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ANOTACIJA

Daudzos pétijumos ir uzsvérta telpisko spéju izskiro$a nozime, lai gatu
panakumus dabaszinatnu, tehnologiju, inZenierzinatnu un matematikas (STEM)
izglitiba. Neraugoties uz to, joprojam pastav problémas telpisko spéju efektiva
attistiSana macibu procesa, jo Ipasi sakumskolas limeni. Disertacija aprakstits
pétijuma balstits piedavajums, ka risinat problémas telpisko spéju attistibai
sakumskolas STEM izglitiba, izmantojot inovativu skolotaju profesionalas
pilnveides (PP) ietvaru sakumskolas skolotdjiem. Pétijums izmanto dizaina
balstita pétijuma (DBP) metodologiju, kas sastav no trim iterativiem cikliem
un katrs no tiem veido nakamo.

Pirmaja cikla tiek pétiti telpiskas maciSanas sarezgijumi, identificéjot
galvenos $kérlus un motivatorus. Sis pétijums, kas balstits uz macibu pro-
grammu analizi tadas valstis ka Latvija, Irija, Zviedrija un Niderlande, atklaj,
ka strukturalie, pedagogiskie un institucionalie faktori biezi ierobezo telpisko
komponentu integré$anu sakumskolas STEM macibu programmas. Pétjjuma
laika tiek izveidota $kérslu un motivatoru kategorizacija, kas sniedz dzilaku
izpratni par problémam, kas saistitas ar telpisko izglito§anu, macibu programmu
izstradi un skolotaju izglitibu.

Otraja cikla tiek izmantota darbibas pétijuma (DarP) pieeja, lai istenotu un
noveértétu profesionalas pilnveides programmu, kas vérsta uz skolotaju telpisko
zinaanu un macisanas stratégiju uzlabosanu. Izmantojot Gaskija profesionalas
attistibas novértésanas ietvaru, pétjjums demonstréja pozitivus rezultatus vai-
rakos posmos, tostarp uzlabotu skolotaju izpratni par telpiskajam spéjam un
ievérojamu uzlabojumu skolénu snieguma, demonstréjot telpiskas spéjas. Ipasi
skoléni, kuru skolotaji piedalijas profesionalaja pilnveidé, demonstréja nozi-
migus uzlabojumus telpisko spéju vértéjumos, tostarp telpiskas vizualizacijas,
figaru loci$anas prata un mentalas parvérsanas prasmés.

Tre$aja cikla uzmaniba tiek pievérsta macibu stundu izpétes (StI) pro-
grammai ka profesionalas attistibas veidam, kas veicina sadarbibas refleksiju un
kolégu atbalstu. Sis cikls parada, ka maciSanas sadarbojoties, mérku izvirzisana
un atgriezeniskas saites mehanismi batiski uzlabo skolotaju pedagogiska satura
zinaanu un macisanas prakses attistibu. Skolotaji veiksmigi integréja telpisko
spéju attistibas uzdevumus savos stundu planos, uzsverot praktisko pielietojumu
un sadarbibu ka svarigu profesionalas pilnveides modela elementu.

Disertacija noslédzas ar visaptverosa profesionalas pilnveides ietvara izstradi,
kas palidz skolotajiem parvarét telpiskas izglitosanas $kérslus un veicina telpisko
spéju attistibas integréSanu sakumskolas STEM izglitiba. Pétijuma rezultati
kopuma sniedz vértigas atzinas par telpisko spéju attistibu sakumskolas skoléniem,
pilnveidojot teorétisko izpratni un praktiskas macisanas stratégijas skolotajiem.

Atslegvardi: telpiskas spéjas, profesionala pilnveide, stundu izpéte, darbibas
pétijums, sakumskolas STEM izglitiba
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1. IEVADS

Petijuma konteksta parskats

Skolotaju profesionala pilnveide (PP) spélé nozimigu lomu sakumizglitibas
kvalitates uzlabosana, nodrosinot pedagogus ar prasmém, kas nepiecieSamas, lai
attistitu sarezgitas kognitivas spéjas, pieméram, telpiskas spéjas. Telpiskas spéjas
tiek definétas ka spéja vizualizét, manipulét un pamatot telpiskas attiecibas
divas un tris dimensijas, un ta ir batiska prasme, kas nodrosina panakumus
matematikas, zinatnes un tehnologiju priek§metos (Newcombe & Shipley, 2014).
Papildus akadémiskajiem sasniegumiem telpiskas spéjas ir svarigas ari ikdie-
nas uzdevumiem un ir galvenais nakotnes panakumu raditajs STEM karjera
(Uttal et al., 2013). Nemot véra $o nozimigumu, agrina intervence telpisko pras-
mju! attistiba ir nokluvusi izglitibas pétijumu uzmanibas centra, jo ta butiski
ietekme kognitivo attistibu sakumskolas gados.

Pétjjumi liecina, ka telpisko spéju attistibas pamati tiek ielikti agra bérniba,
kad jau zidaina vecuma sak attistities pamata telpiskas parveido$anas prasmes,
kas veicina pladaku kognitivo izaugsmi. Garengriezuma un $kérsgriezuma
pétijumi konsekventi parada, ka bérni ar labi attistitam telpiskajam spéjam
meédz git panakumus matematika un dabaszinatnés agrak neka vinu vienau-
dzi ar mazak attistitam telpiskajam spéjam (Mix et al., 2016; Gilligan et al.,
2017; Hodgkiss et al., 2018; Gilligan et al., 2019; Bower et al., 2020). Turklat
§1s telpiskas spéjas attistas agra bérniba, noradot, ka mérktiecigas iejauksanas
noteiktos attistibas posmos var atstat ilgsto$u ietekmi uz bérnu kognitivajam
trajektorijam (Newcombe & Frick, 2010).

Neskatoties uz telpisko spéju atzito nozimigumu, tis joprojam ir nepie-
tiekami parstavétas sakumskolas macibu programmas un biezZi tiek ignorétas
skolotaju izglitibas programmas. Si nepilniba skolotaju sagatavosana var radit
situaciju, kad pedagogiem triikst parliecibas un pieredzes, lai efektivi attistitu
telpiskas spéjas sakumskolas vecuma bérniem, kas potenciali var kavét skolénu
kognitivo attistibu un nakotnes iespéjas akadémiskaja un profesionalaja vide
(Verdine et al., 2017). Lai risinatu $o problému, ir nepiecieS$amas PP program-
mas?, kas pielagotas telpisko spéju apmacibai. Sim programmam bitu jaietver

U Telpiskas prasmes attiecas uz specifiskiem telpiskas spéjas komponentiem, pieméram, mentalo
rotaciju, telpisko vizualizaciju vai telpiskiem orienté$anas uzdevumiem. Izglitibas kontekstos
spéjas, pieméram, telpiska spéja, netiek tiesi macitas; drizak, pedagogi izstrada aktivitates un
intervences, lai attistitu un uzlabotu pamatprasmes, kas veicina §is spéjas.

2 PP programmas attiecas uz strukturétam un nepartrauktam macisanas pieredzém, kas
paredzétas, lai uzlabotu skolotaju prasmes, zinasanas un efektivitati vinu profesionalaja
prakseé. Sis programmas var ietvert darbnicas, seminarus, sadarbibas projektus, mentoru
vadibu un kursus, kas biezi vérsti uz konkrétu macibu stratégiju uzlabo$anu, jaunu tehnologiju
integraciju vai priek§metspecifiskam zinasanam.



gan telpisko spéju attistibas teorétiskie pamati, gan praktiskas stratégijas
darbam klasé. Nodrosinot skolotajus ar zinaganam un instrumentiem telpisko
aktivitasu3 integrésanai ikdienas macibu stundas, $adas PP programmas varétu
uzlabot skolotaju parliecibu un efektivitati, veicinot skolénu telpisko iemanu
attistibu.

Efektivu skolotaju profesionalas pilnveides (PP) programmu izstrade prasa
stingru izglitibas pétijumu pamatu un pielagojamu pieeju skolotaju un skolénu
unikalajam vajadzibam. Dizaina balstita pétijjuma (DBP) ietvars piedava meto-
dologiju PP iniciativu izstradei, apvienojot empiriskus pétijjumus ar sistematis-
kam izglitibas intervencém. Si iterativa pieeja lauj PP programmam nepartraukti
attistities, izmantojot skolotaju sniegto atgriezenisko saiti (Anderson & Shattuck,
2012). DBP ietvaros divi papildinosi modeli¢ - darbibas pétijums (DarP) un
stundu izpéte (StI) — var vél vairak uzlabot PP efektivitati. DarP iesaista skolo-
tajus reflektivas darbibas, kas ietver planosanu, ricibu, novérosanu un refleksiju,
veicinot skolotaju atbildibu par savu profesionalo izaugsmi (Baumfield et al,,
2008; Stringer, 2013). Savukart StI akcenté stundu plano$anu un novértésanu
sadarbojoties, veidojot profesionalu macisanas kopienu, kur skolotaji kopigi
izstrada un pilnveido savas macibu metodes (Lewis, 2002). Integréjot DarP un
StI, DBP ietvars nodrosina, ka PP paliek dinamisks un pielagojas mainigajiem
izaicindjumiem, kas saistiti ar skolénu telpisko iemanu un izpratnes attistisanu,
galu gala atbalstot ilgstoSu profesionalo izaugsmi un maci$anas uzlabojumus
(Desimone, 2009).

Tomeér efektivu PP programmu jeviesana telpisko spéju macisana’ nav bez
izaicindgjumiem. Daudziem skolotajiem var trukt parliecibas par savam telpis-
kajam prasmém, kas apgratina $o konceptu efektivu macisanu (Lowrie et al.,
2019). Turklat, ta ka telpiskas spéjas biezi netiek skaidri uzsvértas skolu macibu
programmas, pedagogi varétu neapzinaties to nozimigumu vai nezinat, ka tas
ieklaut sava maci$anas praksé (Verdine et al., 2017). Lai PP batu veiksmiga, tai
tiesi jarisina $is problémas, sniedzot gan saturiskas zinasanas, gan pedagogisko
atbalstu, kas nepiecie$ams, lai veidotu skolotaju parliecibu un kompetenci tel-
pisko spéju attistiba (Desimone & Garet, 2015).

Turklat, koncentréjoties uz telpisko spéju attistisanu sakumizglitiba, izman-
tojot labi izstradatas un noturigas PP programmas, $is pétijums censas uzlabot

3 Telpiskas aktivitates ir uzdevumi, kas attista telpiskas spéjas un prasmes, iesaistot objektu
vizualizaciju, manipulé$anu vai sakartosanu telpa, pieméram, puzles, modelu biivésanu un
kartes lasisanu.

4 §i pétijuma konteksta DarP un StI tiek attiecinati uz PP modeliem, kas tiek apspriesti
teorétiskajos pamatos. Tomer praktiskas isteno$anas posmos pétijuma tie tiek operacionalizéti
ka PP programmas DBP ietvara.

5 Telpiskas spéjas macisana attiecas uz izglitibas praksém un stratégijam, kuru meérkis ir
attistit studentu spé&ju vizualizét, manipulét un saprast telpiskas attiecibas. Tas var ietvert
aktivitates, kas saistitas ar geometriju, kar$u lasiSanu, mentalas rotacijas uzdevumiem un
dizaina vingrinajumiem, kas uzlabo telpiskas prasmes.



gan maciSanas praksi, gan skolénu macibu rezultatus. Tas ari sekmé augstaka
meérka sasniegsanu — STEM izglitibas veicinasanu, sagatavojot skolénus nakotnes
akadémiskajiem un profesionalajiem panakumiem jomas, kur telpiskas prasmes
ir butiskas.

Zinatniska novitate

Si pétijuma zinatniska novitate - inovativa eso§o PP modelu pielagosana un
kontekstualizé$ana, izmantojot DBP ietvaru, lai risinatu specifiskos izaicinaju-
mus, kas saistiti ar telpisko prasmju macisanu sakumskolas STEM izglitiba. Lai
gan DBP ietvars nodrosina visparéjo struktiru, DarP un StI modelu integracija
ir sistematiski pielagota, lai atbilstu DBP iterativajiem, sadarbibas principiem
un telpisko prasmju maci$anas unikalajam vajadzibam.

« Eso$o PP modelu integracija: Sis pétijums unikali integré DarP un StI
modelus DBP ietvara, radot strukturétu, bet elastigu metodologiju, kas
atbalsta pedagogu profesionilo pilnveidi. So modelu ipasa pielagosana,
koncentréjoties uz telpiskajam prasmém, parstav jaunu pieeju PP pétijumos
un uzlabo to atbilstibu sarezgitu kognitivo prasmju macisanai.

» Kontekstualizacija telpisko prasmju apguvei: DarP un StI modeli tika ne
tikai pielagoti, bet ari kontekstualizéti, lai risinatu specifiskus izaicinajumus
un iespéjas, kas saistitas ar telpisko prasmju maci$anu. Tie ietver kladainus
prieksstatus par telpiskajaim prasmém, saskanotibu ar macibu programmu
un resursu ierobezojumus. Si mérktieciga pieeja telpisko prasmju apguves
PP ietvaros aizpilda robu sakumskolas izglitibas pétijumos un praksé, kur
§is prasmes bieZi tiek nepietiekami parstavétas.

» Inovativa metodologiska pieeja: DarP un StI kombinacija DBP ietvara
piedava jaunu metodologisku pieeju, kas uzsver sadarbibu, iterativu piln-
veidi un praktisku pielietojumu. Pielagojot $os modelus telpisko prasmju
maci$anai, pétijjums sniedz jaunu skatijjumu uz to, ka esos$as PP struktiras
var efektivi pielagot konkrétiem izglitibas kontekstiem.

Praktiska novitate

Si pétijuma praktiska novitate — strukturéta ietvara izstrades, lai uzlabotu
pedagogu profesionilo pilnveidi, veicinot telpisko prasmju attistibu sakumskolas
izglitiba. Ietvars uzsver pedagogu zinasanu uzlabo$anu, aktivas iesaistiSanas
veicinasanu un sadarbibas kultiiras attistianu starp skolotajiem, kas ir batiski
ilgtermina uzlabojumu nodro$inasanai macibu prakse.

6 Strukturéta ietvara izstrade $aja pétijuma attiecas uz eso$o PP modelu - pieméram, DarP un
StI - pielagosanu, modificé$anu un integré$anu DBP metodologija. Ta vieta, lai izveidotu jaunu
ietvaru no nulles, §1 pieeja balstas uz jau izveidotiem modeliem, tos pilnveidojot un pielagojot,
lai atbilstu konkrétajam vajadzibam telpiskas spé&jas attistiSanai sakumskolas izglitiba.



