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ANOTACIJA

Promocijas darba ,, Bionika vidusskolas fizikas macibu satura apguve’” meérkis -
izpétit vidusskolas fizikas macibu saturu, bionikas ievieSanas iesp&jamibu
fizikas apguves procesa, izstradat skolénu zinaSanas par dabu integréjosu
didaktisko modeli, kas sekmé dabaszinibu un tehnologiju kompetences attistibu
un veicina intereses veidoSanos par dabaszinatném.

Petjuma veikta literatiras un izglitibas dokumentacijas analize par fizikas
macibu procesa Tistenosanas pedagogiski psihologiskajiem aspektiem, par
macibu satura attistibu konstruktiva, uz kontekstiem balstita pedagogiskaja
procesa, izstradats skolénu zinasanas par dabu integréjoSu didaktiskais modelis,
integréjot bioniku vidusskolas fizikas macibas, izstradati krit€riji skolénu
zinaSanas par dabu integréjosa didaktiska modela efektivitates parbaudei, veikta
izstradata modela aprobacija un efektivitates izveértejums.

Atsléegas vardi: bionika, konteksts, konstruktivisms, didaktiskas rekonstrukcijas
modelis, skolénu zindsanas par dabu integréjoss didaktiskais modelis.



IEVADS

Misdienu pasaulé dabaszinatnu izglitibas mérkis ir dabaszinatniskas
izpratibas veidoSana. Skolénu dabaszinatniska izpratiba ir ari viens no
izglitibas kvalitates indikatoriem, kas tiek merits ES. Starptautiskie
salidzinoSie pétijumi dabaszinibas (TIMSS PISA OECD) (Geske, 2010)
uzrada salidzino$i zemus Latvijas skolénu sasniegumus dabaszinatn€s un
matematika. Petijjuma veic€ji Latvija secina, ka skolénu relativi zemie
sasniegumi, salidzinot ar OECD valstu vidéo Iimeni, liecina par
nepiecieSamibu vairak attistit skolénu sp&jas izmantot skola iegiitas zinaSanas
un prasmes realas dzives situacijas.

Rezultati Sajos pétijumos, ir izraisijusi debates par nepietickamam
prasmém un iemanam dabaszinibu macibu priekSmetos, attiecigi ari fizika,
tapec rodas nepiecieSamiba uzlabot izglitibas kvalitati skola. Dabaszinibu
izglitibas procesa izpétei ir biitiska loma ne tikai analiz€jot faktisko
zinatniskas kompetences stavokli un realo situaciju skolas, bet arm1 macibu
procesa uzlaboSanai un pedagogu izglitibai.

Ir svariga fizikas macibu maciSanas un maciSanas procesa uzlabosSana.
Sobrid ir pieejami dazadi pétijumi $aja joma un ir svarigi izvéléties pareizas
metodes un pan€mienus, izmantojot pétljumos giitas atzinas.Viena no
koncepcijam balstas uz didaktiskas rekonstrukcijas modeli, kur tiek uzskatits,
ka ir japieSkir vienada uzmaniba skolénu macibu vajadzibam un iesp&jam
(Duit, 2000). Izglitibas procesa p&tniecibas un attistibas darbibam ir jabiit ciesi
saistitam. Dabaszinibu priekSmetu apguve ir ciesi saistitas ar izp&tes darbu un
iemanam macibu procesa. Zinatniskas un pétnieciskas darbibas ir obligats
priekSnoteikums, lai uzlabotu macibu procesu, rezultatu un kompetences,
nepiecieSama jauna pieeja fizikas maciSanas procesa. Ka iesp€jamais
risindjums varétu biit kontekstu izmantoSana. Uz kontekstiem balstits macibu
process priekSplana izvirza realas pasaules stridigus un pretrunigus
jautajumus, ka ar1 socialos jautajumus. Jau pagajusa gadsimta vidia tika
formulétas zinatnieku atzinas par cilvéka izzinas aktivo dabu un akcenta
parneSanu uz skoléna mérktiecigu darbibu macibas.

Viena no teorijam, kas veidojas 20.gadsimta 90.gados, ir
konstruktivisms, kas uztverams ka brivi saistitu izzinas viedok]u kopums. So
viedoklu pamata ir uzskats, ka zinasanas konstrug tie, kas macas un attista tas
pieredzes cela. Zinasanas var uznemt, uzkrat un uzglabat, bet visspécigakas un
dzilakas zinasanas veidojas tur, kur individs aktivi konstru€ nozimes sava
mijiedarbiba ar fizisko un socialo vidi. Ja audz€knus uzliko par aktiviem,
nevis pasiviem maciSanas procesa dalibniekiem, tas nozim€, ka macibas
biezak tiek virzitas uz domasanas aktivizéSanu neka uz to, lai piepilditu vinu

5



galvas ar zinasanam. Saskapa ar konstruktivisma idejam skoléniem jadod
iesp&ja parbaudit jaunas idejas, izpétit informaciju, risinat ikdienas dzives
miklas, rast jaunas atbildes dazadas situacijas. Macoties risinat problémas,
skoléni p€ta problémsituacijas, un $ads darbs attista domasanu un motivé
macisanos. Skoléni strada sadarbojoties, macas apSaubit cits cita, arT skolotaja
domas, lai nonaktu pie kopiga slédziena.

Misdienas liela uzmaniba tiek pieveérsta fizikas teorétiskajam atzinam
saisttba ar mums apkart notiekoSajiem procesiem sadzivé un, kas ir Joti
nozimigi, arT daba. Loti efektivi ir izmantot jau esoSus risinajumus daba, tikai
tos jaizskaidro un jaizprot. Liela loma miisdienas kliist jaunai zinatnei —
bionikai, kurai noteikti biitu jaatvél zinama vieta skola fizikas un ari citu
dabaszinibu macibu priekSmetu apguve. Bionika — robezzinatne starp fiziku,
biologiju un tehniku, kas risina inzeniertehniskus uzdevumus, pamatojoties uz
dzivas dabas organismu struktiiru modeliem.

Fizikas maciSanai vidusskolas posma ir tradicionala pieeja: vispirms
skoléni tiek iepazisti ar zinatniskajam atzinam, tad seko teorija un pielietojums
sadzive, pieméri daba. Autors promocijas darba piedava izmantot citu pieeju -
izstradatot zinatnisko modeli- vispirms skoléni atrod, izp&ta piemé&rus daba,
tad izdarot secinajumus, nonak pie atbilstoSas teorijas un tad seko teorijas
undabas pieméru pielietojums tehniskos risinajumos.

Bionikas elementu izmantoSana fizikas macibu procesa, pamatojoties
uz dzivas un nedzivas dabas sakaribam, parada fizikas un citu dabaszinatnu
savstarp&jo saistibu, padzilina priekSstatus par materialas pasaules vienotibu,
dabas paradibu savstarp&jo saistibu, to izpratni, iepazistina ar fizikalo metozu
izmantoSanu biologisko procesu apguvé. Tiek aktivizéta skolénu domasana,
prasme izvirzit hipotézes, patstavigi izdarit secindjumus, pamatot savus
spriedumus. Skolénos tiek veidota motivacija apgiit fiziku un citas
dabaszinatnes, veikt petijjumus.

PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Pétijjuma problema

e Latvijas skolas tiek nodroSinata pilnveidota fizikas macibu satura
apguve, tomer tas neveicina skolénu interesi par fizikas macibam, par ko
liecina starptautiskie petijumi (TIMSS, PISA, u.c.);



e Misdienas dabaszinatnu un tehnologiju attisttba vérsta uz dzivas un
nedzivas dabas kopsakaribu mekl€umiem, bet macibu saturs
dabaszinatnu macibu priekSmetos, tai skaita fizika, nepietickami akcentg
saiknes veidoSanu starp dabu un tehniku;

e Skoléni ikdiena sastopas ar dazadiem materialiem objektiem, kuru
darbiba izmantoti daba balstiti risinajumi, bet neprot izskaidrot dabas un
tehnikas saistibu, izmantojot fizikas likumsakaribas.

Tas ari noteica promocijas darba t€ému ,Bionika vidusskolas fizikas
macibu satura apguve”.

Promocijas darba pétitas konstruktivisma pamatnostadnes fizikas macibu
procesa, kontekstu izmantoSana fizikas apguvé. Uz empirisko un teorétisko
petijumu un eksperimenta divas visparizglitojosajas viduskolas bazes izstradats
un aprobéts skolénu zinasanas par dabu integréjoss didaktiskais modelis.

Pétijjuma merkis: izpétit vidusskolas fizikas macibu saturu, bionikas
ievieSanas iesp&jamibu fizikas apguves procesa, izstradat skolénu zinaSanas par
dabu integréjosu didaktisko modeli, kas sekm& dabaszinibu un tehnologiju
kompetences attistibu un veicina intereses veidoSanos par dabaszinatném.

Pétijuma hipoteze

Dabaszinibu un tehnologiju kompetence attistisies, fizikas macibas pielietojot
skolénu zinasanas par dabu integréjosu didaktisko modeli, kur§ paredz:

e vidusskolas fizikas macibu satura integrét bioniku, kas nodroSinas
macibu, dabas un tehnikas vienotibu un palidz€s skoléniem veidot
apzinatu praktisku darbibu;

o fizikas apguvi T1stenot dialoga: skoléns-skoléns, skoléns-skolotajs,
skoléns-daba, skoléns-tehnika, prakse - teorija, abstrakcija — konteksti,
biologiska sist€éma -tehnisks risinajums.

Pétijjuma uzdevumi:

e Veikt literatiras un izglitibas dokumentacijas analizi par fizikas macibu
procesa 1stenosanas pedagogiski psihologiskajiem aspektiem, par macibu
satura attisttbu konstruktiva, uz kontekstiem balstita pedagogiskaja
procesa;

e Veikt literatiiras un visparg§jas vid€jas izglitibas standarta analizi par
iespeju vidusskolas fizikas apguves procesa ieviest bionikas elementus;



e Apkopot un adaptét Latvijas apstakliem macibu metodisko materialu
piemerus bionikas izmantoSanai fizikas macibu procesa vidusskola;

o Izstradat skolénu zinaSanas par dabu integréjoSu didaktisko modeli,
integréjot bioniku vidusskolas fizikas macibas;

o Izstradat kriterijus skolénu zinasanas par dabu integréjosa didaktiska
modela efektivitates parbaudei,

e Veikt izstradata skolénu zinasanas par dabu integréjosa didaktiska modela
aprobaciju un efektivitates izvert€§jumu.

Pétijuma teorétisko pamatu veido:

Konstruktivisms ka teorija, kuras pamata ir uzskats, ka zinaSanas tiek
konstruétas, pamatojoties uz pieredzi un prata darbibu: BoZovica, 1975;
Brooks & Brooks, 1994; Bruner, 1961; Bruner,1996; Geidzs, Berliners, 1999;
Joplin,1995;Linn, 1987; Novak,1988;Papert, 1993; Piaget,1970,1981,2002;
Poplin, 1988; Resnick, 1983; Steffe, Gale, 1995; /Ipton, 2000.

Socialais konstruktivisms- maciSanas ka socials process: Brooks &Brooks,
1993; Damasio, 1998; Heilman, 1994; Klaftki, 1999; Kolb,1984; LaBerge, 1995;
Lumsdaine, Voitle, 1993; Meeks & Jeste, 2009; Rauste-von Wright, 1999;
Reich, 2002; Simons, 1993; bepren, Jlykman, 1995.

