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Promocijas darba visparigs raksturojums

21.gadsimts sevi pieteicis ka laiks, kad pati daba cilvékam ir skaidri noradijusi uz
ekologisko ierobezojumu nepiecieSamibu. Katram ir jauzpemas atbildiba par lémumiem un
ricibu, kas ietekm& plan&tas un cilvéces ilgtsp&jigu pastavéSanu. Parmainas daba nosaka
izmainas misdienu sabiedribas domasanas veida. Filozofs Ervins Laslo (Lazslo, 2006; Laslo,
2014) saskata pareju uz jaunu humanas sadarbibas paradigmu, kura cilveki ir vienoti sabiedribas
attistibas izpétes dalibnieki un atzist ilgtsp€jibas nepiecieSamibu, cieSo vienotibu vienam ar otru
un dabu ka vertibu. Paradigma ka paraugs vai modelis ir nozimiga sabiedribas attistibas
probléma, jo nosaka lietu virzibu un darbosanas veidu (Robinson, 2011).

Paradigmu maina pamato izglitibas nozimi $o uzdevumu risinasana zinasanu sabiedribas
attistibai (Hegarty, 2008), mudinot pievérsties cilvékam ka spgju fondam - jaunu zinasanu
radiSana un ,,sp&jai varét” zinaSanas parnest un izmantot pétnieciba un inovaciju veidosana.
Cilveka ,,spgja varét” pamata ir daudzas kompetences, kuras vairo zinaSanas un vajadzibu
macities, jo zinasanu sabiedribas veido$anas sakas ar individualo limeni (Koke, MuraSkovska,
2007). Kompetence ir uz zina§anam un pa$pieredzg balstita apzinata (izprasta) prasmju ka sp&ju
un attieksmes lieto3ana vieniba praktiskaja vai teorgtiskaja (vardiskaja) darbiba (Spona, 2001).
Tadgjadi zinasanu sabiedriba kompetences un inovacijas pasreiz ir svarigakais ari augstskolas
studiju procesa.

Pé&tnieciba ar jauniem radoSiem risinajumiem ,,zalas inovacijas” veido$ana ir jlirniecibas
ilgtsp&jigas attistibas pamata. Tas nosaka to, ka ir nepiecieSsami toposie kugu inZenierzinatnu
specialisti, kas ir atbilstosi sagatavoti un sp&jigi patstavigi iegiit zinaSanas, un radosi tas pielietot,
uzsver Starptautiskas Jurniecibas organizacijas (SJO) generalsekretars K.Sekimizu (Sekimizu,
2013).

Pétnieciska pieeja macisanas procesa (Science Education in Europe: National Policies,
Practices and Research, 2011) un radoSums ir jaunas izglitibas paradigmas pamata (Robinson,
Aronica, 2014). Sadu viedokli pauda arf Z.Piazg, rakstot par izglitibas nakotni. Zinatnieks
uzskata, ka izglitibas galvenais mérkis ir palidzet cilvékam attistities un klut par radoSu
personibu, kur§ spgj izgudrot un atklat. Tad nakotn€ vins spés paveikt kaut ko jaunu, nevis tikai
atkartot to, ko darfjusas jau ieprieksgjas paaudzes. Izglitibai ir javeido cilvékiem kritisks prats,
kas spgj parbaudit, nevis tikai pienemt visu, kas viniem tiek piedavats (Piaget, 1973). Lai
cilveks spétu parvarét vétrainas parmainas individualaja un socialaja limeni, ir nepiecieSama
novatoriska maciSanas. Lidz ar to izglitibas mérkis ir nevis cilvékam iemacit pielagoties
nakotnei, bet to veidot, tad vajadziba macities vipam domat radosi - produktivi, izkopt izteli un

Spriestsp&ju - kliist acimredzama, atzist R.FiSers (Fisers, 2005). Turklat macianas ka pilnibas
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sasnieg8anas veids nozimé macisanos atbilsto$i patiesam veértibam (Hirsch, 1988), izvairoties no
vienpusigiem viedokliem, novecoju$am teorijam, bezjédzigam prasmém un citiem maciSanas
»guvumiem”, kurus DZ.Djiijs (Dewey, 1997) sauc par pseidomdcisanos.

Konkrétajam laikposmam un perspektivajam vajadzibam atbilstoSi sagatavoti
cilvékresursi dabaszinatn€s un inZenierzinatnés ir nozimigi ari tadel, ka tie ir galvenais balsts
Latvijas attistiba.

Parmainas sabiedribas domasana un nozares ilgtspgjigas attistibas aktualas vajadzibas par
noteicoSo uzdevumu jirniecibas izglitibai izvirzas sagatavot jaunos profesionalus par
personibam ar humanisma uzskatiem, kuri sp&jigi analiz&t un kritiski izvértét informaciju, izteikt
patstavigus spriedumus un slédzienus, eksperimentét, radosi lietot apgiitas zinasanas, kas balstas
prasmé tas pielietot p&tnieciskaja vai praktiskaja darbiba konkréta profesija. Ipasi biitiski tas ir
jurniecibas izglitiba.

Promocijas darba autores iesaistiSanas jaunas izglitibas paradigmas uzdevumu risinasana
pamato promocijas darba ,,Pétnieciskas prasmes pilnveidosanas kimijas maciSanas procesa
jurniecibas izglitiba” aktualitati.

Pétijuma objekts: macibu pétniecisks process kimijas apguvé kugu inZenierzinatnu specialitate.
Pétijuma priekSmets: toposo inZenierzinatnu specialistu macisanas petnieciskas prasmes.
Merkis: izstradat teorgtiski pamatotu un empiriski parbauditu maciSanas pétnieciskas prasmes
pilnveidosanas modeli kimijas apguve.
Hipotéze. Toposa inZenierzinatnu specialista maciSanas pétnieciskas prasmes pilnveidosanas
norit sekmigak, ja:
e toposais specialists apglist kTmijas zinasanas sistematiska, aktiva darbiba praktiskajos un
laboratorijas darbos vieniba ar profesionalo priek§metu saturu;
e topoSajam specialistam ir mérktiecigas intereses par Kkimiju personigaja un
profesionalaja dzivesdarbiba;
e toposais specialists un pedagogs veido aktivu, lidztiesigu sadarbibu macibu vide.
Pétijuma uzdevumi:
1.Izpétit zinatnisko literatiru un avotus par macibu pé&tnieciskas darbibas butibu, kimijas
macisanu un macisanos, apzinat pedagogiski psihologiskas likumibas, uz kadam balstas macibu
pétniecibas process kimijas apguve.
2. Definét macisanas pétniecisko prasmi, izstradat tas vertésanas kritérijus un raditajus.
3. lzveidot maciSands pétnieciskas prasmes pilnveidoSanas modeli kimijas apguvei kugu

inZenierzinatnu specialitate.



4. Eksperimentali parbaudit maciSanas pé&tnieciskas prasmes pilnveidoSanas modeli kimijas

apguvé kugu inZenierzinatnu specialitaté kugu mehdnikis un izstradat jarniecibas izglitibas

kvalitates uzlaboSanas pedagogiskos Iidzeklus.

Pétijuma teorétiskais un metodologiskais pamats

Pétjjuma metodologiskos pamatus veido humanisma koncepcija, kas tiek Istenota sociala

konstruktivisma un darbibas teorijas pieeja. Pe&tljumam izvEleta interpretativa péetiSanas

paradigma, kas atbilst humanpedagogijas butibai, jo pauZ interesi par cilvéku veseluma un palidz

vipam paSam attistit savus dotumus macibu pétnieciska darbiba. P&tljuma metodologiskas

pieejas veido filozofu, psihologu un pedagogu atzinas par:

paradigmam sabiedriba, zinatné un izglitiba virziba uz humanas, radosas, atbildigas
personibas vienotas attistibas sekmeSanu cilvéces ilgtsp&jibas pastavésanai (T.Kuns (Kuhn,
1962, 2012), E.Laslo (Laslo, 2014; Lazslo, 2006), T.Koke (2004), T.Koke, l.Muraskovska
(2007), Z.Piaze (Piaget, 1973), Dz.Djiiijs (Dewey, 1997), A.Spona, 2001));

macibu pétniecisko darbibu ka dabas, sabiedribas, cilvéka vienotu izzinas veidu izpratne par
likumsakaribam vides un cilvéka mijiedarbibai, subjektivu jaunu zinasanu un kompetencu
apguvé (Dz.Gilberts (Gilbert, 2008, 2006), A.Spona, Z.Cehlova (2004), A.Steinberga (2013),
V.Dalingers (Jamunrep, 2007), J.Bereznova, V.Krajevskis (Bepexxnosa, Kpaesckwuii; 2013),
A.Obuhovs (O6yxos, 2006));

macibu pétniecisko darbibu ka pedagogiski psihologisko lidzekli personibas pasaudzinasana
pasattistibai, pasregulétas pieredzes apguve patstavibas izpratnei (1. Kants (Kant, 1967, 1934),
Dz.Djuijs (Dewey, 1910, 1925, 1938b), Dz.Bruners (Bruner, 1960), K.Rodzers (Rogers,
1961), M.Gize (Giese, 2010), A.Spona (2006), A.Spona, I.Camane (2009));

macibu pétniecibas pieejam kimijas un maciSanas pétnieciskas prasmes apguves sekméSanai
(J.Greste (1931), H.Kristens (Christen, 1998), H.Barke (Barke, 2006), P.Pfeifers (Pfeifer,
2003), M.Pak (ITaxk, 1999, 2015)).

Pedagogiskas izzinas teorijas:

maciSanas pétnieciskas prasmes bitibu, struktaru (G.Baldvina (Baldwin, 2005), S.Akimovs
(AkumoB, 2005a, 2005b), A.Obuhovs (OGyxos, 2006), I.Zimnaja (3ummssz, 2010) un
veidoSanos humanisma koncepcijas sociala konstruktivisma un darbibas teorija ka sevis un
savas pasaules izzinu, kas atzist, ka maciSanas pétnieciska darbiba ir konstru€$anas process,
kura pamata ir paSpieredze un sociala vide; maciSanas péetnieciskas prasmes apguves
pilnveidosanas notiek sadarbiba starp audzekni/studentu un pedagogu pieredzes nodosanas un
parnemsanas procesa kopa ar objektivo un subjektivo darbibas komponentu realizaciju
(Dz.Djiiijs (Dewey, 1925, 1938a, 1997), Z.Piaze (Piaget, 1970), Dz.Bruners (Bruner, 1957,



1960, 1973), L.Vigotskis (Vigotskis, 2002; Berorckwuit, 1960, 1984), A.Leontjevs (JIeonTbeB,
1972, 1975), A.Spona, Z.Cehlova (2004), M.Gize (Giese, 2010));

e audz€kna/studenta kognitivas paSaktivitates trauc&josiem faktoriem kimijas macibu procesa
A.DZonstone (Johnstone, 1982, 1991, 1999, 2000), H.Barke (Barke, 2006), R.Heimane
(Heimann, 1994,1997, 2003), J.Mincenkovs (Muruerkos, 2000, 2002).

Pétijuma metodes
Teorétiskas metodes filozofijas, psihologijas un pedagogijas teorétiskas literaturas analize;
avotu - LR, ES, SJO dokumentu - kontentanalize (izmantota hermeneitiska pieeja), modelésana.
Empiriskas metodes eksperiments modela parbaudei; novéroSana; intervijas (narativa un
jautagjumu/atbilzu metode); eseja; anket€Sana; ekspertmetode; salidzina$ana; grup&Sana;
pasvertgjuma un citu vert§jumu analize; testéSana, kvalifikacijas eksamena rezultatu analize.
Datu apstrades metodes kontentanalize; kvantitativo datu apstrade, izmantojot statistiskas
apstrades un analizes paketi SPSS 13,0, SPSS 20.0, datu grafiskai att€loSanai izmantojot
Microsoft Office Excel 2010; primaras statistikas metodes - apraksto$a statistika (biezumu
sadalfjumi, centralas tendences, variacijas); sekundaras statistikas metodes: korelaciju analize
(Pirsona korelacijas koeficients), T tests, dispersiju analize (vienfaktora dispersiju analize
ANOVA), regresijas analize (vienfaktora linearas regresijas analize ANOVA).
Pétijuma novitate, darba teorétiska nozime
1. Definéta toposa kugu inZenierzinatnu specialista macisanas pétnieciska prasme - ta veidojusies
pétnieciska izzina un pasizzina, integréta, patstaviga teorétiska un praktiska darbiba, sadarbiba
apglita paSpieredzg, ka lietot integrétas zinasanas, prasmes un atticksmes vieniba jeb
kompetence. Ta dod iesp&ju topoSajam specialistam sagatavoties patstavigai un atbildigai
profesionalai dzivesdarbibai, lauj p&tnieciska darbiba radosi, zinatniski lietpratigi balstoties uz
priekszinasanam un izpratni kimija risinat ar profesiju saistitas problémas un uzdevumus.

2. Izstradats macibu pétniecibas procesa saturs kimijas apguve: toposSais specialists maciSanas

pétnieciskas darbibas procesa, macoties petit patstavigi un izzinat kimijas macibu saturu,

lidztekus izzina sevi, savas iesp&jas personibas paSattistibai un paSaudzinaSanai, kas veido
macibu pétniecibas un audzinasanas balstu.

3. lzstradati maciSanas pétnieciskas prasmes veértéSanas kritériji un raditaji, kas ir empiriski

parbauditi.

4. lzstradats maciSanas pétnieciskas prasmes pilnveidosanas modelis un parbaudits dabiga

eksperimenta, atklati prasmes apguves izaugsmes tempa veicinosie priekSnoteikumi. MaciSanas

pétniecisko prasmju pilnveidoSanas norit straujak, ja notiek sadarbibas partneru mérku
tuvinasanas, kad toposSais specialists integréto kimijas macibu saturu pienem sev ka personigi

nozimigu, vajadzigu savas izzinas intereses apmierinasanai.
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Pétijuma rezultatu nozime praksei

Macibu pétniecibas realizacija kimijas pedagogiskaja procesa, lidztiesigas sadarbibas
izpratne un topo$a specialista maciSanas pétnieciskas prasmes apguves patstaviba nodroSina
vinpam kimijas maciSanas jégas un veértibu saskatiSanu profesionalajai un dzivesdarbibai. Tas
rosina uznemties atbildibu sevis pasaudzinasana par humanu personibu un vides ilgtsp&jibas
saglabasanu. Empiriskais pétfjums atklaja, ka topoSo specialistu macibu pétnieciska darbiba
balstas uz savu intereSu un vajadzibu apmierinaSanu, maciSanas pétnieciskas prasmes
pilnveidosanos. Tas sekmé toposa specialista prasmi parveidot integrétas zinasanas un parnest
tas sev vajadziga veidd un citd situacija, lai patstavigi un ar izpratni lietotu profesionalu
problému un uzdevumu risinaSana profesija. Tadgjadi tas apliecina maciSanas pétnieciskas
prasmes pozitivo ietekmi Uz macibu kvalitati un profesionalas kompetences izaugsmi.

Promocijas darba izstrades gaita giitas atzinas tika apkopotas un aprobétas konferencés un
ekspertu diskusijas, ka ar1 public&tas zinatnisku rakstu krajumos un ir pielietojamas daudzveidiga
profesionala izglitiba.

Promocijas darba struktira

Promocijas darba struktira: ievads, divas dalas, secindjumi, izmantotas literattiras sarakts, 14

pielikumi. Teksts izklastits 177 lappusés. Literatiiras un avotu saraksta ieklauti 299 izdevumu

nosaukumi: anglu valoda — 161, latvieSu valoda — 63; krievu valoda - 56; vacu valoda - 19.

Teorgtiskas un empiriskas atzinas att€lotas 35 tabulas un 35 attélos.

AizstaveSanai izvirzitas tezes

1. Sadarbiba ar vienaudziem un pedagogu uzdevumu risinaSana praktiskajos darbos un
petnieciskos laboratorijas darbos kimija sekmigi pilnveidojas macisanas pétnieciska prasme
un tiek apgiita jauna profesionala paspieredze un kompetence.

2. Topo$o specialistu maciSanas pétnieciskas prasmes pilnveidosanos pedagogiskaja procesa
nodroSina Kkimijas un profesiondlo priek§metu satura integréta apguve, apmierinot
kognitivas, emocionalas, dzivesdarbibas un sistematiskas sasnieguma paSvertéSanas
vajadzibas.

3. Macisanas pétnieciskas prasmes pilnveidosanas modela bitiba ir topoSo specialistu un

pedagoga meérktieciga sadarbiba, kura notiek pedagoga un toposo specialistu pieredzes
savstarpgjs parnemsanas process, kas sekmé spirdlveida maciSanas pétnieciskas prasmes

pilnveidosanos.



Promocijas darba saturs

Tevada pamatota promocijas darba temata izvéle un ta aktualitate masdienu humanas
sadarbibas paradigmas uzdevumu risinasana jurniecibas izglitiba. Noteikts petjjuma objekts,
priekSmets, izvirzits meérkis, kura sasniegSanai izstradata hipot€ze un pétijuma uzdevumi.
Aprakstiti pétijuma posmi. Dots pétijuma teorétiskais pamatojums, pétijuma metodes un baze.
Sniegta informacija par pétijuma teorétisko un praktisko nozimi, darba aprobaciju.

Promocijas darba 1. dalas ,,Macibu pétnieciskas darbibas izpratne kimija”

1.1. nodala ,,Jédzienu macibu pétnieciskas un zinatniski pétnieciskas darbibas
izpratne” pétita un analizeta jeédziena ,petnieciska darbiba”, ,macibu pétnieciska darbiba” un
Zinatniski pétnieciska darbiba” izpratnes bitiba. Pétniecisko darbibu zinatniskaja literatiira
apliko no dazadiem aspektiem: ka cilvekam personigi nozimigu atklajumu ikdienas dzive, ka
zinatnisko pétniecibu, ko veic zinatnieki noteikta nozaré, un macibu pétniecisko darbibu. No
darbibas organizacijas teoriju atzinam izriet, ka pétnieciskds darbibas norise ir uztverama ka
noteikta laika norito$s, hierarhiski organiz&ts process, kuru raksturo struktiiras komponenti:
motivi — meérkis — lidzekli — rezultats (produkts). Tadgjadi macibu pétniecibu izprotama ka
jaunu teorétisko un praktisko zinaSanu, prasmju un attieksmju apguve organiz&ta maci$anas
procesa. Tas ir apzinati un meérktiecigi virzits, lai audz€knis/students galvenokart patstavigi
pielietotu pétnieciskas metodes. Lidz ar to macibu pétnieciska darbiba ir gan lidzeklis, gan
priekinoteikums vina pétniecisko prasmju pasattistibai jaunu kompetendu apguvé (Steinberga,
2013). Ka darba analizéto zinatnieku teoriju un atzinu rezultdts ir izstradats macibu un

zinatniskas pétniecibas salidzinajums (sk 1. tabula).

1.tabula. Macibu pétniecibas un zindatniskas pétniecibas salidzinajums

Komponenti Macibu peétnieciba Zinatniska pétnieciba
Izzinas interese, zinatkare, Izzinas interese, dabas un sabiedribas
Motivs zinkare, velésanas apliecinat sevi. likumsakaribu patiesa atklasana,
godkare.
Subjektivi jaunu zinasanu atklasana Objektivi jaunu zina$anu un
atbilsto$i macibu merkim, pétnieciskas likumsakaribu par dabu, sabiedribu un
Meérkis pieredzes, izpratnes un priek§zinasanu un cilveku atklasana, radiSana un
prasmju ieguve, intelektuala un sistémiska sakartoSana

emocionala attistiba.
Likumsakaribas daba, tehniskas, vides un Likumsakaribas daba un sabiedriba.
cilvéka mijiedarbibas izpratne. Zinatniskas pétniecibas teorétiskas un
Macibu metodes, pétniecibas metodes ar empiriskas metodes.

zinatniskas pétniecibas komponentiem, kas
istenojami macibu procesa kimija.

Lidzekli:
Saturs,
organizatoriskie
veidi, metodes

Subjektivi jaunas zinasanas, pétnieciskas Objektivi jaunu un nozimigu zinasanu,
prasmes zinatniskajai darbibai nakotng. teoriju, ideju, likumsakaribu radisana

Rezultats Augstaka Iimena domasanas operacijas dzilakai pasaules izpratnei, inovacijai
(analogija, klasifikacija, visparinasana un praktiskai pielietosanai; vispusiga
u.c.), spriestsp&ja; paspieredze. personibas pasattistiba.




Tatad ka macibu, ta ari zinatniskajai p&tniecibai mérkis ir izzinat lietu un paradibu bitibu,
ieksgjas likumibas, struktirkomponentu savstarpgjas attiecibas, lai §is zinaSanas varétu izmantot
praktiski vai arT jaunu zinasanu iegiiSanai nakamaja pé&tnieciskas darbibas cikla. Robeza starp
zinatniskas un macibu pétnieciskas darbibas veicgjiem nav absoliita, atSkirtba meklgjama merkT,
ptnieciskas darbibas pakape, pétljuma veicgja izpratn€ un zinatniskas izzinas Iimen.
Nepartrauktas izglitibas procesa, parejot no viena izglitibas Iimena nakamaja, katra no macibu
pétniecibas praktizé$anas cikliem, ieghitas subjektivas zinaSanas, izpratne, prasmes, attieksmes
un paspieredze veido pamatu toposa specialista zinatniskajai darbibai nakotng. Jauna zinatkare
un izzinas interese kliist par sakumu jaunam ciklam un kadam jaunam mérkim personiga izzinas
procesa. Macibu pétnieciskajai darbibai ka ikvienai darbibai ir cikliska bitiba.