Galvenais §1 pétijuma ieguldijums ir tie$as, uz pieradijumiem balstitas

saiknes izveidoS$ana starp profesionalas pilnveides iejauk$anos un izméramiem
skolénu sasniegumiem. Si saikne sniedz praktikiem, macibu programmu veido-
tajiem un politikas veidotajiem konkrétas atzinas par to, ka mérktieciga PP var
uzlabot skolénu telpiskas spéjas — pamatprasmi, kas ietekmé STEM jomas un
citas jomas.

Papildus tam, ietvara elastigums nodrosina ta piemérojamibu dazados

izglitibas kontekstos, padarot to par atkartojamu un ilgtspéjigu modeli macibu
prakses un macibu rezultatu uzlabo$anai’.

Tezes aizstavésanai

L.

IL

Barjeru un atbalsta faktoru identificésana telpisko prasmju macisana: Tiek
identificétas galvenas barjeras un atbalsta faktori telpisko prasmju macisana
sakumskolas izglitiba, sniedzot praktiskas atzinas un stratégijas, lai parva-
rétu izaicindjumus realas izglitibas vidés.

Inovativa profesionalas pilnveides modelu integracija: Tiek piedavata jauna
pieeja, integréjot DarP un StI modelus DBP ietvara, kas nodrosina struk-
turétu, tacu elastigu metodologiju, lai uzlabotu pedagogu profesionalo
pilnveidi telpisko prasmju attisti$anai sakumskolas izglitiba.

III. Profesionalas pilnveides ietekme uz macibu praksem un ieviesanu: Petijums

7

izce] galvenos faktorus un stratégijas efektivai profesionalas pilnveides
modelu ievieSanai, demonstréjot, ka iterativas un uz pieradijumiem balstitas
profesionalas pilnveides programmas var uzlabot skolotaju macibu praksi
un uzticésanos telpisko prasmju macisana.

Micibu rezultatos ir izméramas zinasanas, prasmes, attieksmes un kompetences, ko skoléni

iegtist ka maciSanas procesa rezultatu.
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2. PETNIECIBAS KATEGORIJAS

Pétniecibas konteksts. Si pétijuma pamata ir sakumskolas STEM izglitibas
plasais konteksts, ar uzsvaru uz skolotaju PP nozimigo lomu telpisko spéju attis-
tiba skoléniem. Telpiska spéja, kas tiek atzita par galveno panakumu raditaju
STEM disciplinas, ir nepietiekami iek]auta sakumskolas izglitibas programmas.
Neskatoties uz tas nozimi, eso$ajiem PP pasakumiem biezi vien trikst struk-
turétas, iterativas pieejas, kas nepiecie$ama, lai atbalstitu skolotajus $is svarigas
kognitivas prasmes attistiba. Lai aizpilditu $o plaisu, pétijums izskata inovativas
PP pieejas, izmantojot sadarbibas un cikliskas metodologijas, kas dod skolota-
jiem iespéju pilnveidot macibu praksi un galu gala uzlabot skolénu rezultatus.

Pétijuma meérkis ir izstradat, pielagot un novértét strukturétu PP pro-
grammus, kas balstas uz DBP ietvaru. Sis ietvars integré un pilnveido eso$os
PP modelus, pieméram, DarP un Stl, pielagojot tos telpisko spéju maciSanas
prasibam sakumskolas izglitiba. Caur iterativiem cikliem $is ietvars ir pare-
dzéts, lai uzlabotu skolotaju macibu stratégijas, padzilinatu satura zinasanas
un veicinatu sadarbibu, galu gala atbalstot skolénu telpisko prasmju attistibu.

Pétijuma objekts ir sakumskolas skolotaju profesionala pilnveide, lai uzla-
botu telpisko prasmju macisanu un integraciju STEM izglitiba.

Pétijuma priekSmets ir DarP un StI modelu pielago$ana un iterativa piemeé-
ro$ana DBP ietvara, kas lauj skolotajiem efektivi integrét telpiskos uzdevumus
sakumskolas STEM izglitiba. Si pieeja ne tikai modificé eso$os PP modelus,
bet ari pilnveido tos, lai tie atbilstu specifiskajam telpisko spéju attistibas
vajadzibam.

Péetijuma jautajumi

PJ1: Kadi ir galvenie faktori, kas veicina vai kaveé efektivu telpisko pras-
mju attistibu sakumskola STEM izglitiba?

Sis pétijuma jautajums ir vérsts uz galveno faktoru noteik$anu, kas atvieglo
vai traucé efektivu telpisko prasmju macisanu sakumskola STEM izglitiba.
Izpétot gan $kérslus, gan atbalsto$os faktorus, pétijums censas atklat izaici-
najumus, ar kuriem skolotaji sastopas, ka ari elementus, kas var stiprinat vinu
macibu praksi. Guitas atzinas palidzés izstradat stratégijas telpisko prasmju
macisanas uzlabo$anai un to integracijai STEM macibu programma.

8 Programma attiecas uz $o mode]u praktisko istenosanu, kas bieZi ietver organizétas aktivitates
un intervences, kas paredzétas konkrétu rezultatu sasnieg$anai. Saja pétijuma DarP un StI
sakotnéji tiek raksturoti ka modeli, bet, piemérojot izglitibas vidé ka dalu no PP, tos attiecina
uz programmam.
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PJ2: Ka var izveidot efektivu PP ietvarud, izmantojot pielagotas PP pro-
grammas, lai ietekmétu telpisko spéju attistibu un praksi izglitibas vide?

Si otra pétijuma jautajuma mérkis ir izpétit strukturéta un inovativa sko-
lotaju PP ietvara izstradi, kas atbalsta skolotaju zinasanu, maciSanas stratégiju
un sadarbibas pilnveidi. Saja ietvara tiek istenotas konkrétas PP programmas,
pieméram, DarP un StI, lai risinatu telpisko spéju attistiSanas praktiskos aspek-
tus, galu gala veicinot skolénu telpisko sp&ju uzlabosanos.

PJ3: Kadi ir galvenie faktori un efektivas stratégijas, lai ieviestu skolotaju
PP programmas, kas veicina telpisko prasmju attistiSanu sakumizglitiba
strukturéta PP jetvara?

Sis pétijuma jautajums ir vérsts uz bitisko faktoru un efektivu stratégiju
identificé$anu un analizi, kas nepiecie$ami skolotaju PP programmu ievie$anai,
lai veicinatu telpisko prasmju attistianu sakumizglitiba. Galvenais uzsvars tiek
likts uz izpratni par to, ka PP iniciativas, integrétas strukturéta ietvara, var
nodrosinat skolotajus ar nepiecieSamajam zina$anam, prasmém un resursiem,
lai attistitu telpiskas spéjas sakumskolas skoléniem.

Uzdevumi

1. Izpétit un analizét attiecigo literatiiru par telpiskajam spéjam un pras-
mém, to lomu sakumizglitiba un teorétiskajam un praktiskajam pieejam
skolotaju PP, ipasi DarP un StI modeliem DBP ietvara. (Atbalsta visus PJ)

2. Apkopot un analizét esosas skolotaju PP programmas un iniciativas,
kuru mérkis ir paaugstinat telpisko prasmju limeni skolas, identificéjot
stipras puses, trakumus un iespéjas uzlabojumiem. (Atbalsta PJ2 un PJ3)

3. Salidzinat sakumskolas STEM macibu programmas no dazadam valstim,
lai novértétu, ka telpiskas prasmes tiek ieklautas un istenotas, identificgjot
labas prakses piemérus un traokumus. (Atbalsta PJ1)

4. Identificét galvenos skérslus un atbalsto$os faktorus telpisko prasmju
macisana sakumizglitibas STEM konteksta, izmantojot empirisku izpéti.
(Atbalsta PJ1)

5. Izstradat pielagotu PP ietvaru, kas integré DarP un StI modelus DBP
metodologija, lai atbalstitu skolotajus telpisko prasmju attistiba skoléniem.
(Atbalsta PJ2 un PJ3)

6. Novertet PP ietvara ietekmi uz skolotdju zinaSanam, praksém un sadar-
bibu, ka ari ta efektivitati, uzlabojot skolénu telpiskas prasmes. (Atbalsta
PJ2 un PJ3)

7. Identificét galvenos faktorus un stratégijas efektivai PP ietvara ieviesa-
nai izglitibas iestadés, nodrosinot ta ilgtsp&jibu un pielagojamibu plagakai
pielietosanai. (Atbalsta visus PJ)

9 Saja darba DBP kalpo ka PP ietvars, jo tas strukturé un informé profesionalas pilnveides
programmu izstradi, Isteno$anu un pilnveidi visos tris pétijumu ciklos.
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8. Sniegt praktiskas rekomendacijas skolotajiem, macibu programmu izstra-
datajiem un politikas veidotajiem par to, ka uzlabot skolotaju PP un macibu
praksi telpisko spéju attistiSanai sakumizglitiba. (Atbalsta visus PJ)

Teorétiskie pamati

Sis pétijums ir balstits divas teorétiskajas jomas: telpisko spéju loma STEM
izglitiba un profesionalas pilnveides teorétiskajiem modeliem, kas atbalsta
skolotaju izaugsmi.

Telpiskas spéjas loma STEM joma

o Telpiskas spéjasl0 ir mainamas un tas var ievérojami uzlabot, izmantojot
meérktiecigas iejauksanas, pat salidzinosi 1sa laika posma (Uttal et al., 2013).
o Telpiskas spéjas ir atzitas par galveno veiksmes faktoru STEM jomas, un
ilgtermina pétijumi rada to ietekmi uz studentu karjeras trajektorijam
zinatné, tehnologijas, inZenierzinatnés un matematika (Wai et al., 2009).
o Uzlabotas telpiskas prasmes ir saistitas ar uzlabotu matematikas sasniegumu
un STEM gatavibu (Mix & Cheng, 2012).
o Telpiskas spéju attistiS$ana nodrosina parnésajamu ietekmi, uzlabojot ne
tikai konkrétas jomas uzdevumus, bet ari visparéjos problému risinaganas
un logiskas domasanas prasmes (Levine et al., 2012).
 DPieradijumi liecina, ka telpisko prasmjul! agrina attistiba uzlabo kognitivo
elastibu un abstrakto domasanu, kas ir buatiski, lai risinatu sarezgitas pro-
blémas (Newcombe, 2010).
Telpisko prasmju attistiba sakas zidaina vecuma un turpinas visu bérnibu.
No ¢etru lidz septinu gadu vecumam bérniem paradas arvien sarezgitakas
telpiskas spéjas, pieméram, perspektivas uztverSana un mentala rotacija, kas ir
butiskas problému risina$anai un panakumiem macibas. Turklat telpisko spéju
attistibal2 stiprina ari galvenos smadzenu regionus, pieméram, hipokampu un
parietalas daivas, tadéjadi uzlabojot orientésanas spéjas, atminu un kognitivo
elastibu (Newcombe & Frick, 2010; Draganski et al., 2006). Neiroplasticitates
pétijumi liecina, ka agrina saskarsme ar telpiskumu stimuléjosam aktivitatém
optimizé neiralas saites, savukart nepietiekama iesaistisanas var kavét telpisko
attistibu (Hensch, 2005).

10 Telpiskas spéjas termins attiecas uz plasaku kognitivo spéju — domat par telpiskajam
attiecibam.

11 Telpiskas prasmes attiecas uz specifiskiem telpiskas spéjas komponentiem, pieméram, mentalo
rotaciju, telpisko vizualizaciju vai telpisko orientésanos.

12 Telpisko speju attistiba attiecas uz aktivitatém vai vingrinajumiem, kas paredzéti, lai uzlabotu
individa sp&ju mentali vizualizét, manipulét un saprast telpiskas attiecibas starp objektiem
vai vidi. Tas var ietvert uzdevumus, kas saistiti ar kartém, puzles, modeliem vai Zestiem, kas
uzlabo telpisko domasanu un problému risinaganas prasmes.
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Teoreétiskais PP ietvars

Si darba teorétiskais pamats balstas uz diviem galvenajiem ietvariem, kas
lauj saprast un novértét PP ietekmi izglitiba. Sie ietvari piedava papildinosus
skatijumus uz efektivas PP iniciativu dizainu, isteno$anu un noveértésanu,
nodrosinot holistisku pieeju skolotaju izaugsmes veicina$anai un skolénu
macisanas rezultatu uzlabosanai.

o “Guskey’s Five Critical Levels of PD Evaluation (2002): Gaskija ietvars kalpo
par pamata modeli, lai novértétu PP efektivitati, uzsverot tas daudzslanu
ietekmi. Pieci limeni - dalibnieku reakcijas, dalibnieku maci$anas, orga-
nizatoriska atbalsta un parmainas, dalibnieku jauno zinasanu un prasmju
izmanto$ana, ka ari skolénu rezultati - izce] PP ietekmes kédi no talitéjam
pieredzém lidz ilgtermina skolénu sasniegumiem. Sis ietvars sniedz struk-
turétu skatijumu uz PP ietekmi uz pedagogiem un vinu macisanas praksém,
nodrosinot saskanotibu ar plasakiem izglitibas mérkiem.

o “Sims et al.’s IMTP Framework of Effective PD (2023)” IMTP!3 ietvars izce]
Cetras savstarpéji saistitas sastavdalas, kas nosaka efektivu PP, uzsverot pro-
cesus, kas nepiecie$ami nozimigam un ilgtspéjigam parmainam macisanas
praksé. I nozimé pedagogiem nepiecie$amo izpratni par vinu pasdreizéjam
praksém, vélamajam parmainam un iemesliem $im parmainam, veicinot
kritisku refleksiju. M pievér§ uzmanibu emocionalajiem un kognitivajiem
faktoriem, kas veicina pedagogus pienemt jaunas pieejas, tostarp parliecibas
veidoSanai un parmainu vértibas demonstrésanai. T piedava skolotajiem
konkrétas stratégijas, rikus un prasmes, kas nepiecieS$amas veiksmigai $o
parmainu isteno$anai. Visbeidzot, P nodrosina $o stratégiju integraciju
ikdienas maci$anas rutina, nodros$inot nepartrauktu atbalstu, atsauksmes
un sekojosu palidzibu, kas padara parmainas ilgtspéjigas un ietekmigas.
Kopa $ie posmi sniedz strukturétu un praktisku pieeju PP programmu
izstradei un novertésanai.