Sistemiskais konstruktivisms ka personu un sistemu savstarpéja
integracija: Bennett, Hogartt, Lubben 2003; Campbell, 1994; diSessa, 1988;
Shneiderman, 1993; Solomon & Aikenhead, 1994; Yager, Blunck et all, 1988.

Kontekstualais konstruktivisms: Aikenhead, 2007; Campbell, 1994; Cole,
1996; Fine, 1987; Glynn, Winter 2004; Mestre, 1991; Posner, 1982; Ryan &
Cooper, 2004; Solomon &Aikenhead, 1994.

Kontekstorientetas macibas: 2006; Clark, 1997; Aikenhead, 2002; Bruner,
1960; Chaiklin and Lave,1993; Clark, 1997; Cole, 1996; Dauge, 1928; Dewey,
1938; Filkenstein, 2001; Klafki, 1985; Klafki, Gudjons, 1998; Komorek, 2006;
Komorek, Kattman, 2008; McDermott, 1993; McDermott, Redish, 1999; Miller,
1991, Negt, 1998; Neumann, 2004; TheyBen, 2005; Osewold 2007; P&tersons,
1931; Girupnieks, 1931; Redish, 2002; Stavrou, 2004; Sundermeier, 2009;
Brirorckuii, 2003; I'omosko, 2011.

Didaktiskas rekonstrukcijas modelis macibu satura apgiiSana: Bleichroth,
1991; Cobb et al., 2003; Cobb, Confrey, di Sessa, Lehrer, & Schauble, 2003;
Driver & Ericson, 1983; Duit & Treagust, 1998, 2003; Gibbons et. al., 1994;
Holzer, 1994; Kattmann, Duit, GopengrieBer un Komorek,1997; Kattmann,
Duit, GropengieSSer, & Komorek, 1995; Kattmann, Duit, Gropengreper,
Komorek, 1997; Lijnse, 1995; Kaestle, 1993; Wright, 1993; McComas,1998;



Nanjappa, Grant, 2003; Rauste-von Wright, 1999; Reinhold, 2006; Schulz,
1965; Philips, 2000; Simons, 1993; Kattman, 2004, 2007; Viiri, 2004;
Vosniadou, 1996; Widodo, 2004.

Neirokognitiva maciSanas teorija un Konstruktivisma zinatnes filozofija:
Anderson, 2009; Bentley, 2007; Bodner, 1986; Brandt, 1998; Bransford, et al,
2000; Dede, 2009; Eccles, 1989; Fosnot, 2005; Fosnot, 2005; Fox, 2001;
Granit, 1977; Klausmeijers, Riple, 1982; Kleim, Vij, Ballard & Greenough,
1997; Leontjevs, 1983; Markova, 1991; Marr, 1982; Marr, 1982; Morton &
Johnson, 1991; Sadlers, 2009; Shultz & Mareschal, 1997; Stoll & Fink, 1996;
Tobin, 1993; von Glasersfeld, 1993.

Neirovizualacijas metodes: Bleichroth, 1991; Brandoni & Anderson, 2009;
Duit, 2000; Eliiss, 1995; Finks, et al., 2009; Gardner, 1985; Gropengieser, 2005;
Hibnere, 1998; Karpova, 1994; Kattmann, 1997; Komorek, 1997; Longo,
Anderson & Wicht, 2002; Osewold, 2007; Picka, 1990; Reinhold, 2006;
Sundermeier, 2009; Viiri, 2004.

Bionikas izmantoSana dabaszintbu kompetences attistiba: Benckert, 1997,
Bennet, 2003; Rayner, 2005; Campbell, Lazonby, Nicholson, Ramsden,
Waddington, 1994; Duit, 2004; Filkenstein, 2001; Lubben, Campbell, Dlamini,
1996; Marlow, 2002; Merill, 2007; Osborne, 2003; Simon, 1993; Rayner, 2005;
Sjoberg, 2000; Trowbridge, Bybee, 1990; Umenko, 2008.

Pétijjuma metodes:

1. Teoretiskas:
1.1.pedagogiskas, psihologiskas filozofiskas u.c. zinatniskas literatiiras un
izglitibas dokumentacijas analize,
1.2.izglitibas normativo dokumentu —valsts vispargjas vid€jas izglitibas
standarta, fizikas macibu priekSmeta standarta un fizikas macibu
programmas parauga izpéte un izvertésana.
2. Empiriskas metodes:
2.1.pedagogiskais eksperiments;
2.2.pedagogiskie noveérojumi,
2.3.skolénu un skolotaju anketéSana, iegiito datu analize,
2.4.skolénu parbaudes darba rezultatu analize,
2.5.skolénu un skolotaju intervijas.
3. Statistiskas metodes:
3.1.datu kvantitativa apstrade, izmantojot SPSS 19 datu apstrades
programmu,
3.2.datu kvalitativa apstrade.
4. Teorétiskas analizes un model&Sanas metode.



Pétijuma baze:

Divas vispargjas vidgjas izglitibas iestades — vidusskolas, kas atrodas viena
Latvijas regiona, skoléni apgiist vienadas izglitibas programmas.

Respondenti: Latvijas 10. - 12. klasu vidusskoléni, fizikas skolotaji.

Promocijas darba izstrades posmi:

e 2008. gada septembris - 2009. gada septembris - p€tijuma sagatavoSanas
posms. Analiz€ta eso$a situacija, izstradatas idejas p&tijuma veikSanai.

e 2009. gada septembris - 2010. gada septembris - izstradats pétijuma
mérkis, objekts, priekSmets, uzdevumi, izvirzita hipotéze. Analiz€ta
teoretiska literatiira par fizikas macibu procesu, macibu saturu,
didaktiskas  rekonstrukcijas  teoriju,  konstruktivisma  teoriju,
neirokognitivo maciSanas teoriju un konstruktivisma zinatnes filozofiju,
neirovizualizacijas metodém, kontekstu, bionikas elementu izmantoSanas
iesp€jam vidusskolas fizikas macibu procesa.

e 2010. gada septembris - 2011. gada septembris - sistematizetas iegiitas
teorétiskas zinasanas, precizéts darba objekts, priekSmets. Izstradats
didaktiskais modelis ,,Skolénu zinasanas par dabu integréjoSs fizikas
apguves didaktiskais modelis”. Izpétita arzemju pieredze un macibu
materiali bionika un veikta to pielagoSana Latvijas apstakliem. Izstradati
un parbauditi didaktiska modela parbaudes kritériji. Veikta skolénu,
skolotaju anketeSana.

e 2011. gada septembris - 2013. gada jiinijs - precize€ts promocijas darba
nosaukums. Veikts pedagogiskais eksperiments piclictojot izstradato
didaktisko modeli, izmantojot bionikas elementus vidusskolas fizikas
macibu procesa. Veikta atkartota skolénu anketé€Sana, skolénu skolotaju
intervéSana eksperimenta beigas, veikta iegiito datu analize un
interpretacija, izdariti secinajumi, izstradati ieteikumi fizikas skolotajiem,
1zvirzitas teézes aizstaveéSanai.

Pétijuma teoretiska novitate: izstradats teorétiski pamatots skolénu zinaSanas
par dabu integréjoss didaktiskais modelis ar bionikas elementu pielietojumu, kas
padara efektivaku un interesi veicinoSu uz dabas dzilaku izpratni balstitu fizikas
macibu procesu.

Pétijuma praktiska novitate: veikta metodiskas literatiiras bionika analize, ka
ar1 izveidoti petniecisko laboratorijas darbu apraksti vidusskolas fizikas kursa ar
bionikas elementu pielietojumu, izstradats tematiskais plans bionikas integrétai
ieklauSanai vidusskolas fizikas kursa, izstradats skolénu zinaSanas par dabu
integréjoss didaktiskais modelis, integréjot bioniku fizikas macibas.
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Promocijas darba struktira
Promocijas darba struktiiru veido ievads, tris nodalas, nobeigums, 17 pielikumi.

Darba ir 39 attéli un 17 tabulas. Darba ir 135 Ipp, izanalizéti 290 literatiiras
avoti — latvieSu, anglu, vacu un krievu valoda.
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PROMOCIJAS DARBA SATURS

Promocijas darba tris nodalas. levada pamatota pétijuma izvéle, aktualitate,
novitate, noteikts pétijjuma merkis, izvirziti uzdevumi meérka sasniegSanai,
izvirzita hipot€ze, apkopots metodologiskais pamats, aprakstita pétjjuma baze un
posmi.

Promocijas darba 1.dala ,Fizikas macibu teoretiska analize
kontekstorientéta konstruktiva pedagogiskaja procesa”sastav no piecam
nodalam. Darba 1. dala analizéta zinatniska literatiira par konstruktivisma
pamatnostadném, kontekstu, didaktiska rekonstrukcijas modela izmantoSanu
fizikas maciSanas procesa, par neirokognitivas maciSanas teoriju,
neirovizualizacijas metodém, analiz€ts vispargjas videjas izglitibas fizikas
macibu saturs, bionikas elementu pielietoSanas iespéjas fizikas macibu satura.

Promocijas darba 1.1. nodala apkopojot literatiiras avotos analizetas
atzinas (Piaget,1970, 1981, 2002; Bruner,1996; GeidZzs, Berliners, 1999, u.c)
autors secina, ka konstruktivisma idejas, kas balstas uz kognitivajam teorijam,
palidz skolénam paSam konstruét savas zinasanas, konstatgjot atsSkiribas starp
savam sakotngjam zinasanam un jauno pieredzi. Skoléni izkopj savas
intelektualas spejas, mekledami Iidzsvaru starp to, ko vini uztver, zina un
saprot, un, ko saskata ikviena jauna paradiba, pieredz€ vai probléma. Ja
skoléns pats formulé hipotezes un pats tas parbauda, rodas pieredze visparigu
likumu un principu formul&$ana, noderigu jédzienu identificéSana. Skoléniem
ir svarigi pareizi izprast macamo t€mu, izpratne balstas uz abstraktd un
konkreta, vispariga un atseviska neSkiramu saistibu.

Promocijas darba 1.2. nodala ieklauj divas apaksnodalas.

ApaksSnodala 1.2.1. tiek analizéts konteksta jeédziens fizikas didaktika.

Analiz§jot dazadu autoru (DZ.Brunera, V.Klafki, R.McDermota, J.
Mestres, E.Klarka u.c.) atzinas par kontekstorient€tu macisanos, autors secinaja,
ka konteksta tiek ieklautas 1paSibas, kas veicina satura uztveres veidoSanos.
E.Klarks (Clark, 1997) kontekstu interpreteé ka virssaturu, kas palidz formét
jégpilnu izpratni par to, ko macas saistiba ar ikdienas dzives norisém: kulturu,
politiku, ekonomiku un ekologiju. Vins$ izskir ¢etrus fundamentalus kontekstu
veidus: subjektivais konteksts, laika konteksts, simboliskais konteksts,
ekosisteémas jeb globalais konteksts. Kontekstuala konstruktivisma modeliem
uzmanibas centra ir konteksti. Konteksts maciSanas procesa ir viena no
svarigakajam dalam, nevis analitiski nodalams faktors. Vards konteksts ir radies
no latinu valodas varda “contexere”, kas tulkojuma nozimé “saaust kopa” vai
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“tas, kas dod saskanibu ar ta dalam” (Cole, 1996). Sasaistot macibu saturu ar
dazadam realas pasaules noris€m, skolénu un skolotaju ikdienas dzivi,
profesionalo darbibu un karjeru, fizikas macibas paradas ka aizraujoSas un
jegpilnas, tas virza skolénus kliit aktiviem un paSmotivEtiem macities.