1.2. nodala ,Situacija kimijas maciSana un tas trauc€joSie faktori” ir analiz&ti
centieni, ka uzlabot kimijas macibu kvalitati, lai aktivaks klatu pats audz&knis/students.
Analizgtas zinatnieku teorijas un atzinas atklaj audzéknu/studentu kognitivas paSaktivitates
traucgjosos faktorus un to novérSanas iesp&jas kimijas macisSana. Izp&tot zinatnisko literatiiru un
avotus par situaciju kimijas macisana, atklats, ka tas kvalitates uzlaboSana saistas ar reformam
dabaszinatnu izglitiba kopuma. Veésturiski ir zimigi divi posmi. Pirmais no tiem norisindjas 20.
gadsimta 60. un 70.gados. Ar radikalam reformam dabaszinatnu izglitiba cie$ak tika sasaistits
macibu priek§metu saturs ar zinatni. To ierosindja gan straujais zinatnes un tehnologiju attistibas
temps, gan Padomju Savienibas palaistais Zemes maksligais pavadonis ,,Sputnik” (Johnstone,
2000a). Paliekosu ieguldijumu kimijas macisana tas nedeva. Tacu reformu stravojuma laika
paradas jaunas un tiek attistitas jau zinamas idejas par kimijas maciSanas uzskatamibu,
pardzivojumu, brivu domu apmainas nepieciefamibu un humanas pieejas integraciju, kas
padaritu kimiju par ,,zinatni visiem cilvékiem” (a science for all people) (Layton, 1973). Arvien
lielaka uzmaniba tiek veltita kimijas apguves problémai. Uz $o problému risingjumiem lielu
ietekmi atstaja kognitivas maciSanas teorijas, ipasi D.P.Ausubela (Ausubel, 1963) téze par
ieprieksgjo zinaSanu un paspieredzes nozimibu. Tas sekmgja dabaszinatnu didaktikas specialistu
izpratnes mainu par maciSanu un maciSanas procesu. Zinatniskie pamatojumi, ka tas, ko maca
pedagogs, nav tas pats, ko ir sapratusi audz€kni/studenti, noteica macibu procesu aplikot ka
mijdarbibu, liekot akcentu uz maciSanos. Proti, sniegt alternativas koncepcijas audzékna
sakotngjai ,,naivajai, maldigajai izpratnei”, dodot viniem iesp&u katram sava maciSanas stila,
savu ,,naivo izpratni jaunkonstruét” uz zinatnisko izpratni par kimiskajam norisém daba
(Osborne, 1996). Arvien plasak konstruktivistu teorijas balstita darbiborientgjosa didaktika tiek
izmantota audzekna/studenta kognitivas pasaktivitates sekméeSanai. Tas rosinaja 20.9s. 90.gados
nakamo reformu vilni, kura tiek pastiprinata petnieciba ka biitiska macibu procesa sastavdala.

Macibu priek§metu standartos noteikti p&tnieciskas prasmes komponenti, kas apglistami katra
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klasé. Mainas uzsvari no zinatnes ka faktu un likumsakaribu kopuma apguves uz zinatnes
macibam ka procesu. Kimija tiek apgiita nevis tikai ka noteikts zindtnes produkts, bet tiek
méginats audz@kni iesaistit pétnieciska procesa. Tada, kura macibu saturs atbilst vipa
vecumposmam un uz kura bazes attistamas maciSanas prasmes, mainas ari izpratne par macibu
procesa pieejam un metodiskiem panémieniem, ka ari pedagoga lomu (Johnstone, 2000a;
2000b).

Neraugoties uz centiem uzlabot kimijas maciSanas kvalitati, literatiras un avotu analize
atklaj saméra satraucosus faktus. Ka Latvija, ta arT citur pasaulé dabaszinatnu un inZenierzinatou
(t.sk. jurnieciba) studijas nebiit nav pasas popularakas. Rezultata trikst specialistu. Atbildi Sai
aktualajai problémsituacijai sniedz gan lokala, gan starptautiska méroga attieksmes
noskaidro$anas pétijumi dabaszinatnu cikla priekSmetos. Kopuma tie audz&kni, kuri piedalijas
$ajos pétijumos, zemu Vverteé dabaszinatnu macibu priekSmetus salidzinajuma ar citiem macibu
priecksmetiem (Sjgbeg, Schreiner, 2010). P&tijjumos atklats, ka skolénu motivacija macities
dabaszinatnu priek§metus krasi sariik vecuma no 12 — 14 gadiem. Savukart starptautiskie skolénu
novérté$anas programmas pétijumi parada, ka 2009. un 2012. gada ES-27 valstis vidgji vairak ka
17% 15-gadigiem jaunieSiem bija zemi sasniegumi dabaszinatnés (OECD, 2010, 2014). Sadu
prasmju trikums vinus var kaveét turpmak pilnvertigi piedalities sabiedriskaja un ekonomiskaja
dzivé (Science Education in Europe: National Policies, Practices and Research, 2011). So
problémsituaciju konstruktiva alternativisma teoriju piekrit&ji (Johnstone, 1991, 1999;
MuHuenkos, 2000, u.c.) cie$ak saista ar kimijas specifiku, kas ietekm& norises kognitiva un
emocionala sféra. MaciSanas tiek uzskatita par zinaSanu uztverSanas problému vai kompleksu
informacijas apstrades procesu. Atminai taja ir bitiska nozime. Zinatnieks A.DZonstone
(Johnstone, 1991, 1999) jaunas informacijas izpratni un iegauméSanu kimijas stundas salidzina
ar ,sintézi”. Ta var notikt, ja apglistama informacija ir apjégta, izprasta un sist€ma saistita, lai
veidotos kognitivas struktiiras (sakaribas) ka lidzekli paspieredzei. ,,Sintéze” var ari nenotikt, ja
audzeknis ilgstosaja atmina nevar atrast nevienu saikni, kas saistitu jauno informaciju ar taja jau
esoSo. Lidz ar to jaunais tiek ,,atlikts atpakal” slaiciga atmina un aizmirsts. Ka rada prakse, tad
parsvara kimijas ,,valodu” audzekni/studenti apglist mehaniski ,,iekalot” (Munuenkos, 2000).
Tapéc gandriz neiesp&jami nesaistito informaciju atsaukt atmina. Tas parslogo operativo atminu,
traucgjot kognitivo procesu norisei, kas savukart ierobezo agrak iegitas paSpieredzes
izmantoSanu. Tas nozimg, ka ,.kimijas valoda” ir viena no audzekna kognitivas paSaktivitates
traucgjosiem faktoriem. To Vél pastiprina tas, ka ,kimijas valoda” ar specifiskiem simboliem
pilda aprakstosu, bet ne skaidrojosu funkciju. Lidz ar to ,,valoda” bez emocionalas nokrasas
audzekniem/studentiem ir bezpersoniska. Turklat vienas macibu nodarbibas laika viniem
informacijas plisma jauztver 10 - 13 jaunas vienibas (simboli, formulas, vienadojumi,

10



matematiski aprékini, jeédzieni), kas ir 5 — 7 reizes lielaks ka citos priek§metos. Parslogota
operativa atmina rada gritibas gan atcerSties, gan pielietot ,valodu”. Rezultata
audzeknim/studentam sak veidoties priek$stats par sevi ka personu, kura neko nezina un nespgj
iemacities. Tad vin$ zaud€ interesi ka jégas motivu savai maciSanas darbibai. To iesp&ams
noverst, ja pedagogs, izmantojot piemérus no apkartgjas pasaules, veido saites starp apglistamo
un jau ieprieks apgito tematu. Sniedz vairakkartgju skaidrojumu, kas atskiras gan ar dzilumu un
plasumu, gan iedarbibu uz izzinas procesiem, savukart vardisku, abstraktu materialu reprezenté
lidztekus ar virtualu atainojumu. Analizgjot zinatnieku atzinas, konstatéts, ka nepardomati
organizé&ti laboratorijas darbi arT ir viens no kognitivas paSaktivitates traucgjoSiem faktoriem
(Johnstone, 2000b). Audzeknim/studentam vienlaicigi jaiepazistas gan ar darba aprakstu un
aparatiiru, gan jaizvirza hipotéze, javeic eksperiments, janovéro process un jaizdara secinajumi.
Nepietiek laika ne kognitivajiem procesiem, ne giit pozitivu emocionalu pardzivojumu. Tadgjadi
laboratorijas darbs nepilda savas didaktiskas funkcijas. To var novérst, ja dalu no darbibam
audzekni/studenti veic pirms laboratorijas darba, piem&ram, majas. Turklat audzgkna/ studenta
uzmaniba biitu piesaistita kimiskas parvertibas norises (procesa) novérosanai, bet ne parvértibu
rakstiSanai. Noverotais palidz atklat eksperimenta izmantoto vielu ipasibas, sasaistit to ar macibu
teoriju un izdarit secinagjumus. Par butiskako audzekna kognitivas paSaktivitates traucgjoso
faktoru A.Dzonstone (Johnstone 1982, 1991) uzskata veidu, kada pedagogs izklasta macibu
saturu, jo kimijas satura apguve jau pasa sakuma fokusgjas uz abstraktiem procesiem, turklat
balstas uz visiem trim zindtnes sarezgitibas limeniem, ko attélo un izskaidro ar simboliem,
terminiem, jédzieniem un matematiskiem aprékiniem, tadgjadi veicinot macibu satura neizpratni
un atminas parslodzi. So problému novérst iespgjams, ja macibu satura izklasta ievéro
sarezgitibas pakapeniskuma principu: diferencétu un sistematisku pieeju, virzoties no vispariga
uz konkréto, no veseld uz ta dalam, no nenoteikta uz noteikto.

1.3. nodala ,,Kugu inZenierzinatnu specialista profesionalas darbibas specifika un
pétnieciskas darbibas nepiecieSamiba” pétita un analizéta kugu inZenierzinatnu specialistu
profesionala darbiba. P&tljuma konstatéts, ka kugu inZenierzinatnes specidlistu profesionala
darbiba tiek reglamentéta starptautiska méroga. Profesionalie pienakumi tiek pilditi starptautiska,
daudzkulturala vide, pielietojot modernas tehnologijas, kugim atrodoties gan jira, gan osta.
Daudzi komponenti veido kugu inZenierzinatnu specialistu profesionalas darbibas kompetenci.
Tos reglamenté starptautiska konvencija "1978.gada Starptautiska konvencija par jirnieku
sagatavo$anu un diplomé&Sanu, ka arT sardzes pildisanu" (STCW 78 - Standarts of Training
Certification and Watchkeeping) (IMO, 2011). Profesionalas kompetences pilnveides pamata ir
konvencija noteiktais praktiskas darbibas laiks katram iepemamajam amatam, macibas un
pilnveides kursos giita paspieredze, zinaSanas, izpratne, prasmes un attieksmes, kas izpauZzas
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atbildiba un profesionalaja &tika. Dokumenta analize atklaja, ka profesionalas kompetences

saturu veido komponenti, kas iedalami tris grupas:

v Teoreétiskas darbibas prasmes.
v Praktiskas darbibas prasmes.
v Caurviju (transversalas) prasmes.

Misdienas kugu specialista profesiondlaja darbiba svarigas ir gan starpnozaru zinasanas,
gan prasmes sazinaties un sadarboties, lietot zinasanas pasrealizacijai, organizatoriskas, vadibas,
vides parvaldibas un sasniegumu vértéSanas prasmes (Andersen, et al., 2012). Lai veicinatu
ilgtspgjigu nozares attistibu un saglabatu konkurétspgju globalaja tirgli, svarigi jarnieku
sagatavoSanas un profesionalas pilnveides procesu (macibas un kursu apmacibas) balstit uz
nozares aktualakam vajadzibam un jaunakajiem tehnologiskajiem sasniegumiem (Froholdt,
Kragesand, 2012). Jarniecibas nozares ilgtsp&jibas sekmésana ES ilgtermina dokumentos tiek
saistlta izglitibas-p&tniecibas-inovacijas vieniba, izvirzot par prioritati jaunas tehnologijas un
,,zalo inovaciju”. Tas ienes biitiskas parmainas ka jurniecibas izglitiba, ta nozaré kopuma, ka ar1
liek mainities stingri reglamentétai kugu inZenierzinatnu specialista profesionadlas darbibas
struktiirai, papildinot to ar pétnieciskas darbibas komponentu.

1.4. nodala ,,MaciSanas pétnieciska prasme, tas struktiira un veérteSanas kriteriji”
balstas konstruktivisma un darbibas procesuali strukturala teorija ka gataviba izmantot zinasanas
un prasmi tas pielietot macibu p&tnieciba, lai izzinatu un atklatu sev subjektivi jaunas vertibas
(Bruner, 1960). Darba analiz&tas zinatnieku teorijas un empiriskas atzinas, inzenierzinatnu jomas
ekspertu viedoklis par 21.gadsimta specialista profesiondlo darbibu atkldja, ka macisanas
pétnieciska prasme ir integréta prasme (JIazapes, 2008). Tas apguvei toposais specialists ir
virzams mérktiecigi organiz&ta macibu pétniecibas procesa, kur sadarbiba ar citiem aktualizgjas
vina paspieredze. Tadgjadi toposais specialists ieglits integrétas zinasanas, jaunas prasmes un
atticksmes vieniba ar produktivu domasanu, socialo un pétniecisko paspieredzi, kas veido
maciSanas kompetenci. Jauniegiita paSpieredze, integréto zinasanu, prasmju un attieksmju
parnese topoSajam specialistam tiek izkopta daudzveidigas produktivas darbibas. Tas veido
pamatu maciSanas pétnieciskas prasmes apguvei un savas personibas lidzsvarotibai pasattistibas
vadibai jeb paSaudzinaSanai. Lidz ar to maciSanas pétnieciskas prasmes saturu veido paspieredze,
integrétas zinasanas, caurviju, teorétiskas un praktiskas darbibas prasmes attieksmju vieniba.

Balstoties uz teorgtiskajam atzinam, darba autore defingja topos§a kugu inZenierzinatnu
specialista macisands pétnieciskas prasmi - ta veidojusies pétnieciskd izzina un paSizzina,
integrdta, patstaviga teor@tiska un praktiska darbiba, sadarbiba apgiita paSpieredzg, ka lietot

integrétas zinasanas, prasmes un atticksmes vieniba jeb kompetence. Ta dod iesp&ju topoSajam

specialistam sagatavoties patstavigai un atbildigai profesionalai dzivesdarbibai, lauj p&tnieciska
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darbiba radosi, zinatniski lietpratigi, kombinacija ar priek$zinasanam un izpratni kTmija risinat ar
profesiju saistitas problémas un uzdevumus. Balstoties uz teorétiskajam atzinam, tika izstradati
krit€riji un raditaji, lai eksperimentali parbauditu toposa specialista macisanas pé&tnieciskas
prasmes pilnveidoSanas dinamiku kimijas apguve.

Par toposa specialista maciSanas pétnieciskas prasmes pilnveidosanos liecina kriteriji:
wiinasanas kimijas macibu petnieciba”, ,prasme lietot zinaSanas pétnieciba”, ,prasme
organizet pétniecisko darbu, prezentét rezultatus”, ,,sadarbiba ar vienaudZiem un pedagogu”.
Saskana ar maciSanas pétnieciskas prasmes satura teorétiskas analizes un sociala konstruktivisma
un darbibas teorijas atzinam kritgji - ,,zinasanas kimijas macibu pétnieciba” un ,,prasme lietot
zinaSanas pétnieciba” - liecina par pétnieciskas prasmes veidojoSo teorétisko darbibas prasmju
pilnveidosanos, bet kritérijs ,,prasme organizeét pétniecisko darbu, prezentét rezultatus” par
praktiskas darbibas prasmju pilnveidos$anos, savukart kritérijs ,,sadarbiba ar vienaudZiem un
pedagogu” liecina par caurviju prasmju pilnveidoSanos. Savukart jédziens patstaviba Saja
gadijuma nav saprasts ka cilvéka Ipasiba, bet ka maciSanas pétnieciskas darbibas autonomijas
izpratne. Lidz ar to topos$a specialista maciSanas pétnieciskds prasmes apguves patstavibas
Iimenis diferencéts tris limenos: reproduktivais jeb elementarais; interpretéjosais jeb dalgjas

patstavibas un radoSais patstavibas limenis (sk. 2. tabula).

2. tabula. MaciSanas pétnieciskas prasmes kritériji un raditaji

Kriteriji Raditaji
Zinasanas kimijas 1.Faktu, sakaribu un jédzienu formul&sana.
2.Kimijas valodas semiotikas sistémas lieto§anas izpratne.
3.Kimijas jédzienu un likumsakaribu izpratne.
4.Kimijas zinasanu lietoSana.
5.Kimijas zinaSanu parveidoSanas un parne$anas prasme citd situacija.
Prasme lietot 1.Prasme kimijas jédzienu izpratni apvienot ar uzkrato pieredzi.
2.P&tamas problémas, hipotézes formul&sana.
3.Eksperimenta planoSana izvirzito pienémumu, hipotézes parbaudei.
4.Rezultatu novérté$ana, secinajumu formulésana.
5.Secinajumu izmanto$ana jauna situacija.
Prasme organizet 1.Noveérojumu organiz&$ana, izstradata plana ieverosana.
2.Kimijas laboratorijas trauku lieto$ana, ieri¢u izmantoSana.
3.Kimijas terminologijas izmanto$ana eksperimenta novérojumu aprakstos.
4.Kvantitativo/kvalitativo metoZu lietoSana.
5.Rezultatu apkoposana, prezentacijas veida izvélésanas.
Sadarbiba ar 1.Kimijas valodas semiotikas sistému, terminologijas lictoSana sazina.
2.Savstarpgju jautajumu uzdoSana, argumentétu atbilzu sniegSana.
3.Spriedumu un slédzienu veido$ana par novérojumiem un secindjumiem.
4.Radosu, interesantu ideju izteikS8ana par uzdevumu vai problému risinajumiem.
5.Rosina, uzmundrina ar idejam, iedvesmo.

macibu pétnieciba

zinasanas pétnieciba

pétniecisko darbu,
prezentét rezultatus

vienaudZiem un

pedagogu

Toposa specialista maciSanas pétnieciskas prasmes apguves patstavibas méra noteikSana

tiek pamatota uz punktu sistémas metodiku. Tai izstradata gan procentu, gan punktu skala.
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1.5. nodala ,,MaciSanas pétnieciskds prasmes veidoSanas priekSnosacijumi kimijas
macibas” ir analizéta maciSanas pétnieciskas prasmes veidoSanas, ko pamato humanisma
koncepcija sociala konstruktivisma un darbibas teorija ka sevis un savas pasaules atklasanas
teorija. Ta atzist, ka maciSanas pétnieciska darbiba ir konstrué$anas process, kura pamata ir
personiskd paSpieredze un socidla vide (Dz. Djiija (Dewey, 1997; 1938a; 1938h), Z.Piazé
(Piaget, 1970; 1973), Dz.Bruners (Bruner, 1960; 1973), L.Vigotskis, 2002). Maci$anas
pétnieciska prasmes pilnveidosanas notiek sadarbiba starp audz€kni/studentu un pedagogu
pieredzes savstarpgja apmainas procesi. Saja sadarbibas procesd, kas pamatojas lidztiesibas
principa, notiek subjektiva darbibas komponenta tuvinaSanas objektivam darbibas
komponentam. Tadgjadi darbibas teoriju un sociala konstruktivisma teoriju analize lauj secinat,
ka par pamatnosacijumu topo$a specialista maciSanas pétnieciskas prasmes veidoSanai ir vina
patstaviga, apzinata un mérktieciga darbiba, kura vin$ saskata personigi nozimigu jégu. Tas
panakams, topoSam specialistam atrodoties kimijas macibu procesa un esot lidzatbildigam
maciSanas mérka formuléSana, lidzeklu izvele, paSnoverteSanas pieredzes veidoSana, esot
aktivam un motivétam maciSanas uzdevuma veic€jam, spg€jigam sadarboties un veidot
partnerattiecibas ar citiem kopdarba laika. Par galveno nosacijumu tiek uzskatits tads kimijas
macibu process, kura maci$anas pétnieciskas prasmes satur vairakus komponentus. Teorgtisko,
caurviju un praktiskos darbibas prasmju veidoSanai pamata ir pedagogiskais eksperiments
kimija, piedavajot toposajiem specialistiem dilemmas un izvéli, kas paredz izzinas metozu
pielietosanu daudzveidiga patstaviga macisanas pétnieciskaja darbiba (Barke, 2006).

Balstoties uz: sabiedribas nakotnes vajadzibam un teorétiskajam atzinam par macibu
pétniecibas procesu kimija, kognitivas, humanistiskas, socialas un situativas maciSanas teorijam
un UNESCO izvirzitajiem Cetriem izglitibas balstiem (UNESCO, 1998), darba autore izveidoja
mdcibu petniecibas un audzinasanas saturu kimijas apguvé. Par Cetriem izglitibas balstiem
nosauktie zinasanu, prasmju un atticksmju apguves celi macibu pétniecibas un audzinasanas
satura tiek aplikoti vieniba. Tie kimijas apguvé veido pamatu toposa specialista maciSanas
pétnieciskajai darbibai - patstavigi macities pétot, izzinat kimijas macibu saturu un pasizzinat
sevi ka personibu lidzsvarotai pasattistibas vadibai jeb paSaudzinasanai. Tadgjadi vins, bagatinot
paspieredzi, zinasanas, prasmes un attiecksmes, pilnveido maciSanas pétniecisko prasmi un apgiist
jaunas kompetences.