Efektivai PP jabat kontekstuali atbilsto$ai, saskanotai ar pedagogu vaja-
dzibam un pastiprinatai, izmantojot sadarbibu un vadibas atbalstu (Desimone
& Garet, 2015; Vescio et al., 2008). Vadibai ir izskiro$a loma ilgtspéjigas PD
veicina$ana, nodrosinot resursus, atbalstu un mérku saskano$anu (Hallinger
& Heck, 2010).

13 IMTP ietvara 2023. gada, piedava jaunu skatjjumu uz efektivu PP. Ta koncentréjas uz uzvedibas
izmainu stratégijam un principiem, identificéjot célonsakarigus aktivus komponentus, jeb
“mehanismus”, kas paredzéti skolotaju izaugsmes veicinasanai, izmantojot (I) Ieskatus, (M)
Motivaciju, (T) Tehniku, un (P) Lieto$anu prakseé, galu gala uzlabojot macibu efektivitati.
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PP modeli: darbibas pétijums un macibu stunda

Pétjjuma ka PP modeli izmantoti DarP un StI pieeja, kas abi uzsver skolo-
taju sadarbibu, atkartotu refleksiju un uz pieradijumiem balstitus uzlabojumus
prakseé.

o StI: Radusies Japana, ietver kopigu stundu planosanu, klases novérojumus
un atkartotu pilnveidi, lai uzlabotu macisanas efektivitati (Dudley, 2013;
Lewis & Tsuchida, 1998).

o DarP: Ciklisks process, kura skolotaji sistematiski péta problémas klasé,
ievie$ izmainas un analizé rezultatus, lai uzlabotu praksi. (Cochran-Smith
& Lytle, 2015; Kemmis & McTaggart, 2005).

Abi modeli atbilst Vigotska sadarbibas macisanas teorijai, Sona reflekteé-
josa praktika modelim un Djuija pieredzes maci$anas teorijai, uzsverot aktivu
iesaistisanos, kritisku refleksiju un nepartrauktu profesionalo izaugsmi (Dewey;,
1938; Vygotsky, 1978; Schén, 1992). Sis pieejas veicina nozimigus un noturigus
maci$anas un maci$anas uzlabojumus.
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3. METODOLOGIJA

Si disertacija balstas uz DBP4, kas ir iterativa un uz sadarbibu vérsta
metodologija, kas paredzéta izglitibas intervencu izstradei un pilnveidosanai
realas pasaules konteksta (Anderson & Shattuck, 2012). DBP ir §i pétijuma
visaptverosais ietvars, kas strukturé pétijumu tris savstarpéji saistitos ciklos,
kuri aptver izstrades, istenodanas un refleksijas procesus. Sie cikli integré
DarP un StI ka PP programmas, kuru mérkis ir attistit skolénu telpiskas spéjas
sakumskolas izglitiba. Pirmaja attéla ir vizuali attélotas $o pétniecibas ciklu
savstarpéjas saiknes.

Pétijuma merkis: Izstradat un pielagot strukturétu profesionalas pilnveides (PP) programmu DBR
(dizaina pétjjumu) ietvaros sakumskolas skolotajiem, lai veicinatu skolénu telpisko spéju attistibu.

I Cikls II Cikls III Cikls
(2021-2022) (2021-2023) (2022-2023)
Narativais apskats Empiriskais petijums Empiriskais pétijums

PJ2: Ka var izveidot efektivu PJ3: Kadi ir galvenie faktori un efektivas
PJ1: Kadi ir galvenie faktori, kas profesionalas pilnveides (PP) ietvaru , stratégijas, lai ieviestu skolotaju
veicina vai kavé efektivu telpisko izmantojot pielagotas PP profesionalas pilnveides (PP)
prasmju attistibu sakumskola STEM programmas, lai ietekmétu telpiskas programmas, kas veicina telpisko
izglitiba? domasanas macisanu un praksi prasmju attistiSanu sakumizglitiba
izglitibas vidé? strukturéta PP ietvara?
1. pétijums [ 2. un 3. pétijums ]
[ Disertacija ]

1. attels. Parskats par pétijumu savstarpéjam saikném

Visa disertacija tiek lietoti termini, PP ietvars un DBP ietvars, lai atspogu-
lotu DBP dubultlomu gan ka pétijuma metodologiju, gan ka strukturétu pieeju
profesionalajai pilnveidei. 2. attéls sniedz visaptveros$u disertacijas struktiiru,
ilustréjot, ka pétijums ir balstits trijos savstarpéji saistitos pétjjumos, no kuriem
katrs atbilst atseviskam DBP ciklam. Katrs cikls ir izstradats, izmantojot iepriek-
$&jo ciklu atzinas, lai iterativi pilnveidotu DBP ietvaru, kas ietver DarP un StI
ka PP procesa pamatelementus.

14 DBP (dizaina balstiti pétijumi) kalpo ka visparéjs ietvars, kas strukturé pétjjumu un sniedz
vadlinijas dazadu skolotaju profesionalas pilnveides (PP) programmu izstradei un isteno$anai.
Tas lauj veikt iterativu parbaudi, pielagosanu un pilnveidi realos izglitibas apstaklos.
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-
Praktiskais
pamatoioms J - (5) 1 Cikds (i) wmeiws | (i) mcids

Teoreétiskais PP modeli: . _PP modelif i
pamatojums Darbibas petijums Macibu 5(‘3“(‘]’)‘1“ izpéte
DBP fazes

i Analitiska / izpétes
ii.  Dizaina izstrade / konstruésana
iii.  Novértésana / refleksija

2. attels. Iterativais DBP ietvars skolotaju profesionalajai pilnveidei

Cikls I: Ietvara izstrade — Saja posma tika veikta visaptverosa literatiiras
analize, lai identificétu efektivas PP prakses, Ipasi koncentréjoties uz teoré-
tiskajam pamatnostadném par PP izglitiba. Paraléli tika veikts parskats, lai
izpétitu telpisko prasmju maci$anas sarezgijumus pamatskolas izglitiba, izcelot
galvenos izaicinajumus un iespéjas izglitiba. Sis fazes galvenais rezultats bija
elastiga ietvaral5 izstrade telpisko spé&ju attistiSanas sarezgljumu izpratnei. DBP
iterativa daba veicinaja §i ietvara nepartrauktu pilnveido$anu, laujot to pielagot,
kad pétniecibas procesa laika paradijas jaunas atzinas.

Cikls II: Darbibas pétijums — Otraja cikla tika izmantota DarP ka PP pro-
gramma, kas atbilst DBP iterativajai dabai. Pirma cikla atzinas palidzéja realizét
$o posmu un pilnveidot to. Programmas centra, ka redzams 4. attéla, ir iterativs
process “Planot, Darinat, Novérot, Reflektét”, kas veicina nepartrauktu maci-
$anos un pilnveido$anos. Process sakas ar sakotnéjo ievada sesiju (1. darbnica),
kas ieliek pamatus turpmakajam darbnicam. Katrs nakamais darbnicas posms
(no 2. lidz 6.) balstas uz iepriekséjo, ieklaujot atgriezenisko saiti no darbnicu
vaditajiem un kolégiem, lai uzlabotu macisanas rezultatus. Modelis uzsver
ménesa progresu, nodrosinot regularu iesaisti un konsekventu attistibu. Péc
katras darbibas un novérosanas fazes dalibnieki piedalas strukturéta reflek-
sija, laujot viniem pilnveidot savu praksi pirms nakama cikla uzsaksanas. Péc
sestas darbnicas modelis kulminé ar fokusgrupas diskusiju, kas sniedz iespéju
kolektivai refleksijai un plasakam atzinam. Si iterativa pieeja veicina ilgtspé-
jigu izaugsmi, nostiprinot jaunas zinasanas, izmantojot atkartotus planosanas,
darbibas, novérosanas un refleksijas ciklus, veicinot sadarbibas un dinamiskas
macisanas vidi.

15 Sis pétijuma ietvars tiek talak apskatits nodala, kur tiek detalizéti apspriests Pétfjums L.
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3. attels. Teteikta iterativa PP programma, pielagota no Greitans & Namsone (2021)

Cikls III: Stundu izpéte (StI) — Balstoties uz I un II ciklu rezultatiem,
PP ietvars tika papildinats un noveértéts, izmantojot StI programmu!é, saskana ar
dizainu, ko izstradajusi Greitans un Namsone (2021). Sesu ménesu nodarbibas
ietvéra strukturétas PP darbnicas, kam sekoja sadarbibas stundu izpétes process.
Darbnicas tika istenotas ¢etros posmos: refleksija, ievads un modelésana, disku-
sija un maci$anas rezultatu formulésana. Katrs posms bija vérsts uz noteiktam
telpiskam spéjam, pieméram, vizualizaciju un mentalo rotaciju, ar PP vaditaju,
kas modeléja stundas un vadija reflektivas diskusijas (skatit 4. attélu).

16 Saja konteksta StI pariet no teorétiska modela uz praktisku PP programmu, kas izstradata un

parbaudita DBP ietvara.
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4. attels. Pielagota PP programma, balstoties uz Luiss u.c. (2009) un Greitans &
Namsone (2021)
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5. attéls. Organizatoriska struktara stundu izpétes ciklal?

Péc darbnicam dalibnieki piedalijas SI procesa, veidojot triju vai piecu
cilveku grupas. Sis grupas kopigi izvirzija macisanas mérkus, planoja stundas,
novéroja citu vaditas stundas un reflektéja par rezultatiem (skatit 5. attélu). Sis
iterativais cikls nepartraukti pilnveidoja macisanas stratégijas, uzlaboja telpisko
spéju uzdevumu integraciju un veicinaja ilgtspéjigu profesionalo izaugsmi un
sadarbibu.

Visaptvero$s kopsavilkums par pétijumu cikliem DBP ietvara ir sniegts
1. tabula.

17 “Bulta” attélo grupu skaitu un katra skolas grupa iesaistito skolotaju skaitu. Sarkana krasa
norada skolotaju, kurs ienem lidera poziciju, savukart zila krasa apzimé otru skolotaju, kur$
darbojas ka noveérotajs.
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1. tabula. Parskats par pétijumu cikliem dizaina balstita pétijuma ietvara

. i I Fokuss
Cikls Merkis Dalibnieki Ilgums Metodologija
Izstradat pedagogisko ietvaru
telpisko spé&ju attistiSanai
sakumskolas izglitiba,
analizéjot macisanas un
maci$anas komponentus -
L . Narativs
(pieméram, macibu NA arsk
rogrammu, metodes (Nav parskats
Cikls I P ooy g R 16 ménesi | un macibu
skolotaju zinasanas) un pieejami rosrammu
identificéjot galvenos skérslus | dalibnieki) Ena%ize

un motivatorus. Tas ietvéra
matematikas un dabaszinatpu
programmu analizi Irija,
Latvija, Niderlandé un

Zviedrija.
5 Iterativie cikli:
. I - . planogana,
Cikls IT .Iev1est un pllnve%dot sakotnéjo pamat_sllfolas 6 ménesi | darbiba,
ietvaru, izmantojot DarP. skolotaji oy
(N =5) novéro$ana un
- refleksija
24
pamatskolas Stundu
dabaszinibu planosana
. Talaka ietvara pilnveidosana skolotaji _ .. | sadarbojoties,
Cikls ITT un validacija, izmantojot StI. (N=24) 6 ménesi maci$ana,
no divam novéro$ana un
skolam refleksija
Latvija

Petijuma izlase

Pétijuma dalibnieki tika brivpratigi izvéléti no 1., 2. un 3. klases skolotajiem.

o Petijums I ietvéra rapigu pamatizglitibas dabaszinatnu un matematikas
macibu programmu analizi Irija, Latvija, Zviedrija un Niderlandé, ka ari
starptautisko pétijumu parskatu.

o Pétijums II: ieklava piecas sakumskolas skolotajas no divam valsts un
vienas privatas skolas Latvija (pieredze: 3-35 gadi, M = 17,8). Dalibnieki ar
bakalaura vai magistra gradu, macot 1.-3. klasé, ar darba slodzi 12-27 stun-
das nedéla (M = 20,8).

o Pétijums III: ieklava 24 skolotajas no divam Latvijas skolam. Pirmaja skola
bija devinas skolotajas — tris katra klasé, bet otraja skola bija 15 skolotaji
(pieci katra klasé). Skolotdja pieredze bija no 4 lidz 47 gadiem (M = 28,13).
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Instrumenti

Pétijjuma tika izmantoti vairaki pétniecibas instrumenti, lai apkopotu un
analizétu datus tris pétijjumos. Sie instrumenti ietvéra literatiiras analizi, nove-
rojumus klasé, anketas, grupu diskusijas un skolénu novértéjumus, nodrosinot
visaptvero$u PP programmas ietekmes novértéjumu.

o Petijuma I'8: literatiiras tematiska analize
Identificéti $kérsli un veicinosie faktori telpiskas macisanas joma.
Izmantota atslégvardu meklé$anas stratégija akadémiskas datubazés,
izmantojot Bula operatorus un ieklausanas/izslégsanas kritérijus, lai
precizétu rezultatus.

o Pétijuma II!%: Jauktas metodes datu vak$anai

Instruments Merkis

Izsekot izmainas maci§anas praksé pirms

Klases novérojumi i . . T
) PP isteno$anas, tas laika un péc tas.

Apkopot pamatzinasanas un
Sakotnéjas anketas perspektivas par telpisko prasmju
macisanu.

Sniegt kvalitativus ieskatus par

Grupu diskusijas PP pieredzi un sadarbibas refleksiju.

PP ietekmes novértéjums, izmantojot

Pirms- un péc izvertésanas o . .
peciz standartizétus telpisko spéju testus20:

Telpiskas vizualizacijas un mentalas
Mentalas lociSanas testu bérniem (BMST) | loci$anas prasmju novértéana
(Harris et al., 2013).

Izmeéritas mentalas transformacijas
spéjas (Ehrlich et al., 2006; Levine et al.,
1999).

Mentalas transformacijas uzdevumu
bérniem (BMTU)

18 Visi ar $o pétijumu saistitie datu kopumi, tostarp ieklausanas/izslégsanas kritériji, atslégvardu
vadita mekléSanas stratégija un terminu skaidrojo$a vardnica, ir augSupieladéti Zenodo
platforma, SellSTEM kopiena. Sie resursi ir pieejami, izmantojot $adu DOI: [https://doi.
org/10.5281/zenodo.14552838].

19 Papildus tam visi datu kopumi, instrumenti un papildu materiali, kas saistiti ar So pétijumu,
tostarp pirmsparbaudes anketas, novérosanas protokoli, grupu diskusiju vadlinijas un
standartizéto testu rezultati (MFTC un CMTT), ir aug$upieladéti Zenodo platforma,
SellSTEM kopiena. Sie resursi ir pieejami, izmantojot $adu DOTI: [https://doi.org/10.5281/
zenodo.14522238].