Promocijas darba 1.2.2. apakSnodala secinats, ka parsvara fizikas
maciSana ir centréta uz skoléniem un apgiistamo saturu, skoléna pasaules
izpratne tiek attistita maciSanas procesa. Lai veidotu skol€niem zinatnisku
pasaules izpratni, kas balstas uz iepriek§€jam zinasanam, ir jaizprot, ka
skoléniem veidojas intuitivas teorijas par pasauli. MaciSanas nav izoléta
darbiba, bet gan drizak sociala aktivitate, ko ietekme& viet€jie konteksti —
uzdevuma informacija, situacija un vide. Sie konteksti nav analitiski atdaliti,
bet ir biitiski skoléna maciSanas procesam. No $1 skatupunkta konceptualas
izmainas notiek gan individa, gan konteksta. Ir jaizveido vides, kuras
konteksts veicina skolénu maciSanas procesu. Ar §STm koncepcijam ir saistitas
ar1 abstrakcijas, kas laus skoléniem pielietot So koncepciju citas situacijas.
Videi ir javeicina gan noteiktas situacijas konceptualo uztverSanu, gan sp&ju
parnest §1s zinasanas uz citam, saistitam situacijam (McDermott, 1993).

Konteksts palidz formét jegpilnu izpratni par to, ko macas saistiba ar
ikdienas dzives noris€m, bioniku. Kontekstudla pieeja veicina kognitivas
kompetences attistibu, zinaSanu izmantoSanas prasmju attistibu, macibu
motivacijas un attiecksmju attistibu. Fizikas principu pieméroSanu dazadam
situacijam, nodro$inot konkrétaku apgiito zinasanu atspogulojumu praktiskaja
dzivé var panakt ar kontekstu palidzibu. Skoléni satura uztveri veido konteksta
un tas nav nodalams no skoléna maciSanas no konteksta, kada tas notiek un tas
atbilst kontekstuala konstruktivisma pamatprincipam. P&c dazadu autoru
atzinam, fizikas macibu satura un procesa organizéSana kontekstuala pieeja
istenojama tris aspektos - konceptuala, tematiska un metodologiska.
Kontekstuala pieeja rada nepiecieSamibu péc integrétu fizikas macibu satura
izveides, nemot véra kopsaistibas ideju, radit iesp&ju katram skol€énam pasam
veidot jégpilnu izpratni par pasauli un sevi taja.

Promocijas darba 1.3. nodala ieklauj tris apaksnodalas, kuras analizétas
atzinas par didaktisko rekonstrukcijas modeli fizikas macibu procesa.

Promocijas darba 1.3.1. apaksSnodala analiz€jot dazadu autoru atzinas
(Kattman, 2004, 2007; Kattmann, Duit, Gropengreper, Komorek, 1997, u.c.),
autors secina, ka didaktiskas rekonstrukcijas modelis ir ka pamats, lai apvienotu
profesionalas un izglitoSanas kompetences pé€tnieciba un macibu procesa.
Modelis merkeéts uz teorétisku macibu stundas metozu un struktiiru
izskaidrosanu, ka arT uz macibu procesu planoSanas, realiz€Sanas un refleksijas
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izskaidroSanu. Tas arT pielauj aprakstit didaktiskas koncepcijas lomu un funkciju
no skolotaju skatu punkta un no priekSmeta didaktiskas perspektivas skatu
punkta. Fizikas didaktikas rekonstrukcijas komponenti sastav no:

1) Fizikas satura struktiiras analizes, kas ieklauj sevi divus saistitus
procesus — priekSmeta noskaidroSanu un izglitoSanas nozimibas analizi.
(Driver & Ericson,1983);

2) MaciSanas un macisanas pétijjumiem fizika, kas satur maciSanas vides
Ipatnibu empiriskos petijumus;

3) Instrukcijas attistibas un veért€Sanas saistas ar instrukcionalo materialu,
maciSanas aktivitasu un maciSanas un maciSanas procesu projektesanu fizika
(Duit, & Komorek, 2004).

Promocijas darba 1.3.2. apakSnodala tika noskaidrots, ka didaktiskas
rekonstrukcijas modela mérkis ir sniegt ietvaru fizikas priekSmeta stundas
planoSanai un pétiSanai, kur§ ir uz skolénu orientéts, ir konstruktivisks no
macibu teorijas viedokla: skoléniem pasSiem jakonstru€ savas zinasanas, kamer
vini, piem&ram, pasi izmégina un eksperimentg. Stunda jadod skoléniem iesp&ju
legiit savu pieredzi. Skolénu prieksstati par konkrétu specifisku jomu zinaSanam
fizika ir ar1 didaktisko pé€tijumu priekSmets. Didaktiskas rekonstrukcijas modeli
fizika tiem ir centrala loma, planojot macibu stundu. Didaktiskas strukturéSanas
galvenais meérkis stunda ir profesionala skaidrojuma rezultatu sistematiska
saskanoSana ar skolénu izpratni par So t€mu, ar atzipam par skolénu
priekSstatiem un priekSzinasanam fizika. Pie tam fizikas stundas planojuma tiek
ieklautas ar1 paredzamas maciSanas griitibas (Kattmann, 1997).

Promocijas darba 1.3.3. apakSnodala autors secina, ka didaktiska
rekonstrukcija  fokus€jas uz fizikas zinasanu rekonstrukciju, lai
palidz&tuskoléniem saprast svarigakas lietas. Kopg&jais merkis ir identificét
saiknes starp fizikas zinasanam un skolénu alternativajam sisttmam ikdiena
(Kattman, 1998; Duit, 2005). Fizikas zinasanas ir abstrakcijas un redukcijas
procesu rezultats, bet fizikas maciSana ieklauj sevi dabaszinatnu skatupunkta
padariSanu par saprotamu skolénam. Didaktiskas rekonstrukcijas modelis fizikas
macibas balstits uz teoretisku macibu stundas metoZzu wun struktiru
izskaidroSanu, tas sasaista macibu stundas planoSanas un vadiSanas elementus
sistematiska saistiba. Autors secina, ka didaktiskas rekonstrukcijas modela
galvenas komponentes ir satura struktiiras analize, maciSanas vides empiriskie
petijumi, maciSanas procesu projekteSana fizika. Didaktiskas rekonstrukcijas
modeli fizikas saturs ir padarits pieejamaks skoléniem, kaut gan tas ir
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sarezgitaks, jo ir ieklauts dazados kontekstos un mijiedarbojas ar skoléna
maciSanas spejam.

Promocijas darba 1.4. nodala ieklauj divas apaks$nodalas, kuras analiz€tas
atzinas par neirokognitivo macisanas teoriju un neirovizualizacijas metodes.

Promocijas darba 1.4.1. apakSnodala autors secina, ka neirozinatnes
teorija un pétijumi izglitiba ipaSu uzmanibu piever§ maciSanas un maciSanas
zinatnei, uzsverot kognitivo teoriju un konstruktivisma perspektivas.
Neirokognitiva macisanas teorija ir sintéze no 3 atseviskiem virzieniem:

1. Neirofiziologijas, ar uzsvaru uz biologisko bazi smadzenu un nervu
aktivitatem.

2. Kognitivas zinatnes, koncentréjoties uz informacijas apstrades un
iek§gjas parstavniecibas pieredzi.

3. MaciSanas teorijas, kas izskaidro, ka cilvéki kopuma mijiedarbojas
pielagojas dazadas vides.

Sis idejas paradijas divdesmita gadsimta otraja pusé, konteksta integréjot
neirokognitivo informacijas apstrades modeli - skoléni doma, macas zinatniskas
idejas, izmantojot pieradijumus (Anderson, 2009). Kognitiva p&tnieciba péta
maciSanas kvalitativos raksturojumus un domasanas procesus. Ta balstas uz
informacijas apstrades modeli, ko izmanto izzinas psihologija, kas raksturo
cilveku ka aktivu un meérkorientétu sanéméju, informacijas apstradataju un
informacijas raditaju. MaciSanas ir aktiva informacijas apstrade. Konstruktivisti
uzsver skoléna zinaSanas un saprasanu ka aktivitati, nevis ka argjas pasaules
informaciju. (Fox, 2001) MaciSanas ir atkariga no daudziem faktoriem. No
konstruktivisma viedokla izSkiroSie faktori ir skoléna sakotngjie pien€mumi un
pieredze, informacijas un zinasanu raksturs un konteksts, kura notiek macisanas.
Saskana ar konstruktivismu nozimigaka skolotaja loma ir radit macibu vidi, kura
skolénam ir iesp€ja izpétit savu ieprieks€jo pieredzi un zinasanas, but aktivam
zinaSanu apguvéjam un apstradat jauno informaciju reala un nozimiga konteksta.

Promocijas darba 1.4.2. apakSnodala analiz€jot neirovizualizacijas
metodes, autors secina, ka jau kop$ pirmsskolas vecuma skoléniem doming
vizuala uztvere. Skoléni pakapeniski apgiist prasmi uztvert objektu krasu,
lielumu, formu, proporcijas, frontalo perspektivu. Ari psihologija ir zinams, ka
vizuala uztvere ir prioritara. S ipatniba biitu jaievéro visos macibu prick$metos
(Hibnere, 1998). Ar1 fiziku vieglak uztvert izmantojot modelus, vizualizgjot
teoriju, paradot ka fizika ir starpnieks starp teoriju un praksi, paradibam. Viens
no fizikas vizualizacijas modeliem paradits 1. attela.
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Lingvistiskais
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grafiskais /
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Diagrammas, animacijas

1. attéls. Fizikas vizualizacijas konceptualais modelis (Houlloun, 1996)

Analiz&jot neirogonitivas macisSanas teoriju, autors secinaja, kaneirozinatne
piedava sintézi starp neirokognitivo macisanas teoriju, kas izskaidro, ka cilveki
kopuma mijiedarbojas un pielagojas dazadas vide€s, un kognitiva zinatne, kas
koncentr&jas uz informacijas apstradi un pieredzi. ZinaSanu konstrukcija notiek
saisttba ar jaunu informaciju, jaunas zinaSanas konstru€jam izmantojot
asimilaciju un akomodaciju, ieklaujot konstruktivisma modelus. Skolénam nav
pasivi jauznem informaciju, bet, izmantojot savu pieredzi, jamacas no
apkartgjas vides, savienojot smadzenu un intelektualo vides sist€ému, lai
saskanotu 1ek$€jo un ar€jo pasauli. Skoléna galvena maciSanas metode ir
kontekstatkariga maciSanas, kur skolénam aktualas problémas vai situacijas tiek
izmantotas, lai ieviestu specifisku zinatnes saturu vai problémuzdevumus un ir
saistits ar neirokognitivo modeli.

Promocijas darba 1.5.nodala icklauj divas apaksnodalas, kuras analiz&ts
vispargjas vidgjas izglitibas fizikas macibu saturs un bionikas elementu
ievieSanas fizikas macibu satura.