Promocijas darba 2. dala ,,TopoSo kugu inZenierzinatnu specialistu maciSanas
pétnieciskas prasmes pilnveidoSanas kimijas apguvé” 2.1. nodala ,,Empiriska pétijuma
organizacija, baze un dalibnieki” raksturota p&tfjuma izlase un analiz&ta empiriska petjjuma

norise. AtbilstoSi izvirzita petijuma merkim — izstradat macisands pétnieciskas prasmes
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pilnveidosanas modeli kimijas apguve - tika izvéléta pétifjuma baze. Ta ir Latvijas Jiras
akadémija (LJA) un LJA Jurskola (LJA JS).

Izvirzita mérka sasniegSanai tika veikts empiriskais pétijums tris posmos dabiska
eksperimenta veida.

Empiriska pétijjuma pirmo posmu jeb pirmseksperimenta posmu veido vairakas fazes,

kuru ietvaros tika izp&titas un konkretiz&tas vajadzibas un apstakli, veikta analize, korekcija un
nepiecie$amie pilnveidojumi kimijas macibu pétniecibas pedagogiska procesa organizacija. Tas
veido nodro§inajumu nakama posma realizacijai. Pirmseksperimenta posma uzdevumi:
1. Izpé&tit un konkretizet vajadzibas pedagogiskaja realitaté pétijuma bazes lauka.
2. Izveidot macisanas pétnieciskas prasmes pilnveidoSanas modeli.
3. Noteikt macisanas p&tnieciskas prasmes apguves pedagogisko vertibu:
- apguves patstavibas Itmenus;
- personibas attistibas komponentus.
4. Projektét kimijas macibu pétniecibas pedagogiska procesa organizaciju maciSanas
pétnieciskas prasmes pilnveidosanai.

Pétijuma veidojosa eksperimenta posmam ir tiTs fazes, kas ietver eksperimenta realizaciju

jurniecibas izglitibas divos limenos (augstakaja un vidgja), tadejadi ieglstot datus par spirales

veida maciSanas pétnieciskas prasmes apguves patstavibas limena pilnveidoSanas izaugsmes

ciklu reala kimijas macibu pétniecibas pedagogiskaja procesa. Pétijuma uzdevumi $aja posma:

1. Izveidota maciSanas péetnieciskas prasmes pilnveidosanas modela realizacijai izstradat macibu
pétniecibas kimijas pedagogiska procesa organizacijas lidzeklus vidéjam un augstakajam
profesionalas jlrniecibas izglitibas limenim.

2. Dabiska eksperimenta veida parbaudit maciSanas p&tnieciskas prasmes pilnveidosanas modela
darbibas efektivitati kimijas apguve.

3. Novertet toposo specialistu priek$zinasanas un prasmes veidojosa eksperimenta sakuma un

macisanas pétnieciskas prasmes pilnveidosanas virzibas tendenci katra macibu pétniecibas cikla

nosléguma.

4.Apkopot, apstradat un analizgt rezultatus, izstradat meta secinajumus.

Empiriska pétijuma treSais posms jeb péceksperimenta posms saistas ar veidojosa

eksperimenta posma iegiito datu detalizétu analizi un vértéSanu, ieteikumu izstradasanu un
nepiecieSamajiem pilnveidojumiem modela integréSanai kimijas macibu pétniecibas
pedagogiskaja procesa jurniecibas izglitiba, kura uzdevumi ir:
1. Apstradat un izanaliz&t eksperimenta iegiitos datus un kvalitattvo izmainu mijsakaribas.
2. Izpétit maciSanas pétnieciskas prasmes pilnveidosanas modela integracijas iesp&jas kimijas
macibu pétniecibas pedagogiskaja procesa jiirniecibas izglitiba LJA un LJA JS.
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3. Izstradat lidzeklus modela TstenoSanai kimijas apguvé un rekomendacijas jurniecibas
izglitibas kvalitates uzlaboSanai.

2.2. nodalas ,Pirmseksperimenta pedagogiskaja realitaté maciSanas pétnieciskas
prasmes izpéte” 2.2.1.apaks$nodala ,Peétnieciskas darbibas pieredzes ieguves traucéjoSie
celoni”. Lai izpétitu vajadzibas pedagogiskaja realitate petijuma bazes lauka un tas konkretiz&tu,
tika veikti vairaki pétijumi laika posma no 2003. - 2007.gadam. Tajos noskaidrota audzeknu un
studentu subjektiva attieksme pret kimiju, apzinatas vinu maciSanas vajadzibas un intereses,
noskaidrotas vinu realas iesp&jas kimijas macibas apglit maciSanas pétnieciskas darbibas
paspieredzi. P&tljuma pirmseksperimenta posma tika aptverti 1612 dalibnieki: 610 LJA un LJA
JS toposie specialisti; 44 LJA docétaji, 34 LJA absolventi, 25 nozares specialisti, 854 Latvijas
visparizglitojoSo skolu skoléni, 45 visparizglitojoso skolu skolotaji. Plaso p&tniecibas fokusu
noteica darba pirmaja dala konstatétie satraucosie fakti. PEtjjumos iegtito datu analize atklaja un
deva iespgju izdalit vairakus butiskus c€lonus, kas traucgé audzeékniem/studentiem patstavigi
macities kimiju. So c&lonu izcelsme galvenokart saistama ar nepardomatu un neprasmigi
organiz&tu macibu satura istenoSanu kimijas apguvé jau pamatskola. Tie ka sekas caurvijas
nakamajas izglitibas pakapes, tadgjadi liekot nopietni domat par nepiecieSamibu mainit macibu
mérkus un pilnveidot macibu programmu saturu. P&tfjuma noskaidrotie trauc€josie c€loni

apkopoti 3.tabula.

3. tabula. Célonu un seku mijsakaribas kimijas macibu procesa

Sekas
Célonis Pamatskolas Vidgja izglitibas Augstaka profesionalaja
pakape pakapé jurniecibas izglitibas
pakapé
1.Pedagogiskaja procesa 1. Macibu stunda pietriikst | 1. PaSiniciativas, 1. Pasiniciativas,
starp pedagogu un atbalsts intelektudlo patstavibas un atbildibas | patstavibas un atbildibas
audzekni/studentu griitibu parvaré$anai. izjtas trikuma iezimes izjutas trikuma iezimes
neveidojas lidztiesiga 2. Izveidojas psihologiska | jaunieSiem. studentiem.
sadarbiba un konstruktivs barjera macities kimiju.
dialogs.
2. Nav pardomats macibu 1. Neveidojas vajadziba 1.Iezim&jas pasivitates 1.Pazemina studiju
saturs stundai/nodarbibai un | par kimijas apguves tendence, pasiniciativas prick§meta apguves
nepareiza macibu darba lietderigumu ikdienai un un patstavigas maciSanas | kvalitati un motivaciju
formu izvéle, netiek raditi nakotn& kopuma. motivacijas trikums. studet.
maciSanas jegas veidojosi 2. Neizjut lidzdarbosanas 2. Netiek pietiekami 2. Nav pietiekami izkoptas
polimotivacijas apstakli. prieku, lidzpardzivojumu izkoptas sadarbibas patstavigas macisanas un
un izzinas interesi, rada prasmes. sadarbibas prasme.
pelekas stundas” telu.

3. Macibu tematiskam Neveidojas izpratne par Neveidojas izpratne par Neveidojas izpratne par
saturam nav saistibas ar apguta pielietojumu dzivé | apguta pielietojumu apgiita pielietojuma jeégu
ikdienas dzivi, profesiju un | un nakotnes profesija. dzivesdarbiba. profesionalaja darbiba un
citiem macibu/studiju nakotné kopuma.
priek§metiem.
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Parejot uz kompetencem balstitu inovativu jurniecibas izglitibu, kuras produkts ir
lietpratigs specialists (Kalnina, Priednieks, 2016), svarigi ir noskaidrot teorgtiskas analizes
rezultata izveléto maciSanas pétnieciskas prasmes pilnveidosanas kritériju pamatotibu un
nozimigumu topo$a inZenierzinatnu specialista sagatavoS$ana profesionalai darbibai. Tas tika
istenots 2.2.2. apaksnodala ,, MaciSanas pétnieciskas prasmes pilnveidoSanas kriteriju
empiriska parbaude”. Pirmseksperimenta posma ceturtaja fazé (2009.gada aprilis — maijs) tika
veikts pétijums teor&tiski izstradato maciSands pétnieciskas prasmes pilnveidoSanas kritériju
nozimibas parbaude. Ta ki kugu inZenierzinatnu specialistu profesionalajai kompetencei
nepiecieSamo bazi veido dabaszinatnu un inzeniertehnisko priekSmetu apguve, tad ka eksperti
tika izveleti ne tikai LJA docétdji, bet ari Rigas Tehniskas universitates (RTU), Latvijas
Lauksaimniecibas universitates (LLU) un Latvijas Universitates (LU) docétaji (kopuma 25
personas), ka arT mingto augstskolu bakalaura un magistra programmas studgjosie jauniesi (kopa
87 personas), no kuriem 25 personas (vecako kursu studenti) tika iesaistiti aptaujas nakamaja
posma ka jaunie eksperti.

Nemot véra ES rekomendacijas studentu pétnieciskas darbibas veicinasanai virziba uz
kompetencés balstitu izglitibu dzivesdarbibai zinaSanu sabiedriba, tika izstradatas 28
kompetences un to raditaji. Tas aptvéra kognitivo, metakognitivo, paSregulacijas, sociali
komunikativo un profesionalas &tikas jomas ka nozimigas pétnieciskas darbibas kompetencei,
cilvéka personibas atfistibai un profesiondlajai kompetencei nakotné. So kompetentu
nozimigumu vert&ja 87 respondenti (studenti) skala 1 — 5 no pé&tnieciska, personibas attistibas un

profesionalas karjeras aspekta.

4. tabula. Nozimigakas kompetences

Kompetences Kompetences raksturojums
1.Sadarbibas  un  sazinas | Spgja sazinoties un sadarbojoties izmantot zinatnisku (dabaszinatnu,
kompetence inZenierzinatnu) terminologiju; prasme uzdot jautajumus un adekvati atbildét

sarunu biedram(-iem); prasme ar pa§cienu aizstavét savu viedokli.

2.Saskarsmes kulttiras | Spgja sadarbojoties stradat komanda; prasme kreativi un elastigi domat; sp&ja
kompetence pielagoties; prasme pienemt citu cilvéku pieredzi.

3.Problému risina8anas | Sp&ja izmantot un integrét zinaSanas pétniecisku uzdevumu risinasana un
kompetence radoSu atrisindjumu atraSana, kas ietver nestandarta situacijas, netradicionalas

kombinacijas.

4.Informacijas ieguves un
analizes kompetence

Spéja izmantot dazadus informacijas avotus, tos kritiski izvertét un lietot iegtitas
zina$anas praks€ uzdevumu risinasana.

5.ResurslietoSanas Attieksme un izpratne par resursu lietpratigu izmantosanu/lietosanu.

kompetence
6.Reprezentacijas prasme Spéja daudzveidigi atspogulot darba rezultatus, prezentét sasniegumus.
7.Vertibsisteémas un | Spgja izprast likumus un vértibas, kas vada un ietekmé dabas dzivi; vélme

ekologiska kompetence

rikoties saskana ar tiem; sp&ja analizét un izmantot zinasanas dabaszinatnés;
izstradat vides problému risinajuma modelus; ar izpratni rikoties ar ikdienas
dzivé izmantojamiem dabas resursiem.

8.Sabiedriska kompetence

Spgja cienit otru cilvéku un vina veikumu; spg€a objektivi izvertét savu
personibu, darbibu un tas rezultatu.

9.Paskontroles un pasvadibas
kompetence

Spéja izdarit izveli; prasme veidot argumentétu ricibas modeli; vélme sevi
pilnveidot, mérktiecigi vadit savu attistibu.
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No sakotngjam 28 kompetencém tika izdalitas 12 ar vid€jo nozimiguma vértéjumu skala
no 3,0sM<5,0. So kompetendu atkartota vértésana un raditaju precizéiana tika iesaistiti eksperti
(docetaji un toposie specialisti).

Rezultata tika identificétas 9 kompetences, kuras, péc ekspertu domam, ir svarigi izkopt
un attistit topoSam inZenierzinatnu specialistiem macibu pedagogiskaja procesa (sk. 4. tabula).

Pettjums atklaja, ka izkopjamas kompetences aptver vairakas dimensijas. Galvenas no
tam ir sociala, vertibu orientacija, jaunas profesionalitates izpratne un atbildiba par savu darbibu.
Kompetenci veido prasmes, zinaSanas, attieksmes un apgiita paspieredze. To attistiba ir
iesp&jama vienigi tada maciSanas procesd, kura toposSais specialists ir aktivs dalibnieks. Tacu
pirmseksperimenta pirmo tris fazu rezultati parada, ka Latvija skolas joprojam ir zinama
atrautiba starp macibu darbibu un atticksmju audzinaSanu pedagogiskaja procesa. Teorétiski
izstradatie macibu pé&tniecibas un audzina$anas balsti kimijas apguvé pamatojas uz $o iesp&ju
radiSanu topoSajam specialistam patstavigi macities pétit un izzinat kTmijas macibu saturu un
pasizzinat sevi ka personibu, ta bagatinot un pilnveidojot zinaSanas, prasmes un attieksmes ka
vértibas, kas piepilda vina personigas vajadzibas, veidojot jaunas kompetences. Tas ir integréts
teoretiski izstradatajos maciSanas pétnieciskas prasmes kritérijos un raditajos, tadejadi aptaujas
rezultati apliecina to pamatotibu.

2.3. nodala ,Macibu pétnieciska procesa modeli topoSo specialistu pétniecisko
prasmju pilnveidoSanai” ir pétitas, analiz@tas un vertetas citu valstu pieejas maciSanas
pétniecisko prasmju pilnveidoSana, analiz€ta So modelu Tstenojamiba Latvijas jlrniecibas
izglitiba atbilstosi autores izstradatajiem kriterijiem un raditajiem. Konstatéts, ka visi pétnieki
macibu pétnieciska procesa centra izvirza S$adus komponentus: problémas apzinasanu,
informacijas vak$anu un apstradi, rezultatu veértéSanu. Tie vairak atbilst macibu stundas
organiz&Sanas modeliem, jo nepietickami atspogulo macibu pé&tniecisko procesu no mérka
izvirziSanas lidz rezultata vert€Sanai un pasveértesSanai. Tika pienemts 1€mums, ka maciSanas
pétnieciskas prasmes pilnveidosanas modela izveidé nepiecieSams balstities Latvijas
pedagogiskajas tradicijas, integréjot taja ghitas teor&tiskas un empiriskas atzinas.

Macisanas pétnieciskas prasmes pilnveidosanas modelis kimijas apguvé tika izveidots,
pamatojoties uz A.Sponas izstradato ,,Audzina$anas darbibas” modeli (Spona, Cehlova, 2004:83)
un Z.Cehlovas izstradato vispargjo modeli ,,Macibu darbibas struktira” (Cehlova, 2002:25).
Tajos ietvertais dialektiski saistitu komponentu minimums dod iesp&ju daudzveidigi strukturét
darbibu un veidot sarezgitakus modelus.

Macisanas pétnieciskas prasmes pilnveidoSanas process kimijas apguvé tika modeléts
pedagogiskas sadarbibas macibu pétniecibas cikla, ar to saprotot mérktiecigu toposa specialista
paspieredzes aktualizaciju apzinatai maciSanas pétnieciskai darbibai un sadarbibai attieksmju
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izmainai, kas notiek cikla dazados posmos. Ciklu veido Cetri posmi: 1. Meérka saskanosana un
izvirziSana sadarbiba veido psihologiskas sagatavosSands posmu, kura notiek mérka tuvinasanas,
ko rosina maciSanas petnieciskas darbibas pienemsana, mérka apzinasana, atbildibas uznemsanas
par ta sasniegSanu, darbibas nozimibas pardzivojums. 2. Lidzeklu piedavasana un izvéle
sadarbiba veido praktiskas sagatavosands posmu, kura notiek Iidzeklu saskanosana, ko rosina
racionali izvéléto darbibas Iidzeklu realizacijas planosana zinasanu, prasmju, attieksmju un
pieredzes apguvei. 3. Izvéléto lidzeklu pielietosana macibu peétnieciskas darbiba un sadarbiba
veido darbibas realizacijas posmu, kura notiek integrétu zinasanu, prasmju, attieksmju un jaunas
pieredzes apguve, kas sekm& maciSanas pétnieciskds prasmes pilnveidosanos un jaunas
paspieredzes veidosanos. 4. Refleksija, rezultatu analize, produkta vértesanas un pasvertésanas
darbiba veido analizes novertésanas posmu, kas rada jaunas kompetences veidoSanos

pedagogiskaja sadarbiba macibu p&tniecibas cikla (sk. 1.atzels)

PEDAGOGISKA SADARBIBA MACIBU PETNIECIBAS CIKLA J
T Jauna kompetence T P l
1‘

Subjektiva pasvértéjuma
tuvinasanas objektivam
vertéjumam

Mérku tuvinasanas
Psihologiska gataviba

REFLEKSUA

: PRIEKSMETS
VERTESANA

MERKIS 2 VAJADZIBA

REZULTATI, ANALIZE

T

\,EDAGOGS
PASVERTEJUMS

UZDEVUMI

SADARBIBA

A ©
Q, AN
4 N3

o
S4rs|spec

PIEREDZES
PARNEMSANA
LIDZEKLU LIETOSANAI

LIDZEKLU
PIEDAVAJUMS

N LIDZEKLU SASKANOSANA
PIEREDZES NODOSANA MERKU SASNIEGSANAL
LIDZEKLU LIETOSANAI

IZVELE

Jauna paspieredze
macisanas pétnieciskas
prasmes pilnveidosana

Praktiska gataviba
lidzeklu lietosanai

1.attels. MaciSanas peétnieciskas prasmes pilnveidoSanas modelis

2.4. nodala , Kimijas macibu pétniecibas veidojo$a eksperimenta organizacijas
Iidzekli”, lai eksperimentali parbauditu pedagogiskaja realitaté izveidoto maciSanas pétnieciskas
prasmes pilnveidosanas modeli, veidojosa eksperimenta pirmaja fazeé tika izstradati kimijas
macibu pétniecibas sadarbibas organizacijas lidzekli. To saturu veido integréta kimijas macibu
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satura modulis, macibu pétnieciskas sadarbibas paspieredzes modulis un sasniegumu vértésanas
paspieredzes modulis.

Griti risinamu problému radija integréta kimijas macibu satura atlase. Ta ka kugu
inZenierzinatgu specialistu profesija ir starptautiska méroga reglamentgta, tad SJO ir izstradajusi
modulkursu paraugprogrammas profesijas standarta izvirzito prasibu nodrosinasanai. Tajas ir
ietverts gan obligati apgiistamais kursu kopums un macibu saturs, gan minimalais stundu skaits
lidztekus tam reglamenté ari Latvijas Republikas valsts izglitibas normativie dokumenti un
standarti. Tapéc kimijas macibu satura atlase tika uzsakta ar reglament&to prasibu izpéti tiesi
profesionali vidgjai jurniecibas izglitibai, jo papildus visam to vél reglamenté ,,Vispar¢jas vidéjas
izglitibas macibu priek§meta standarts” (LR MK nr.715, 2008; LR MK nr.281, 2013). Pielietojot
kontentanalizi, veikta Valsts izglitibas satura centra (VISC) izstradata macibu priek§meta
,.Kimija” paraugprogrammas (ISEC, 2008) un SJO modulkursa 7.04 modula ,,Industriala ktmija”
paraugprogrammas (IMO, 1999) satura izp&te. Izmantojot salidzina$anas metodi, tika
noskaidrotas abu paraugprogrammu tematiska satura nodro$indjuma iesp&jas topoS$ajam
specialistam gan pilnveidot macisanas pétniecisk0 prasmi, gan apgit profesijas standarta
reglamentéto (Profesijas standarts 0063, 2005).

Rezultata konstatéts, ka VISC programmas tematiskais bloks ,,P&tnieciska darbiba”
pilniba nodrosina toposajam specialistam maciSanas pétnieciskas prasmes krit&ju ,,prasme lietot
zinasanas pétnieciba” un ,,prasme organizét pétniecisko darbu, prezentét rezultatus” varianta
raditajos apkopotas vélamas prasmes. Tomér §1 bloka apguve tikai dal&ji nodrosina krit€rija
wsadarbiba ar vienaudZiem un pedagogu” varianta raditajos apkopotas velamas prasmes un
paspieredzes apguvi. VISC programmas tematiskais bloks ,,Daba” sekmé kritérija ,,zinasanas
kimijas macibu pétniectba” varianta raditajos apkopotds vélamo zinaSanu apguvi. SJO
programmd ietverto macibu tematu apguve dalgji nodroSina maciSanas pétnieciskas prasmes
kritgju ,.zinasanas kimijas macibu pétnieciba” raditajos apkopotas prasibas velamajam
zinaganam, bet pilniba vélamo specifisko (profesionalo) zinasanu ieguvi, kam ir batiska nozime
macibu pétnieciba. Tacu kriterijos ,, prasme lietot zinasanas pétnieciba” un ,,prasme organizéet
pétniecisko darbu, prezentét rezultatus” varianta raditajos apkopotas vélamo prasmju apguve
tiek nodro$inata tikai dalgji. Ar1 SJO programmas saturs nenodro$inata krit€rija ,, sadarbiba ar
vienaudziem un pedagogu” vélamo prasmju un paspieredzes apguvi.