20 Mentalas lociSanas tests bérniem (BMST; Harris et al., 2013) un Mentalas transformacijas
uzdevums bérniem (BMTU; Ehrlich et al., 2006; Levine et al., 1999) ir pieejami Zieme]rietumu
universitates vietné. Lai iegatu sikaku informaciju un pieklatu testiem, apmekléjiet
Ziemelrietumu universitate - SILC. (https://www.spatiallearning.org/tools)
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o Pétijuma III2!: Prieksaptauja un fokusgrupu diskusijas
Prieksaptauja: daléji strukturéti un atvérti jautajumi, lai noskaidrotu
skolotaju pamatzinasanas un gaidas.
Fokusgrupu diskusijas: Pardomas par izaicindjumiem, atzinam un efektivi-
tati péc PP, veicinot kopigu maci$anos un PP programmas pilnveido$anu.
Si strukturéta pieeja nodrosinaja ripigu datu vaksanu un PP sistémas
atkartotu pilnveido$anu, pamatojoties uz empiriskiem secinadjumiem.

Datu vakSana un analize

Saja darba izmantota jaukta metozu pieeja, lai analizétu datus, kas iegiiti
tris DBP ciklos, nodrosinot visaptvero$u, atkartotu un kopigu secinajumu izpéti.
Analitiskas metodes tika izvélétas ta, lai nodro$inatu triangulaciju, aptverot vai-
rakas perspektivas, kas lautu parliecinosi interpretét rezultatus. Tris pétijumos
izmantoto analizes metozu kopsavilkums ir sniegts 2. tabula.

2. tabula. Parskats par datu vak§anas un analizes metodém

Pétijums Datu avots Analizes metode Merkis
Sakumskolas
dabaszinatnu un . - « Identificét kopigas
RS Tematiska analize -
matematikas macibu . témas un tendences
. Ieklau$anas un : _
- programmas (Irija, o Tao e « Sintezét datus
Petijums I . S izslegsanas kritériji -
Latvija, Zviedrija, k; > no macibu
- Atslégas vardu -
Niderlande) mekletanas stratéiia programmam un
Starptautiska ) literataras
zinatniska literatara
Pirms- un péc Saistitais t-tests « Novértét PP jetekmi
izvértéSanas (BMST un | kvantitativiem datiem uz skolénu telpisko
Pétijums II BMTU) o (R progra_mmat_ura) spe)_u_att1§t1_l3u
Klases novérojumi Tematiska analize o Izpétit macisanas
Sakotnéjas anketas — kvalitativiem datiem praksi un
grupu diskusijas (NVivo22) PP efektivitati
- Prieksaptaujas Tematiska analize » leglt ie .skaFus par
Pétijums III Fokusgrupas diskusijas | (NVivo) skolotaju pieredzi un
grup ) PP efektivitati

21 Visi instrumenti un atbalsta materiali no III pétijuma, tostarp pirmsparbaudes anketa un
fokusgrupas diskusiju vadlinijas, ir augSupieladéti Zenodo platforma, SellSTEM kopiena. Sie
materiali ir pieejami, izmantojot $adu DOI: [https://doi.org/10.5281/zenodo.14544216].

22 NVivo ir kvalitativo datu analizes programmatiira, ko izstradajis QSR International. Ta tiek
izmantota kvalitativo datu kodésanai un organizésanai.
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Pétijums I: Tika veikts literatiiras apskats un macibu programmas analize,
lai noteiktu $kérs]us un veicino$os faktorus telpisko prasmju maci$anas joma. Uz
atslégvardiem balstita mekléSanas stratégija un ieklausanas/izslég§anas kritériji
nodrosinaja atbilsto$u pétijumu atlasi, un tematiska analize tika izmantota, lai
iegiitu modelus un izdaritu secinajumus.

Pétijums II: lai novértétu PP programmas efektivitati, tika izmantotas gan
kvantitativas, gan kvalitativas metodes:

« Kvantitativa analize:
Pirms- un peéc izvertesana (BMST & BMTU) novertétas 96 skolénu telpis-
kas spéjas 1.-4. klasu skoléniem.
Saistitais t-tests noveértéja skolénu snieguma atskiribas pirms un péc PP.
« Kvalitativa analize
Klases noverojumi dokumentéta macibu prakse un skolénu iesaistisanas
telpisko uzdevumu veik$ana.
Prieksaptaujas anketdas tika apkopotas skolotdju pamatzina$anas un
perspektivas.
Grupu diskusijas veicinaja skolotaju refleksiju un pieredzes apmainu.
Tematiska analize (NVivo) apzinatas galvenas témas, pieméram, prakse,
skolénu rezultati un uztverta PP ietekme.

Pétijums III lai novértétu PP programmas ietekmi, tika izmantots kvali-
tativs pétijuma dizains:

Prieksaptaujas anketas tika noskaidroti skolotaju siakotnéjie uzskati,
sakotnéjas zinaganas un gaidas pirms iesaistiS$anas PP.

Fokusgrupas diskusijas pétija skolotaju pieredzi, izaicinajumus un telpis-
kas macisanas stratégiju integraciju péc PP.

NVivo analize identificéja cetras galvenas témas: dalibnieku atzinas,
motivaciju, metodes un jauno prasmju integrésanu macibas.
Prieksaptaujas atbilzu triangulacija un fokusgrupu diskusijas sniedza
dzilaku izpratni par PP efektivitati, nostiprinot DBP ietvaru.

Etikas apsvérumi

Saja pétijuma tika ievéroti stingri étikas principi, nodrosinot informétu
piekri$anu, anonimitati un konfidencialitati visa pétijuma gaita (Bordens, 2018).
Dalibnieki tika pilniba informéti par pétijuma mérkiem, un piekri$ana tika
iegta saskana ar Helsinku deklaraciju. Etisku apstiprinajumu pieskira Latvijas
Universitates Etikas komiteja (II raksts — Nr. 71-43/54; I1I raksts — Nr. 71-43/57).

o Anonimitate & Pseidonimi: II un III pétijuma dalibnieku vardi tika aizstati
ar kodétiem pseidonimiem (pieméram, T1, T2), lai aizsargatu vinu identi-
tati. Tas tika skaidri noradits piekrisanas veidlapa.

o Datu drosiba un glabasana: Visi faili, tostarp videoieraksti un transkripcijas,
bija aizsargati ar paroli, un $ifrétas dubléjumkopijas tika glabatas drosa vieta.

Pseidonimu saraksti tika glabati atseviski, lai saglabatu konfidencialitati.
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o Atvertas piekluves atbilstiba: Ta ka SellSTEM23 ir ES finanséts pétijums,
pétijjuma dati tika augsupieladéti brivpieejas repozitorija Zenodo, tadéjadi
nodrosinot parredzamibu. Zenodo katram datu kopumam pieskir DOI, kas
lauj viegli tiem pieklat un citét.

« Datu iznicinasana: Péc pétijuma pabeig$anas aréjas atminas ierices tika
formatétas, un visi sensitivie materiali, tostarp videoieraksti, tika neat-
griezeniski dzésti. Zenodo joprojam ir ilgtermina repozitorijs, nodrosinot
atbilstibu brivas piekluves politikai.

23 Sis doktorantiiras pétijums tika veikts projekta SellSTEM (Spatially Enhanced Learning
Linked to STEM) ietvaros, kas ir Eiropas Savienibas finanséta iniciativa Marijas Sklodovskas-
Kiri aktivitasu (MSCA) ietvara. Pétnieks ka agrinas stadijas pétnieks (ESR 14) Latvija, sniedza
ieguldijumu SellSTEM misija uzlabot STEM izglitibu, izstradajot skolotaju profesionalas
pilnveides ietvarus, kuru mérkis ir uzlabot telpiskas spéju attistibu sakumskola.
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4. REZULTATI

Rezultatu sadala atbild uz trim pétijuma jautajumiem, balstoties uz tris pub-
licétiem rakstiem, katrs no kuriem attélo pétijuma ciklu DBP ietvara. Kopuma
$ie raksti veicina PP ietvara pakapenisku izstradi un pilnveido$anu, lai attistitu
un pilnveidotu telpiskas spéjas sakumizglitiba. 3. tabula ir sniegtas detalizétas
publicéto rakstu sasaistes ar pétjjuma jautajumiem un disertacijas uzdevumiem,
paradot, ka katrs pétijums atbilst un veicina kopéjos pétijuma mérkus.

3. tabula. Publicéto rakstu sasaiste ar pétijuma jautajumiem un disertacijas
uzdevumiem

Raksts Petijuma Disertacijas Galvenais ieguldijums
jautajums uzdevums

Pétijuma I: Addressing Uzdevums 1 | « Izglitibas vides narativa
the complexity of spatial Uzdevums 3 karte
teaching: a narrative PJ1 Uzdevums 4 | « Macibu programmu analize
review of barriers and Uzdevums 7 | « Barjeras un motivatori tel-
enablers. Uzdevums 8 pisko prasmju macisana

« Profesionalas pilnveides

(PP) ietvara izstrade un
Pétijuma II: Professional Uzdevums 1 noyé_rtééana
: Uzdevums 2 | o Kritisko faktoru un

development for
primary school teachers PJ2, PJ3
intended to promote

students’ spatial ability

Uzdevums 5 stratégiju identificésana

Uzdevums 6 | o Ietekme uz macibu praksi

Uzdevums 7 | « Sadarbibas maciSanas

Uzdevums 8 modeli

o Resursu izstrade un
pielietojums

Pétijuma III: Lesson Uzdevums 1 | ° Sadarbibas un reflektiva

Study as a professional Uzdevums 5 | %ratlgsz.i as ievietanas
development model for PJ2, PJ3 Uzdevums 6 s t%atlé) ) J1 . fs

teaching spatial ability Uzdevums 7 sy K . -
in primary STEM Uzdevums 8 | ¢ Starppriek$metu integracija

« Diferencéta instrukcija

Telpisko prasmju maciSanas sarezgitiba:
Skérsli un atbalsta faktori

I pétijuma tika izveidots telpisko prasmju maciSanas ietvars, uzsverot
dazado izglitibas elementu savstarpéjo saistibu, tostarp macibu programmu,
izglitibas iestadi, klasi, skolotaju un skolénus. Sie komponenti veidoja sarezgitu
attiecibu tiklu, kas ietekmé telpisko prasmju attistibu. Lai vizuali attélotu $is
sakaribas, tika izstradata narativa karte (6. attéls).
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6. attels. Izglitibas vides komponenti, kas saistiti ar telpisko spé&ju attistibu

Pétijums I ietvéra ari padzilinatu sakumskolas dabaszinatnpu un mate-
matikas macibu programmu analizi Irija, Latvija, Zviedrija un Niderlande,
lai labak izprastu, ka telpisko spéju attistiba tika integréta katras valsts
macibu programma. Analize atklaja at$kirigus piegajienus telpisko uzdevumu
ieklau$ana:

o Irija: Telpiskas spéju attistiba tika uzsvérta matematikas temata “Forma un
telpa” un praktiskajas aktivitatés dabaszinatnés.

o Latvija: Telpiskie uzdevumi tika integréti visas klasés, koncentréjoties uz
konstruésanas, sadaliSanas un novérosanas aktivitatém.

o Niderlande: Telpisko spéju macisana tika ieklauta geometrijas tematos un
ar dizainu saistitos dabaszinatnu uzdevumos, ta¢u tika novérots samazinats
uzsvars dabaszinatnés.

o Zviedrija: Telpiskie uzdevumi tika ieviesti, izmantojot geometriju un citus
priek$metus, ieklaujot vizualos attélojumus un fizisku mijiedarbibu.
Latvijas macibu programmas, ipasi matematika, dabaszinibas un dizaina

un tehnologijas, tika parbaudita ari telpisko komponentu starppriek§metu
integracija 1.-3. klasé (4. tabula).

Turpmak tika izveidota $kér$]u un atbalsta faktoru kategorizacija, pamato-
joties uz plasu literattras izpéti, kas veikta pirmaja raksta, ka ari macibu prog-
rammu analizi. Sie $kérsli un atbalsta faktori tika klasificéti ¢etros komponentos:
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macibu programma, pedagogija, pedagogiska satura zinasanas un telpiska
organizacija klasé24, ka paradits 5. tabula.

4. tabula. Telpisko komponentu starppriek§metu integracija pirmajas tris klasés

Telpiskas sastavdalas

Priek$mets
1. klase 2. klase 3. klase
Tilpums, laukums,
. Formas, raksti, Sarezglta_s . s‘arezglta_s
Matematika . . formas, simetrija, geometriskas
geometrija L
meérvienibas formas,
transformacijas
Telpisko attiecibu Telpisko attiecibu

Dabaszinatnes

Novérosana un
telpisko attiecibu

apraksts daba e =
sistémas

izpéte fizikalajas
un biologiskajas

detalizéta izpéte
ekosistémas un
cilvéka kermeni

Dizains un
tehnologijas

Pamata dizaina

koncepti, telpisko
attiecibu izpratne
vienkarsas baves

Vidéja limena
dizaina koncepti,
telpiska plano$ana
projektos

Attistiti dizaina

un inZenierijas
koncepti, 3D
modelésana, telpiska
planogana

5. tabula. Atbalsta faktoru un $kérslu kopsavilkums telpisko uzdevumu integracijai
dabaszinibu un matematikas izglitiba

Komponents Atbalsta faktori Skersli
« Sistematiska macibu programmas
izstrade telpisko spéju attistibai « Nepietiekams laiks
Macibu « Telpiskas tehnologijas ieklausana | « Nepietiekama macibu
programma o Praktisku aktivitasu ieklausana programmas izstrade, nemot véra
« Alternativi novértésanas skolénu daudzveidibu
panémieni
« Literaturas trakums par
izglitibas un kognitivas zinatnes
« Konstruésanas metodologiju pétniecibas rezultatu integraciju
izmanto$ana, iesaistot fiziskos pedagogija
objektus « Matematika tiek uzsvérta vairak
p C. o Praktiski materiali neka citi STEM priek$meti
edagogija Micib e, R
« Macibu materiali skolotajiem ar | « Uztveres un stereotipiska
ierobezotu telpisko spé&ju attistibu | domasana
« Profesionalas pilnveides « Negativa vai zema skolotaju
programmas parlieciba par telpisko spé&ju
un matematikas macisanas
metodologiju

24 Klases telpiskojums attiecas uz to, ka klases telpa, materiali un resursi tiek izvietoti un
izmantoti, lai palidzétu skoléniem attistit telpiskas prasmes. Tas var ietvert 3D modelu,
manipulaciju un vizualo paliglidzeklu izmanto$anu, lai padaritu telpiskos jédzienus vieglak

saprotamus.
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Komponents Atbalsta faktori Skersli

« Vadibas atbalsts
« Profesionalas macisanas kopienas

Pedagogiska = . « Laika ierobeZojumi
808 « Skolotaju kou¢ings un y o.b Jur
satura . « Terobezoti resursi
Ly mentordarbibas programmas o -
zinasanas o Pretestiba parmainam

(#s2) - Stunduizpite
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Efektivas PP programmas, lai uzlabotu
telpiskas spé&jas macisanu

II pétijums izpétija PP programmas efektivitati, izmantojot darbibas
pétijumu

II pétijuma tika novértéta PP programmas ietekme, izmantojot Gaskija
(2002) piecu fazu sistému, kas ietver dalibnieku reakcijas, macisanos, organi-
zatorisko atbalstu, jauno zina$anu lietosanu un skolénu rezultatus.