Promocijas darba 1.5.1.apakSnodala, p€tot fizikas macibu standartu,
vidusskolas fizikas macibu gramatas un citus literatiiras avotus, autors secina, ka
macibu saturs fizika strukturéts trijos blokos — vide, sabiedriba, tehnologijas.
Fizikas standarta akcentéta pé&tnieciskas darbibas pamatu apguve, kas ietver
darbu ar informaciju, prognozeSanu, eksperimenta planosanu, eksperimentésanu,
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datu apstradi un analizi, iepazistinaSanu ar iegutajiem rezultatiem. Viens no
macibu priekSmeta uzdevumiem ir attistit zinatnisko domaSanu un pilnveidot
pétnieciskas darbibas un sadarbibas prasmes fizika. Fizika dabas procesu un
paradibu daudzveidibas un likumsakaribu noskaidroSana notiek caur
dabaszinatnisko izzinu: novérojot, eksperimentgjot, merot, modelgjot,
darbojoties ar vardiskas un vizualas informacijas avotiem un lietojot
informacijas tehnologijas. Tadejadi par misdienigu macibu saturu klist ne tikai
zina$anas un prasmes, bet ari zinatnes metodes satura apguvé. Sis bloks
strukturéts atbilstosi pétnieka darbibas virzieniem:

* izzinas prasmju attistiSana, matematisko modelu lietoSana u. c. kognitiva
darbiba,

» eksperimentalo prasmju attistiSana,

» darbs ar vardiskas un vizualas informacijas avotiem (komunikativas
prasmes, informacijas tehnologiju lietojums),

« sadarbibas prasmju attistiSana.

Promocijas darba 1.5.2.apakSnodala autors noskaidro, ka bionikas
pamata ir ideja, ka visoptimalakie praktisku problému risinajumi nav jaizdoma
no jauna — tos jau ir atrisinajusi daba gandriz 4 miljardus gadu gara procesa, ko
sauc par evoluciju. Bionikas piekrit€ji uzskata, ka daba ir galvenais ideju,
inovaciju avots. Daba — pasaules ietekmigakais inZenieris, gudrakais fizikis —
piedava cilvékiem neskaitamus veidus, ka ar vienkar$am, mazam, nedargam
metodém veidot jaunus un uzlabot jau esoSus mehanismus. Piemé&ram, musam
un juras eziem ir vakuumpiesiicekni, pateicoties kam jiiras ezi var kapt loti
stavas klintts, bet muSas rapot pa griestiem. Zirneklus daba apveltijusi ar
hidraulisku piedzinu, kas lauj atri parvietoties (Mmenxo, 2008). Eksperiment&jot
skolénam rodas izpratne par biologiskas struktiiras funkcion&Sanu, skoléns pats
var model&t funkcionalus tehnologiskus risinajumus, mekl&t saistibu starp dabu
un tehnologijam, mekl&t risinajumu ka uzlabot ekologisko situaciju. Saistibu
veidoSana starp dabu un tehnologijam ir perspektivs veids, ka uzlabot
ckologisko situaciju, attistot harmoniju starp dabu un tehnologijam un tadu
mehanismu un tehnologiju attistibu, kas ir orientétas uz dabu. Autors piedava
vidusskolas fizikas kursa integrét bionikas elementus atbilsto$as fizikas t€mas
(1.tabula).
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1.tabula

Tematiskais plans bionikas integrétai ieklauSanai vidusskolas fizikas kursa
(autora konstrukcija)

Nr. | Témas nosaukums Stundu | Saistitas teémas
skaits
1. | Ievads. 1
e Bionika ka zinatne.
2. | Fiziskie kontakti daba 2 Speks, speka  merisana,
' ‘ . berze, kermenu
e Velkro aizdare (auduma lipekli) mijiedarbiba.
3. | Bionika un arhitektiira. 5
e Stiebra arhitektura. Statikas pamati.
o Gofretas struktiiras arhitektara. Abeaisiol
e Konuss, tiklveida, rezgveida, ribveida pgalsmojums,
. Apgaismojuma likums.
konstrukecijas.
e Fotosintéze un arhitektiira. Elastibas spéeks.
e Transformacija. Deformacijas
4. | Biomehaniskie modeli. 1 Spiediens. Hidrodinamika
5. | Aerodinamika un bionika 2 Skidrumu un gazu plisma
e Kukainu lidojums.
e Acrodinamiskie prototipi.
6. | Hidrodinamika un hidrolokacija 2 Svarstibas un vilni.
e Biologisku sistému hidrodinamika
e Hidrolokacija daba.
7. | Tunelu raksana 1 Kermenu mijiedarbiba.
e . Dzivie zemes racgji”’
8. | Biologiskas virsmas 3 Virsmas slapinaSana
e Virsmu salipSana. Nanoefekts
e Lotosa lapas efekts . . oy .
) y Difrakcijas rezgis, gaismas
¢ (Gaismas atstaroSana .
interference.
9. | Lokacijas sisteémas daba 3 Svarstibas un vilni.

e Termolokatori,

e Eholokatori,
e . Dzivie radari”
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10. | Siltuma procesi daba Siltuma izstaroSana,
atstaroSana,  absorbéSana.
e Siltuma izolacija. Polarlaca ada. Gaismas ieksgja
e Mikroklimata nodroSinasana &kas. Termitu atstarosanas.
maja.
Konvekcija
11. | Gaismas elements. 1 Apgaismojums.  Gaismas
energija.
e Bio saules elements
12. | Foto un videokameras daba 1 Optiskie instrumenti. Léca
e Acs uzbiive.
13. | Nosleégums 1
e Bionikas nozime tehnikas un tehnologu
attistiba.

Promocijas darba 2.dala ,Fizikas metodikas pilnveidoSana skolénu
dabaszinibu un tehnologiju kompetences attistibai un izzinas intereses par
dabaszinatném veicinasanai” sastav no tris nodalam. 2. dala raksturota
dabaszinatnu un tehnologiju kompetence, fizikas apguves didaktiskais modelis
un kriteriji ta efektivitates parbaudei.

Promocijas darba 2.1.apakSnodala autors secina, ka, ja macibu
procesa iesaistitu skolénus dabaszinatnisku problemu izpéte realas dzives
konteksta, tad dabaszinibu un tehnologiju kompetences attistiba ir iesp&jama
skolénu zinaSanas par dabu integréjosa didaktiskaja modeli. Zinatnieki (P.
Perenoda Dz. Kulahans I. Maslo un I. Ti]la) kompetenci saista ar skoléna sp&jam
darboties noteiktos apstaklos, balstoties uz zinaSanam, efektivi darboties dotajas
situacijas, ka pieredzes gtSanas iespeju. Kompetence dabaszinibas un
tehnologijas attiecinama uz sp&ju un vélmi pielietot zinasanas un metodes, lai
izskaidrotu pasauli, izdaritu uz pieradijumiem pamatotus secinajumus,
pielietojot zinaSanas un metodes atbilstosi cilvéka vélmeém un vajadzibam.

Promocijas darba 2.2.apakS$nodala autors ir izstradajis skoleénu
zinasanas par dabu integréjoSu kontekstorientetu didaktisko modeli fizikas
apguvei, kura galvena ideja saistas ar bionikas elementu integréSanu fizikas
macibu satura, nodroSinot macibu, dabas un tehnikas vienotibu un macibas
istenojot sociala dialoga un mijiedarbiba ar dabu un tehniku (2. attéls). Mingtais
modelis paredz efektivaku fizikalo zinasanu apguvi, dzilaku izpratni par fizikas
macibu saturu un dabas un tehnikas mijiedarbibu, fizikalo zinasanu
izmantoSanas un zinatniskas izzinas prasmju attistibu, pozitivas emocionalas
atticksmes bagatinasanos un zinatniskas refleksijas izpausmju veidosanos.
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Dabaszinibu un tehnologiju
KOMPETENCE

MIJIEDARBIBA

Skoléns - skolotajs; Skoléns — skoléns; Skoléns — daba; Skoléns - tehnika

-

Pieredzes atspogulojums,

emocionals pardzivojums

|
ATTIEKSMES
I

Pardomas, izvértéfana analize

Veikti pétijumi, Tstenoti projekti

Zinasanu parneiana

= =

jaunas situacijas

PRASMES

Risinati uzdevumi, vingrinajumi,

izskatitas problémas = =

Zinasanu lietosana

FIZIKA - BIONIKA

=

Paplaginati, maintti uzskati, idejas -

MACIBU SATURS

lzvertéfana paplaginagana

= = (= =

ZINASANAS

Abstrakcija-konteksti; Prakse -teorija—; Biologiska sistema — tehnisks risinajums

mainisana
|| Idejas un uzskati par apkartéjo pasauli [ —
t Pieredzes aktivesana t
- lepriek%&ja pieredze
Socialais — Sistémiskais |— Kontekstualais
KONSTRUKTIVISMS

2. attels. Skolénu zinasanas par dabu integréjoss fizikas apguves didaktiskais
modelis (autora konstrukcija)
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Modela teorétiskais pamats balstas konstruktivisma teorija, kas skaidro, ka
maciSanas ir zinaSanu konstruéSanas process, kas savukart balstits socialaja
mijiedarbiba, skoléna iepriekS$eja pieredz€, skoléenam aktivi stradajot ar
kontekstorient€tu, zinaSanas par dabu integréjoSu, sist€miski veidotu macibu
saturu (2.att€ls).

Izveidotaja fizikas apguves didaktiskaja modeli ir paredzéts  skatit
mijiedarbibu -dialogu, ,,skoléns — skolotajs”, ,,skoléns — skoléns”, ,,skoléns —
daba”, ,,skoléns — tehnika”, aktiviz€jot ieprieks€jo pieredzi, paplasinot zinasanu
piclictoSanas iespéjas, attistot pétnieciskas prasmes. Sadu mijiedarbibu
1izmantoSana fizikas macibu procesa izraisa skolénu interesi, piesaista uzmanibu,
aktivize skolénu macibu darbibu, sasaista macibu procesu ar praktisko dzivi.

Ieklaujot bioniku fizikas macibu satura, konteksta tiek skatita biologiska
sisteéma un §1s sist€émas tehniskais risinajums, kas lauj praksi pielietot teorija un
otradi.

Promocijas darba 2.3.apakSnodala autors ir secinajis, ka fizikas apguve
ir versta uz integrétu zinaSanu par dabu apguvi un istenojama kontekstorientéta
konstruktiva pedagogiskaja procesa, kur svariga loma zinaSanu apgis$ana ir
pasam  skolénam. Macibu process ir vérsts uz skoléna dabaszinibu un
tehnologiju kompetences attistibas veicinaSanu. Dabaszinibu un tehnologiju
kompetence ir uztverama ka zinaSanu, prasmju un atticksmju kopums, kas
nepiecieSams, lai izskaidrotu apkartéjo pasauli, uztvertu problémas, analizétu un
pétnieciska darba risinatu tas, lai izprastu dabas procesus un izmainas daba, tas
vertétu un atbildigi rikotos. Tas nozimé&, ka par dabaszinibu un tehnologiju
kompetences attistibas krit€rijiem ir izvirzamas: zinasanas, prasmes, attieksmes.
Zinasanam ir raksturigs sist€émiskums, sakartotiba, izmantojamiba un
dinamiskums, kas lauj saskatit dabas un tehnikas mijiedarbibas aspektus, jabiit
attistitam prasmém risinat ne tikai pamata macibu problémas, bet ari zinaSanas
un prasmes parnest jaunu sakaribu atklasmei un tehnologisku problému
risinaSanai, atticksmém raksturiga paSizzina, kas izpauzas savas ricibas un
zinasanu kritiska analizg, pardomas par zinasanu nozimi un robezam.