No programmu salidzinos$as analizes izriet, ka VISC programmas tematiska bloka
,,PEtnieciska darbiba” apguve dod ieveérojamu ieguldijumu toposa specialista profesijai. Tas klist
par centralo komponentu kimijas kursa programmas satura, iezImgjot jaunu virzienu macibu

satura veido$ana jurniecibas izglitiba. Lai izstradatu integréta kimijas kursa saturu veseluma, abu
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piedavato programmu tematisko saturu modific€ja, veicot vienlaicigi diferenciacijas un
integracijas procediiras. Rezultata integrétais kimijas macibu saturs savas komplicétibas dé| tika
sadalits tris dalas. Tas veidoja vispargjo, praktisko un profesionalo macibu satura dalu.
Tematiskais bloks ,,Pétnieciska darbiba” vienlaikus ir ietverts gan vispar€ja, gan profesionalaja
macibu satura dala un veido pamatu macibu satura praktiskajai dalai. Ta pilda saites funkciju
starp kTmiju un toposa specialista izveleto profesiju, nodroSinot vinam maciSanas péetnieciskas
prasmes pilnveides iesp&jas un apgtistot reglament&to profesijas standarta.

Integréta kimijas macibu satura istenoSanai eksperimenta autore izstradaja 20 p&tniecisko
darbu kopumus praktiskiem, laboratorijas un projekta darbiem. Pétnieciskie darbi veidoti,
ieverojot spiralveida attistibas principu. Lidz ar to sarezgitibas limenis tajos ar katru nakamo
darbu pakapeniski pieaug, radot maciSanas pétnieciskas prasmes pilnveidei ciklisku norisi. Darba
izstrade autore ieveroja ar tadas svarigas didaktiskas prasibas ka pieejamiba, sistematiskums un
pecteciba. Savukart mérktieciguma principa ievérosana noteica atbilstibas un sasaites esamibas
nodro$indjumu ar sasniedzamiem rezultatiem izglitibas standarta izvirzitajam prasibam, ka arl
iesp&ju mérit maciSanas pétnieciskas prasmes pilnveidoSanos saskana ar izstradatajiem
kritérijiem un raditajiem. Izstradajot pétnieciskos darbus, ka prioritars tika izvirzits satura
integracijas princips. Tadgjadi katrs no satura pamatkomponentiem pilda vairakas nozimigas
funkcijas maciSanas pétnieciskas prasmes pilnveide. StarppriekSmetiskas saiknes galvena
funkcija ir sasaistit integréta kimijas macibu satura dimensijas komponentus, vienojot
apgistamos daudzveidigos procesus, paradibas un likumsakaribas vispargja macibu satura dala
ar profesionalo, ta veicinot attistities toposa specialista prasmei logiski izmantot prasmes par
kimijas macibu pétniecibu, lietot zindSanas pétniectba no dazadam zinatnes nozarém (kimijas,
socialajam un inzenierzinatném) jaunu zinaSanu radisana, ka ari paSam organizét pétniecisko
darbu, lai bagatinatu savu paspieredzi, padzilinatu prieksstatus un uzskatus par cilvéka un dabas
vienotibu.

Integréta kimijas macibu satura modula realizacijai eksperimenta autore izstradaja
macibu pétnieciskas sadarbibas paspieredzes organizacijas moduli. Ta struktiru veido
individualais, grupu un projekta darbs. Katram no tiem ir sava funkcija toposa specialista jaunas
paspieredzes apguve un macisanas pétnieciskas prasmes pilnveides organizé$ana eksperimenta.

Individualais darbs pétnieciskos darbos tiek organizéts ka darbs arpus nodarbibas laika
(majas vai biblioteka). Tas ievada un rosina topo$a specialista interesi, motivé macibu
pétnieciskajai darbibai grupu darba, ka ari veicina apgiita macibu tematiska satura
nostiprinasanos. Individualais darbs sekmé tadu maciSanas pétnieciskas prasmes pilnveidei
velami apglstamo prasmju izkopSanu ka: kimijas zinasanu lietosanas prasmi; kimijas jédzienu
un likumsakaribu izpratni; kimijas valodas semiotikas lietoSanas izpratni; prasmi planot,
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organizét darbu, ievérot noteikumus un pienemt lemumu; sniegt rakstiski argumentétas atbildes,
izteikt radosas, interesantas idejas, aprakstos lietot kimijas terminologiju.

Macisanas pétnieciskas prasmes izkopSana turpinas grupu darba, kura izmanto
individuala darba produktu nakamo uzdevumu veik$ana. Ta kvalitate tiek parbaudita pirms
grupu darba sas parrunas veida. Grupu darbs paver plasas iesp&jas topoSajam specialistam
izkopt pasaktivitati un sadarbiba pilnveidot prasmes: kimijas valodas semiotikas sistemu un
terminologijas lietoSanu sazipd; savstarpéju jautdjumu uzdoSanu un argumentétu atbilzu
sniegSanu, spriedumu un slédzienu veidosanu par novérojumiem un secindjumiem, pauzot
interesantas un radosSas idejas, uzmundrinot un iedvesmojot citus izteikt savejas, tadejadi
iegistot sev jaunu paspieredzi. Balstoties uz pirmseksperimenta izp&tes rezultatiem, darba autore
izstradaja grupu darba organizacijas pieeju sistémas sadarbibas un sazinas prasmju izkopS$anai.
No sadarbibas komplicétibas aspekta vissarezgitakais grupu darbs ir ,Mazo grupu projekts”.
Tacu taja raditie nosacijumi dod iesp&u jaunieSiem bagatinat paSpieredzi paSiem planot,
organiz&t un vadit savu darbu. Tatad daudz efektivak apgiit patstavigi maciSands pétnieciskas
prasmi. Shematiski ,,Mazo grupu projekts” organizacijas pieeju var attélot ka virzibu pa spirali,
apgiitas zinasanas, prasmes un iegitad paSpieredze ka pasattistibas lidzeklis tiek parnests
nakamaja Iimeni. Tas paver jaunas iesp&jas bagatinaties jaunieSu paspieredzei, ka ar zinasanu,
prasmju, attieksmju talakai attistibai gan plaSuma un dziluma, gan nostiprinaties uzskatiem un
pétnieciskai nostajai, kam ir biitiska nozime toposa specialista personibas izaugsme.

Ka nozimigi starpposmu komponenti macibu pétnieciskas sadarbibas paspieredzes
moduli ir diskusija un darba rezuméjuma kartes. Abi komponenti pilda saites funkcijas
informacijas apstrades atviegloSanai, tas atsaukSanai atmina un nostiprinasanai cita situacija. Tie
darbojas arT ka kognitivo un emocionalo procesu rosinataji, veicinot zinaSanu, prasmju un
attiecksmju veidoSanos, sprieSanas sp&jas paplaSinasanos, jaunas paSpieredzes mérktiecigu
apguvi, grupu dalibniekiem diskut€jot un apmainoties, idejam, problémrisinajumiem un
sledzieniem.

Ka beidzamais ir sasniegumu vértésanas pasSpieredzes modulis. To veido tris posmi.
Pirmaja posma toposais specialists verteSanas paspieredzi apgiist paSvertgjot un citvertgjot
individuala darba produkta (majasdarba) un darba rezumgjuma kartes kvalitati. Ta norit ka
dabiska vértésana isu parrunu vai diskusiju veida. Korekcijas nepiecieSsamibas gadijuma taja
iesaistas arT pedagogs. Tadgjadi taliteju atgriezenisko saikni par individualaja un grupu darba
izzinata un izprasta kvalitati glist gan topoSais specialists, gan pedagogs. Otraja posma
verteSanas paspieredzi topoSais specialists apgiist, pasvertgjot vai vertjot kopa ar citiem, vai
savstarpgji vertgjot péc noteiktiem kriterijiem, cik labi nosléguma apgitas katra pé&tnieciska
darba konkrétas prasmes, sava vai cita dalibnicka pasaktivitate darba, ka ari apmierinatiba ar
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darba veikumu un emocionalo vidi darba procesa. Ta ir kriteridla vértésana, kas $aja moduli ir
centralais komponents, un sniedz talit§ju atbildi par darbibas produktivitati gan topoSiem
specialistiem, gan pedagogam. TreSaja posma toposie specialisti vértéSanas paSpieredzi apgust,
vertgjot ilglaicigaka macibu perioda savas macibu pétnieciskas darbibas un sadarbibas kvalitati,
ka arT attieksmju izmainu. Refleksija, rezultatu analize palidz vipam saskatit savas prioritates,
kas ir pamats turpmaka macibu pétnieciskas sadarbibas mérka izvirziSanai, ta realizacijas
Operativai planoSanai jaunam pilnveides ciklam. Pedagogs giist atgriezenisko saikni par
pedagogiskas sadarbibas kvalitati un efektivitati. VertéSanas sistémas objektivitates
lidzsvaroSanai izstradati vienoti krit€riji veértéSanai un paSvértéSanai, ko izsaka punktu un
procentu skala, ka arf sagatavotas specialas vertésanas matricas.

2.5. nodalas ,,MaciSanas pétnieciskas prasmes pilnveidoSanas dinamika veidojo$a
eksperimenta” 2.5.1. apakS$nodala ,,LJA JS topoSa specidlista maciSands pétnieciskas
prasmes pilnveidoSanas dinamika veidojoSa eksperimenta otraja faze”, lai uzsaktu veidojosa
eksperimenta otro fazi, vispirms tika testeti fokusgrupas dalibnieki (30 toposie kugu mehanikas
specialisti). Konstatéts, ka eksperimenta iesaistitas fokusgrupas pamatsastavu veido jaunie$i ar
zemu sagatavotibas Iimeni priekSmeta — 57% zems Iimenis, bet 43% vidgjs limenis, ka arT ar vaji
izkoptam zina$anam un prasmém kimijas macibu pé&tnieciba. AnketéSanas rezultati atklaj, ka
kimijas apguves procesa skola fokusgrupas dalibniekiem nav bijusi pietickami nodrosinata ne
sadarbibas, ne pétnieciskas darbibas paspieredzes un pamatprasmju apguves iespgjas, ne arl
macibas raditas situacijas, kas lautu viniem patstavigi apzinaties savas macisanas darbibas merki,
aktivi piedalities ta sasniegSana, ka arT 72% no viniem latvieSu valoda nav dzimta valoda.
Konstatéta realitate noteica, ka eksperimenta pirmaja macibu pétniecibas cikla stingri jaievéro
pakapeniskuma un sarezgitibas proporcionalitates princips. Lidz ar to maciSanas pétnieciskas
prasmes apguve sakotn&ji organiz&ta péc paru darba modela, tad péc mazo grupu darba modela
un tikai otra cikla nosléguma péc mazo grupu projekta darba modela.

Veidojosa eksperimenta otro fazi veido tris macibu pétniecibas cikli (2007./2008.m.g.
l.un 2.semestris un 2010./2011.m.g. 8.semestris). Darba autore, nemot véra fokusgrupas
dalibnieku sniegumu, uzsakot eksperimentu, izvirzija par vélamo, Ka ,foposais specialists”
macibu pétniecibas tresa cikla nosléguma snieguma summativa vertéjuma iegtst u=161 punktu
skaitu. Tas sastaditu 68% no maksimali ieglistama punktu skaita, kas liecinatu par maciSanas
pétnieciskas prasmes apguves dal&ju patstavibas limeni. Veicot kriteriju ITmena meérijumus,
vélamais sasniedzamais punktu skaits butu:

v’ ZinaSanas kimijas macibu pétniectba - u=42 (71%);
v’ Prasme lietot zinasanas pétniecitba - u=38 (63%);
v’ Prasme organizét pétniecisko darbu, prezentét rezultatus — u=40 (67%);
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v’ Sadarbiba ar vienaudziem un pedagogu — u=40 (67%).
Fokusgrupas dalibnieku maciSanas pétnieciskas prasmes pilnveidoSanas snieguma vidgjo
rezultatu salidzinajums pa macibu pétniecibas cikliem veidojosa eksperimenta otraja faze ar

veélami sasniedzamo rezultatu atspogulots 2.attgla diagramma.

80% -
70% -
60% -
50% M 1. kritérijs
40% - M 2. kritérijs
30% ud 3. kritérijs
20% - M 4 kritérijs
10% -
0% -
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2.attéls. VeidojoSa eksperimenta otras fazes rezultati
(1. kriterijs ,, Zinasanas kimijas macibu pétnieciba’; 2. kritérijs ,,Prasme lietot zinasanas pétnieciba”; 3.kritérijs ,, Prasme
organizét pétniecisko darbu, prezentét rezultatus” 4.kritérijs ,, Sadarbiba ar vienaudziem un pedagogu”’)

2.attela diagramma redzam pakapenisku topoSa specialista maciSanas pétnieciskas
prasmes pilnveidoSanas rezultatu. Ta ir stabila, ar pozitivas virzibas tendenci. Izvértéjot macibu
pétniecibas ciklus, izriet, ka v&lamajam sasniedzamajam maciSanas pé&tnieciskas prasmes
apguves patstavibas ITmenim ,,topoSais specialists” tuvojas tikai tresa macibu pétniecibas cikla
nosléguma. Savukart veidojosa eksperimenta otras fazes nosléguma centralizéta profesionala
kvalifikacijas eksamena teorétiskaja dala (20. 07. 2011. g.) tika parbaudita ,,toposa specialista”
prasme parnest un ar izpratni lietot macibu pétniecibas ciklos apgito. Vienfaktoru dispersijas
analiz€ iegutie dati ar 95% ticamibas varbatibu apliecina, ka profesionala kvalifikacijas
eksamena sasniegumu ir biitiski ietekm&jusi ,, toposa specialista” macisanas petnieciska prasmes
apguves patstavibas Itmenis. Pieméram, krit€rijam ,zinaSanas kimijas macibu pé&tnieciba”
kritiskajai FiSera vertibai F=3,138>F 05:6:23=2,528 un p=0,021<0,05, bet kritérijam ,,prasme
lietot zinasanas petnieciba” ta ir F=3,159>F 0,05:6:23)=2,528 un p=0,013<0,05 ir butiskaka ictekme
neka kritérijam ,prasme organizét pétniecisko darbibu, prezentét rezultatus” ta ir
F=2,075<F(0,05;6:23)=2,528 un p=0,039<0,05.

TopoSo specialistu paSvertéjuma analize atklaj, ka viniem nozimigi ir tadi p&tnieciska
darba struktiiras komponenti ka ,.darba rezum&uma karte un tas veidoSana”, ,,mazo grupu
projekta darbs” un ,.diskusija”. Konstatéts, ka struktiras komponentiem ,mdjasdarbs un ta
pielietosana” un ,,darba veikuma prezentacija” atSkiras vidgjas statiskas nozimiguma vertibas no

to videjam aritmétiskajam vertibam. Tie ir komponenti, kas pilda individuala vai grupu darba
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veikuma kvalitates parbaudo$o un vértéjoso funkciju. Raugoties no psihologijas aspekta,
., topoSais specialists” ar 10, ka Sos komponentus ir novértgjis ka mazak nozimigus, faktiski ir
netieSi atklajis savas Saubas, kautrigumu un parliecibas trikumu par sevi, ka arT tadu savu
personigo ipasibu klatbiitnes trikumu ka uzdrikstéSanos paradit savas zinaSanas un prasmes,
salidzinat savu sniegumu ar citiem vienaudziem. NetieSas norades par to tika atklatas arT vinu
esejas. Pieméram, 43,33% fokusgrupas dalibnieku uzsver, ka parvarét latvieSu valodas lieto$anas
barjeru ir palidzgjis grupu darbs un diskusija (interaktivais pétnieciska darba komponents).
Savukart 53,33% norada, ka tiesi citu atbalsts, ka ari diskusija un darba rezum&uma kartes ir
palidzgjis labak uztvert kimijas jédzienus un likumsakaribas, veidoties izpratnei lietot kimijas
valodas semiotikas sist€mas un izmantot kimijas zinaSanas, lai izvirzitu un noformul&tu hipotézi.
Veidojosa eksperimenta otras fazes nosléguma pozitivu attiecksmi pret macibu priek§metu
,.Kimija” pauz 80,00% topoSo specialistu, salidzinot ar ta sakumu— 46,67%.

2.5.2. apakinodala ,LJA topoSa specialista maciSands pétnieciskds prasmes
pilnveidoSands dinamika veidojoSa eksperimenta treSaja fazé” 2013.gada pavasara semestri
uzsakta veidojosa eksperimenta tre$a faze. Fokusgrupas dalibnieki $aja faze ir LJA 2.kursa 39
toposie specialisti, kuri kursa ietvaros veido divas grupas. Pirmaja grupa ir 22 toposie specialisti,
kuri 2011.gada absolvéja LJA JS un ka dalibnieki piedalijas veidojosa eksperimenta otraja faze.
Savukart otraja grupa ir 17 topoSo specialistu, kuri absolvgjusi 2011.gada dazadas vidgjas
izglitibas iestades Riga un Latvijas regionos. Vidgja izglitibas limeni 74% topo$o specialistu
Kimiju apguva latviesu valoda, 13% bilingvali, bet pargjie — krievu valoda. Savukart 31% no
viniem latvieSu valoda ir dzimta valoda.

Veidojosa eksperimenta tre$as fazes sakuma tika testéta fokusgrupa. Apraksto$as
statistikas analizes dati paradija, ka 1.grupas ,,topo$a specialista” vid&jais sniegums ir 54,9 punkti
no 80 iesp&amiem (68,58%), standartnovirze 12,41% un standartklada 2,65. Savukart 2.grupas
Htoposa specialista” vidgjais sniegums ir 49,5 punkti no 80 iesp&amiem (61,84%),
standartnovirze 14,44% un standartklada 3,50. Abu grupu ,,toposo specialistu” vidgjie snieguma
rezultati ir tuvi. Tom@r T-testa analizes dati, proti, vid&o vertibu starpiba = 10,71,
standartkliida=3,75 un abpusgjas alternativas p-vértiba = 0,010 norada, ka ar 99% ticamibu
pastav statistiski nozimiga at3kiriba starp abu grupu ,,toposa specialista” vid&jiem sniegumiem.

Savukart 2.grupas 17 topoSo specialistu aptaujas rezultati atklaja, ka skola kimijas
macibas 64,7% no viniem ir regulari stradajusi laboratorijas darbus parT ar sola biedru, bet 35,3%
ir dazreiz veikusi grupu darbu. Visi aptaujatie norada, ka ir izstradajusi projekta ned€las ietvaros
macibu projekta darbu. Tacu izvEletie temati nav bijusi saistiba ar kKimijas zinatni. Visi aptaujatie
atzist, ka macibas nebija raditas situacijas, kas lautu viniem apzinaties savas maciSanas meérki,
izvirzit maciSanas uzdevumus un aktivi piedalities to izpilde. lzriet, ka ieprieksgja izglitibas
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Iimeni 2.grupas 17 topo$ajiem specialistiem bija dalgji nodroSinata iesp&ja apghit maciSanas
pétnieciskas prasmes, ka art sazinas un sadarbibas pamatprasmes.

Veidojosa eksperimenta 3.fazes ietvaros fokusgrupas dalibnieki izstradaja tiTs
pétnieciskos darbus. To mérkis ir sekmét toposa specialista maciSanas pétnieciskas prasmes
talaku pilnveidosanos, radot iesp&jas mazo grupu projekta darbos izkopt §adas prasmes: kimijas
integrativo zinasanu lietoSanas izpratne; secinGjumu izmantoSana jaunda situdcija; patstaviga
pétniecisko darbibu organizéSana, planosana, izstradata plana ievéroSana; savstarpéji uzdot
Jjautajumus, sniegt argumentétas atbildes, veidot spriedumus un siédzienus par novérojumiem un
secinajumiem; izteikt radoSas, interesantas idejas par problemrisinajumiem; izstradat
rekomendacijas. Savukart pétniecisko darbu saturs veicina topo$a specialista izpratnes
padzilinasanos par fosilo un alternativo energoresursu veidojosam vielam, to kvalitates raditaju
mijsakaribam, izmantojamo produktu ietekmi uz cilvéku, vidi un kugu tehniku. Lai konstatetu
macisanas pétnieciskas prasmes pilnveides izmainas, merijjumi veikti péc tiem paSiem kritérijiem
un raditajiem un vertésanas metodiku ka veidojosa eksperimenta otraja faze.

Nemot véra fokusgrupas dalibnieku sniegumu, uzsakot eksperimentu, darba autore
izvirzija par vélamo, Ka ,,fopoSais specialists” eksperimenta tre$as fazes nosléguma snieguma
summativa vertgjuma iegiist =191 punktus. Tas sastaditu 80% no maksimali ieglistama punktu
skaita, kas liecinatu, ka prasmes apguve ir patstavibas [Tmena tuvgja zona.