1. un 2. fazes (reakcijas & macisanas): Skolotaji reagéja pozitivi, noradot, ka
viniem ir uzlabojusies izpratne par telpiskajam spéjam un vini vairak novérté
telpisko aktivitasu integré$anu macibu procesa.

« 3. faze (Organizacijas atbalsts & parmainas): Istenosanas laika radas
izaicinajumi, kas sakrita ar I pétijuma identificétajiem $kérsliem. Tomeér
institucionalais atbalsts veicinaja programmas visparéjos panakumus.

o 4. faze (Jaunu zinasanu lietosana): Skolotaji efektivi izmantoja telpiskas
stratégijas, pieméram, parejot no vizualam reprezentacijam uz konkrétiem
modeliem, macot 3D figuras.

o 5. faze (letekme uz skolenu mdcibu rezultatiem): Lielakaja dala gadijumu
skolénu sniegums ievérojami uzlabojas, ka to atspogulo BMST un BMTU
péctesta rezultati.

T1 un T2 skoléni uzradija statistiski nozimigus uzlabojumus (p < ,05),
kas liecina par programmas efektivitati

T3 skolénu (tikai BMST) un T4 skolénu (tikai BMTU) rezultati bija
dazadi.

T5 skoléni neuzradija butiskas atskiribas, iespéjams, tapéc, ka tests nebija
piemeérots vinu attistibas limenim.
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III pétijums: PP efektivitates novertésana, izmantojot darbibas pétijumu
IIT pétijums novértéja efektivitati, ievieSot Stundu izpéti (StI) ka pro-

fesionalas pilnveides veidu, izmantojot Sims et al. (2023) IMTP ietvaru. Sis

ietvars savieno skolotaju macisanos ar klases praksi caur ¢etriem mehanismiem:

ieskatiem (I), motivaciju (M), tehniku (T) un ieklau$anu praksé (P).

o leskati (I):
Koncentré$anas uz konkrétam telpiskam prasmém (pieméram, vizuali-
zaciju, mentalo rotaciju).
Strukturéti seminari ar atbalsto$u ievada sniegSanu, lai novérstu kogni-
tivo parslodzi.

o Motivacija (M):
Skolotaji izvirzija mérkus, kas bija saistiti ar telpisko spéju attistibu un
macibu stundu planos ieklava vairak telpiskos uzdevumus.
Galveno jédzienu atkarto$ana seminaros, lai tos nostiprinatu.

o Tehnika (T):
Liela nozime bija praktiskajam atbalstam un atgriezeniskajai saitei:
T7 atzina, ka detalizéta atgriezeniska saite uzlaboja vinu stundu plano$anu.
T14 atzina, ka kolégu atbalsts palidzéja veiksmigi ieviest jaunu klases
vadibas sistému.

o leklausana prakse (P):
Skolotaji, veicot klases novérojumus, identificéja jomas, kuras nepiecie-
$ami uzlabojumi, un ta rezultata tika planota riciba:
T6 ieviesa jaunas jautajumu uzdo$anas metodes, lai veicinatu skolénu
iesaistiSanos.
T12 izmantoja tangramu puzles, lai veicinatu reflektéjosu problému
risinasanu.

v PP programma (II pétijums) ievérojami uzlaboja skolotaju telpiskas macisa-
nas stratégijas un skolénu rezultatus, lai gan joprojam pastavéja istenos$anas
problémas.

v StI (III petijums) efektivi parnesa PP atzinas klases praksé, pastiprinot sadar-
bibu, atgriezenisko saiti un praktiskas metodes, lai uzturétu skolotaju attistibu.

Kritiskie faktori un stratégijas PP programmu
ievieSanai telpisko spéju attistiSanai sakumskola

I, IT un III pétijuma iegutie rezultati identificéja galvenos faktorus un
stratégijas, kas nepiecieSamas, lai veiksmigi istenotu PP programmas telpisko
spéju macisanai. Sis atzinas uzsver telpisko sp&ju macisanas sarezgitibu un
sistematiskas, sadarbiba balstitas un labi atbalstitas pieejas nozimi.

Galvenie faktori efektivai PP istenoSanai

o Skolotdja ekspertize un pieredze: Sakotnéji skolotaji uztvéra telpiskas spéjas
ka atsevi$ku prasmi, kurai nepiecie§ami papildu resursi. Tomeér, turpinot
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macibas, vini guva dzilaku izpratni par tas kognitivo sarezgitibu un nozimi
tados macibu priek§metos ka matematika un dabaszinatnes. Skolotaji atzina
tas nozimi agrinaja bérniba un starppriek$metu integracija, kas liecina par
PP panakumiem gan konceptualas izpratnes uzlabo$ana, gan spéju pielietot
telpiskas prasmes klaseé.

o Madcibu programmas prasibas: Lai PP programmas bitu efektivas, tam jabtit
saskanotam ar valsts macibu programmam un izglitibas standartiem. I péti-
juma izstradata starppriek$metu saiknu sistéma lava skolotajiem analizét un
integrét telpiskos komponentus sava macibu procesa klasé. Si saskanosana
nodrosinaja telpisko spé&ju macisanas atbilstibu, piemérojamibu un konsek-
venci starp disciplinam

o Skolotaju motivacija un iesaiste: Neraugoties uz sakotnéjo pretestibu parmai-
nam, skolotaju motivacija pieauga visa macibu procesa gaita. III pétijuma
pirmas skolas skolotaji izradija ipasi lielu iesaisti$anos, aktivi piedaloties
grupu diskusijas un kopiga stundu plano$ana. So motivaciju veicinaja atbal-
sto$a un interaktiva PP vide kopa ar profesionaliem stimuliem (sertifikati,
profesionalas izaugsmes iespéjas).

o ligtspéjigs atbalsts un papildu pasakumi: Galvenais veiksmes faktors IT un
III pétijuma bija nepartrauktas PP vaditaja norades. Skolotaji novértéja per-
sonalizétu atgriezenisko saiti, kas palidzéja viniem pilnveidot stundu planus
un macibu stratégijas. Si pastaviga atbalsta sistéma Java skolotajiem parvarét
gritibas un uzturét ilgtermina uzlabojumus telpiskas apmacibas joma.

o Resursu pieejamiba: Butisks izaicinajums III pétijuma bija ierobezota
piekluve manipulativiem un digitalajiem rikiem. Lai to risinatu, PP ieviesa
atvértos izglitibas resursus, pieméram:

PhET simulacijas (https://phet.colorado.edu/)
Macisanas trajektorijas (https://www.learningtrajectories.org/)

Galvenas stratégijas PP programmu ievie$anai

o Interaktivie semindari un mdcibu sesijas: 111 pétijuma praktiskie uzdevumi
bija biitiski. skolotaji stradaja mazas grupas (trijata un piecata), lai izveidotu
macibu planus, izmantojot manipulativus materialus. PP vaditaja demons-
tracijas macibu stundas sniedza skolotajiem vértigas atzinas, nodrosinot,
ka skolotaji efektivi apgust telpiskos jédzienus.

o Sadarbibas macisands modeli Il un III pétijumi uzsvéra sadarbibas nozimi
PP programmas. StI modelis veicinaja dzilaku iesaistiS$anos neka DarP, jo
taja bija strukturéti vienaudZzu novérosanas un atgriezeniskas saites cikli.
Skolotaji kopigi veidoja macibu stundas, novéroja cits cita macisanu un ite-
rativi pilnveidoja savas macisanas stratégijas, ievérojami uzlabojot telpiskas
maci$anas procesu.

o Diferenciétas macisanas stratégijas: skolotaji atzina nepiecieSamibu pie-
lagot macibu aktivitates dazadam skolénu spéjam. II pétijuma darbnicu
sesijas bija veltitas diferenciacijas stratégijam, palidzot skolotajiem pielagot
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telpiskas aktivitates skoléniem ar at$kirigu prasmju limeni un maci$anas
stilu. IT un III pétijuma skolotaji istenoja parejas stratégiju, kas parorien-
téjas no vizualizésanas pieejas uz praktiskiem modeliem, uzlabojot skolénu
iesaisti un izpratni.
Integracija klases prakse: darbnicu sesijas bija strukturétas ¢etros posmos —
refleksija, ievads, modelésana un diskusija, lai nodrosinatu, ka PP stratégijas
tiek Istenotas reala klase:
Refleksija: Pagnovértéjums, atgriezeniska saite un savstarpéjs atbalsts.
Ievads: Nodro$inaja ticamus resursus un parskatija ieprieks apgitas
zinasanas.
Modelésana: Skolotaji darbojas ka skoléni, kameér PP vaditaji demonstréja
efektivas metodes, palidzot viniem klatiené iepazit labako praksi.
Diskusija: Veicindja stundu plano$anu un PD stratégiju integrésanu
ikdienas macibu darba.
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5. SECINAJUMI

Secinajumi

o Pétljuma tika identificéti vairaki batiski atbalsta faktori un $kérsli, kas
ietekmé telpisko prasmju macisanu. Atbalsta faktori ietver labi izstradatu
macibu programmas saturu, kura integré telpisko spéju attistibas uzde-
vumus, efektivas pedagogiskas stratégijas, kas aktivi iesaista skolénus, un
atbilstosas pedagogiska satura zinasanas skolotaju vida. Savukart skérsli
biezi izriet no specifiskas apmacibas tritkuma telpisko prasmju joma, iero-
bezotiem resursiem un nepietiekamas specializacijas klasés. Sie atklajumi
uzsver mérktiecigu iejauk$anas pasakumu nozimi macibu programmu
izstradé un skolotaju apmaciba, lai parvarétu Sos $kérslus un veicinatu
skolénu telpisko spéju attistibu.

« Pétijuma tika analizéti divi PP modeli - DarP un StI, lai izvértétu to efek-
tivitati skolotaju prasmju uzlabosana, kas veicina skolénu telpisko prasmju
attistibu. DarP modelis bija Ipasi efektivs, jo veicinaja iterativu sadarbibas
procesu, kas ievérojami pilnveidoja macisanas praksi un pozitivi ietekméja
skolénu macibu rezultatus. Savukart StI modelis uzsvéra maci$anos sadar-
biba un refleksiju, laujot skolotajiem pilnveidot stratégijas, ka efektivak
integrét telpiskos uzdevumus macibu procesa. Sie secinajumi liecina, ka
efektiva PP programma, kas atbalsta skolénu telpisko prasmju attistibu, jaie-
klauj sadarbibas un refleksijas prakse. Tas veicina nepartrauktu profesionalo
pilnveidi un uzlabo macisanas efektivitati, nodrosinot ilgtspéjigu skolotaju
kompetences pilnveidi.

« Pétijuma tika identificéti vairaki batiski faktori un stratégijas, kas nepieciesami
PP programmu veiksmigai Isteno$anai telpisko spé&ju attistisanai. Galvenie
faktori ietver spécigu institucionalo atbalstu, kas nodrosina pastavigas sko-
lotaju sadarbibas iespéjas un kopigu macisanos; strukturétu ietvaru, kas lauj
iterativi veikt macibu procesa pilnveidi, balstoties uz atgriezenisko saiti un
pielagojoties mainigajam izglitibas vajadzibam. Efektivas stratégijas ietver
telpisko prasmju integré$anu eso$ajos macibu priek§metu jomas standartos,
talitéju atgriezenisko saiti, kas lauj pielagot macisanas pieeju, ka ari kultiiras
veidosanu skolotaju vidi. Sis stratégijas un faktori ir loti svarigi, lai nodrosi-
natu PP programmu atbilstibu un efektivitati dazados izglitibas kontekstos.

lerobezojumi

Saja pétijuma ir vairaki ierobezojumi, kas var ietekmét ta secinajumu
visparinamibu un ilgtermina piemeérojamibu:

1. Iigtermina ietekmes meérisana — Pétijuma nav noveértéts, vai novérotie

uzlabojumi telpisko prasmju macisana un skolénu macibu rezultatos ir
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noturigi laika gaita. Turpmakajos pétijjumos butu jaieklauj turpmaki
novértéjumi, lai parbauditu ilgtermina ietekmi

2. Skolotdju iesaistes mainiba — lespé&jams, ka PP programmas efektivitati
ietekmeéja skolotaju motivacijas un iesaistiSanas atskiribas, ka rezultata
dalibnieki guva atskirigus ieguvumus.

3. Potencidlais subjektivisms pasnovéertéjuma datos — Liela dala datu tika
ieguta, izmantojot skolotaju atgriezenisko saiti un fokusgrupu dis-
kusijas, kuras, lai gan ir izglitojosas, var ietekmét socialas vélamibas
tendence, kad dalibnieki sniedz sagaidamas, nevis pilniba autentiskas
atbildes.

4. Papildu faktoru ietekme: — Lai gan pétijuma atzitas tadas problémas ka
ierobezots macibu laiks, organizatoriskais atbalsts un resursu pieeja-
miba, taja nav izpétita to konkréta ietekme uz PP efektivitati, kas varétu
bt ietekméjusi rezultatus.