Promocijas darba 3.dala ,,Skolénu zinaSanas par dabu integréjoSa didaktiska
modela fizikas apguvei efektivitates analize” sastav no divam nodalam. 3. dala
aprakstits empiriskais petijjums.
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Promocijas darba 3.1.nodala raksturots pétijuma veids, kvantitativa un
kvalitativa pétijjuma metodologija. Praktiskaja pé€tijuma autors noskaidroja
skolénu un skolotaju informé&tibu par bioniku un dabas procesu parnesi tehnika,
parbaudit, ka skolénu zinasanas par dabu integréjosa didaktiska modela
izmantoSana macibu procesa ietekmé vidusskolas fizikas satura apguvi, novertét
skolénu apgiito zinasanu, prasmju limeni fizika pedagogiska eksperimenta
beigas, noskaidrot, ka mainijusies skolénu attieksme pret fiziku péc pedagogiska
eksperimenta.

Analizgjot skolénu apguves Ilimeni, uzmaniba tika pievérsta Sadiem
aspektiem: skolénu iegiitas zinasanas, jédzienu, teoriju, likumu izpratne, ka ari
izpratne par dabas un tehnikas mijiedarbibu, zinaSanu izmantoSanas prasmes,
zinatniskas izzinas prasmes, zinaSanu un ricibu analizei, attiecksmém.

Promocijas darba 3.2.nodala veikta petijuma iegiito datu un rezultatu
analize. Empiriska pétijjuma galvenie rezultati:

Skoléni saskata saikni starp daba notiekosajiem procesiem un tehnologiju
attistibu, kaut arT fizikas kursa netiek pieminéts, ka daudzu tehnologisku
risinajumu pamata ir dabas procesi;

Skoléni veélas, la fizikas apguves procesa skolotdjs izmantotu
vizualizaciju — prezentacijas, demonstréjumus;

Skoléni labprat fizikas macibu satura vélétos vairak piemérus no dabas un
fizikas likumu skaidrojumu pamatojoties uz dabas likumiem;

Skoléniem patik pétit, izdarit secinajumus, pielietot iepriekS apgiitas
zinaSanas, pieredzi, bet skoléni to nesaista ar dabas sisttmu parneSanu uz
tehniskam konstrukcijam;

Izmantojot vidusskolas fizikas kursa apguvé darba izstradato skolénu
zinaSanas par dabu integréjosSo fizikas apguves didaktisko modeli ar bionikas
elementiem, var panakt pozitivas izmainas skolénu attieksme pret fiziku.

Izpildot izvirzitos mérkus, autors ir nonacis pie secindjuma, ka izvirzita
hipotéze ir apstiprinajusies. Izstradata skolénu zinaSanas par dabu integréjosa
fizikas apguves didaktiska modela un bionikas elementu izmantoSana
vidusskolas fizikas macibu procesa, paaugstina skolénu interesi par fiziku un
dabaszinibam, efektivak attista dabaszinibu un tehnologiju kompetenci.
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TEZES AIZSTAVESANAI

Fizikas macibas ir istenojamas, balstoties uz skolénu zinaSanas par dabu
integréjoSu fizikas apguves didaktisko modeli, kas paredz skolenu
maciSanos sociala mijiedarbiba, aktivistradajot ar kontekstorient€tu,
zinaSanas par dabu integréjosu, sist€miski veidotu macibu saturu, attistot
dabaszinibu un tehnologiju kompetenci.

Fizikas macibu saturs ir pilnveidojams taja integréjot bionikas elementus,
kas nodroSina macibu, dabas un tehnikas vienotibu un veicina skolénu
domasanas savstarpgjas sakaribas attistibu, saistot teoriju un praksi,
biologiju un fiziku, biologiskas sistémas un tehniskus risinajumus.
Modelis aktualizé didaktiskas likumibas un nodroSina skoléna zinasanu,
prasmju, attiecksmju attistibu, sistémiskumu, sakartotibu, izmantojamibu,
kas lauj saskatit dabas un tehnikas mijiedarbibas aspektus, atklat jaunas
sakaribas tehnologisku problému risinasanai.

SECINAJUMI

Fizikas didaktika par aktualitati ir izvirzama kontekstorient&ta pieeja, kas
versta uz aktivi stradajoSu skolénu, kas konstru€ izpratni par fizikas
macibu saturu ar kontekstu palidzibu. Kontekstorientétas macibas saistas
ar jaunas macibu kultiiras veidoSanu, kas veérsta uz skolénu zinatniskas
domasanas veicinasanu, sekmgjot izpratni par pé€tniecisko darbibu par
temam, kuras integrétas ikdienas dzives norises, dabas paradibas,
tehnologijas un razo$anas procesi.

Fizikas macibas ir Istenojamas, balstoties uz skolénu zinaSanas par dabu
integréjosSu  fizikas apguves didaktisko modeli, kas pamatojas
konstruktivisma teorija un paredz maciSanos sociala mijiedarbiba, uz
skoléena  iepriek$€jas pieredzes pamata, aktivi  stradajot ar
kontekstorient€tu, zinasanas par dabu integréjosu, sist€émiski veidotu
macibu saturu, attistot dabaszinibu un tehnologiju kompetenci.
Dabaszinibu un tehnologiju kompetence ir uztverama ka =zinasanu,
prasmju un attiecksmju komplekss, kas nepiecieSams, lai izskaidrotu
apkartéjo pasauli, lai uztvertu problémas, analizétu un aktiva petnieciska
darba risinatu tas, lai izprastu izmainas daba, tas vért€tu un atbildigi
rikotos.

Dabas pétijumi un tehnologiju kompetences attistiba veicina izpratnes
veidoSanos fizika, izpratni par dabas un tehnologiju mijiedarbibu,
uzlabojas prasmes piemérot fizikas zinaSanas un zinatniskas izzinas
prasmes praktiski, veidojas pozitivi pardzivojumi.
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AN

ANANAN

Skolénu zinaSanas par dabu integréjoss fizikas apguves didaktiskais
modelis ir devis pozitivus rezultatus, sekméjot dzilakas izpratnes
veidoSanos par fizikas teoriju un dabas un tehnikas mijiedarbibu, fizikas
zinaSanu izmantoSanas un zinatniskas reflekt€Sanas prasmju attistibu,
pozitivas emocionalas attieksmes bagatinasanos.

Izstradata skolénu zinasanas par dabu integréjosa fizikas apguves
didaktiska modela aprobacija norada uz to, ka kontekstorientets macibu
process un bionikas elementu izmantoSana vidusskolas fizikas macibu
satura, paaugstina skolénu interesi par fiziku un dabaszinibam, efektivak
attista dabaszinibu un tehnologiju kompetenci.

IETEIKUMI VIDUSSKOLAS FIZIKAS SKOLOTAJIEM

Vidusskolas fizikas kursa apguves procesa izmantot autora izveidoto
skolénu zinasanas par dabu integréjoso fizikas apguves didaktisko modeli
(2. attels).
Pilnveidot un papildinat vidusskolas fizikas macibu saturu ar bionikas
elementiem(tematiskais plans bionikas integrétai ieklauSanai vidusskolas
fizikas kursa.1. tabula )
Aktualizét starppriekSmetu saikni ar bionikas palidzibu, veidojot
savstarpgji saistitu dabaszinibu macibu priekSmetu saturu, kur§ balstas uz
Sadiem principiem (par pamatu pemti E. Klarka ieteitkumi):
bionikas un fizikas saistibas pienemsana,
fizika tiek macita bionikas kontesta,
apgiistama fizikas satura vienotiba ar apkartgja vid€é un daba
notiekoSajiem procesiem,
macibu procesa skoléns petnieciskaja darbiba atklaj fizikas likumibas,
fizikas likumsakaribas tiek apgiitas caur daba notiekoSajiem procesiem,
informacijas kvalitate domin€ par kvantitati.
Macibu procesu klas€ organizet, izmantojot konstruktivisma idejas.
Macot fiziku konteksta, izmantot dialogus : ,,skoléns — skoléns”, ,,skoléns
— skolotdjs”, ,,skoléns — daba”, skoléns - tehnika”.

Turpmako pétijumu virzieni

Turpinat teorijas izpeti par bionikas lomu fizikas satura pilnveid€, skolénu
maci$anas un macisanas procesa.

Latvija plaSi pétijumi par bionikas maciSanu vidusskola nav veikti, tapéc
petijumu var turpinat aktualiz€jot starppriekSmetu saikni bionika — fizika —
biologija.
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Autora izveidotais skolénu zinaSanas par dabu integréjoSs fizikas apguves
didaktiskais modelis jaaprobé vairakas vidusskolas ar daZadiem izglitibas
virzieniem.

Veidot izdales materialus fizika ar bionikas elementiem, izveidot pilnigaku
bionikas elementu ievieSanas programmu vidusskolas fizikas kursa.
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ANOTATION

The goal of the thesis ,,Bionics in the learning ofsecondary school
physics curriculum” is to evaluatethe curriculum of secondary school physics,
the possibility of including bionics in the learning process of physics, to
develop a didactical model that integrates knowledge about nature and helps
develop competency in the fields of natural sciences and technology as well as
aids the development of intrest towards natural sciences.

An analysis of literature and educational documentation concerning the
pedagocically psychological aspects of realising physics curriculum, the
development of the curriculum in constructive, context based pedagogical
process. A didactical model that integrates the student’s knowledge about
nature has been developed. Criteria to evaluate the effectivness of the
previously developed didactical model that integrates the student’s knowledge
about nature have been developed. An approbation and evaluation of the
efficiency of the developed model has been done.

Keywords:bionics, context, constructivism, model of didactical reconstruction,
didactical model that integrates the student’s knowledge about nature.
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INTRODUCTION

Nowadays the main goal of science education is to develop a science
literacy. Students’ science literacy is one of the indicators of the quality of
education that is evaluated in the EU. International comparitive research in
sciences (TIMSS PISA OECD) (Geske, 2010), show the relatively low
achievements of Latvian students in sciences and mathematics. The
conductors of the research conclude that the relatively low achievements of
Latvian students when compared to the average level of OECD. countries,
points towards the need to develop the students’ capabilities to use the
knowledge and skills acquired in school, in real life situations.

The results of these researches have caused debate about insufficient
skills and skills in science subjects, including physics, therefore a need to
improve the quality of education in schools has developed. The evaluation of
educational process has an important role not only in analysing the state of
actual scientific competency and the real situation in schools, but also in
improving the learning process and in educating teachers.

The improvement of teaching physics and the learning process of
physics is important. Different researches in this field are accessible and it is
important to choose the correct methods and ways, by using the knowledge
gained during the research. One of the conceptions is based upon the model of
didactical reconstruction, which states, that equal amounts of attention should
be paid to the student’s learning needs and capabilities (Duit, 2000). Research
and development actions should be tightly connected in educational process.
The learning of science subjects is tightly connected to research work and
skills in learning process. Scientific and research actions are a mandatory
prerequisite to improve the learning process, results and competencies. A new
approach is required in teaching physics. A possible solution could be the use
of contexts. Context based solution brings up contentious and controversial
questions, as well as social questions. In the middle of the last century
conclusions of the active nature of human cognition and the transfer of
emphasis towards the determined work in studies have been made.