Veicot kriteriju limena m&rjjumus, vélamais sasniedzamais punktu skaits ir $ads:
v’ ZinaSanas par kimijas macibu pétniecibu - n=48 (80%);

V' Prasme lietot zinasanas pétnieciba - p=45 (75%);

v' Prasme organizét pemiecisko darbu, prezentet rezultatus — =47 (78%);

V' Sadarbiba ar vienaudziem un pedagogu — u=51 (85%)
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3. attéls. VeidojoSa eksperimenta tresas fazes rezultati

(1. kritérijs ,, Zinasanas kimijas macibu pétnieciba”; 2. kriterijs ,,Prasme lietot zindsanas petnieciba”; 3.kriterijs ,, Prasme
organizét pétniecisko darbu, prezentet rezultatus”,4.kritérijs ,, Sadarbiba ar vienaudziem un pedagogu”)

26



3.attéla redzama diagramma parada veidojosa eksperimenta 3.fazes nosléguma rezultatus.
Taja redzams, ka 1.grupas ,,toposa specialista” maci$anas pétnieciskas prasmes pilnveide ir
noritéjusi tuvu velamajam. Tatad ir sasniegta maciSanas pé&tnieciskas prasmes apguves
patstavibas limena tuv&ja zona. Par to liecina Mo = 200>p=187,30 moda un aritmétiski vidgjais.
Ta ka moda ir lielaka par aritmétiski vidgjo lielumu, tad varam secinat, ka snieguma rezultati
1.grupas toposo specialistu vairakumam uzrada, ka vini ir sasniegusi $a ITmena vertibas tuvgjo
zonu, parsniedzot 76% robezu. To apliecina arT frekvences analize, kas parada, ka 59,1% toposo
specialistu snieguma rezultati atrodas 78,04% - 85,33% robezas. Savukart 2.grupas ,, toposais
specialists” pétnieciskas maciSanas prasmes pilnveide ir sasniegusi dal&jo patstavibas limena
Mo=166=p=166,65 robezu. Saja gadijuma moda un aritmétiski vidgja vértiba ir vienada. Tas
norada, ka snieguma rezultati vairumam topoSo specialistu tuvojas dalgji patstaviga limena
gal@jai robezai. Tacu no frekvences analizes izriet, ka 29,4% topoSo specialistu snieguma
rezultati grupgjas ap vidgjo aritmétisko veértibu (u=166,65), bet 29,4% snieguma rezultati
iesniedzas jau prasmes apguves patstaviga limena zona (181 — 232 punkti). Tatad no frekvences
analizes rezultatiem izriet, ka vairakums 1.grupas topoSo specialistu ir sasniedzis maciSanas
pétnieciskas prasmes apguves patstaviga limena zonu, bet mazakums — dal&ji patstaviga limena
zonu. Savukart 2.grupas toposa specialista snieguma rezultati aptver visus trfs prasmes apguves
limenus. So pastavoso realitati labi atspogulo nosléguma parbaudes darba rezultatu analizes dati.
Augstu sniegumu parbaudes darba uzradija tie toposie specialisti, kuriem maciSanas p&tnieciskas
prasmes pilnveides snieguma rezultata vidgja aritmétiska vertiba ir lielaka par p= >181 jeb
prasmes apguve ir dalgja patstavibas limena robeza vai ari ta parsniegta un atrodas prasmes
apguves patstavibas limena pirmaja tresdala. Savukart fokusgrupas pa$vértgjuma salidzino$as
analizes rezultati liecina par atskirfgu prasmju pilnveido$anas norises tendenci starp grupam. No
veidojosa eksperimenta iegiitajiem statistiskas analizes datiem izriet, ka:

v' maciSanas pétnieciskas prasmes apguves pilnveidoSanas procesa norisé 1.grupas
toposajiem specialistiem ir v€rojama straujaka augSupejas tendence neka 2.grupas
toposajiem specialistiem;

v' l.grupas topoSajiem specidlistiem maciSanas pétnieciskas prasmes apguves
pilnveido$anas process ir norit€jis sekmigak (stabilak) un apgiita paSpieredze bagataka
neka 2.grupas toposajiem specialistiem;

v l.grupas topoSajiem specialistiem vairadkumam snieguma rezultati biezak koncentrgjas
lielako vertibu zona neka 2.grupas toposo specialistu snieguma rezultati, kas apliecina, ka
1.grupas toposajiem specialistiem ir labak izkoptas prasmes parnest un ar izpratni lietot
eksperimenta laika pétnieciskaja darba apgiitas integrativas zina$anas un prasmes,
parveidot un izmantot tas sev vajadziga veida un situacija.
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Var secinat, ka maciSanas pétnieciskas prasmes pilnveidosanas norises tempu batiski
ietekmé tas, ka iepriek$gja izglitibas ITmeni ir organizeéts kimijas macibu pétniecibas
pedagogiskas sadarbibas process un topo$a specialista maciSanas kompetence. Konstatéts, ka
macibu pétniecibas pedagogiskas sadarbibas mérka istenosanas realitate ir tikai tad, ja topoSais
specialists integréto kTmijas macibu saturu pienem sev ka personiski nozimigu un vajadzigu
savas izzinas intereses apmierinasanai, zinaSanu un paSpieredzes paplaSinasanai, Sevis
pasattistibai un paSaudzinasanai (uzskatu, vértibu un attiecksmju jaunatklasmei). Tas norisinas, ja
topoSais specialists aktivi un ar interesi iesaistas patstavigd maciSanas pétnieciska darbiba un
sadarbiba ar citiem. PaSpieredzes ieguve notiek tad, ja topoSais specialists sp&j no pedagoga
pieredzes jaunieguto paSpieredzi izmantot jauna veida un cita situacija jaunas kompetences
apguve. Tadgjadi iegiitie rezultati apstiprina zinatnieku (Bruner, 1973; Vigotskis, 2002;
Jleoutsen, 1975; Spona, Cehlova, 2004; Cehlova, 2002) atzinas par pakapeniskas spiralveida
maciSanas attistibu un nozimigumu lidztiesigai, struktur&tai sadarbibai starp macibu procesa
dalibniekiem.

2.6. nodala ,,Péceksperimenta posma rezultatu interpretacija”, lai integrétu veidojosa
eksperimenta pielietotos macibu pétniecibas organizacijas lidzeklus kugu inZenierzinatnu
izglitibas programmas toposa specialista maciSanas pétnieciskas prasmes pilnveidei, tika
izmantota ,,Kvalitates funkciju izvérsums” (Quality Function Deployment - QFD) metodologija.
Tas ir kvalitates vadibas instruments, kuru Latvijas Jiras akadémija izmanto, lai p&titu pilnveides
iespgjas jurniecibas izglitiba.

QFD metodologijas izmanto$ana deva iesp&u darba autorei, veicot secigas pétijumu
kopas, visaptvero§i izpétit un noveértét kugu inzenierzinatnu izglitibas programmas kugu
mehanikis ietekmes nozimigumu macibu pétniecibas lidzeklu TstenoSanai. P&tfjumu rezultata
noskaidrots, ka svarigaka riciba studiju pamatdokumentu izstradé ir modulstudiju isteno$ana.
Padzilinata kimijas tematiska satura izpéte ar ekspertu iesaisti deva iesp&ju atlasit profesijai
nozimigu kimijas tematisko saturu. Jaunizveidotais kimijas tematiskais saturs tika ietverts jauna
studiju kursa ,,Energoresursu kvalitate”. Visparizglitojosas un profesionalas dalas saméra
lidzsvaro$anai jeb modulu horizontalai integracijai autore ierosinaja jaunizveidoto studiju kursu
integrét viend moduli ar profesiondlajiem macibu priek§metiem ,,Kugu dizelu iekartas” un
»Termodinamika un siltumparvade”. Tads risinajums nodro$inatu studentiem pilnvertigi un
aptvero$i padzilinat izpratni par degvielas sadegSanas procesa kvalitati ietekmgjosiem faktoriem
gan no kimijas un fizikas, gan tehnikas aspekta. Turklat tada pieeja apmierinatu jirniecibas
izglitibas nakotnes vajadzibas.

Nemot veéra promocijas darba teorétiskaja un veidojosa eksperimenta giitas atzinas un
balstoties uz originalo metodologiju, tika izstradats metodiska lidzekla komplekts macibu

28



pétniecibas aktivizéSanai kimija pamatskolda. To atzinigi novertgja Seminara ,,Dazada limena
pétnieciskie darbi maciSanas pétnieciskds prasmes sekméSanai kimijas apguve” dalibnieki —
visparizglitojoso skolu kimijas skolotaji.

Tatad salidzinot macisanas pétnieciskas prasmes limeni visos raditajos toposo specialistu
(vidgja un augstaka jurniecibas izglitiba), pedagoga verte§jumu un topoSo specialistu
pasvertgjumu, ka arT citu ekspertu (Dneprodzerzinskas Valsts tehniskas universitates docétaju;
nozares specialistu) atzinumus, Visos gadijumos topoSo specialistu maciSanas pétnieciska
prasmes apguves limenis ir paaugstindjies. Tas liecina, ka izveidotais modelis ir efektivs
maciSanas pétnieciskas prasmes pilnveidosanai macibu pétnieciba kimijas apguvé jurniecibas
izglitiba.

Promocijas darba Nobeiguma ir secinats, ka kimija ir piem&rots macibu priekSmets
macisanas pétnieciskas prasmes analizei. Topo$ajam kugu inZenierzinatnu specialistam tas dod
iespju turpinat pilnveidot profesionalo kompetenci, padzilinot izpratni par maciSanas
petnieciskas darbibas patstavibu. Promocijas darba veikta teorctiskas literatiiras un avotu analize
deva iespgju definét toposa kugu inZenierzinatnu specialista maciSanas pétniecisko prasmi un
izstradat maciSanas pétnieciskas prasmes pilnveidoSanas izaugsmes vértésanas kritérijus un to
raditajus. Tajos integrétas humanisma pieeja balstitas sociala konstruktivisma un darbibas
teorijas atzinas.

Lai sasniegtu pétfjumam izvirzito mérki — izstradat maciSanas pétnieciskas prasmes
pilnveidosanas modeli, tika izstradats empiriska pétijuma plans, izvéléta p&tijuma baze. Ta ir
LJA un LJA JS. Empiriskais pétijums apvéra tris posmu: pirmseksperimenta posmu, veidojosa
eksperimenta posmu un péceksperimenta posmu.

Pirmseksperimenta pétfjuma analizes rezultati deva iesp&ju izdalit vairakus bitiskus
celonus, kas traucgjosi iespaido veidoties audzekniem/studentiem paSpieredzei patstavigi
macities pétniecibu kimijas apguvé. So célonu izcelsme galvenokart saistama ar nepardomatu
un neprasmigi organiz&tu macibu satura istenoSanu praksg€ jau pamatskola, un ta sekas caurvijas
nakamajas izglitibas pakapés. Savukart empiriska parbaude apstiprindja un aktualizgja
teorgtiskas analizes rezultata izvEéléto macisanas pétnieciskas prasmes pilnveidosanas kriteriju
nozimigumu topo§a specialista sagatavosana profesionalajai darbibai. Saja posma noskaidrotas
vajadzibas noteica nepiecieSamibu izstradat piemérotu maciSanas pétnieciskas prasmes
pilnveidosanas modeli.

Macibu modelu teorgtiska analize atklaj, ka macibu p&tnieciska procesa centra izvirzitie
komponenti ir piemérotaki macibu stundas organiz&$anai ka macibu pétniecibas procesam un
izstradatajiem kriterijiem un raditdjiem. Lidz ar to maciSanas pétnieciskds prasmes
pilnveidosanas modelis kimijas apguvé tika modelg&ts, ievérojot Latvijas pedagogiskas tradicijas
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un integréjot taja giitds teordtiskas atzinas. Modela baze ir A.Sponas ,,Audzina$anas darbibas”
modelis (Spona, Cehlova, 2004:83) un Z.Cehlovas izstradatais visparigais modelis ,,Macibu
darbibas struktiira” (Cehlova, 2002:25). Balstoties uz macisands pétnieciskdas prasmes
pilnveidoSands procesu kimijas apguve, tas tika modeléts macibu pétniectbas pedagogiskas
sadarbibas cikla. Ta centra ir izvirzita mérktieciga topo$a specialista paspieredzes aktualizacija
apzinatai macibu pétnieciskajai darbibai un sadarbibai ar pedagogu un vienaudziem attieksmju
izmainai, jaunas kompetences apguvei maciSands pétnieciskds prasmes pilnveidoSanai. Tas
norisinas pakapeniski, pa spirali virzoties cauri visiem Cetriem macibu pétniecibas cikla
posmiem.

Modela realizacijai pedagogiskaja realitaté kimijas apguvé jurniecibas izglitiba tika
izstradati macibu pétniecibas organizacijas lidzekli veidojosa eksperimenta pirmaja faze. To
saturu veido integréta kimijas macibu satura modulis, macibu pé&tniecibas sadarbibas
paspieredzes modulis un sasniegumu veértésanas paspieredzes modulis.

Veidojosa eksperimenta otras un tresas fazes rezultati atklaj, ka maciSanas p&tnieciskas
prasmes pilnveidosanas tempu bitiski ietekmé tas, ka iepriek$gja izglitibas limeni ir organizéts
kimijas macibu pétniecibas pedagogiskas sadarbibas process un toposa specidlista macisanas
kompetence. Konstatéts, ka macibu pétniecibas pedagogiskas sadarbibas mérka istenoSanas
realitaté ir tikai tad, ja topoSais specialists integréto kimijas macibu saturu pienem sev ka
personiski nozimigu un vajadzigu savas izzinas intereses apmierinaSanai, zinaSanu un
paspieredzes paplasinasanai, sevis pasattistibai un paSaudzinasanai (uzskatu, veértibu un
attieksmju jaunatklasmei). Tas norisinas, ja topoSais specialists aktivi un ar interesi iesaistas
patstaviga maciSanas pétnieciska darbiba un sadarbiba ar citiem. PaSpieredzes ieguve notiek tad,
ja toposais specialists sp&j no pedagoga pieredzes jauniegiito paspieredzi izmantot jauna veida un
cita situacija, jaunas kompetences apguve. Savukart toposa specialista prasme ka sp&ja apgiitas
integrétas kimijas zinaSanas un atticksmes vieniba lietot profesionala satura praktisku un
problému risinasana sekmé profesionalo kompetences veidosanos.

Izmantojot QFD metodologiju, péceksperimenta posma atklatas macibu pétniecibas
organizacijas Itdzeklu integracijas iesp&jas jlirniecibas izglitiba. Izplanots priekSmetu modulu
nodro$indjums ekologiski efektiva (eko-efektiva) dizaina principu TstenoSanai kugu
inZenierzinatgu specialistu sagatavoSana jiiras transporta nozaré visu (vidgja, bakalaura un
magistra) limenu profesionalas izglitibas programmas. Balstoties uz macibu pétniecibas
organizacijas originalo pieeju, izstradats teorétiski pamatots metodiskais nodro$inajums
maciSanas pétnieciskds prasmes pilnveidoSanai jurniecibas izglitiba un macibu pétniecibas
aktivizacijai kimija pamatskola. Macibu pétniecibas organizacijas originalas pieejas efektivitati
Kimijas apguvé apliecina Dneprodzerzinskas Valsts tehniskas universitates docétaju atzinas un
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tas aprobacija iesaistito toposo specialistu pasvertéjuma analizes rezultatos konstatétas pozitivas
izmainas.

Varam secinat, ka izstradats maciSanas pétnieciskas prasmes pilnveidosanas modelis,
kura maciSanas pétnieciskas prasmes apguves patstavibas limena izaugsme ir macibu
petnieciskas darbibas mérkis. Ta realizaciju sekmé toposa specialista subjektivo motivu
tuvinasanas pedagoga mérkim, ko veicina lidztiesiga sadarbiba saskanotu darbibas lidzeklu
lietoSana integréta kimijas satura apguvé, parnemot topoSajam specialistam pedagoga nodoto
paspieredzi. Rezultata topoSajam specialistam veidojas jauna paSpieredze un kompetence
maciSanas pétnieciskas prasmes pilnveidosanai. Tas savukart rosina toposa specialista subjektiva
pasvertejuma tuvinasanos objektivam (citu) veért€jumam, radot pozitivu pardzivojumu un izzinas
interesi. Tadgjadi topoSiem specialistiem motivacija maciSanas pétnieciskaja darbiba apgat
jaunas kompetences. Tas ir sakums jaunam mérkim, kura istenoSana rosina pedagogiskas
sadarbibas autorus (topoSo specialistu un pedagogu) planot un izvirzit jaunus uzdevumus
nakamajam macibu pétniectbas ciklam. Ta maciSanas pétnieciskas prasmes pilnveidoSanas
modelim atklajas cikliska, spiralveida butiba.

Petijuma atklats, ka topoSajiem specialistiem maciSanas pétnieciska prasmes apguves
patstavibas ITmenis pieaug sekmigi, ja integrétais kimijas macibu saturs tiek pienemts sev ka
personiski nozimigs un vajadzigs savas izzinas intereses apmierinasanai, zinaSanu un
paspieredzes paplaSinasanai, Sevis lidzsvarotai paSattistibas vadibai jeb paSaudzinasanai
(uzskatu, vertibu un attieksmju jaunatklasmei). MaciSanas pétnieciskas prasmes pilnveidosanas
norit pakapeniski spiralveida.

Paspieredzes pilnveidosanas notiek tad, ja topoSais specialists spgj no pedagoga pieredzes
jauniegiito paSpieredzi izmantot jauna veida un citd situacija, jaunas kompetences apguvé.
Toposa specialista maciSanas pétnieciba izkopta prasme ka spg€ja apgitas integrétas kimijas
zinasanas un atticksmes vieniba lietot profesionala satura problému risinasana sekmé
profesionalas kompetences veidosanos.

No pétfjuma izriet, ka maciSanas pétnieciskas prasmes pilnveido$anas modelis ir efektivs
macisSanas pétnieciskas prasmes apguvei gan profesionali vid€ja, gan profesionali augstakaja
izglitibas limen.

TopoSo specialistu maciSanas pétnieciskas prasmes pilnveides veicinasanai pedagogiem
ieteicams izstradat integrétu pétnieciska darbu saturu, kas saistas ar toposa specialista profesiju,
ikdienas dzivi, apkartgjas vides aizsardzibas tematiku, jautajumiem, kas biezi sabiedriba vai
jurniecibas joma ir pretrunigi verteti atzinumi. Tad&jadi tiktu sekméta toposa specialista interese
un motivacija pilnveidot maciSanas pétniecisko prasmi un rosinata profesionalas kompetences

veidosana. Nozimiga ir aktiva un radoSa sadarbiba starp grupu darba dalibniekiem, veicot ar
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profesiju ciesi saistitus praktiskos un pétnieciskos darbus (laboratorijas un pétnieciskos projekta
darbus). Nozimiga ir pozitiva atticksme un atbalsto$a vide topos$a specialista pétijumiem,
iesaistot vinus no macisanas mérku izvirzisanas lidz pasvertejumam.

Toposa specialista macisanas pétnieciska prasmes pilnveidoSanai nozimiga ir pardomata
un racionali planota un meérktieciga pedagoga darbiba, kltstot topoSajam specialistam par
padomdevgju un macibu pétniecibas procesa organizatoru vina macisanas petnieciskas darbibas
patstavibas un sadarbibas paSpieredzes apguves nodroSinasanai, izvirzito mérku sasniegSanai,
vienlaicigi nodro$inot topos$a specidlista iesaistiSanos mérktieciga un motivéta macibu
pétnieciska un audzinasanas procesa.

Macisanas pétnieciskas prasmes apguves patstavibas pilnveides tempu batiski ietekmé
tas, ka ieprieksgja izglitibas IimenT tika organiz&éts macibu pétnieciskais process. Ja topoSajam
specialistam ir bijusi nodroSinata iesp€ja paSam iegit daudzveidigu maciSanas pétnieciskos
pieredzi un stabilu priek$zinaSanu bazi, lai uz tas pamata varétu efektivi konstruét integrativas
zinasanas, attistit un pilnveidot prasmi parnest un ar izpratni radosi pielietot sev vajadziga veida
un situacija cita pétnieciska darbiba un inzeniertehnisku problému risinasana. Ja tas nav ticis
pietickami nodroSinats, tad maciSanas pétnieciskas prasmes apguves pilnveidosanas attistiba
norit 1€nak un ar relativi lielaku prasmes apguves patstavibas limena izkliedes diapazonu.

Izstradatais maciSanas pétnieciskas prasmes pilnveidosanas modelis ne vien nodro$ina
prasmes apguves Ilimena paaugstinasanos, bet arl veicina toposa specialista uzskatu un
pétnieciskas nostajas stabilizésanos, pozitivi ietekmé vertibu un attieksmju mainu, apmierina
izzinas intereses un vajadzibas, sekmé paSpieredzes diapazona paplasinasanos un pasrealizacijas
vajadzibu piepildfjumu.

Pedagoga metodiskie atbalsta materiali mérktiecigi virza topoSo specialistu macibu
pétnieciska un audzinasanas procesa realizésana.

Tatad, salidzinot maciSanas petnieciskas prasmes lmeni visos raditajos toposo specialistu
(vidgja un augstaka jurniecibas izglitiba), pedagoga vertg§jumu un toposSos specialistu
pasvertéjumu, ka arT citu ekspertu (Dneprodzerzinskas Valsts tehniskas universitates docétaju;
nozares specialistu) atzinumus, Visos gadijumos topoSo specialistu macisanas p&tnieciska prasme
pilnveidojusies, paaugstinoties apguves patstavibas limenim.. Tas liecina, ka izveidotais modelis
ir efektivs un piemérots maciSanas pétnieciskdas prasmes pilnveidoSanai macibu pétnieciba

Kimijas apguve jurniecibas izglitiba un ar citas profesionalas programmas.
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General description of the thesis

The 21" century is a turning point with the nature giving people obvious indications on
the necessity to set ecological limitations. Everyone has to take responsibility for our decisions
and actions affecting the sustainable existence of the Earth and the entire mankind. Changes in
nature have shifted the way of thinking of the modern society. Philosopher Ervin Laszlo sees
(Laszlo, 2006; Laslo, 2014) the evident transition to a new paradigm of human collaboration,
with people joining in the study of society development and recognising the necessity of
sustainability and the significance of close unity with one another and the nature.This paradigm
is a key pattern for social development, because it sets the direction and manifestation
(Robinson, 2011).:

The shift of paradigm underlines the significance of education in solving the above
challenges in development of the knowledge society (Hegarty, 2008), considering an individual a
stock of competences for gaining new knowledge and “capacity to be able” to share knowledge
and use it in research and innovation. The “capacity of the ability” of an individual rests on
various competences enhancing knowledge and learning, because the formation of knowledge
society starts with an individual (Koke, Muraskovska, 2007). The competence is knowledge and
self-experience based on conscious (comprehended) use of competences and attitude, as a unit,
in practice or theory (wordy) (Spona, 2001). Therefore, at this point, competences and
innovation are the key to knowledge society.