5. PP ietvara pielagosana dazadam kultiram - Izglitibas sistému, macibu
programmu strukttru un macibu prakses dazadiba dazadas valstis rada
izaicinajumus PP modela pielago$ana. Kultaras un politikas atskiribas
var jetekmét to, ka PP programma tiek istenota un integréta vietéja
macibu procesa.

lzstradatas tézes aizstavésanai

. Barjeru un atbalsta faktoru identificéSana telpisko prasmju
macisana

Sis pétijums identificéja kritiskas barjeras un atbalsta faktorus, kas ietekmé
telpisko prasmju macisanu sakumskola, sniedzot vértigas atzinas par izglitibas
vides sarezgitibu. Tika izstradats narativa kartéjums, lai atspogulotu macibu
programmu izstradi, macibu metozu, skolotaju zinasanu un klases praksu
mijiedarbibu, kas veido telpisko prasmju attistibu. Veicot sakumskolas matema-
tikas un dabaszinatnu macibu programmu analizi Cetras Eiropas valstis - Irija,
Latvija, Niderlandé un Zviedrija -, pétijums izcéla dazadas pieejas telpiskas
domasanas integrésanai izglitiba. Kamér visas Cetras valstis atzina telpisko
prasmju nozimigumu, to integré$ana at$kiras gan apjoma, gan uzsvara, sakot
no geometrijas uzdevumiem lidz praktiskam dabaszinatnu aktivitatém. Turklat
pétjjums sistematiski identificéja un kategorizéja barjeras un atbalsta faktorus
Cetras galvenajas komponentés: macibu programma, pedagogija, PSZ un klases
telpiska organizé$ana. Barjeras ietvéra nepietiekamu macibu programmas
ilgumu, ierobezotus resursus, negativus skolotaju uzskatus un profesionalas
pilnveides iespéju trakumu. Savukart atbalsta faktori, pieméram, konstrué$anas
metodologija, vadibas atbalsts, profesionalas macibu kopienas, telpiskas valodas
un praktisko materialu izmantosana, veicinaja efektivas telpisko prasmju maci-
$anas prakses. Sie rezultati sniedz visaptvero$u izpratni par izaicinajumiem un
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iespéjam telpisko prasmju maci$ana, uzsverot nepiecie$amibu péc sistematiska
macibu programmas dizaina, reflektéjosam macisanas stratégijam un profe-
sionalas pilnveides programmam, kas pielagotas telpisko prasmju izglitibas
specifiskajam prasibam.

Il. Inovativa profesionalas attistibas pieeju integracija

Sis pétijums piedava jaunu DarP un Stl integraciju DBP ietvara, radot struk-
turétu, bet pielagojamu metodologiju skolotaju profesionalajai pilnveidei (PP).
Izmantojot DBP iterativos ciklus (Anderson & Shattuck, 2012), DarP veicinaja
reallaika atgriezenisko saiti un macibu prakses pilnveidosanu, kamér StI veici-
naja sadarbibas maci$anos un reflektéjosas macisanas stratégijas (Lewis et al.,
2009). Latvijas pieredze (Namsone & Cakane, 2019) un starptautiski pétijumi
(Ewen et al., 2023; Hayes et al., 2021; Lee Bae et al., 2016) uzsvérusi StI un
DarP integracijas vértibu, ieklaujot efektivas prakses modelésanas darbnicas.
Sis pieejas atspogulo globalu pareju uz skolotaju PP, kas koncentréjas uz stundu
planosanu un analizi. PP programma integréja strukturétas ievaddarbnicas,
mérku izvirzisanu un atgriezeniskas saites praksi, uzlabojot skolotaju spéjas
efektivi izstradat un istenot telpiskos uzdevumus sakumskolas macibu procesa.
Sis ietvars saskan un paplasina eso$o literatiiru, kas atbalsta PP pieejas, kas
prioritizé sadarbibu, iterativu pilnveidi un reagé$anu uz konkrétajam skolotaju
izglitibas vajadzibam (Sims et al., 2021).

Turklat pétijums identificéja vairakus svarigus faktorus, kas ir butiski
PP programmas isteno$anai, pieméram, skolotajiem - ekspertiem, macibu
programmu saskano$anai, skolotdju motivacijai, ilgtspéjigam atbalstam un
resursu pieejamibai. Sakotnéji skolotajiem bija ierobeZota izpratne un nepareizi
uzskati par telpiskajam prasmém, tas uzskatot par atseviskam no citiem prieks-
metiem vai prasot papildu resursus. Tomér, izmantojot DarP un St iterativos
ciklus, PP ietvars padzilinaja skolotaju izpratni, laujot viniem efektivak integrét
telpiskas spéju attistibas aktivitates matematika un dabaszinatnés. Pieméram,
skolotaji pargaja no pamata telpisko prasmju definicijam uz to plasaku nozimi
problému risina$ana un agrinaja bérnu attistiba. Macibu programmu saska-
nosana bija vél viens batisks faktors, nodrosinot, ka telpiskie uzdevumi tiek
integréti izglitibas standartos un saistiti ar dazadiem priek$metiem. Si saska-
nosana ne tikai palielinaja PP satura nozimi, bet ari lava skolotajiem vienkarsa
veida ieklaut telpisko domasanu ikdienas macibas. Ietvars ari uzsvéra skolotaju
motivaciju un iesaisti, noradot uz attieciga satura un uz sadarbibu vérstas vides
nozimi, lai uzturétu apnémibu piedalities PP programmas. Ilgtspéjigs atbalsts
un turpmaka palidziba spéléja nozimigu lomu ietvara veiksmiguma. Pastaviga
vadiba un atgriezeniska saite no PP vaditajiem nodros$inaja skaidribu un ricibai
gatavas atsauksmes, kas lava skolotajiem pilnveidot macibu pieejas. Skolotaji
izcéla konkrétu riku un stratégiju vértibu, ko piedavaja darbnicas, pieméram,
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izmantojot atvértos resursus, PhET simulacijas un stundu planus no “Learning
Trajectories”, lai risinatu izaicinajumus, kas saistiti ar ierobezotiem resursiem.
Pétjjums ari identificéja galvenas stratégijas, lai efektivi istenotu PP prog-
rammas. Interaktivas darbnicas ar praktiskam aktivitatém un prakses modele-
$anu no PP vaditajiem bija iz8kirosas, lai piedavatu skolotajus metodes telpisko
prasmju macisanai. Sis darbnicas lava skolotajiem tiesi piedalities telpisko
uzdevumu risinasana, veicinot dzilaku izpratni par to, ka izstradat un iste-
not efektivas stundas. Sadarbibas maci$anas modeli, ipasi caur StI, veicinaja
planosanu grupas un kolégu novérosanu, laujot skolotajiem pilnveidot savas
stratégijas un iterativi uzlabot macisanas praksi. Diferencétas instrukcijas straté-
gijas izradijas vél viens svarigs komponents, nodrosinot, ka telpiskas aktivitates
atbilst dazadam skolénu vajadzibam. Skolotaji izstradaja pielagotas pieejas, lai
attistitu dazadas telpiskas prasmes, parejot no tradicionalam metodém uz
inovativam stratégijam, kas ietver manipulacijas un praktiskas aktivitates. Sis
prakses integracija klasé tika nostiprinata, izmantojot strukturétu cetru fazu
PP procesu - refleksija, teorétiskais ievads, modelésana un diskusija —, kas tiesi
saistija PP ar praktisko lietojumu klasé. Inovativa DarP un StI integracija DBP
ietvara uzsver sadarbibas, reflektéjosu un iterativu PP pieeju efektivitati.

Ill. Pieradijumos balstita saikne starp skolotaju pilnveidi un skolénu
sashiegumiem

Sis pétijums izveido tiesu, pieradijumos balstitu saikni starp skolotaju piln-
veidi un izméramam izmainam skolénu snieguma, paradot piedavatas PP prog-
rammas efektivitati. Iesaistot skolotajus darbibu, refleksijas un sadarbibas iterati-
vajos ciklos, PP programma veicinaja nozimigu profesionalo izaugsmi. Sakotnéji
skolotajiem bija ierobeZota izpratne un nepareizi uzskati par telpiskajam sp&jam,
tacu, izmantojot mérktiecigi planotas darbnicas, stundas planosanu sadarbiba
un reflektéjosas prakses, vinu pedagogiskas stratégijas un parlieciba par telpisko
prasmju macisanu butiski uzlabojas. Pétijums ari izcéla sadarbibas macisanas
lomu skolotaju pilnveidé, ko veicinaja DarP un StI. Skolotaji guva labumu no
strukturétam iespéjam apspriest izaicinajumus, dalities atzinas un pilnveidot
macibu pieejas, ka rezultata vini palielinaja spéju izstradat un istenot telpiskos
uzdevumus, kas saskan ar macibu programmas standartiem un atbilst dazadam
skolénu vajadzibam. Si attistiba bija biitiska, lai veicinatu macisanas prakses
transformaciju, veicinot dzilaku telpisko prasmju integraciju matematikas un
dabaszinatnes izglitiba.

Empiriskie dati vél vairak paradija So uzlabojumu pozitivo ietekmi uz
skolénu rezultatiem. Pirms un péc novérté$anas ar standartizétiem telpisko
spéju testiem atklajas batiski uzlabojumi skolénu telpiskaja domasana, ipasi
vizualizacijas un mentalas rotacijas uzdevumos. Sie rezultati uzsver mérktiecigu
PP programmu nozimi, kas ne tikai atbalsta skolotaju izaugsmi, bet ari uzlabo
skolénu macibu pieredzes kvalitati STEM jomas.
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Nakotnes pétijumi

Turpmakajos pétijumos biitu jaizpéta PP ietvara mérogojamiba un ilg-
termina ietekme dazados izglitibas kontekstos, novértéjot tas pielagojamibu
dazadas kultaras un macibu programmas. Lai parbauditu noturigumu uzlabo-
jumos skolotaju praksé un skolénu macibu rezultatos, ir nepiecieSsami ilgtermina
pétijjumi. Jaunu tehnologiju (pieméram, virtualas realitates, maksliga intelekta
raditu platformu) turpmaka izpéte varétu nodro$inat inovativas stratégijas tel-
pisko spéju uzlabosanai un resursu ierobezojumu risinasanai. Turklat pétijumi
par telpisko spéju starpdisciplinaro nozimi lasitprasmé un kritiskaja domasana
varétu sniegt plasaku perspektivu par to ietekmi izglitiba.
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leteikumi

Sekojosaja tabula ir apkopoti ieteikumi un to adresati.

6. tabula. Ieteikumi telpisko prasmju macisanas un PP programmu uzlabo$anai

Kategorija

Teteikums

Apskatamais faktors

Macibu saturs un

Palielinat macibu laiku, kas veltits
telpiskajiem elementiem.

Nepietiekams macibu laiks

instrukcija Ieviest diferencétu macisanu, lai Diferencétas instrukeijas

apmierinatu dazadas maci$anas _

S trakums
vajadzibas.
. B, . 1. | Mainiga profesionalas
Standardizét un atbalstit profesionalas . ;
. . - . pilnveides programmu

pilnveides (PP) isteno$anu. istenogana
P'rofesz'onala Izpétit un integrét papildu PP ietvarus. Saur§ fokuss uo
pilnveide specifiskiem ietvariem.

Regulara novértésana un atsauksmes.

Nepieciesamiba péc
nepartrauktas novérté$anas
un uzlabo$anas.

Organizatoriskais
atbalsts

Uzlabot organizatorisko atbalstu,
veicinot nepartrauktas uzlabo$anas un
sadarbibas kultaru.

Organizatoriska atbalsta
mainiba.

Palielinat piekluvi resursiem telpiskas
maci$anas nodrosinasanai.

Resursu ierobezojumi.

Labako praksu
istenosana

Veicinat pétijumos balstitu prakses
pienemsanu.

Pretestiba parmainam

Paplasinat uzdevumiem specifiskas
macibas vai kursus, lai tas butu
pielagojamas dazadiem macibu
priek$§metiem un kontekstiem.

Uzdevumiem specifisku
macibu visparigums

Sadarbiba un
atsauksmes

Veicinat sadarbibas macisanas vidi
skolotajiem, lai dalitos ar labakajam
praksém.

Nepieciesamiba péc
praktiska sociala atbalsta
un atsauksmém

Ieklaut skolénu atsauksmes telpiskas
macis$anas stratégiju novértésana.

Skolénu rezultatu
mainigums
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ABSTRACT

Extensive research has underscored the critical role of spatial ability in
achieving success in science, technology, engineering and math (STEM) edu-
cation. Despite its importance, challenges in effectively teaching spatial skills
persist, particularly at the primary level. This dissertation sought to address
these challenges by enhancing spatial ability in primary STEM education
through the development and implementation of an innovative professional
development (PD) framework tailored for primary school teachers. The study
utilised a design-based research (DBR) methodology comprising three iterative
cycles, each of which informed the next.

The first cycle established the theoretical foundation by exploring
the complexities of spatial teaching and identifying key barriers and enablers.
This analysis, based on a review of curricula from countries including Latvia,
Ireland, Sweden, and the Netherlands, revealed that structural, pedagogical,
and institutional factors often limit the integration of spatial components in
primary STEM curricula. A categorisation of barriers and enablers provided
further insights into the challenges faced in classroom spatialisation, curriculum
design, and teacher training.

In the second cycle, an action research (AR) approach was employed to
implement and assess a PD program aimed at enhancing teachers’ spatial knowl-
edge and instructional strategies. Using Guskey’s framework for PD evaluation,
the study demonstrated positive outcomes across multiple phases, including
improved teacher understanding of spatial ability and notable gains in students’
spatial performance. Notably, students of participating teachers demonstrated
significant improvements in spatial ability assessments, specifically in spatial
visualization, mental folding, and mental transformation skills.

The third cycle centered on the lesson study (LS) program as a form of
PD, fostering collaborative reflection and peer support. This cycle highlighted
how collaborative learning, goal-setting, and feedback mechanisms significantly
enhanced teachers’ pedagogical content knowledge and classroom practice.
Teachers successfully integrated spatial activities into their lesson plans,
reinforcing the value of PD models that emphasize practical application and
collaboration.

The thesis concludes by presenting a comprehensive PD framework that
empowers educators to overcome barriers in spatial teaching and promotes
integrating spatial skills into primary STEM education. The findings collec-
tively offer valuable insights into developing spatial ability in young learners
by advancing a theoretical understanding and practical strategies for educators.

Keywords: spatial ability, professional development, lesson study, action
research, primary STEM
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1. INTRODUCTION

Overview of the research context

Teacher professional development (PD) plays an important role in enhancing
the quality of primary education, equipping educators with the skills necessary
to teach complex cognitive abilities, such as spatial ability. Spatial ability, defined
as the capacity to visualize, manipulate, and reason about spatial relationships
in two and three dimensions, is a critical skill that underpins success in math-
ematics, science, and technology-related subjects (Newcombe & Shipley, 2014).
Beyond academic performance, spatial ability is also essential for everyday tasks
and is a key predictor of future success in STEM careers (Uttal et al., 2013).
Given its importance, early intervention in developing spatial skills! has become
a focus in educational research, as it significantly impacts cognitive development
during primary school years.