One of the theories, that was created in the nineties of the 20th century
is constructivism, which can be percieved as a collection of freely connected
cognitive opinions. These opinions are based upon the fact that knowledge is
created by those, who learn and develop it by experience. Knowledge can be
recieved, collected and stored, but the strongest and deepest knowledge is
created when the individual actively constructs meanings in interaction with
the physical and social environment. If students are percieved as active, not
passive participants of learning process, which means that learning is guided
towards the activation of thinking instead of filling student’s heads with
knowledge. In concordance with the ideas of constructivism, students must be
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provided with the opportunity to test new ideas, evaluate information, solve
everyday riddles, find new answers in different situations. By learning to solve
problems, students do research on problem-situations and this process
develops thinking and motivates learning. Students work together, learn to
question each other and the teacher, to get to a conclusion.

Nowadays a lot of attention 1is paid to the theoretical
acknowledgments, connected to the processes around us and, importantly, in
the nature. It is very efective to use existing solutions in nature, these solutions
only hve to be understood and explained. A new science — bionics is becoming
more important nowadays, which would defineatly be included in the learning
process of physics and other science subjects. Bionics is a border science
between physics, biology and technology, that solves engineering tasks using
the strutures and models of living organisms as a base.

Teaching of physics in secondary school period uses traditional
approach: students are first introduced to scientific acknowledgements, after
that follows theory and use in everyday life, examples in nature. In the thesis
the author offers to use an another approach to develop the scientifical model
— students first find and analyse examples in nature and then while creating
conclusions, get to the corresponding theory and then follow the use of theory
and nature examples in technological solutions.

The use of bionics elements in physics learning process, shows the
connection of physics and other sciences, deepens the understanding of the
unity of material world, connection between natural events, introduces the use
of physical methods in learning biological processes. Student’s thinking, the
skill of making hypothesis, making independent conclusions, ability to ground
own conclusions is activated. A motivation in students to learn physics and
other sciences, conduct researches is created.

OVERALL DESCRIPTION OF THE THESIS

Problem of the research

e Improved learning of physics curriculum is provided in Latvian schools,
but it does not facilitate student’s interest towards learning physics,
which is proven by international researches (TIMSS, PISA, etc);

e Nowadays the development of sciences and technologies is guided
towards the search of connections between the living organisms and
inanimate enviroment, but the curriculum in science subjects, including
physics, does not emphasize the creation of the link between nature and
technology enough;
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Students encounters different material objects that use solutions based
upon nature, but cannot explain the connection between nature and
technology by using the laws of physics.

This is what decided the topic of the thesis ,,Bionics in the learning

ofsecondary school physics curriculum”.

The guidlines of constructivism in the physics learning process and the

use of context in physics learning process have been analysed in this thesis. A
didactical model that integrates the student’s knowledge about nature, that is
based upon the empirical and theoretical research and an experiment in two
general education schools, has been developed and aprobated.

The goal of the research: evaluate the secondary school physics

curriculum, the possibilities of introducing bionics to the learning process,
develop a didactital model that integrates the sudent’s knowledge about nature,
that promotes the development of science and technology competency and
fosters the interst towards sciences.

Hypothesis of the research.

The competency of sciences and technology will develop if a didactical model
that integrates the student’s knowledge of nature is used in physics learning.
This model includes:

Integration of bionics in the physics curriculum that will provide the unity
of learning, nature and technology and will help the students to create
intentional practical work.
The realisation of learning physics in a dialogue: student-student, student-
teacher, student-nature, student-technology, praxis-theory, abstraction-
contexts, biological system-technological solution.

Tasks of the research:
Coduct the analysis of literature and educational documentation about the
pedagogicaly psychological aspects of the realisation of the physics
learning rocess, about the development of curriculum in a constructive
and context based oedagogical preocess;
Conduct the analysis of literature and the standarts of overall secondary
education about the possibility of including the elements of bionics in the
physics curriculum;
Summarize and adapt the examples bionics use in physics learning
process in secondary school of methodical learning material for the
Latvian conditions
Develop a didactical model that integrates the students knowledge about
nature, by integrating bionics in secondary school physics learning.
Develop criteria to evaluate the eficiency of the didactical model that
integrates the student’s knowledge about nature;
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e Conduct the aprobation and the evaluation of the previously developed
didactical model that integrates the students knowledge about nature.

The theoretical basis consists of:

Constructivism as a theory which is based upon the view that knowledge is
constructed based upon experience and the work of the mind: BoZovica,
1975; Brooks & Brooks, 1994; Bruner, 1961; Bruner,1996; Geidzs, Berliners,
1999; Joplin,1995; Linn, 1987; Novak,1988; Papert, 1993; Piaget, 1970, 1981,
2002; Poplin, 1988; Resnick, 1983; Steffe, Gale, 1995; dwton, 2000.

Social constructivism- learning as a social process: Brooks & Brooks, 1993;
Damasio, 1998; Heilman, 1994; Klafki, 1999; Kolb,1984; LaBerge, 1995;
Lumsdaine, Voitle, 1993; Meeks & Jeste, 2009; Rauste-von Wright, 1999;
Reich, 2002; Simons, 1993; bepren, JIlykman, 1995.

Systemic constructivism as a integreaton of people and systems: Bennett,
Hogartt, Lubben 2003; Campbell, 1994; diSessa, 1988; Shneiderman, 1993;
Solomon & Aikenhead, 1994; Yager, Blunck et all, 1988.

Contextual constructivism: Aikenhead, 2007; Campbell, 1994; Cole, 1996;
Fine, 1987; Glynn, Winter 2004; Mestre, 1991; Posner, 1982; Ryan & Cooper,
2004; Solomon & Aikenhead, 1994.

Context oriented learning: 2006; Clark, 1997; Aikenhead, 2002; Bruner, 1960;
Chaiklin and Lave,1993; Clark, 1997; Cole, 1996; Dauge,1928; Dewey,1938;
Filkenstein, 2001; Klafki, 1985; Klafki, Gudjons, 1998; Komorek, 2006;
Komorek, Kattman, 2008; McDermott, 1993; McDermott, Redish, 1999; Miller,
1991, Negt,1998; Neumann, 2004; TheyBen, 2005; Osewold 2007; P&tersons,
1931; Girupnieks, 1931; Redish, 2002; Stavrou, 2004; Sundermeier, 2009;
Brirorckuii, 2003; I'omosko, 2011.

The model of didactical reconstruction in learning curriculuma: Bleichroth,
1991; Cobb et al., 2003; Cobb, Confrey, di Sessa, Lehrer, & Schauble, 2003;
Driver & Ericson,1983; Duit & Treagust, 1998, 2003; Gibbons et. al., 1994;
Holzer, 1994; Kattmann, Duit, GopengrieBer un Komorek, 1997; Kattmann,
Duit, GropengieSSer, & Komorek, 1995; Kattmann, Duit, Gropengreper,
Komorek, 1997; Lijnse, 1995; Kaestle, 1993; Wright, 1993; McComas,1998;
Nanjappa, Grant, 2003; Rauste-von Wright, 1999; Reinhold, 2006; Schulz,
1965; Philips, 2000; Simons, 1993; Kattman, 2004, 2007; Viiri, 2004;
Vosniadou, 1996; Widodo, 2004.

The theory of neurocognitive learning and the philosophy of science of
constructivism: Anderson, 2009; Bentley, 2007; Bodner,1986; Brandt, 1998;
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Bransford, et al, 2000; Dede, 2009; Eccles,1989; Fosnot, 2005; Fosnot, 2005;
Fox, 2001; Granit, 1977; Klausmeijers, Riple, 1982; Kleim, Vij, Ballard &
Greenough, 1997; Leontjevs, 1983; Markova, 1991; Marr, 1982; Marr, 1982;
Morton & Johnson, 1991; Sadlers, 2009; Shultz & Mareschal, 1997; Stoll &
Fink, 1996; Tobin, 1993; von Glasersfeld, 1993.

Methods of neurovisualisation: Bleichroth 1991; Brandoni & Anderson, 2009;
Duit, 2000; Eliiss, 1995; Finks, et al., 2009; Gardner, 1985; Gropengieser, 2005;
Hibnere,1998; Karpova,1994; Kattmann, 1997; Komorek, 1997; Longo,
Anderson & Wicht, 2002; Osewold, 2007; Picka, 1990; Reinhold, 2006;
Sundermeier, 2009; Viiri, 2004.

The use of bionics in the development of science competency: Benckert,
1997; Bennet, 2003; Rayner, 2005; Campbell, Lazonby, Nicholson, Ramsden,
Waddington, 1994; Duit, 2004; Filkenstein, 2001; Lubben, Campbell, Dlamini,
1996; Marlow, 2002; Merill, 2007; Osborne, 2003; Simon, 1993; Rayner, 2005;
Sjoberg, 2000; Trowbridge, Bybee, 1990; Umenko, 2008.

Methods of the research:
1. Theoretical:
1.1.analysis of scientifical pedagogical, psychological, philosophical etc.
literature and analysis of educational documentation,
1.2.examination and evaluation of education regulatory documents- national
overral secondary school subject standart, physics subject standart and
physics curriculum.
2. Empirical:
2.1.pedagogical experiment;
2.2.pedagogical observations,
2.3.survey of students and teachers, analysis of acquired data,
2.4.analysis of students’ test resuts,
2.5.Interviews with students and teachers.
3. Statistical:
3.1.quantitive data processing using SPSS 19 software,
3.2.qualitativa data processing.
4. Method of theoretical analysis and modeling.

Basis of research:

Two instances of overall secondary education — secondary schools that are
located in the same region of Latvia, students have the same educational
program.

Respondents: Latvian students grade 10.-12., physics teachers.
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Phases of the thesis development:

September 2008. — september 2009. — the preperational phase of the
research. Analysis of the existing situation, development of the ideas for
the research.

September 2009. — september 2010. The goal, subject, tasks of the
research have been developed, a hypothesis has been made. Theoretical
literature about the physics learning process, curriculum, theory of
didactical reconstruction, theory of constructivism, theory of
neurocognitive learning and philosophy of the science of constructivism,
methods of neurovisualization, context, the possibilities of using elements
of bionics in the learning process of secondary school physics has been
analyzed.

September 2010. — september 2011. — the acquired theoretical knowledge
has been systematized, the subject and object of the research have been
specified. A didactical model ,Didactical model that integrates the
students’ knowledge about nature” has been developed. Foreign
experience and teaching materials in bionics have been analyzed and
adapted to Latvian conditions.Evaluation criteria of the didactical model
have been developed and tested. Survey of students and teachers has been
conducted.

September 2011. — June 2013. — the name of the thesis has been specified.
A pedagogical experiment has been conducted using previously
developed didactical model by using elements of bionics in secondary
school physics learning process. Repeated student survey, student and
teacher interviews after the experiment, analysis and interpretation of the
acquired data has been done, conclusions have been made,
recomemendations for teachers have been developed. Abstracts for
presentation of the thesis have been defined.

Theoretical novity of the research: a didactical model that integrates the
student’s knowledge about nature and uses elements of bionics, that is based
upon theoretical research and makes the physics learning process more efective,
stimulate interest and deepen the understanding about the topic.

Practical novity of the research:bionical analysis of the methodical literature
has been done. Descriptions of laboratory works for physics course that includes
elements of bionics have been written. A thematical plan for the integrating
inclusion of bionics in the secondary school physics course, a didactical model
that integrates the student’s knowledge about nature has been developed.