The foundation of sustainable development of seafaring is research applying new creative
“greet innovation” solutions. It states that it is necessary to appropriately prepare prospective
marine engineering specialists capable to learn independently and use the acquired knowledge
creatively, underlines K.Sekimizu, Secretary-General of the International Maritime Organization
(Sekimizu, 2013).

Research approach to learning process (Science Education in Europe: National Policies,
Practices and Research, 2011) and creativity is based on new educational paradigm (Robinson,
Aronica, 2014). J.Piaget also expressed similar thoughts when writing about the future of
education. The scientist holds a view that the main purpose of education is to assist an individual
in development and becoming a creative personality, capable of invention and exploration.
Those skills are required to be able to innovate, rather than merely dwell on the accomplishments
of previous generations. Education should develop critical thinking, required to check
information rather than just consider the truth (Piaget, 1973). Innovative learning allows an
individual to withstand harsh changes on personal and social level. R.Fisher (Fisher, 2005) notes

that the purpose of education is to teach shaping the future, rather than just adapting to it; thus
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the reason behind teaching creative thinking — efficient, broadening imagination and developing
reason — seems self-evident. Moreover, using learning as a steppingstone for perfection requires
learning in conformity with true values (Hirsch, 1988), avoiding expression of one-sided
opinions and application of outdated theories, useless skills and other the so-called benefits of
learning which J.Dewey (1997) labels as pseudo-learning.

Moreover, development of Latvia greatly depends on human resources in natural sciences
and engineering trained according to the current and perspective needs.

Changes in the reasoning of the society and the urgent needs posed by the sustainable
development challenge the marine education — to turn new professionals into personalities with
humanism-oriented views and capable to analyse and critically process information, arrive at
independent judgements and conclusions, capable of experimentation and creative application of
the acquired knowledge in theory and in practice. It is particularly important in maritime
education.

Involvement of the author in solving the tasks posed by the new educational paradigm,
justifies the topicality of the paper “Research Skills Improvement in the Process of Learning
Chemistry in Maritime Education”.

Object of the research: study research process in Chemistry in the specialty of marine
engineering.
Subject of the research: learning research skills of prospective marine engineering specialists.
Objective: develop a theoretically justified and empirically tested model for improvement of
learning research skills in Chemistry.
Hypothesis: education of a prospective marine engineering specialist is more efficient, if:
e A prospective specialist masters Chemistry systematically and actively in practice and in
laboratory and studies the professional subjects;
e A prospective specialist has a determined interest in Chemistry in personal and
professional life;
e A prospective specialist and teacher promote active, coordinated collaboration at the
educational establishment.
Research tasks
1. Study the scientific literature and sources on the nature of learning research, teaching and
learning Chemistry; study pedagogically psychological regularities justifying the learning
research process in Chemistry.
2. Define learning research skills and develop evaluation criteria and indices.
3. Develop a model for improvement of learning research skills in Chemistry in the specialty of

marine engineering.
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4. Carry out experiments in order to test the model for improvement of learning research skills in
Chemistry in marine engineering (specialty — marine enginerr) and develop means for
improvement of maritime education quality.
Theoretical and methodological justification of the research

Methodological justification of the research is the concept of humanism, implemented in
the theory of social constructionism and activity, on the grounds of philosophical, pedagogical,
psychological and physiological verities. The research bases on the interpretive research
paradigm corresponding with the nature of humane pedagogy, since it is interested in every
human being and assists an individual in improvement of one’s learning research skills. Overall
the methodological approach of the research bases on philosophical, psychological and

pedagogical verities on the following subjects:

e Opinion on social, scientific and educational paradigms towards promotion of unitary
development of humane, creative, responsible individuals for sustainable development of
mankind (T.Kuhn (1962, 2012); E.Laszlo (2006; Laslo, 2014), T.Koke (2004), T.Koke,
I.Muraskovska (2007), J.Piaget (1997), J.Dewey (1997), A.Spona, (2001));

e Learning research as a unified way of studying regularities in correlation between the
environment and people, and mastering subjective, new knowledge and competences
(J.Gilbert (2008, 2006), A.Spona, Z.Cehlova (2004), A.Steinberga (2013), V.Dalinger
(Jamuurep, 2007), J.Berezhnova, V.Kraevsky (Bepexuosa, Kpaesckuii; 2013), A.Obuhov
(O6GyxoB, 2006));

o Learning research as pedagogical-psychological means for personal education and personal
development of an individual, mastering self-regulated experience for understanding
independence (I.Kant (1991, 1934) J.Dewey (1910, 1925, 1938b), J.Bruner (1961), C.Rogers
(1961), J.Gilbert (2008), M.Giese (2010), A.Spona (2006), A.Spona, I.Camane (2009));

e Learning research approach for improvement of Chemistry and learning research skills
(J.Greste (1931), H.Christen (1998), H.Barke (2006), P.Pfeifer (2003), M.Pak (ITak, 1999,
2015)).

Pedagogical theories:

o Nature of learning research skills, structure (G.Baldwin (2005), S.Akimov (Akumos, 2005a,
2005h), A.Obuhov (O6yxoB, 2006), |.Zimnjaja (3umuss, 2010)) and formation in the theory
the concept of humanism in social constructionism and operational theory as the theory for
searching oneself and the inner world; recognizing the learning research as the process of
construction, based on personal experience and social environment; learning research skills
are developed through collaboration between pupil/student and teacher — sharing and
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receiving teachers’ experience together with the realisation of objective and subjective
activity components (J.Dewey (1925, 1938a, 1997), J.Piaget (1970), J.Bruner (1957, 1960,
1973), L.Vygotsky (Vigotskis, 2002; Beirorckuii, 1960, 1984), A,Leontyev (Jleontses, 1972,
1975), A.Spona, Z.Cehlova (2004), M.Giese (2010));

e Factors disturbing cognitive self-activity of a pupil/student in Chemistry (A.Johnstone (1982,
1991, 1999; 2000), H.Barke (2006), R.Heimann (1994, 1997, 2003), J.Mincenkov
(Musnerkos, 2000, 2002)).

Research methods
Theoretical methods: analysis of philosophical, psychological and pedagogical theoretical
literature; sources — official documentation of the Republic of Latvia, the European Union and
the IMO — content analysis (hermeneutic approach), modelling.

Empirical methods: experiment aimed at testing the model; observation; interviews
(narrative and the method of questions and answers); essays, surveys, expert-method;
comparing; grouping; analysis of self-assessment of prospective specialists and assessment
provided by others; testing, analysis of test and qualification exam results.

Data processing methods: content analysis (hermeneutic approach); processing of
quantitative data, using the static processing and analysis SPSS 13.0, SPSS 20.0; Microsoft
Office Excel 2010 was used for graphical depiction of data; primary methods of statistics —
descriptive statistics (division of frequency, central trends, variations); secondary statistics:
analysis of correlations (the Pearson’s correlation coefficient), T test, analysis of dispersion
(analysis of a single-factor dispersion ANOVA), analysis of regression (analysis of a single-
factor linear regression ANOVA).

Theoretical significance of the research

1. Definition of learning research skills for prospective maritime engineering specialists. It is

defined as a result of research inquiry and introspection, integrated, independent theoretical and

practical activity; self-experience stemming from collaboration in application of integrated
knowledge, skills and mind-set or competency. It allows the prospective specialist to prepare for
independent and responsible professional life, as well as solve challenges and tasks related to
profession creatively, scientifically, applying previous knowledge and competence in Chemistry.

2. Development of learning research content for Chemistry: through learning research a

prospective specialist masters individual research and Chemistry, while learning things about

one-self, own potential in personal development and education, which is the foundation of
learning research and education.

3. Elaboration of empirically tested criteria and indices for assessment of learning research skills.
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4. Development of model for improvement of learning research skills, tested in natural
experiment, revealing the preconditions promoting the pace of improvement of mastering the
skills independently. Learning research skills are improved faster with approximation of goals,
when a prospective specialist considers the integrated content of Chemistry personally
significant and relevant for satisfying personal interests. Independent and active involvement of a
prospective specialist in learning research is essential in integrated practical and laboratory work
in Chemistry, because the combination of individual and interactive learning methods promotes
active collaboration and communication with peers. Self-experience is gained, when a
prospective specialist is capable to use the new self-experience acquired from the teacher in a
new manner or in uncommon situation.

Practical implications of results of the research

Realisation of learning research in teaching Chemistry, understanding of coordinated
collaboration and independent mastering of learning research skills for prospective specialists
gives oneself the meaning for learning Chemistry and value of it in future professional and
personal life. Moreover it motivates to assume responsibility for becoming a humane individual,
who cares for sustainable development of the environment. The empirical research revealed that
learning research of prospective specialists bases on meeting personal interests and needs,
development of learning research skills. It helps prospective specialists to transform the
integrated knowledge and use it appropriately, in order to use it skilfully in solving professional
challenges and tasks in the qualification exam. This proves the positive effect of learning
research skills on improvement of teaching quality and professional competences.

Conclusions drawn from the thesis were summarised and outlined at conferences and
discussions with experts, and published in scientific articles and are suitable for application in
vocational education in different fields.

Structure of the thesis

Structure of the thesis: introduction, two parts, conclusions, references, fifteen annexes. The

thesis is outlined on 177 pages. The list of references contains 299 publications: 161 in English,

63 in Latvian, 56 in Russian, 19 in German. Theoretical and empirical conclusions are depicted

in 35 tables and 35 images.

Theses posed for presentation

4. Collaboration between peers and teachers, in solving practical and research tasks in
laboratory in Chemistry, resulted in improvement of learning research skills and acquisition

of new professional self-experience and competences.
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5. Learning research skills improved in pedagogical process due to mastering integrated
curriculum of vocational subjects and chemistry; satisfaction of cognitive and emotional
needs and systematic self-assessment of progress throughout the learning process.

6. The idea behind the model for improvement of learning research skills is a targeted
collaboration between prospective specialists and teachers, with teachers sharing experience
and prospective specialists receiving it, promoting helical improvement of learning research
skills.
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Content of the thesis

The introduction justifies the subject of the thesis and the topicality in solving
challenges of the modern humane society paradigm in the field of maritime education. It defines
subject of the research study, objective and the appropriate hypothesis and tasks. Moreover, it
describes stages of the research, theoretical justification of the research, research methods and
basis. The introduction also outlines theoretical and practical significance of the research and
approbation of the thesis.

Section 1 “Understanding the learning research in Chemistry”. Section 1.1
“Understanding the concept “learning research” and “scientific research” examines and
analyses the substance of the concept “research”, “learning research” and “scientific
research”. In the scientific literature the scientific research is analysed from various
perspectives: as a personally significant revelation in the everyday life, as a scientific research
done by scientists in a particular sphere and as the learning research. The organisation theory
implies that scientific research is a hierarchically organised process occurring in a fixed time and
consists of the following components: motifs —goals— means —result (product). Respectively,
the learning research is a method of acquisition of new theoretical and practical knowledge,
skills and mind-set in an organised learning process — deliberately and purposefully managed
for a pupil/student to be able to apply research methods individually. Thus learning research is
both the means and precondition for improvement of one’s research skills for acquisition of new
competencies (Steinberga, 2013). The result of the analysis of scientific theories and findings is a

detailed comparison between learning research and scientific research (see Table 1).

Table 1 Teaching/learning research and Scientific research comparison

Components Learning Research Scientific Research
Motive Cognitive interest, inquisitiveness, Cognitive interest, true revealing of
curiosity, willingness to prove yourself regularities in nature and society, ambitions
Aim Subjectively acquiring new knowledge Objectively acquiring new knowledge or
according to the learning target, regularities in nature, society and people,
acquisition of research experience, creation and systematic arrangement

understanding, preliminary knowledge and
skills, intellectual and emotional development

Tools: Regularities in Nature, understanding of Regularities in nature and society. Scientific

Content, technical, environmental and human interaction. | research theoretical and empirical methods
Organizational Teaching methods, research methods with
ways; methods scientific research elements implemented in
teaching process in chemistry

Results Subjectively new knowledge, research skills for | Objectively new and significant knowledge,
future scientific activities; theory, ideas and regularities creation for
Highest level of thought operations (analogies, more profound comprehension of the world,
classification, generalization etc.), reasoning, innovations and practical application;
self-experience person’s self-development
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The purpose of learning research and scientific research is to inquire about the nature of
things and phenomena, internal regularities, interrelation of structural components and use this
knowledge in practice and for acquisition of new knowledge in the following stage of research.
There is no clear distinction between scientific and learning researchers; the key difference is the
objective, degree of research, understanding of the research and the level of scientific inquiry. In
the case of continuous education, going through the educational levels the foundation of the
future research work of a prospective specialist is formed by the subjective knowledge,
comprehension, skills, mind set and self-experience acquired in each stage of the practical use of
learning research. The thirst for new knowledge and inquiry starts a new cycle and sets a new
goal in the process of personal inquiry. Just like everything around us, also the learning research
is cyclical.

Section 1.2 “Current situation in teaching Chemistry and the obstacles” analyses
previous strivings to improve the quality of teaching Chemistry, aimed at promotion of
proactivity of a pupil/student. The analysis of scientific theories and findings reveals obstacles
for the cognitive self-activity of pupils/students and the potential elimination of such obstacles in
the process of mastering Chemistry. The scientific literature on teaching Chemistry proves that
improvement of the quality of teaching Chemistry goes hand in hand with general reforms in the
field of teaching natural sciences. Historically, two periods are singled out. The first one dates
back to the 1960-ies and 1970-ies, marking radical changes in the education of natural sciences
and increasing the role of science in the teaching process. It was initiated by a swift development
of science and technology and the launch of the first artificial Earth satellite Sputnik by the
Soviet Union (Johnstone, 2000a), although the implications on teaching Chemistry were non-
persistent. However, the reforms stimulated new ideas and expanded the existing ones on
teaching Chemistry by demonstration, gaining experience, and on the need for free exchange of
views and integration of human approach, making Chemistry the science for everyone
(Layton, 1973). Difficulties in mastering Chemistry became an acute topic. To a great extent,
solutions stem from the theories of cognitive learning, in particular the thesis by D.P.Ausubel
(Ausubel, 1963) on the relevance of previous knowledge and self-experience. It changed the way
experts perceive teaching and learning of natural sciences. Scientific arguments, highlighting the
gap between the information provided by a teacher and the level of understanding among
pupils/students, proved it relevant to turn the learning process into an interaction aimed at
transferring knowledge. Namely, provide alternative concepts for the initial “naive and false
understanding” by students, allowing changing such naive understanding to a scientific
perception of chemical processes in the nature, using different learning approaches (Osborne,
1996). The activity-oriented didactics, based on the constructivist theories, is more and more
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frequently used for promotion of cognitive self-activity of a pupil/student. It was an outset for
the next wave of reforms in the 1990-ies, stressing the significance of research in the learning
process. The standards of disciplines defined components of the research skills, which need to be
mastered in each grade. There has been a shift from perception of science as learning facts and
regularities to learning science as a process. Chemistry is acquired not merely as a product of
science, but there is a tendency to involve students in the research process — with the age-
appropriate curriculum and forming the foundation for improving learning skills, shift in the
perception of learning process approaches, methodology and the role of a teacher (Johnstone,
2000a; 2000b).

Despite efforts to improve the quality of teaching Chemistry, the analysis of materials
reveals rather alarming facts. In Latvia and world-wide the natural science and engineering
(including maritime) studies are not the top choice for students, causing a deficiency in
specialists. In the pursuit of a solution to this urgent problem, local and international studies have
been carried out to inquire about the attitude towards the disciplines of natural sciences. Overall,
students, who took part in the studies, rate the subjects of natural sciences much lower compared
to other subjects (Sjgbeg, Schreiner, 2010). Studies revealed that the motivation of pupils to
study natural sciences plummets between the age of 12 and 14, whereas international studies
showed that in 2009 and 2012 on average more than 17% of 15-year olds around the 27 EU
countries had poor results in the natural sciences (OECD, 2010, 2014). The lack of particular
skills may hamper proper future social and economic life (Science Education in Europe: National
Policies, Practices and Research, 2011). The supporters of theory of constructive alternativism
(Johnstone, 1991, 1999; Munnenkos, 2000 et.al.) blame specific features of Chemistry, affecting
cognitive and emotional aspects. Learning is considered drawback in acquiring knowledge or a
complex information processing. Memory plays a substantial role in this. The scientist
A.Johnstone (Johnstone, 1991, 1999) describes the understanding and remembering new
information in Chemistry as synthesis, which occurs, if the information, which needs to be
acquired, is understood, comprehended and systemised, forming cognitive structures (coherence)
as the means for self-experience. The synthesis may not occur, if a student fails to reach in one’s
long-term memory a link potentially connecting the new information with the previously
acquired information. As a result, the new information lingers on in the short-term memory and
fades away gradually. Most pupils/students master Chemistry mechanically, learning it by heart
(Munuenkos, 2000) making it almost impossible to retrieve such information on later stages.
This method overloads the so-called random-access memory, hindering cognitive processes and
limiting the application of self-experience. Thus the “language of Chemistry” is one of the
factors hindering cognitive self-activity of students. Moreover, the specific symbols
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characteristic of Chemistry are descriptive, rather than explanatory, making it emotion-less and
impersonal. Furthermore, students are required to take in 10 to 13 new units (symbols, formulas,
equations, mathematic calculations, concepts) in a single lesson, which is 5 to 7 times more,
compared to other subjects. This causes the personal random-access memory failure to recollect
or apply “language of Chemistry”, making a pupil/student regard oneself as unskilful and unable
to pick up the subject and loose interest and motivation to learn. Teacher may prevent this by
using examples from the everyday life and highlighting the link between the new and previous
information. This may include finding different ways to explain the subject — brief and
expanded, using various cognition processes and presenting verbal, abstract materials with
virtual depiction. Analysis of conclusions drawn by scientists revealed that poorly organised
laboratory work is one of the factors hindering cognitive self-activity (Johnstone, 2000b).
Pupils/students are expected to read the task, get acquainted with the equipment, advance a
hypothesis, carry out an experiment, observe the process and draw conclusions. There is not
enough time for cognitive processes to take off or gain positive emotional experience. Therefore
laboratory work fails to serve its didactic function. One potential solution may be to assign part
of the tasks as a preliminary work before the actual laboratory work, for example, as homework.
This would allow a pupil/student to focus on observing the chemical transformation, rather than
merely recording it. Observation allows to discover the qualities of substances used in the
experiment, notice the relation with the theory and draw conclusions. A.Johnstone considers the
presentation of the subject by a teacher the key aspect hindering cognitive self-activity of
students, because even at the outset the acquisition of Chemistry focuses on abstract processes
and grounds on all three levels of complex science depicted and explained by symbols, terms,
concepts and mathematic calculations, thus limiting the chance to understand the subject and
overloading memory. The potential solution is presenting the subject gradually — from the easiest
to the most complex information: differentiated and systematic approach — from general to
specific, from overall to detailed and from ambiguous to specific.

Section 1.3 “Particularities of professional activity of marine engineering specialists
and the necessity for research” studies and analyses professional activity of marine
engineering specialists. The study revealed that the professional activity of marine engineering
specialists is regulated internationally, and professional duties are fulfilled on an international
scale, in a multicultural environment, utilising modern technologies at sea and when docked. The
competency of professional activity of marine engineering specialists consists of numerous
components, regulated by the international convention on the Standards of Training,
Certification and Watchkeeping for Seafarers (STCW 78) (IMO, 2011). The pillar of
development of professional competency is the duration of practice by position, specified in the
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convention, as well as self-experience gained during training, knowledge, perception, skills and
mind-set, which manifests in the sense of responsibility and professional ethics. The convention
describes professional competencies, consisting of components, which can be broken down into
three groups:

v Theoretical proficiency

v Practical skills

v Transversal skills

Nowadays, professional activity of marine engineering specialists requires inter-brunch
knowledge, ability to communicate, collaborate and use knowledge for self-realisation and
organisational, managerial, environmental management and assessment skills (Andersen, et al,
2012). Sustainable development of the sector and competitiveness in the global market requires
training and professional development of seafarers in accordance with the actual necessities in
the industry and the latest technological achievements (Froholdt, Kragesand, 2012). The EU
long-term documents claim that the secret of promotion of maritime industry lays in the perfect
combination of education, research and innovation and prioritising modern technologies and
“green innovations”. It requires major changes in rendering maritime education and in the
maritime industry in general, and it seeks to change the structure of a strictly regulated
professional activity of marine engineering specialists by adding a research component.

Section 1.4 “Learning research skill, its structure and evaluation criteria” is based
on a theory of constructivism and structural theory in application of knowledge and skills
learning research for inquiring and discovering subjectively new values (Bruner, 1960). The
analysed scientific theories and empirical conclusions as well as the opinion of engineering
specialists on the professional activity of a specialist in the 21™ century agree upon the learning
skill being an integrated skill (JIazapes, 2008). For acquiring the skill, the prospective specialist
shall be purposefully guided through the organised learning research process, actualising self-
experience in the course of interconnection. This provides the prospective specialist integrated
knowledge, new skills and mind-set, as well as an efficient reasoning, social and research self-
experience building up the learning competency. The new self-experience, transfer of integrated
knowledge, skills and mind-set is developed via varied productive activities. Those are the pillars
of acquisition of learning research skills and personality balance for managing self-improvement
or self-education. Consequently, the learning research skill consists of self-experience, integrated
knowledge, correlation and theoretical and practical skills.

On the grounds of theoretical conclusions, the author defined the learning research
skill of a prospective marine engineering specialist as a result of research inquiry and

introspection, integrated, independent theoretical and practical activity, self-experience

47



stemming from collaboration in application of integrated knowledge, skills and mind-set or

competency. It allows a prospective specialist to prepare for independent and responsible
professional activity and to find creative, scientific and knowledge-based solutions for solving
job-related challenges and tasks. On the grounds of theoretical conclusions, criteria and indices
have been drawn up for experimental test of progress of improvement of learning research skill
in Chemistry of a prospective specialist.