Research indicates that the foundation for spatial ability begins in early
childhood, with basic spatial transformation skills emerging in infancy and
contributing to broader cognitive growth. Longitudinal and cross-sectional
studies have consistently shown that children with strong spatial skills tend to
excel in mathematics and science earlier than their peers with less developed
spatial abilities (Mix et al., 2016; Hodgkiss et al., 2018; Gilligan et al., 2019;
Bower et al., 2020). Moreover, these spatial skills evolve throughout early child-
hood, suggesting that targeted interventions at specific developmental stages
can have a lasting impact on children's cognitive trajectories (Newcombe &
Frick, 2010).

Despite the recognized significance of spatial ability, it remains under-
represented in standard primary school curricula and is often overlooked in
traditional teacher education programs. This gap in teacher preparation can
result in educators lacking the confidence and experience needed to effectively
enhance spatial ability to young children, potentially hindering students' cogni-
tive development and future opportunities in academic and professional settings
(Verdine et al., 2017). To address this issue, PD programs? tailored to spatial abil-
ity instruction are needed. These programs should focus on both the theoretical

1 Spatial skills refers to specific, trainable components of spatial ability, such as mental rotation,
spatial visualization or spatial orientation. In educational contexts, abilities such as spatial
ability are not directly taught; rather, educators design activities and interventions to develop
and enhance the underlying skills that contribute to these abilities.

2 PD programs refer to structured and continuous learning experiences designed to enhance
teachers' skills, knowledge, and effectiveness in their professional practice. These programs
can include workshops, seminars, collaborative projects, mentoring, and coursework, often
aimed at improving specific instructional strategies, integrating new technologies, or fostering
subject-specific expertise.
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foundations of spatial ability and practical classroom strategies. By equipping
teachers with the knowledge and tools to integrate spatial activities? into their
daily lessons, such PD can enhance teachers' confidence and effectiveness in
fostering students' spatial skills.

Designing effective PD programs requires a foundation in rigorous edu-
cational research and an adaptable approach to the unique needs of teachers
and students. The Design-Based Research (DBR) framework offers a powerful
methodology for developing PD initiatives by merging empirical research
with systematic educational interventions. This iterative approach allows PD
programs to evolve continuously through ongoing feedback from educators
(Anderson & Shattuck, 2012). Within the DBR framework, two complementary
modelsé—Action Research (AR) and Lesson Study (LS)—can further enhance
PD effectiveness. AR engages teachers in reflective cycles of planning, action,
observation, and reflection, fostering a sense of ownership over their professional
growth (Baumfield et al., 2008; Stringer, 2019). In contrast, LS emphasizes col-
laborative lesson planning and evaluation, cultivating a professional learning
community where educators develop and refine their practices together (Lewis,
2002). By integrating AR and LS, the DBR framework ensures that PD remains
dynamic and responsive to the evolving challenges of fostering students' spatial
skills and understanding, ultimately supporting sustained professional growth
and instructional improvement (Desimone, 2009).

However, implementing effective PD programs in spatial ability instruc-
tion> is not without challenges. Many teachers may lack confidence in their
spatial skills, making it difficult for them to teach these concepts effectively
(Lowrie et al., 2019). Furthermore, because spatial ability is often not explic-
itly emphasized in school curricula, educators may struggle to recognize its
importance or may be uncertain about how to incorporate it into their teaching
(Verdine et al., 2017b). For PD to be successful, it must directly address these
issues by providing both the content knowledge and the pedagogical support
needed to build teachers’ confidence and expertise in spatial ability instruction
(Desimone & Garet, 2015).

Furthermore, by focusing on the development of spatial ability in primary
education through well-designed and sustained PD programs, this research

3 Spatial activities are tasks that develop spatial skills by involving the visualization,
manipulation, or arrangement of objects in space, such as puzzles, model building, and map
reading.

4 In the context of this thesis, AR and LS are referred to as PD models when discussed in
theoretical and literature-based sections. However, during the practical implementation
phases of the research, they are operationalized as PD programs within the DBR framework.

5 Spatial ability instruction refers to educational practices and strategies aimed at developing
students' capacity to visualize, manipulate, and understand spatial relationships. This may
include activities involving geometry, map reading, mental rotation tasks, and design exercises
that enhance spatial skills.
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seeks to improve both teaching practices and student learning outcomes. It also
contributes to the larger goal of promoting STEM education, preparing students
for future academic and career success in fields where spatial skills are critical.

Scientific novelty

The scientific novelty of this research lies in the innovative adaptation and
contextualization of established PD models within a DBR framework to address
the specific challenges of teaching spatial skills in primary STEM education.
While the DBR framework provided the overarching structure, the AR and
LS models were systematically tailored to align with the iterative, collaborative
principles of DBR and to meet the unique needs identified in the teaching of
spatial skills.

o Integration of Established PD Models: This research uniquely integrates
AR and LS models within a DBR framework, creating a structured yet flex-
ible methodology that supports teacher PD. The adaptation of these models
to focus on spatial ability represents a novel approach in PD research.

» Contextualization for Spatial Ability: The AR and LS models were not only
adapted but also contextualized to address barriers and enablers specific
to teaching spatial ability, including misconceptions about spatial skills,
curriculum alignment, and resource limitations. This targeted focus on
spatial skills in PD is a relatively underexplored area in primary education.

o Innovative Methodological Approach: The combination of AR and LS
within the DBR framework offers a novel methodological approach that
emphasizes collaboration, iterative refinement, and practical application.
This research contributes a new perspective on how existing PD models can
be tailored for specific educational contexts.

Practical novelty

The practical novelty of this research lies in the development of a struc-
tured, iterative framework® to enhance teacher PD for fostering spatial ability in
primary education. The framework emphasizes improving teacher knowledge,
promoting active engagement, and fostering a collaborative culture among
educators, which is critical for sustaining long-term improvements in teaching
practice.

A key contribution of this research is the establishment of a direct, evi-
dence-based link between PD interventions and measurable student outcomes.

6 The development of a structured framework in this research refers to the adaptation,
modification, and integration of existing PD models—such as AR and LS—within the DBR
methodology. Rather than creating a new framework from scratch, this approach builds upon
established models, refining and aligning them to meet the specific needs of fostering spatial
ability in primary education.
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This connection provides practitioners, curriculum designers, and policymakers
with concrete insights into how targeted PD can enhance students’ spatial abil-
ity, a foundational skill with implications across STEM disciplines and beyond.

Additionally, the adaptable nature of the framework ensures its applicability

across diverse educational contexts, making it a replicable and sustainable model
for improving teaching practices and learning outcomes”.

Theses for defence

L.

IL.

I1I.

Identification of Barriers and Enablers in Teaching Spatial Skills: Critical
barriers and enablers for teaching spatial skills in primary education are
identified, offering practical insights and strategies for overcoming chal-
lenges in real-world educational contexts.

Innovative Integration of PD Models: A novel integration of AR and LS
within a DBR framework is presented, providing a structured yet adapt-
able methodology for enhancing teacher PD in fostering spatial ability in
primary education.

Impact of PD on Teaching Practices and Implementation: The research high-
lights key factors and strategies for effectively implementing PD models,
demonstrating how iterative, evidence-based PD programs can enhance
teachers' instructional practices and confidence in teaching spatial skills.

7 Learning outcomes are the measurable knowledge, skills, attitudes, and competencies that
students acquire as a result of the instructional process.
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2. RESEARCH CATEGORIES

Research context: This research is grounded in the broader landscape of
primary STEM education, with a focus on the pivotal role of teacher PD in
fostering spatial ability among students. Spatial ability, recognized as a key pre-
dictor of success in STEM disciplines, remains inconsistently addressed within
primary education curricula. Despite its significance, existing PD efforts often
lack the structured, iterative focus needed to support teachers in developing
this critical cognitive skill. To bridge this gap, the study investigates innovative
PD approaches, leveraging collaborative, cyclical methodologies that empower
teachers to refine instructional practices and ultimately enhance student
outcomes.

The aim of this study is to develop, adapt, and evaluate a structured PD
program8 within a DBR framework. This framework integrates and refines
existing PD models, such as AR and LS, tailoring them to meet the demands
of spatial ability instruction in primary education. Through iterative cycles,
the framework is designed to enhance teachers' instructional strategies, deepen
content knowledge, and foster collaboration, ultimately supporting the develop-
ment of students' spatial skills.

The object of the study is the professional development of primary school
teachers to enhance the teaching and integration of spatial skills within STEM
education.

The subject of the study focuses on the adaptation and iterative application
of AR and LS models within the DBR framework, enabling teachers to effectively
integrate spatial activities into primary STEM education. This approach not only
modifies existing PD models but refines them to align with the specific needs
of spatial ability development.

Research questions

RQ1: What are the key enablers and barriers to effectively fostering
the development of spatial skills in primary school STEM education?

This research question aims to identify the primary factors that facilitate or
hinder the effective teaching of spatial skills in primary school STEM education.
By exploring both barriers and enablers, the study aims to uncover the chal-
lenges teachers encounter and the supportive elements that can strengthen
their instructional practices. The insights gained will help inform strategies to

8 Program refers to the practical implementation of these models, often involving organized
activities, interventions, and structured sequences designed to achieve specific outcomes. In
this study, AR and LS are initially described as models, but when applied within educational
settings as part of PD, they are referred to as programs.

49



enhance spatial ability instruction and improve its integration within the STEM
curriculum.

RQ2: How can an effective PD framework?d, through tailored PD pro-
grams, be designed to impact the teaching and practice of spatial ability in
educational settings?

The aim of this second research question is to explore the development
of a structured and innovative PD framework that supports the enhancement
of teachers’ knowledge, instructional strategies, and collaboration. Within this
framework, specific PD programs, such as AR and LS, are implemented to
address the practical aspects of teaching spatial ability, ultimately contributing
to improved spatial ability outcomes for students.

RQ3: What are the key factors and effective strategies for implementing
PD programs that enhance spatial skills in primary education within a struc-
tured PD framework?

This research question seeks to identify and analyze the essential factors
and effective strategies required to implement PD programs aimed at enhanc-
ing spatial skills in primary education. The focus is on understanding how PD
programs, when integrated into a structured framework, can equip teachers
with the necessary knowledge, skills, and resources to foster spatial ability in
young learners.

Tasks

1. To review and analyze relevant literature on spatial ability and spatial
skills, their role in primary education, and the theoretical and practical
foundations of PD approaches, particularly AR and LS, within a DBR
framework. (Supports all RQs)

2. Tosummarize and analyze existing teacher PD programs and initiatives
aimed at raising spatial ability in schools, identifying strengths, gaps, and
opportunities for improvement. (Supports RQ2 and RQ3)

3. Toanalyze and compare primary education STEM curricula from differ-
ent countries to assess how spatial skills are incorporated and implemented,
identifying best practices and gaps. (Supports RQI1)

4. To identify the key barriers and enablers in teaching spatial skills in pri-
mary education STEM contexts through empirical investigation. (Supports
RQ1)

5. To develop a tailored PD framework that integrates AR and LS within
a DBR methodology to support teachers in fostering spatial skills. (Supports
RQ2 and RQ3)

9 In this thesis, DBR serves as the PD framework because it structures and informs
the development, implementation, and refinement of professional development programs
across all three research cycles.
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To evaluate the PD framework by assessing its impact on teacher knowl-
edge, practices, and collaboration, as well as its effectiveness in improving
students' spatial skills. (Supports RQ2 and RQ3)

To identify key factors and strategies for implementing the PD framework
effectively in educational settings, ensuring sustainability and adaptability
for broader application. (Supports all RQs)

To provide actionable recommendations for educators, curriculum
developers, and policymakers on how to enhance teacher PD and teaching
practices for fostering spatial skills in primary education. (Supports all RQs)

Theoretical foundations

This research is framed by two key theoretical domains: the role of spatial

ability in STEM education and the theoretical models of PD supporting teacher
growth.

The role of spatial ability within STEM

Spatial abilityl0 is malleable and can be significantly improved through
targeted interventions, even over relatively short periods of time (Uttal et al.,
2013).

Research identifies spatial ability as a key predictor of success in STEM
fields, with longitudinal studies showing its influence on students' career
trajectories in science, technology, engineering, and mathematics (Wai et al.,
2009).

Enhanced spatial skills are linked to improved mathematics achievement
and STEM readiness (Mix & Cheng, 2012).

Developing spatial ability has a transferable impact, enhancing not only
domain-specific tasks but also general problem-solving and reasoning skills
(Levine et al., 2012).

Evidence suggests that early development of spatial skills!! enhances cogni-
tive flexibility and abstract thinking, both of which are essential for tackling
complex problems (Newcombe, 2010).

The development of spatial skills begins in infancy and continues through-

out childhood. By the ages of four to seven, children exhibit increasingly sophis-
ticated spatial abilities, such as perspective-taking and mental rotation, which
are essential for problem-solving and academic success. In addiiton, spatial

10 The term spatial ability refers to the broader cognitive capacity to reason about spatial

relationships.

11 Spatial skills refers to specific, trainable components of spatial ability, such as mental rotation,

spatial visualization or spatial orientation.
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training!? also strengthens key brain regions, such as the hippocampus and
parietal lobes, thereby improving navigation, memory, and cognitive flexibility
(Newcombe & Frick, 2010; Draganski et al., 2006). Studies on neuroplasticity
suggest that early exposure to spatially stimulating activities optimizes neural
connectivity, whereas insufficient engagement may impede spatial development
(Hensch, 2005).

Theoretical framework of PD

The theoretical foundation of this thesis draws upon two key frameworks
for understanding and evaluating PD in education. These frameworks provide
complementary perspectives on the design, implementation, and assessment of
effective PD initiatives, ensuring a holistic approach to fostering teacher growth
and improving student learning outcomes.

o Guskey’s Five Critical Levels of PD Evaluation (2002): Guskey’s framework
serves as a foundational model for evaluating PD effectiveness by empha-
sizing its multi-layered impact. The five levels—participants’ reactions, par-
ticipants’ learning, organizational support and change, participants’ use of
new knowledge and skills, and student outcomes—highlight the cascading
effects of PD from immediate experiences to long-term student achievement.
This framework provides a structured lens to assess the impact of PD on
educators and their teaching practices, ensuring alignment with broader
educational goals.

o Sims et al.’s IMTP Framework of Effective PD (2023): The IMTP!3 framework
outlines four interrelated components that define effective PD by empha-
sizing the processes necessary for meaningful and sustained change in
teaching practices. First, (I) focuses on fostering educators' understanding
of their current practices, the desired changes, and the reasons for those
changes, promoting critical reflection. Second, (M) addresses the emo-
tional and cognitive factors that encourage educators to embrace new
approaches, including building confidence and demonstrating the value
of change. Third, (T) provides teachers with specific strategies, tools, and
skills necessary to implement the changes effectively. Finally, (P) ensures
the integration of these strategies into daily teaching routines through

12 Spatial training refers to activities or exercises designed to improve an individual’s ability
to mentally visualize, manipulate, and understand spatial relationships between objects or
within environments. This can include tasks involving maps, puzzles, models, or gestures that
enhance spatial reasoning and problem-solving skills.