36



The structure of the thesis

The structure of the thesis consists of an introduction, three chapters, ending,
conclusion, 17 supplements. Thesis contains 39 images and 17 tables. It is 135
pages long, 290 sources of literature in latvian, english, german and russian have
been analyzed.

CONTENTS OF THE THESIS

Thesis contains three chapters. Introduction explains the choice of research,
topicness, novity, the goals of the research are set, tasks required to achieve the
goal are defined, the hypothesis is defined, methodological base is assembled,
the base of the research and steps are described.

Part 1. Of the thesis ,,Theoretical analysis of physics learning process in a
context-oriented constructive pedagogical process” consists of five chapters.
In the 1. Part of the thesis scientific literature about the guidelines of
constructivism, context, the use of didactical reconstruction in teaching physics,
neurocognitive teaching theory, methods of neurovisualization has been
analyzed, the curriculum of overall secondary education of physics and the
possibilities of using elements of bionics in physics learning process have been
analyzed.

In the chapter 1.1 of the thesis,by sumarizing acknowledgements
analyzed in different sources (Piaget,1970, 1981, 2002; Bruner,1996; Gage,
Berliners, 1999, etc.) the author concludes that the ideas of constructivism that
are based upon cognitive theories, help the student to construct his/her own
knowledge by noticing the difference between previous knowledge and new
experience. Students improve their intellectual capabilities by seeking the
balance between what they perceive, know, understand and what they see in
every new event, experience or problem. If the student creates and verifies
hypothesis on his/her own, experience in formulating overall laws and
principles, identifying useful terms is generated. It is important for students to
understand the topic being taught correctly, the understanding is based upon
the abstract and the defined, a uninterruptable connection between the overall
and the specific.

The chapter 1.2. of the thesis includes two subchapters.

In the subchapter 1.2.1.theconception of context in physics is analysed.

By analysing the acknowledgements of different authors (J. Brunner, V.
Klafki, R. McDermot, J. Mestre, E. Clark etc.) about context oriented learning
the author concluded that context contains qualities that promotes the creation of
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the perception of content. E. Clark (Clark, 1997) interprets the context as over-
content that helps define a meaningful understanding about what is taught
concerning every day phenomenon: culture, politics, economy and ecology.
Clark defines four fundamental types of context: subjective context, time
context, symbolic context and the context of ecosystem or the global context. In
the centre of attention of contextual constructivism are contexts. Context is one
of the most important parts of learning process and not a separable factor. The
word context comes from the Latin “contexere” which in translation means “to
be woven together” or “that which provides coherence within its parts.” (Cole,
1996). By connecting the curriculum with happenings of the real world,
everyday lives of students and teachers, professional activities and career, the
physics learning process becomes interesting and meaningful, it drives students
to be more active and self-motivated to study.

In the subchapter 1.2.2. of the thesis it is concluded that physics teaching
1s mostly centred around students and the curriculum, student’s understanding of
the world is developed in the teaching process. To develop a scientific
understanding of the world in students, that is based upon previous knowledge,
one must understand how students develop intuitive theories about the world.
Learning is not an isolated activity but a social activity that is influenced by
local contexts — the information about the task, the situation and the
environment. These contexts are not analytically separated, but are very
important for the learning process of the student. From this viewpoint a
conceptual change happens both in the student and the context. Environments
where context encourages the learning process should be created. Abstractions,
that will allow the student to use this conception in other situations. Are
connected to these conceptions. Environment has to promote both the
conceptual understanding of the particular situation nad the ability to transfer
this knowledge to other, connected situations (McDermott, 1993).

Context aids the formation of a meaningful understanding about the things
that are taught and are connected to the happenings of everyday life, bionics.
The contextual approach stimulates the development of the cognitive
competency, the skills of using knowledge and the learning motivation and
attitude. The application of principles of physics to different situations, by
providing a more precise reflection of acquired knowledge in practice can be
achieved with the use of contexts. Students build their unterstanding of the
content in context and that cannot be separated from the student’s learning
context, in which it happens and how it corresponds to the basics of contextual
constructivism. According to the acknowledgements of different authors,
contextual aproach in physics content and the process of organizing can be
applied in three aspects — conceptual, thematical and methodological.
Contextual aproach creates the need for the creation of integrated physics
curriculum, by noting the idea of interconnection, in order to give each student
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the opportunity to build his/her own meaningful understanding about the world
and one’s role in it.

The chapter 1.3.of the thesis includes three subchapters in which the
acknowledgements about the didactical model of reconstruction in the learning
process of physics are analyzed.

In the subchapter 1.3.1.0f the thesis by analyzing the acknowledgments of
different authors (Kattman, 2004, 2007; Kattmann, Duit, Gropengreper,
Komorek, 1997, u.c.), the author concludes that the model of didactical
reconstruction is like a base to unify the professional and educational
competencies in research and learning process. The model is aimed at
explaining theoretical structures and methods of the lesson, as well as explaining
the planning, realization and reflexion of learning process. It also allows to
describe the role and function of didactical conception from teacher’s viewpoint.
The components of physics didactical reconstruction consist of:

1)Analysis of physics content structure, that includes two connected
processes — the definition of the subject and the analysis of the meaning of
education (Driver & Ericson,1983);

2)The studies of learning and teaching, that contain the empirical research
of the specifics of learning environment;

3) The developments and evaluations of instruction tie together with
instructional material, designing learning activities, teaching and learning
process in physics (Duit, & Komorek, 2004).

In the subchapter 1.3.2. of the thesis it is defined that the goal of the
model of didactical reconstruction is to provide a framework to plan and
research a physics lesson, which is student-oriented, constructive from the
viewpoint of learning theory: students have to construct their own knowledge
while they are, for example, experimenting on their own. Students have to be
given the opportunity to gain their own experience during the lesson. The
student’s ideas about the knowledge of specific physics topics is also a topic for
didactical research. In the model of didactical reconstruction of physics they
have a central role in planning a lesson. The main goal of didactical structuring
in lesson is a systematic coordination of professional explanation with the
student’s understanding of the topic, acknowledgements of student’s ideas and
previous knowledge about physics. Besides, the complications that could occur
during learning are included in the planning. (Kattmann, 1977).

In the subchapter 1.3.3.0f the thesis, the author concludes that didactical
reconstruction is focused towards the reconstruction of physics knowledge in
order to help the students understand the most important parts. The common
goal is to identify the connections between physics knowledge and alternative
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every-day systems of students(Kattman, 1998; Duit, 2005). Physics knowledge
is a result of abstraction and reduction processes, but physics teaching includes
making the science viewpoint understandable for the student. The model of
didactical reconstruction in learning is based upon theoretical explaining of
lessons’ methods and structures, it connects the elements of planning and
leading a lesson in a systematic relevance. The author concludes that the main
components of the model of didactical reconstruction is content analysis,
empiric analysis of learning environment, projecting of physics learning process.
In the model of didactical reconstruction physics curriculum is made more
approachable to the students, despite it being more complex because it is
included in different contexts and interacts with the students’ learning
capabilities.

The chapter 1.4.0f the thesis includes two subchapters in which
acknowledgements about neurocognitive learning theory and methods of
neurovisualization are analyzed.

In the subchapter 1.4.1.of the thesis the author concludes that the theory
of neuroscience and research in education pay a lot of attention to the science of
learning and teaching, emphasizing the cognitive theory and perspectives of
constructivism. Neurocognitive learning theory is a synthesis of 3 different
directions:

1. Neurophysiology, with an emphasis on biological basis, activities of brain
and nerves

2. Cognitive science, focusing on the experience of information processing
and internal representation.

3. Learning theory, that explains how, in general, people interact and adapt in
different environments.

These ideas emerged in the second part of 20" century by integrating the
model of neurocognitive information processing in context — students think that
they are learning scientific ideas by using verifications (Anderson, 2009).
Cognitive research analyses the qualitative characteristics and thinking
processes. It is based upon the model of processing information, that is used in
cognitive psychology, which describes a person as an active and targeted
recipient, the processor of information and the creator of information. Learning
is an active processing of information. Constructivists emphasize students’
learning and understanding as an activity not as information of outer world.
(Fox, 2001) Learning depends on many factors. From the viewpoint of
constructivism the deciding factors are the student’s initial assumptions and
experience, the character of information and context in which learning happens.
In accordance with constructivism the most important role of the teacher is to
create a learning environment in which student has the opportunity to analyse
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his/her previous experience and knowledge, be active acquirer of knowledge and
process new information in a real and meaningful context.

In the subchapter 1.4.2 of the thesis, by analysing the methods of
neurovisualization the author concludes that visual perception is dominant in
students starting from the pre-school period. Students gradually acquire the
ability to perceive the colour, size, shape, proportions, frontal perspective of an
object. In psychology it is also know that visual perception is the primary one.
This characteristic should be taken note of in all subjects (Hibnere, 1998).
Physics is also easier perceived by the use of models, theory of visualization, by
showing that physics is the connection between theory and praxis. One of
models visualization of physics is shown in figure 1.
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1.Figure. Conceptual model of visualization of physics (Houllon, 1996)

By analysing theory of neurocognitive learning, the author concluded that
neuroscience provides synthesis between the theory of neurocognitive learning
which explains how people generally interact and adapt in different
environments, and cognitive science, that focuses on the processing of
information and experience. The construction of knowledge occurs in
connection with new information, we create new knowledge using assimilation
and accommodation by including models of constructivism. Student must not
acquire information passively, but learn from the surrounding environment by
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connecting the system of brains and intellectual environment in order to
coordinate inner and outer world. The main learning method of a student is
context-dependant learning, where problems and situations topical to the student
are used to include specific scientific content or problem tasks, and is connected
to the neurocognitive model.

Chapter 1.5.of the thesis includes two subchapters in which physics
curriculum of secondary schools and inclusion of bionics elements into physics
curriculum.

In subchapter 1.5.1. of the thesis, by conducting research on standards of
learning physics, books of secondary school physics and other sources of
literature, the author concludes that physics curriculum is structured it here
blocks — environment, society, technologies. In physics standard learning of
research activities is emphasised, which includes work with information,
predictions, planning of the experiment, experimenting, data processing and
analysis, introduction to acquired results. One of the tasks of the subject is to
develop scientific thinking and improve the skills of research activity and
cooperation in physics. In physics, the clarification of laws and diversity of
phenomenon happens through scientific quest: by observing, experimenting,
measuring, modelling, working with sources of visual and verbal information
and using information technologies. Therefore a modern curriculum contains not
only abilities and skills but also scientific methods in acquiring content. This
block is structured according to the directions of the researcher:

e Development of skills of acquirement, the use of mathematical models
and other cognitive actions,

e Development of experimental skills,

e Work with verbal and visual sources of information ( communication
skills, the use of information technologies)

e Development of skills of cooperation.

In the subchapter 1.5.2.o0f the thesis the author clarifies that bionics is
based upon the idea that the optimal solutions of practical problems must not be
figured out anew — nature has solved them in an almost 4 billion year-long
process which is called evolution. Supporters of bionics assume that nature is
the main source of ideas and innovation. Nature is the world’s most influential
engineer, smartest physicist — provides countless ways how to create new and
improve existing mechanisms using small, simple, inexpensive methods. For
example flies and sea hedgehogs have vacuum suction cups, because of which
the sea hedgehogs can climb very steep cliffs and flies — walk on the ceiling.
Nature has gifted spiders with a hydraulic drive, that allows to move very
quickly. (Mmenko, 2008). By experimenting the student creates understanding
of the functioning of biological system, the student can model functional,
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technological solutions, seek the connection between nature and technology,
seek a solution on how to improve the current ecological situation. The creation
of connections between nature and technologies is a perspective way how to
improve the ecological situation by developing harmony between nature and
technology and development of such mechanisms and technologies that are
nature-oriented. Author offers to integrate elements of bionics in the physics
course in the corresponding topics. (Table 1.)