The following criteria prove improvement of learning research skills of prospective
specialists: “learning research knowledge in Chemistry”, “ability to apply knowledge in the
research process”, “ability to organise a research and present the results”, “collaboration with
peers and a teacher”. In accordance with the conclusions of theoretical analysis of the learning
research skill and social constructivism and activity theory, the following criteria “learning
knowledge in Chemistry” and “ability to apply knowledge in the research process” signify
improvement of theoretical skill forming the learning skills, whereas the criterion “ability to
organise a research and present the results” signifies improvement of practical skills and the
criterion “collaboration with peers and a teacher” — improvement of correlation skills. In this
context, the concept independence means autonomous learning research, rather than personal
characteristics. There are three levels of independence in acquisition of learning research skill of
a prospective specialist: reproductive or basic, interpretative or partial and creative

independence (see Table 2).

Table 2 Criteria and indicators of learning research skills

Criteria Indicators
Learning research 1. Formulation of facts, relations and concepts
knowledge in 2. Understand!ng of application of chemi§t_ry Ignguage_ semiotic system
Chemistr 3. Understanding of concepts and regularities in chemistry

y 4.Application of knowledge in chemistry
5.Ability to transform and apply knowledge in chemistry in different settings

Ability to apply 1.Abi|ity to combine understanding of concepts in chemistry with accumulated
knowledge in the experience

2. Formulation of research problem and hypothesis
3. Planning of experiment to test assumptions and hypothesis
4. Evaluation of results and formulation of conclusions
5. Application of conclusions in different settings
Ability to organise a 1. Organization of observations, following the proposed plan
research and present 2. Use _of I:_aboratory equipment ar_]d apparagus ) ) )
the results 3.Appl|(_:at|on of technology in chemistry to describe observations in
experiments
4. Application of quantitative/qualitative methods
5. Collection of results, choosing the way of presentation
Collaboration with 1.Use of chemistry semiotic systems and terminology in communication
peers and a teacher 2. Asking questions and giving well-reasoned answers
3. Forming judgement and conclusions about observations
4.Expression of creative, interesting ideas about tasks or solutions to problems
5. Propel, invigorates with ideas, inspire

research process
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The level of independence in acquisition of learning research skill of a prospective
specialist is set using a scoring system. It can be expressed in percentage or score.

Section 1.5 “Preconditions for formation of learning research skill in Chemistry”
analyses the formation of learning research skill, which is justified by a concept humanism and
the theory of social constructivism and activity as a theory of discovering oneself and one’s own
inner world. It regards the learning research as the process of construction based on self-
experience and social environment (Dewey, 1997; 1938a; 1938b, Piaget, 1970; 1973, Bruner,
1960; 1973, Vygotsky, 2002). The learning research skill improves as a result of collaboration
between a pupil/student and a teacher — mutual exchange of experience. Such collaboration,
based on the principle of equality, narrows the gap between the subjective and objective activity
component. Therefore the analysis of activity theories and theories of social constructivism show
that precondition for improvement of the learning research skill of a prospective specialist is
independent, conscious, determined and personally motivated activity. It is possible, provided
that a prospective specialist attends Chemistry classes and shares responsibility for defining the
purpose of learning, choosing means, carrying out self-assessment, being active and motivated in
performance of tasks, able to collaborate and build relationships in the case of team work. The
key prerequisite is a Chemistry learning process with learning research skills consisting of
various components. The development of theoretical, correlative and practical skills stems from
pedagogical experiment in Chemistry, facing prospective specialists with dilemmas and a choice
requiring independent application of various research methods (Barke, 2006).

On the grounds of the future needs of the society and theoretical conclusions on the
learning research process in Chemistry, cognitive, humanistic, social and situational learning
theories and four educational pillars set by the UNESCO (UNESCO, 1998), the author drew up
the learning research and education curriculum in Chemistry. The four educational pillars —
methods for acquisition of knowledge, skills and mind-set in learning research and education
curriculum — are treated jointly. Those are a foundation of learning research for a prospective
specialist — independent learning through research, inquiry about the content of Chemistry and
self-awareness for balanced self-education. It enriches the self-experience, knowledge, skills and
mind-set and improves the learning research skill and helps to acquire new competencies.

Section 2.1 “Organisation and basis of the empirical research and the participants”
of the Part 2 of the thesis paper — “Improvement of learning research skill in Chemistry of
prospective marine engineering specialists” outlines selection of the research and analyses the
empirical study. In line with the objective of the research — draw up a model for improvement of

learning research skill and educational curriculum in Chemistry — the Latvian Maritime
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Academy (LMA) and the Maritime School (MS) of the LMA were selected as the basic
educational institutions for the purpose of the study.

Empirical study was carried out in three stages of a natural experiment, in order to reach
the objective of the research.

The first stage of the empirical study or the pre-study stage consists of several phases,
and within the framework of these phases the needs and conditions were analysed and outlined,
analysis was carried out and corrections and necessary improvements were made regarding
organisation of pedagogical process of the learning research process in Chemistry. It is the base
for the next stage. Tasks for the pre-study stage are as follows:

1. Study and specify actual necessities in pedagogy within the scope of the study.
2. Draw up a model for improvement of learning research skill.
3. Set the pedagogical value of acquisition of the learning research skill:
- levels of independent acquisition;
- personal development components.
4. Design the organisation of the pedagogical process of the learning research in Chemistry for
improvement of learning research skill.

The formative experiment stage consists of three phases, which include conducting the

experiment on two levels of maritime education (higher education and secondary education),

providing data on the progress of improvement of level of independent acquisition of learning

research skill, using helical principle in actual educational process of learning research in

Chemistry. Tasks for this stage were as follows:

1. Draw up means for organisation of the pedagogical process for learning research for
Chemistry for the purpose of improvement of the learning research skill at maritime higher
education and secondary education.

2. Conduct a natural experiment in order to test the efficiency of the model for improvement of
learning research skill in Chemistry.

3. Evaluate the preliminary knowledge and skills of prospective specialists at the beginning of

the experiment and the progress of improvement of learning research skill at the end of each

learning research cycle.

4. Summarise, process and analyse results and draw up meta-conclusions.

The third stage of the empirical study or the post-study stage included detailed analysis
and evaluation of the data acquired in the formative experiment stage and elaboration of
recommendations and necessary improvements for integration of this model into the pedagogical
process of learning research in Chemistry in the maritime education. The tasks were as follows:
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4. Process and analyse data gathered during the experiment and correlation of qualitative
changes.

5. Study the possibilities to integrate the model of improvement of learning research skill in the
pedagogical process of the learning research in Chemistry in the maritime education at the
LMA and the MS of the LMA.

6. Draw up means for implementation of the model in Chemistry and recommendations for
improvement of the quality of education in the maritime education.

Paragraph 2.2.1 “Obstacles to gaining experience in research” of Section 2.2 “Study
of the learning research skill in the pedagogical reality at the pre-study stage”. In order to
study and define the needs in the pedagogical reality in the scope of research several studies
were carried out from 2003 until 2007. These studies revealed a subjective mind-set of students
towards Chemistry, as well as the learning requirements and interest and actual ability to gain
learning research self-experience in Chemistry. The number of participants in the pre-experiment
stage of the study was 1612 — 610 prospective specialists from the LMA and the MS of the
LMA; 44 lecturers from the LMA, 34 graduates from the LMA, 25 specialists representing the
particular sector, 854 pupils from different general secondary schools in Latvia and 45 general
secondary school teachers. The broad focus of the research was determined by the alarming facts
discovered in the first stage of the study. Analysis of the acquired data allowed to single out
several major obstacles preventing pupils/students from individual acquisition of Chemistry.
Most obstacles relate to hasty and poorly organised process of teaching Chemistry as early as the
primary school. The consequences become obvious in all the following levels of education,
calling to changes the objective of the discipline and improvement of curriculum. For the main
obstacles refer to Table 3.

In the case of shift to innovative maritime education based on competencies, with a
competent specialist as an end-product (Kalnina, Priednieks, 2016), it is of upmost importance to
analyse the justification of the criteria for improvement of learning research skill set as a result
of theoretical analysis and its significance in professional activity of a prospective engineering
specialist. For details see Paragraph 2.2.2 “Empirical test of criteria for improvement of
learning research skill”. The fourth phase of the pre-experiment stage (April-May, 2009) a
study was carried out to test the significance of theoretical criteria for improvement of learning
research skill. As the main disciplines in training professional engineering specialists are related
to natural sciences and engineering, for the purpose of the study the experts were lecturers of the
LMA, the Riga Technical University, the Latvia University of Agriculture and the University of
Latvia (in total 25 people), current students of the above higher educational establishment, both
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in bachelor’s and master’s studies (in total 87 people), and 25 of those (senior-year students)

were also involved as young experts in following stage of the survey.

Table 3 Correlations of cause and effect in chemistry teaching process

Effect
Cause Elementary school level High school level Higher vocational
maritime education level
1. In pedagogical process, 1. There is a lack of 1. Tendencies in lack 1. Tendencies in lack of
equal cooperation link and support in lessons to of self-initiative, self-initiative,
constructive dialogue overcome intellectual independence and independence and sense of
between student and hardships sense of responsibility | responsibility start to
educator is not formed 2. Psychological barrier to | start to appear in appear in students
learn chemistry is formed adolescents
2. Unreasoned learning 1. Notion that mastering 1. Tendencies of 1. Lowers the acquisition
content for lesson and chemistry is not useful for | passiveness, lack of quality of study subject
choice of teaching form; do | everyday or future in self-initiative and and motivation to continue
not create poly-motivational | general is formed motivation of the studies.
environment that form 2. Do not feel the joy of independent learning 2. Inadequately acquired
meaning of learning participation, emotional emerge independent learning and
experience or cognitive 2. Cooperation skills cooperation skills
interest, creates “grey are not acquired
lesson” image adequately
3. Thematic learning content | Understanding about Understanding about Understanding about
has no relation with application of acquired application of acquired | application of acquired
everyday life, profession or | knowledge in the future knowledge in the life knowledge in the future
other study subjects and life in general is not activities is not formed | career and life activities is
formed not formed

Following the EU recommendations, for the purpose of promotion of research by students
towards the competency-based education and development of the knowledge society, 28
competences and indices were drawn up. They covered cognitive, meta-cognitive, self-regulative
and social-communication sphere and professional ethics as significant for the research
competence, personal development and future professional competency. 87 respondents
(students) were asked to rank the significance of the above competences in the scale of 1 to 5,
from the perspective of research, personal development and professional career. Consequently 12
of the initial 28 competencies with the average rank 3.0<M<5.0 were singled out. These
competences were revalued and indices were adjusted by experts (lecturers and prospective
specialists).

Consequently, 9 competences were singled out, which, according to experts, the
prospective engineering specialists must develop in the educational process (see Table 4).

The study showed that the particular competencies cover several dimensions — mainly
social, orientation of values, new understanding of the professionalism and responsibility at
work. Competency is a combination of skills, knowledge, mind-set and self-experience. Those
may be developed only, if a prospective specialist actively participates in the educational

process. However results of the first three pre-experiment stages revealed a significant
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distinction between teaching and adjusting mind-set in the pedagogical process in Latvia.
Theoretical guidelines on learning research and teaching Chemistry stand on allowing
prospective specialists to study and research topics of Chemistry individually and to work on
self-awareness, thus developing knowledge, skills and mind-set as values meeting one’s personal
needs and creating new competencies. It is integrated in the theoretical criteria and indices of
learning research skill, and thus it is justified by the results of the survey.

Table 4: Key Competencies

Competencies

Description of competencies

1.Social and communicative
competency

Ability to use scientific terminology in communication and collaboration;
ability to ask questions and respond adequately; ability to defend opinion using
structured arguments.

2.Cultural
competency

communication

Ability to work in a team; ability to think creatively and elastically; ability to
adopt; ability to accept other people experiences.

3.Problem-solving
competency

Ability to use and integrate knowledge in solving scientific problems and
finding creative solutions

4.Information extraction and
analysis competency

Ability to use to use different sources of information, critically evaluate them
and apply acquired knowledge in solving problems

5. Resource competency

Attitude and understanding about appropriate use of resources

6.Representation competency

Ability to report results diversely, present achievements

7.Value systems and | Ability to understand laws and values that govern nature; desire to act according

ecological competency to them; ability to analyse and use knowledge in natural sciences; develop
models to solve environmental problems; handle with comprehension natural
resources of everyday use

8. Social competency Ability to respect others and their achievements; ability to objectively evaluate
your personality, actions and its consequences

9.Self-control  and  self- | Ability to make a decision; skill to make an argued model of action; desire to

management competency

improve yourself; manage personal development with purpose

Section 2.3 “Learning research process models for improvement of research skills
of prospective specialists” studies, analyses and evaluates approaches of improvement of
research skills applied in other countries and analysis the potentialities of application of such
approaches in the maritime education in Latvia, corresponding the criteria and indices drawn up
by the author. It was concluded that, as regards learning research process, all scientists list the
following main components: problem-awareness, gathering and processing of information, result
analysis. They have more resemblance with the lesson organisation models, because they lack

sufficient depiction of the learning training process from setting a goal until analysis of results
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and self-assessment. It was concluded for the purpose of elaboration of the model for
improvement of learning research skill to lean on the pedagogical traditions valid in Latvia,
integrating the acquired theoretical and empirical conclusions.

The model for improvement of learning research skill in Chemistry was elaborated on
the grounds of the Educational model by A.Spona (Spona, Cehlova, 2004:83) and the Teaching
structure model by Z.Cehlova (Cehlova, 2002:25). The minimum dialectically related
components allow varied structuration of activities and formation of more complex models.

The process of improvement of learning research skills in Chemistry was shaped in the
pedagogical collaboration learning research cycle, namely, a focused activation of self-
experience of a prospective specialist for conscious learning research and a collaboration for a

shift in mind-set, taking place in different stages of the cycle (see Image 1).
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Image 1. Model for improvement of learning research skill

The cycle consists of four stages: 1. Psychological preliminary stage — formulation and
coordination of a goal in collaboration, narrowing the gap between the goal, promoted by
adoption of learning research, formulation of the goal, assumption of responsibility for reaching
the goal and self-experience. 2. Practical preliminary stage — offering and selection of means in
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collaboration, coordinating the means, promoted by planning of realisation of resources for
acquisition of knowledge, skills, mind-set and experience. 3. Realisation stage — application of
the selected resources in learning research and collaboration, with acquisition of integrated
knowledge, skills, mind-set and new experiences, promoting improvement of learning research
skill and gaining new self-experience. 4. Analysis assessment stage — reflection, analysis of
results, product assessment and self-assessment, illustrating the formation of a new competency
through psychological collaboration in the learning research cycle.

In order to conduct an experiment to test a model for improvement of learning research
skill drawn up in the pedagogical system, in Section 2.4 “Organisational resources for the
formative experiment in learning research in Chemistry”, in the first phase of the formative
experiment, learning research collaboration organisation resources for Chemistry were created.
They consist of an integrated Chemistry curriculum module, learning research collaboration
module and progress evaluation self-experience module.

The selection of an integrated Chemistry curriculum turned out to be problematic. Since
the profession of marine engineering specialist is regulated internationally, the IMO has drawn
up module-type courses for meeting the requirements set by the occupational standards. It
contains a set of mandatory subjects and curriculum, as well as the minimum amount of hours
required for mastering it and the desirable result (IMO, 1999; 2011). Moreover, in Latvia the
maritime education is regulated also by the laws and regulations in the field of education valid in
the Republic of Latvia. For that reason, the first step of selection of the Chemistry curriculum
was to analyse the regulated requirements in the maritime vocational secondary education,
because it is also regulated by the General Secondary Education Subject Standards (Cabinet
Regulation No. 715, 2008, and Cabinet Regulation No. 281, 2013). Content analysis was carried
out to study the content of the standard programme Chemistry drawn up by the National Centre
for Education (NCE) and the standard programme of Module 7.04 “Industrial Chemistry” of the
IMO module-type course (IMO, 1999). The method of comparison was used to evaluate the
potentialities of the thematic content of both standard programmes for prospective specialists to
improve the learning research skill and acquire the knowledge listed in the occupational standard
(Occupational standard 0063, 2005).

It was concluded that the thematic block “Research” fully provides the preferable skills
listed in the indices of a version of the learning research criteria “ability to apply learning
knowledge” and “ability to organise research and present results” for prospective specialists.
However, acquisition of this block only partially covers acquisition of preferable skills and self-
experience listed in the indices of a version of the criterion “collaboration with peers and

teachers”. The thematic block “Nature” drawn up by the NCE promotes acquisition of

55



preferable knowledge listed in the indices of a version of the criterion “knowledge in learning
research in Chemistry”. Acquisition of subjects covered by the IMO programme partially covers
acquisition of requirements on preferable knowledge listed in the indices of a version of the
criterion  “collaboration with peers and teachers”, whereas it fully covers acquisition of
preferable specific (professional) knowledge, which has a major effect on learning research.
However the acquisition of the preferable skills listed in the indices of a version of the criteria
“ability to apply learning knowledge” and “ability to organise research and present results” are
partially acquired. Also the IMO programme does not provide acquisition of skills and self-
experiences set by the criterion “collaboration with peers and teachers”.

Comparing the programmes, it was evident that acquisition of the thematic block
“Research” of the NCE programme is a significant contribution in the education of prospective
specialists. It becomes a central component in the Chemistry curriculum, highlighting a new
trend in comprising curriculums in the maritime education. In order to draw up an overall
integrated curriculum in Chemistry, the thematic content of the two provided programmes were
differentiated and integrated. Consequently, due to its complexity, the integrated curriculum in
Chemistry was divided in three parts — general, practical and professional. Thematic block
“Research” includes both, general and professional curriculum and serves as a foundation for the
practical part. It is a link between Chemistry and the occupation chosen by a prospective
specialist, providing them with an option to develop learning research skill and acquiring the
knowledge set by the regulated occupational standard.

In the experiment stage, for the purpose of implementation of integrated Chemistry
curriculum, the author drew up 20 sets of research materials for practical work, laboratory and
project works. The research materials were drawn up in line with a helical development
principle. Consequently, the level of complexity gradually increases, year by year, making the
improvement of learning research skill cyclical.

The author met such significant didactic requirements as accessibility, consistence and
succession, whereas the compliance with the principle of purposefulness affected the provision
of compliance and link with the attainable results regarding the requirements outlined in the
educational standard, as well as the chance to measure the improvement of learning research skill
in line with the elaborated criteria and indices. The principle of curriculum integration was a
priority in drawing up the research materials. Thus each basic component of the curriculum has
several major functions in improvement of learning research skill. The key function of the inter-
curriculum link is to bond components of dimensions of integrated Chemistry curriculum,
uniting varied processes to be acquired, as well as occurrences and regularities in the general

curriculum, with the professional, thus promoting improvement of the skill of a prospective
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specialist to logically apply Chemistry learning research skills, use knowledge in research
relating various fields (chemistry, social and engineering ), gaining new knowledge, as well as
personally organise research, in order to gain self-experience and get a wider perspective on the
unity of human and nature. For the purpose of realisation of the integrated Chemistry curriculum
module, the author created a learning research collaboration self-experience organisation
module. It stands on individual and group work and project management. Each of those has a
particular function in the experiment in gaining new self-experience for prospective specialists
and organisation of improvement of learning research skill.

The individual work in the research process is organised as an activity outside class (at
home or in a library). It initiates and stimulates the interest of a prospective specialist, motivates
the learning research group and helps to memorise the information. Individual work promotes
improvement of the following skills preferable for improvement of learning research skill: ability
to apply learning knowledge, understanding of the concept of Chemistry and regularities,
understanding of usage of semiotics of the Chemistry language, ability to plan, organise work,
comply with the rules and reach a decision, provide justified answers in writing, come forward
with creative, interesting ideas and use Chemistry-related terminology.

Improvement of learning research skill continues in the work groups, using an individual
work product for carrying out next tasks. Each time a short interview takes place, in order to
check the quality before the work in a group. The work in groups is a great opportunity for a
prospective specialist to develop self-activity and use collaboration to develop the following
skills: use semiotic systems and terminology in the language of Chemistry, mutual questioning
and ability to provide justified answers, formulate opinions and findings on observations and
conclusions, coming forth with interesting and creative ideas, encourage and inspire others to
present their ideas, thus gaining new self-experience. On the grounds of the pre-experiment
results, the author elaborated systems for approaches on organisation of group-work for
improvement of collaboration and communication skills. In terms of complexity, the most
challenging group-work is the “Project of small groups”, but it allows youth to gain self-
experience, plan, organise and manage personal work, which leads to more efficient acquisition
of the independent learning research skill. Schematic drawing of the organisational approach of
the “Project of small groups” would show helix, with the acquired knowledge, skills and self-
experience to be transferred to the next level as a means of self-development. It gives new
possibilities to gain more self-experience for youth and further develop knowledge, skills and
mind-set, as well as to consolidate views and a stand in research, which plays a significant role in

development of a prospective specialist.
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Important intermediate elements of the module of self-experience in learning research
collaboration are the discussion and maps of summary. Both components link the facilitation of
processing of information, remembrance and consolidation in another instance. Moreover, they
stimulate cognitive and emotional processes, as well accumulation of knowledge, skills and
mind-set, improves the skill of reasoning, focused acquisition of new self-experience, with
members of the groups arguing and exchanging ideas, solutions and conclusions.

