoski vojski in osvajanju francoskega ozemlja uporabile klor. Ker je klor
in zaradi svoje strupenosti

poskodoval pljuca francoskih vojakov. _o zelo reaktivni

in za organizme smrtno nevarni.

Shema na naslednji zaslonski sliki uje izpodrivanje halogenega

elementa s halogenidnim ionom.
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;j{w.\m val pljuca frallgoskih vojakoy, | nielementise zelo reakyyni
i sMirtno :-nwé‘\i.
R

- B r——— —~

f Wﬁ@d@g_@pﬂyw@m He ogen aga
i ., _—
I

;ﬂmﬂplogenir}_;’mpgﬂ&ﬂ-

- e

2z organiz

Chlorine 1s heavier than air, so it
collects in the trenches... 36% of
pre-service teachers

Halogen elements are highly
reactive and hazards for the
organizms ... 33% of pre-
service teachers

Heatmaps showing the average eye fixation to
the specific part of the context.
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* Concepts in the content should be presented with contexts
that trigger students® emotional response.

* Different stakeholders that are engaged in preparing or
using learnmg mater;al should have similar views which
contexts are interesting for students.

* Usually in-service teacher quite well understand student
interests in different contexts for specific content.

U

Authors should collaborate with teachers in preparing
functional teaching material.

* Eye-tracking can additional indicate the relevance of the
specific parts of the context for the students.
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Theoretical
frameworks of

Features of
learning processes

applied to the learning, learning
unigue challenges progressions and
of learning the social contexts

chemistry for learning

\

Chemistry
teaching and
learning

Learner
systems

Earth and
societal
systems

A

Elements that orient
chemistry education
toward meeting societal
and environmental needs

1 PEAGE, JUSTICE
AND STRONG
INSTITUTIONS

Energy for
nitrogen
fertilizer
) pmductign 1 CLIMATE
Nitrogen ACTION
explosives
Nitrous oxide
production
Chemistry of
reactive )
nitrogen Nut[qgen ND GOODHEALTH
fertilizers POVERTY AND WELL-BEING

Overproduction .'M "n‘

of nitrogen
fertilizers

RESPONSIBLE CLEAN WATER 1 LIFE BELOW
CONSUMPTION AND SANITATION WATER

Mahafty, P. G., Krief, A., Hopf, H., Mehta, G. & Matlin, S.A. (2018). Reorienting chemistry education through systems thinking. Nature Reviews Chemistry, 2, 1-3.
Peter G. Mahaffy, P. G, Matlin, S. A, Holme, T. A. & MacKellar, J. (2019). Systems thinking for education about the molecular basis of sustainability

Nature Sustainability, 2, 362-370.
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Thank you.

iztok.devetak@pef.uni-lj.si

https:/ /www.pef.uni-lj.si/iztok-devetak.html

https:/ /www.researchgate.net/profile/Iztok_Devetak

(@Devetaklztok