Table 1.

Thematic maps for the integration of bionics into the secondary
school's curriculum. (construction by the author)

No. | Name of the topic Number | Connected topics
of
lessons
1. Introduction 1
e Bionics as a science.
2. Physical contacts in nature 2 Force,  measuring  force,
e Velcro strips friction, interaction between
objects.
3. Bionics and architecture 5 Basics of static, lighting, laws
e Architecture of a straw of lighting.
o Architecture of a corrugated structure. F .
. g . orce of elasticity,
e Cone, ' web-like, grid-like, rib-like deformations.
constructions.
e Photosynthesis and architecture.
e Transformation.
4. | Biomechanical models 1 Pressure, hydrodynamics
5. | Aerodynamics and bionics 2 Flow of liquids and gases
e Flight of a bug
e Aerodynamical prototypes.
6. | Hydrodinamic and hydrolocation 2 Fluctuations and waves
e Hydrodinamics of biological systems
e Hydrolocation in nature.
7. | Tunnel digging 1 Interaction between objects
o Live diggers”
8. Biological surfaces 3 Wetting of surface
e Stickiness of surfaces. Nanoeffect
e The effect of a lotus leaf. Grid of diffraction,
e Reflection of light. interference.
9. Locational systems in nature 3 Fluctuations and waves
e Thermolocators
e Echolocators
e . Live radars”
10. | Heat processes in nature 3 Heat radiaton, reflection,
e Heat isolation. The skin of a polar bear. absorption. Internel reflection
e Ensuring microclimate in buildings. Termite of light
Convection

house.
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11. | Light (solar) element 1 Lighting. Light energy.
e Sun bio-element

12. | Photo- and video- cameras in nature 1 Optical insruments. lens
e The construction of the eye.

13. | Conclusion 1
e The role of bionics in the development of
technology.

Part 2. Of the thesis ,,The improvement of physics methodics for the
development of students’ competency of science and technology and promotion
of acquiry interest about sciences ” consists of three chapters. In part 2. The
competency of science and technology, didactical model of learning physics and
criteria for its evaluation are described.

In the subchapter 2.1. of the thesis the author concludes that if students
would be involved in the research of science problems in the context of real life,
then the development of competency of science and technology is possible
within a didactical model that integrates the student’s knowledge about nature.
Scientists (P. Perenoda, J. Kulahan, I. Maslo and I. Tilla) connect competency to
the students’ abilites to funcion in defined conditions, basing on knowledge,
function effectively in given situations as well as the ability to gain experience.
Competency in sciences and technologies can be attributet to the ability and
willingnes to use knowledge and methods in order to explain the world, make
conclusions based upon evidence by using knowledge and methods according to
the persons wishes and needs.

In the subchapter 2.2. of the thesis the author has developed a context-
oriented didactical model, that includes students’ knowledge about the nature for
physics learning, the main idea of which is connected to the integration of
elements of bionics into physics curriculum therefore providing the unity of
learning, nature and technology and realising the learning process in a social
dialogue and interaction with nature and technology. (Figure 2.). This
mentioned model forsees a more efective acquiration of physics knowledge, a
deeper understanding of physics curriculum, the interaction between nature and
technology, the use of physics knowledge, the development of abilities of
scientific enquiries, enrichment of positive emotional attitude, development of
expressions of scientific reflexion. Theoretical basis of the model is based upon
the theory of constructivism that explains that learning is a process of
constructing knowledge which is in turn based in social interaction, student’s
previous experience of student working with context-oriented, systematicaly
created curriculum that integrates the student’s knowledge about nature.
(Figure2).
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Competency of nature and technology
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Figure 2. Didactical model of learning physics that ingetrates student’s
knowledge about nature (authors construction)

In the developeddidactical model of learning physics it is expected to view
the interaction- dialogue, ,,student-teacher”, ,,student-student”, ,,student-nature”,
»studnet-technology”, by activising previous experience, widening the abilities
to use knowledge by developing research skills. The use of these interactions in
the learning process of physics spark students’ interest, draws attention,
activates students’ learning activities, connects learning process to practical life.
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By including bionics in physics curriculum, the biological system and the
technological solution of this system is viewed in context, which allows praxis
to be used in theory and vice versa.

In the subchapter 2.3. of the thesis the author has concluded that physics
learning 1s guided towards learning integrated knowledge about nature and is to
be realized in a context-oriented pedagogical process, where student has an
important role in gaining knowledge. The learning process is guided towards the
facilitation of the development of competency of science and technology.
Science and technology competency can be percieved as a colelction of
knowledge, skills and attitudes, that are required to explain the surrounding
world, percieve problems, analyze and solve them in a research work in order to
understad processes of nature anad changes in nature, evaluate them and anct
accordingly. That means that criteria for development of science and technology
competency can be considered: knowledge, skills, attitudes. Systemicness,
order, usefulness and dynamicness is characteristic to knowledge, that allows
one to see the aspects of interaction between nature and technologies, therefore
skills to not only solve learning problems but also transfer the knowledge and
skills to the discovery of new connections and the solving of new technological
problems. Self-examination is characteristic to attitudes, and it is expressed
through critical analysis of own actions and knowledge, thoughts about the
meaning and limits of knowledge.

Part 3 of the thesis “Analysis of the efficiency of the didactical model, that
integrates student’s knowledge about nature, in teaching physics” consists of
two chapters.

3. Part describes the empirical research.

In the chapter 3.1. of the thesis, the way of research is described, the
methodology of quantitative and qualitative research. During the practical
research the author clarified the level of awareness of the students and teachers
about bionics and the transfer of natural processes to technology, tested how the
use of the didactical model that integrates the student’s knowledge about nature
in the learning process affects physics learning in secondary school, evaluated
the level of students’ acquired physics knowledge and skills by the end of the
pedagogical research, evaluate the change of attitude towards physics by the end
of the pedagogical experiment.

By analysing the level of students’ learning, extra attention was paid to
these aspects: student’s acquired knowledge, the understanding of theory, laws
and ideas, as well as the understanding of the interaction between nature and
technology, knowledge skills, skills of scientific research, analysis of
knowledge and actions, attitude.
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In the chapter 3.2. of the thesis, analysis of the acquired data and results
has been done. The main results of the empirical research:

Students see the connection between the events happening in nature and the
development of technology, despite the fact that the physics course does not
mention that many technological solutions are based upon natural processes;

Students want the teachers to use visualization in the teaching process —
presentations, demonstrations;

Students would love to have more examples of nature and the explanation
of physics laws using the laws of nature;

Students enjoy researching, making conclusions, use the previously
acquired knowledge, experience, but students do not associate it with the
transfer of natural systems to technological constructions;

A positive change in students’ attitude towards physics can be achieved via
the use of the didactical model that integrates the students’ knowledge about
nature, with elements of bionics and was developed during the work on the
thesis.

By fulfilling the previously set goals, the author has come to a conclusion
that the previously set hypothesis is confirmed. The use of the developed
didactical model and the use of elements of bionics in physics learning process,
raises the students’ interest in physics and sciences, develops competency of
science and technology more efficiently.

THESIS FOR DEFEENCE

e Physics learning is to be realised by basing upon a didactical model that
integrates the student’s knowledge about nature, and includes the students
learning in a social interaction by actively working with a context-
oriented, systematically created curriculum that integrates the knowledge
about nature and technological competency.

e Physics curriculum is to be improved by integration of bionics elements
that provide the unity of learning, nature and technology and facilitates
the students’ thinking in connections, by connecting theory and praxis,
biology and physics, biological systems and technological solutions.

e The model actualizes the didactical laws and ensures the usability of
students’ knowledgem skills, the development, systemicness and
usefulness of attitudes, that allow to see the aspects of interaction between
nature and technology, uncover new links to solve technological
problems.
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CONCLUSIONS

In physics didactics, a context-oriented approach, that is focused towards
an actively working student, which is constructing an understanding off
physics content with the help of contexts, can be brought forward as a
topicality. Context-oriented learning is connected to the creation of a new
learning culture, that is focused on promoting student’s scientific
thinking, by advancing the understanding of scientific work about topics
that integrate everyday events, natural phenomena, processes of
technology and production.

Physics learning can be realised basing upon a didactical model that
integrates the student’s knowledge about nature which is based upon the
theory of constructivism and proposes learning in a social interaction,
basing upon previous experience, actively working with a context-
oriented, systematically created curriculum, developing the competency
of science and technology.

Competency of science and technology can be perceived as a complex of
knowledge, skill and attitude, that are required to explain the surrounding
world, to perceive problems, analyse and in active research work solve
them, to perceive the changes in nature, evaluate them and react
responsibly.

The development of competency of nature research and technology in
physics learning process show the formation of understanding of physics,
the interaction between nature and technology, the improvement of the
usage of physics knowledge and the skills of scientific research, the
creation of positive experiences and the development of thinking skills
The didactical model of teaching physics that integrates student’s
knowledge about nature has shown positive results by contributing to the
creation of a deeper understanding of physics theory, the interaction
between nature and technology, the development of the use of physics
knowledge and the skills of scientific reflexion, the enrichment of positive
emotional attitude and the development of scientific reflexion.

The developed approbation of the didactical model of physics teaching
that integrates student’s knowledge about nature, points toward the fact
that context-oriented learning process and the use of bionics elements in
the secondary school physics curriculum, improves the students’ interest
in physics and sciences, develops the competency of science and
technology more efficiently.
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SUGGESTIONS TO SECONDARY SCHOOL PHYSICS
TEACHERS

e Use the didactical model of physics teaching that integrates the student’s
knowledge about nature, which was developed by the author (Figure 2.),
in teaching secondary school physics.

e Improve the curriculum of secondary school physics and include elements
of bionics in it.

e Bring up the inter-subject connection with the help of bionics by creating
a connected curriculum of science subjects that is based on these
principles ( based upon suggestions of E. Clark):

v’ Acceptance of connection between physics and bionics,

v" Physics is taught in the context of bionics,

v' The unity of current curriculum and the processes occurring in
nature and surrounding environment,

v" In the learning process student uncovers laws of physics during a
research,

v' The laws of physics are learned through processes occurring in
nature,

v" The quality of information dominates over quantity.

e Organise the learning process in the classroom using the ideas of
constructivism.

e While teaching physics in context, use the dialogues: “student-student”,
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“student- teacher”, “student- nature”, “student-technology”.

Directions of further research

Continue the research of theory regarding the role of bionics in the
improvement of physics curriculum, the students’ learning process and the
teaching process.

Wide research regarding the teaching of bionics in secondary school have
not been conducted therefore research can be continued by bringing up the
connection of subjects bionics-physics-biology.

The didactical model of physics teaching that integrates student’s
knowledge about nature which was developed by the author has to be
approbated in different secondary schools with different directions of education.

Continue the research regarding the efficiency of the didactical model that
integrates student’s knowledge about nature.
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One can continue to produce physics handouts with the elements of
bionics, a more complete program of introducing the elements of bionics in the
curriculum of secondary school physics course could be developed.
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