Lastly, the progress evaluation self-experience module, should be mentioned. It consists
of three stages. In the first stage, a prospective specialist gains self-experience in evaluation by
assessing personal progress and the quality of individual work (homework) and work summary
maps. It is a natural evaluation rendered as a brief debate or discussion. If necessary, teacher may
engage in the process. This gives and immediate feedback on the quality of individual work and
a group work to both the prospective specialist and teacher. In the second stage, a prospective
specialist gains the self-experience in evaluation by assessing personal or mutual progress, using
definite criteria, in order to evaluate final acquisition of each skills provided in each research
activity, as well as personal involvement in the process or the involvement of others and
satisfaction with the result and emotional environment during the process. It means assessment
using criteria, which is a key component in this module and gives immediate feedback on work
efficiency of prospective specialists and teachers. In the third stage, prospective specialists gain
self-experience in assessment by assessing quality of own learning research, collaboration and
shift in the mind-set, in a longer term. Reflection and data analysis helps prioritising, which is
essential for definition of future goal in relation to learning research collaboration and realisation
for strategic planning for the next development cycle. Teacher receives feedback on the quality
and efficiency of pedagogical collaboration. In order to balance the equity of evaluation system,
uniform assessment and self-assessment criteria have been set, and those can be presented as
score or as percentage, and also special assessment matrixes have been created.

In order to launch the second phase of the formative experiment, initially Paragraph
2.5.1 “Dynamics of improvement of learning research skill for prospective specialists at the
MS of the LMA in the second phase of the formative experiment” of Section 2.5 “Dynamics of
improvement of learning research skill in the second phase of the formative experiment”
tested participants of the focus group (30 prospective marine engineering specialists). The
majority of participants of the focus group were youth with poor knowledge in the subject — 57%
with poor knowledge, 43% with average knowledge and part of the participants with poor
knowledge and skills in learning research in Chemistry. The questionnaires revealed the lack of
collaboration, self-experience in research, basic skills and study-related situations for

participants of the focus group in Chemistry, which would allow them individually realise the

58



goal of learning and active involvement in reaching the goal; moreover, for 72% of the
participants Latvian was not the native language. In reality, in the first learning research phase of
the experiment, it is exceptionally important to comply with the principle of gradualness and
proportionality of complexity. Therefore, initially learning research skill is acquired, using the
pair-work model, afterwards — using the small group work model and only at the end of the
second cycle — using the small group project work model.
The second phase of the formative experiment consists of three learning research cycles
(the first and the second term of the academic year 2007/2008 and the eighth term of the
academic year 2010/2011). Taking notice of the performance of the participants of the focus
group, before the experiment the author set the preferable result, namely, that total score a
prospective specialist at the end of the third cycle is p=161, which is 68% of the maximum
score. This is an average level of independence in acquisition of learning research skill.
Measuring the level of criteria, the preferable top score is as follows:
v Knowledge in learning research in Chemistry — u=42 (71%);
v’ Ability to use knowledge in research — u=38 (63%);
v' Ability to organise research, present results — u=40 (67%);
v’ Collaboration with peers and a teacher — u=40 (67%).
See Chart 2 for comparison of the average score of improvement of learning research
skill of participants of the focus group by learning research cycles in the second phase of the
formative experiment with the preferable result.

80% -

70%

60%

50% Criterion 1

40% M Criterion 2

30% M Criterion 3
M Criterion 4
20%

10%

0%

preferable Cycle 1 Cycle 2 Cycle 3

Image 2. The formative experiment results of the second phase
(Criterion 1 ”’Knowledge in learning research in Chemistry ; Criterion 2 ““Ability to use knowledge in research ”;

Criterion 3 “Ability to organise research, present results ”; Criterion 4 “Collaboration with peers and a teacher )
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Chart in Image 2 shows gradual improvement of the learning research skill of prospective
specialists. The improvement is stable or with a positive trend. Analysing the learning research
cycles, it is evident that the prospective specialist approaches the preferable level of
independence in acquisition of the learning research skill only in the final stage of the third
learning research cycle. But in the final stage of the second phase of the formative experiment, in
the theoretical part of the qualification examination (20.07.2011) the ability of the prospective
specialist to transmit and knowingly apply the knowledge acquired in the learning research
cycles was tested. With the accuracy of 95%, the data provided by the single-factor analysis
reveals that the prospective specialist’s level of independence in acquisition of the learning
research skill has significantly affected the score at the qualification examination. For example,
as regards the Criterion “Learning research knowledge in Chemistry”, for the critical F-value it is
F=3.138>F(0.05:6:23=2.528 and p=0.021<0.05, whereas for the Criterion “Ability to use
knowledge in research” it is F=3.159>F 0.05:6:23)=2.528 and p=0.013<0.05; it has more influence
than Criterion “Ability to organise research, present results”, with F=2.075<F(0.05;6,23)=2.528 and
p=0.039<0.05.

The analysis of self-assessment of prospective specialists show significance of the
following components of structure of research: “work summary map and its formation”, “project
work of small groups” and “discussion”. It was established that, as regards structure components
“homework and its application” and ,,presentation of results”, the average statistical significance
values differ from the average arithmetical values. These components check and assess the
quality of individual work and team work. From the psychological perspective, by marking these
elements less significant, a prospective specialist has implicitly revealed his doubt, shyness and
lack of self-confidence, as well as the lack of such personal traits as daring to demonstrate one’s
knowledge and skills and compare own results with the results of others. Indirect indications of
that are revealed also in essays. For example, 43.33% of participants of the focus group indicated
that the work in groups and discussion (interactive component of the research) helped to
overcome the Latvian language barrier, whereas 53.33% of participants noted that support of
peers, discussion and work summary maps helped to comprehend the notions and regularities in
Chemistry, understand semiotics of the language of Chemistry and use the knowledge in
proposing and formulating a hypothesis. At the final stage of the second phase of the formative
experiment 80.00% of prospective specialists had a positive attitude towards Chemistry,
compared to 46.67% at the beginning of the experiment.

For the purpose of Paragraph 2.5.2 “Dynamics of improvement of learning research
skill of prospective specialists at the LMA in the third phase of the formative experiment”, the
third phase of the formative experiment was launched in the spring term, 2013. In this phase

60



participants of the focus group are the 39 prospective specialists — 2" year students of the LMA-,
divided in two study groups. The first group consists of 22 prospective specialists, which
graduated from the MS of the LMA in 2011 and participated also in the second phase of the
formative experiment. The second group consists of 17 prospective specialists, which graduated
from various general secondary schools in Riga and other regions in Latvia, in 2011. In the
second group, 74% of the prospective specialists mastered Chemistry in Latvian, 13% — bilingual
education, the remaining part of the participants—in Russian, whereas 31% of the participants
noted Latvian as their native language.

At the beginning of the third phase of the formative experiment the focus group was
tested. Data of the descriptive analysis revealed that the average score of Group 1 was 54.9 of the
total 80 points (68.58%); standard deviation—-12.41%, standard error-2.65. The average score of
Group 2 was 49.5 of the total 80 points (61.84%); standard deviation—14.44%, standard error—
3.50. The average score of both groups is close. However, data of the T-test analysis, namely, the
difference of the average score of both groups —10.71, standard error-3.75 and the mutual
alternative p-value — 0,010 show that there is a 99% chance of statistically significant difference
between the average score of both groups.

Analysing questionnaires of the 17 prospective specialists representing Group 2, it was
concluded that in the Chemistry classes 64.7% of respondents regularly performed practical tasks
in the laboratory with a lab partner, whereas 35.3% of respondents had worked in groups. All the
respondents noted that they have worked on a project within the framework of the so-called
Week of Projects at school and that during the Chemistry lessons they were not aware of the
goal, could not set tasks or actively participate in completing the tasks. Consequently, in the
previous educational level, 10 prospective respondents representing Group 2 were partially
enabled to acquire learning research skill and communication and collaboration skills.

Within the framework of the third phase of the formative experiment, participants of the
focus group produced three research projects. Goal of the projects was to promote further
improvement of learning research skills of prospective specialists by improving the following
skills while working in small groups: understanding of usage of integrated knowledge in
Chemistry, application of conclusions in a different set-up, mutual challenge, ability to provide
well-grounded answers and voice an opinion and make deductions on the grounds of
observations and conclusions, and present creative and interesting ideas on possible solutions to
problems and make recommendations. Content of the research work allows prospective
specialists to better understand substances present in fossil fuels and alternative energy
resources, correlation between qualitative indices, effect of the available products on the health

of humans, as well as the nature and ships. In order to establish changes in improvement of
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learning research skills, measurements were carried out using the same criteria and indices and
evaluation methods, as were used in the second phase of the formative experiment.

Taking note of the performance of participants of the focus group, upon the launch of the
experiment, the author set the preferable total score for prospective specialists in the final stage
of the third phase of the experiment — u=191. This would represent 80% of the total score and
would be indicative of nearly independent acquisition of the skill.

Measuring the level of criteria, the preferable score is as follows:

v Knowledge in learning research in Chemistry — u=48 (80%);
v" Ability to use knowledge in research — =45 (75%,;
v" Ability to organise research, present results — u=47 (78%);
v' Collaboration with peers and a teacher — u=51 (85%).
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Image 3. The formative experiment results of the third phase
(Criterion 1 ”Knowledge in learning research in Chemistry ”; Criterion 2 “Ability to use knowledge in research ”;
Criterion 3 ““Ability to organise research, present results ”; Criterion 4 “Collaboration with peers and a teacher )

The chart in Image 3 presents final results of the third phase of the formative experiment.
It reveals that the improvement of learning research skill of prospective specialists representing
Group 1 nearly reaches the preferable score. It is evidenced by mode and the mean value:
Mo=200>p=187.30. Mode exceeds the mean value, which means that the results of the
performance of the majority of prospective specialists representing Group 1 are indicative of
reaching the approximate zone of the value, exceeding the 76% mark. It is proved also by the
frequency analysis indicating that the results of 59.1% of the prospective specialists are between
78.04% and 85.33%. In its turn, improvement of the learning research skill of prospective
specialists representing Group 2 reaches the Mo=166=p=166.65 mark of the level of
independence. In this case, mode equals the mean value. It means that the results of the majority
of prospective specialists are close to the utmost limit of the partially independent level.
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However the frequency analysis shows that results of 29.4% of the prospective specialists are
associated with the mean value (u=166.65), whereas results of 29.4% of the prospective
specialists reach the level of independent acquisition of the skill (181-232 points). Thus the
frequency analysis indicates that majority of prospective specialists representing Group 1 have
reached the level of independent acquisition of the skill, but the minority partially reached the
level of independent acquisition. In its turn, results of prospective specialists representing
Group 2 cover all three levels of acquisition, which is evident by the results of the final
examination. The prospective specialists reaching the means value of improvement of the
learning research skill exceeding u= >181 or level of partially independent acquisition of the
skill or higher, and who fall in the first of the three levels of independent acquisition, reached
higher score in the examination. Yet results of the comparative analysis of self-assessment
carried out by the focus group evidence a distinctive trend in improvement of the skill between
the groups. The statistical data of the formative experiment indicates the following:

v' Prospective specialists representing Group 1 show greater progress in improvement of the
learning research skill, compared to the prospective specialists representing Group 2.

v Improvement of the learning research skill was more efficient (stable) for the prospective
specialists representing Group 1 and the self-experience was broader, compared to the
prospective specialists representing Group 2.

v For most of the prospective specialists representing Group 1 the results were high,
compared to the results of the prospective specialists representing Group 2, which proves
that prospective specialists representing Groupl are better skilled to transmit and
knowingly use the integrated knowledge and skills acquired during the research activity
carried out during the experiment, and to transform it and use it in an appropriate manner
and situation.

It can be concluded that the pace of improvement of the learning research skill to a great
extent depends on collaboration in the learning research process in Chemistry in the previous
educational level and the learning competency of the prospective specialist. It is evident that the
goal of the pedagogical collaboration in the learning research can be achieved only if a
prospective specialist considers the integrated Chemistry curriculum personally relevant and
necessary to satisfy personal thirst for knowledge, broadening self-experience and improving
self-development and self-education (learning other opinions, values and mind-sets). The
prerequisite for that is active and enthusiastic involvement in individual learning research and
collaboration process. Self-experience is gained by finding new ways and situations for using the
experience of a teacher and acquiring new competencies. Thus results of the study prove

convictions of various scientists (Bruner, 1973; Vigotskis, 2002; Jleoutses, 1975; Spona,
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Cehlova, 2004; Cehlova, 2002) about the improvement and significance of gradual, helical
learning for coordinated and structured collaboration between the parties in the learning process.

In order to integrate the organisational means of learning research used for
improvement of learning research skills for prospective specialists admitted at the marine
engineering study programmes used in the formative experiment, in Section 2.6 “Interpretation
of the post-experiment stage results”, the author applied the Quality Function Deployment
(QFD) methodology. It is a quality management tool used at the Latvian Maritime Academy for
studying potentialities in the maritime education.

The QFD methodology allowed comprehensive analysis and assessment of effect of the
marine engineering educational programme Marine Engineer on implementation of the learning
research means. The study proved that the most important in drawing up of supporting
documents of the curriculum is to implement module-type studies. Extensive analysis of the
curriculum of Chemistry in collaboration with experts allowed to draw up the curriculum
relevant to the particular occupation. The new curriculum of Chemistry was implemented in the
study course “Quality of energy resources”. For the purpose of balancing of education on general
secondary education and vocational education level or horizontal integration of modules, the
author proposed integrating the new study course in a single module with the vocational subjects,
such as “Ship diesel equipment” and “Thermodynamics and thermal management”. Thus
students would fully and broadly understand the factors affecting the quality of combustion of
fuel from the perspective of chemistry, physics and engineering. This approach would satisfy the
needs of the future maritime education.

On the grounds of the conclusions drawn from the theoretical part of the thesis and the
formative experiment and on the grounds of the original methodology, a guidance was created
for activation of the learning research in Chemistry at the general primary educational level. It
was approved by participants of a seminar on research of different levels for improvement of
learning research skill in Chemistry, namely Chemistry teachers representing general educational
establishments.

Therefore, comparing all indices of level of the learning research skill, assessment of
prospective specialists (at secondary and higher educational establishments in the field of
maritime), teachers and self-assessment of prospective specialists, as well as the opinion by other
experts (lecturers from the Dnieprodzerzhinsk State Technical University and experts in the
field), in all cases the level of acquisition of the learning research skill of prospective specialists
has improved. This proves the efficiency of the new model for improvement of learning research

skill in Chemistry in maritime education.
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The Conclusion part of the thesis state that Chemistry is a subject suitable for learning
research skill analysis. It allows a prospective marine engineer specialist to develop professional
competency, providing deeper understanding of independence of learning research. Analysis of
theoretical materials for the purpose of the thesis allowed defining the learning research skill of a
prospective marine engineering specialist and draw up the criteria and indices for progress
assessment of improvement of learning research skill, integrating verities of social
constructivism and operational theory based on the humanist approach.

In order to reach the goal set for the study—draw up a model for improvement of learning
research skill-an empirical study plan was elaborated and the base for the study was chosen-the
LMA and the MS of the LMA. The empirical study was organised in three stages: pre-
experiment stage, formative experiment stage and post-experiment stage.

Results of the pre-experiment study analysis singled out several substantial obstacles
preventing pupils/students from gaining self-experience of independent learning of research in
Chemistry. It is mainly caused by hasty and poorly organised teaching process, starting from
the primary educational level and affecting also the following educational levels. The empirical
test approved and activated the significance of the learning research skill development criteria,
selected according to the theoretical analysis. At this stage the necessity for an appropriate
model for improvement of learning research skill was highlighted.

Theoretical analysis of learning models revealed that the components at the heart of the
learning research process are more suitable for organising a class, than for an actual learning
research process and elaborated criteria and indices. For that reason, the model for
improvement of learning research skill in Chemistry was created in line with the traditions of
pedagogy in Latvia and integrating the appropriate technical knowledge. The foundation of the
model is the “Educational activity” by A.Spona (Spona, Cehlova, 2004:83) and the general
Model “Structure of the training activity” by Z.Cehlova (Cehlova, 2002:25). On the grounds of
the improvement of learning research skill in Chemistry, it was shaped in the pedagogical
collaboration cycle of the learning research process. It spins around determined activation of
prospective specialist’s self-experience for conscious learning research and collaboration with a
teacher and peers for transforming one’s mind-set, acquiring new competency and improving
the learning research skill. It was a gradual and helical process, covering all four stages of the
learning research cycle.

For realisation of the model in Chemistry in maritime education, in the first stage of the
formative experiment the learning research organisation means were elaborated and they stand
on the integrated Chemistry module, learning research collaboration self-experience module

and progress assessment self-experience module.
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The second and third stage of the formative experiment indicated, that the pace of
improvement of learning research skill greatly depends on the pedagogical collaboration in the
learning research process in Chemistry, in previous educational levels and competence of the
prospective specialist. It was concluded that the goal of pedagogical collaboration in learning
research shall be deemed achieved, only if a prospective specialist considers the Chemistry
curriculum as personally relevant and necessary to satisfy personal thirst for knowledge,
broadening self-experience and improving self-development and self-education (learning other
opinions, values and mind-sets). The prerequisite for that is active and enthusiastic involvement
in individual learning research and collaboration process. Self-experience is gained by finding
new ways and situations for using the experience of a teacher and acquiring new competencies.
The ability of a prospective specialist to use the acquired integrated knowledge and mind-sent in
Chemistry for solving practical professional challenges, contributes to growing professional
competence.

The QFD methodology used in the post-experimental stage revealed potentialities of
integration of organisational means of learning research in maritime education. Consequently,
models of subjects for implementation of principles of ecologically efficient (eco-efficient)
design in training marine engineering specialists in the marine transportation sector was outlined
in vocational educational programmes of all levels (secondary education, bachelor’s studies and
master’s studies). On the grounds of the original learning research organisation approach, a
theoretically justified methodological programme was elaborated for improvement of learning
research skill in maritime education and activation of learning research in Chemistry in primary
educational level. Efficiency of the original approach in learning research organisation in
Chemistry has been acknowledged by lecturers from the Dnieprodzerzhinsk State Technical
University and positive trends regarding analysis of self-assessment of the prospective specialists
involved in the approbation procedure.

It can be concluded that a model for improvement of learning research skill has been
elaborated, and the goal of the learning research activity is improvement of level of
independence in acquisition of learning research skill. It is facilitated by narrowing the gap
between subjective motifs of a prospective specialist and objectives of a teacher, promoted by
application of means coordinated for acquisition of integrated Chemistry curriculum, by taking
in self-experience passed on by a teacher. Consequently, a prospective specialist gains new self-
experience and competence in improvement of learning research skill, which, in its turn, narrows
a gap between subjective self-assessment of a prospective specialist and objective assessment
(assessment provided by others), resulting in positive emotional experience and interest in
inquiry. It motivates prospective specialists to learn new competences through the learning
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research. It stimulates authors of pedagogical collaboration (prospective specialists and teachers)
to design and set new tasks for the following learning research stage. This reveals cyclical,
helical nature of the model for improvement of learning research skill.

The study shows that the level of independence in acquisition of learning research skill of
prospective specialists improves, only if a prospective specialist considers the integrated
Chemistry curriculum as personally relevant and necessary to satisfy personal thirst for
knowledge, broadening of self-experience, and coordinated management of self-development or
self-education (learning other opinions, values and mind-sets). Improvement of learning research
skill is gradually helical.

Self-experience is gained, if a prospective specialist is able to find new ways and
situations to use the new self-experience gained from teachers and acquire new competencies.
The ability of a prospective specialist to use the acquired integrated knowledge and mind-set in
Chemistry for solving practical professional challenges, contributes to growing professional
competence.

The study proves that the model of improvement of learning research skill is efficient in
acquisition of a learning research skill at vocational secondary and vocational higher educational
level.

For the purpose of improving learning research skill of prospective specialists, teachers
should design integrated research activity related to the occupation or everyday life of a
prospective specialist, or related to protection of the environment, which are generally
controversial. This might stimulate and motivate a prospective specialist to improve one’s
learning research skill and professional competency. Active and creative collaboration between
the members of a team carrying out practical or research tasks (laboratory and research projects)
is critical, as well as positive attitude and support to prospective specialists in research, involving
them in every stage of the process from setting learning objectives to self-assessment.

Well-considered, rational and purposeful work of a teacher is critical in improvement of a
prospective specialist’s learning research skill, advising a prospective specialist and organising
the learning research process, in order to secure independent learning research activity and
provide self-experience in collaboration, achieve the set goals, while assisting a prospective
specialist in participation in purposeful and motivated learning research and educational process.

The pace of improvement of the learning research skill to a great extent depends on
organisation of the learning research process in the previous educational level, provided that a
prospective specialist was able to gain varied learning research experience and stable preliminary
knowledge independently, which is required for efficient construction of integrative knowledge,
develop the ability to transfer and knowingly and creatively use it in appropriate set-up and
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situation in other research and for solving challenges in the field of engineering. The lack of such
skills leads to slower improvement of learning research skill and it is less independent.

The new model for improvement of learning research skill helps to improve the
knowledge and promotes stabilisation of attitude and research mind-set of prospective
specialists. Moreover, it has a positive effect on the shift of values and mind-set, satisfies the
thirst for knowledge, stimulates broadening of the scope of self-experience and meets the need
for self-realisation.

Methodological assistance materials for teachers purposefully guide prospective
specialists towards realisation of the learning research and educational process.

Thus, comparing the level of the learning research skill in all educational levels
(secondary and higher maritime education), considering all the criteria, as well as the assessment
of teachers and prospective specialists’ self-assessment and the opinion of other experts
(lecturers from the Dnieprodzerzhinsk State Technical University and experts in the field), in all
cases the learning research skill of prospective specialists has improved, provided that the level
of independent research activity was increased. This proves that the new model is effective and
suitable for improvement of the learning research skill in Chemistry in maritime education and in

other vocational study programmes.
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