13 The I/M/T/P theory, introduced by Sims et al. (2021) and further developed into the IMTP
framework in 2023, offers a new perspective on effective PD. It focuses on behavior change
strategies and principles, identifying causally active components, or “mechanisms,” designed
to enhance teacher growth by (I) Instilling Insight, (M) Motivating Change, (T) Developing
Techniques, and (P) Embedding in Practice, ultimately improving instructional effectiveness.
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ongoing support, feedback, and follow-up, making the changes durable
and impactful. Together, these stages provide a structured and practical
approach to designing and evaluating PD programs.

Effective PD must be contextually relevant, aligned with educators' needs,

and reinforced through collaboration and leadership support (Desimone &
Garet, 2015; Vescio et al., 2008). Leadership plays a critical role in fostering
sustainable PD by ensuring resources, support, and goal alignment (Hallinger
& Heck, 2010).

Models of PD: action research and lesson study

The study employs AR and LS as PD models, both of which emphasize

teacher collaboration, iterative reflection, and evidence-based improvements.

LS: Originating in Japan, LS involves collaborative lesson planning, class-
room observations, and iterative refinement to improve teaching effective-
ness (Dudley, 2013; Lewis & Tsuchida, 1998).

AR: A cyclical process where teachers systematically investigate classroom
challenges, implement changes, and analyze outcomes to inform practice
(Cochran-Smith & Lytle, 2015; Kemmis & McTaggart, 2005).

Both models align with Vygotsky’s collaborative learning theory, Schon’s

reflective practitioner model, and Dewey’s experiential learning theory, empha-
sizing active engagement, critical reflection, and continuous professional growth
(Dewey, 1938; Vygotsky, 1978; Schon, 1992). These approaches facilitate mean-
ingful and sustained improvements in teaching and learning.
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3. METHODOLOGY

This thesis employs DBR!4, an iterative and collaborative methodology
aimed at developing and refining educational interventions in real-world con-
texts (Anderson & Shattuck, 2012). DBR provides the overarching framework for
this study, structuring the research into three interconnected cycles that guide
the design, implementation, and reflection processes. These cycles integrate AR
and LS to facilitate teacher PD focused on enhancing spatial ability in primary
education. Figure 1 visually represents the interconnections between these
research cycles.

Aim of the study: Developing and adapting a structured PD program within a DBR framework for
primary school teachers to enhance students' spatial ability.

CycleI Cycle I Cycle ITI
(2021-2022) (2021-2023) (2022-2023)
Narrative Review Empirical Research Empirical Research
RQ2: How can an effective PD RQ3: What are the key factors and
Rle:.What a;fe the leYfenab!ers ahnd framework, through tailored PD effective strategies for implementing
arriers to effectively .oster.mg.( ¢ programs, be designed to impact the PD programs that enhance spatial
cl_evelt)pn;]enllosf;g;\;ﬂ;hﬂs_m ) teaching and practice of spatial ability skills in primary education within a
primary schoo education? in educational settings? structured PD framework?
[ Paper I ] [ Paper II & IIT ]

[ Thesis ]

Figure 1. Overview of the interconnections between the studies

Throughout this thesis, the terms “PD framework” and “DBR framework”
are used interchangeably, reflecting DBR’s dual role as both a research method-
ology and a structured approach to PD. Figure 2 outlines the overall structure of
the thesis, illustrating how the research is anchored in three interrelated studies,
each corresponding to a distinct DBR cycle. Each cycle builds on the insights of
previous iterations, ensuring a continuous refinement of the DBR framework,
with AR and LS as core components of the PD process.

14 DBR serves as the overarching framework, structuring the study and informing the design
and application of various PD programs. It allows for iterative testing, adaptation, and
refinement in real educational settings.

54



-
Practical !
grounding @ Cycle I @ Cycle I @ Cycle III [ Fx:ﬁf

Theoretical (PD model - AR) (PD model - LS)
grounding
DBR phases

i Analysis/Exploration
i Design/Construction
ili.  Evaluation/Reflection

Figure 2. Iterative DBR framework for teacher PD

Cycle I: Framework Development — A comprehensive literature analysis
was undertaken to identify effective PD practices, with a particular focus on
the theoretical foundations of PD in education. In parallel, a narrative review
was conducted to explore the complexities of teaching spatial skills in primary
education, highlighting the key challenges and opportunities within the edu-
cational landscape. A primary outcome of this phase was the development of
a flexible framework!5 to understand the complexity of spatial teaching. The iter-
ative nature of DBR facilitated the continuous refinement of this framework,
allowing for its adaptation as new insights emerged throughout the research
process.

Cycle II: Action Research — The second cycle employed AR as the PD
program, aligning with the iterative nature of DBR. Insights from the first
cycle informed and refined this phase. At the core of the program, as shown
in Figure 3, lies an iterative process of Plan, Act, Observe, and Reflect, which
drives continuous learning and refinement. The process begins with an initial
input session (I1st workshop), laying the foundation for subsequent workshops.
Each following workshop (2nd to 6th) builds on the previous one, incorporat-
ing feedback from workshop leaders and peers to enhance learning outcomes.
The model emphasizes a monthly progression, ensuring regular engagement and
consistent development. After each phase of action and observation, participants
engage in structured reflection, allowing them to refine their practices before
entering the next cycle. By the sixth workshop, the model culminates in a focus
group discussion, providing an opportunity for collective reflection and broader
insights. This iterative approach fosters sustained growth by reinforcing new
knowledge through repeated cycles of planning, acting, observing, and reflect-
ing, promoting a collaborative and dynamic learning environment.

15 This research framework is further elaborated in the findings chapter, where Study I is
discussed in detail.
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Figure 3. Proposed iterative PD program adapted from Greitans & Namsone (2021)

Cycle III: Lesson Study - Building on the outcomes of Cycles I and II, the PD
framework was further refined and evaluated through the LS program!s, fol-
lowing the design outlined by Greitans and Namsone (2021). The six-month
intervention included structured PD workshops followed by a collaborative LS
process. Workshops unfolded in four phases: reflection, input and modeling,
discussion, and formulation of learning outcomes. Each phase targeted spatial
skills, such as visualization and mental rotation, with the PD leader modeling
lessons and facilitating reflective discussions (see Figure 4).

16 In this context, LS moves from being a theoretical model to a practical PD program designed
and tested within the DBR framework.
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Figure 5. Organisational structure within the LS program!”

After the workshops, participants engaged in the LS process, forming triads

or groups of five. These groups collaboratively set instructional goals, planned
lessons, observed each other’s teaching, and reflected on outcomes (see Figure 5).
This iterative cycle continuously refined teaching strategies, enhanced spatial
skill integration, and promoted sustained professional growth and collaboration.

A comprehensive summary of the research cycles within the DBR frame-
work is provided in Table 1.

17 The “arrow” represents the number of groups and enrolled teachers in each schools group.
The color red indicates the teacher’s assuming the position of leader, while the color blue
represents the other teacher being observant.

57



Table 1. Overview of research cycles in the DBR framework

Cycle Objective Participants Duration Mefl?(ill(s)lﬁ)gy
Develop a pedagogical
framework for spatial ability
in primary education by
examining curriculum,
pedagogy, and teacher Narrative
Cydle ll:nowled_ge while ide.n_tifying NA 16 months | T€VieW and
ey barriers and facilitators. curriculum
This included analyzing analysis
mathematics and science
curricula from Ireland,
Latvia, the Netherlands, and
Sweden.
Implement and refine 5 pri hool Itleratlye cyclte:s of
CycleII | the initial framework using ¢ PrMAty SCio0t | 6 months | P2N11IS, aCUNE,
AR, eachers (N = 5) observ'lng, and
reflecting.
24 primary Collaborative
To further refine and school science lesson planning,
Cycle III| validate the framework teachers (N =24) | 6 months | teaching,
through LS. from two schools observing, and
in Latvia reflecting.

Research sample

Participants were voluntarily selected from 1st, 2nd, and 3rd-grade teachers
across different studies.
o Study I: Examined the primary Science and Mathematics curricula in
Ireland, Latvia, Sweden, and the Netherlands, alongside an international
literature review.

o Study II: Involved five female teachers from two public and one private school
in Latvia (experience: 3-35 years, M = 17.8). Participants held B.Ed. or M.Ed.
degrees, teaching grades 1-3 with workloads of 12-27 hours per week (M = 20.8).

o Study III: Included 24 female teachers from two schools in Latvia. The first
school had nine teachers evenly distributed across grades 1-3, while the sec-
ond had 15 teachers (five per grade). Teaching experience ranged from 4 to
47 years (M = 28.13).

Instrumentation

The study employed multiple research instruments to collect and analyze
data across three studies. These instruments included literature analysis, class-
room observations, questionnaires, group discussions, and student assessments,
ensuring a comprehensive evaluation of the PD program’s impact.
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o Study I'8: Thematics analysis of literature
Identified barriers and enablers of spatial teaching.
Used keyword-driven searches across academic databases with Boolean
operators and inclusion/exclusion criteria to refine results.

o Study IT1: Mixed-method data collection

Instrument Purpose

Tracked changes in teaching practices before,

Classroom Observations during, and after PD implementation.

Captured baseline knowledge and perspectives

Pre- ti ir . .
e-Questionnaire on spatial teaching.

Provided qualitative insights on PD experiences

Group Discussions . A
P and collaborative reflections.

Student Pre- and Post-Tests Assessed PD impact using standardized spatial

ability tests20:
 Mental Folding Test for Children | Evaluated spatial visualization and mental
(MFTC) folding skills (Harris et al., 2013).
o Children’s Mental Measured mental transformation abilities

Transformation Task (CMTT) (Ehrlich et al., 2006; Levine et al., 1999).

o Study III2!: Questionnaire & focus group discussions
Pre-Questionnaire: Semi-structured and open-ended, capturing teachers'
baseline knowledge and expectations.
Focus group discussion: Post-PD reflection on challenges, insights, and effec-
tiveness, fostering collaborative learning and refinement of the PD program.
This structured approach ensured rigorous data collection and iterative
refinement of the PD framework based on empirical findings.

18 All datasets associated with this study, including the inclusion/exclusion criteria, keyword-
driven search strategy, and glossary of terms, have been uploaded to the Zenodo platform
under the SellSTEM community. These resources can be accessed via the following DOI:
[https://doi.org/10.5281/zenodo.14552838].

All datasets, instruments, and supplementary materials associated with this study, including
the pre-questionnaires, observation protocols, group discussion guides, and standardized tests
results (MFTC and CMTT), have been uploaded to the Zenodo platform under the SellSTEM
community. These resources can be accessed at the following DOI: [https://doi.org/10.5281/
zenodo.14522238].

20 The Mental Folding Test for Children (MFTC; Harris et al., 2013) and the Children’s
Mental Transformation Task (CMTT; Ehrlich et al., 2006; Levine et al., 1999) are available
on the Northwestern University website. For further details and access to the tests, visit
[Northwestern University — SILC] (https://www.spatiallearning.org/tools)

All instruments and supporting materials from Study III, including the pre-questionnaire
and focus group discussion guide, have been uploaded to the Zenodo platform under
the SellSTEM community. These materials are accessible at the following DOI [https://doi.
org/10.5281/zenodo.14544216].

1
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Data collection and analysis

This thesis employs a mixed-methods approach to analyze data collected across
three DBR cycles, ensuring a comprehensive, iterative, and collaborative explo-
ration of findings. The analytical methods were selected to enable triangulation,
capturing multiple perspectives for a robust interpretation of the results. A sum-
mary of the analysis methods used across the three studies is presented in Table 2.

Table 2. Overview of data collection and analysis methods

Study Data source Analysis method Purpose
Primary Science a.nd Thematic analysis « Identify common
Mathematics curricula lusi lusi h
(Ireland, Latvia Inclusion and exclusion themes and trends

Study I ’ ] criteria « Synthesize data
Sweden, Netherlands) . :
. Keyword-driven search from curricula and
International research .
. strategy literature
literature
Pre- and post- - . « Assess PD impact on
assessments Quantitative: Paired student spatial abilit
(MFTC & CMTT) t-test data (R software) 1L sp Lty
Study II . o . » Examine instructional
Classroom observations | Qualitative: Thematic ractices and PD
Pre-questionnaires analysis (N'Vivo22) Effectiveness
Group discussions
Pre-questionnaires Thematic analysis » Gather 1n31gh_t son
Study III . . . teacher experiences
Focus group discussions | (NVivo) .
and PD effectiveness

Study I: A literature review and curriculum analysis were conducted to
identify barriers and enablers in spatial teaching. A keyword-driven search
strategy and inclusion/exclusion criteria ensured the selection of relevant studies,
with thematic analysis used to extract patterns and synthesize findings.

Study II employed both quantitative and qualitative methods to assess
the effectiveness of the PD program:

o Quantitative analysis
Pre- and post-tests (MFTC & CMTT) measured student spatial ability
across 96 students in grades 1-4.
A paired t-test assessed differences in student performance before and
after the PD.

o Qualitative Analysis:
Classroom observations documented teaching practices and student
engagement in spatial tasks.

22 NVivo is a qualitative data analysis software developed by QSR International, used for coding
and organizing qualitative data.
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Pre-questionnaires captured teachers’ baseline knowledge and perspectives.
Group discussions facilitated teacher reflections and shared experiences.
Thematic analysis (NVivo) identified key themes such as instructional
practices, student outcomes, and perceived PD impact.

Study III employed a qualitative research design to assess the impact of

the PD program:

Pre-questionnaires captured teachers' initial perspectives, baseline knowl-
edge, and expectations before engaging in PD.
Focus group discussions explored teachers’ experiences, challenges, and
the integration of spatial teaching strategies post-PD.
NVivo analysis identified four key themes: insights, motivation, tech-
niques, and integration of new skills into teaching.
Triangulation of pre-questionnaire responses and focus group discussions
provided a multi-layered understanding of PD effectiveness, reinforcing
the collaborative ethos of the DBR framework.

Ethical consideration

This research adhered to strict ethical principles, ensuring informed con-
sent, anonymity, and confidentiality throughout the research (Bordens, 2018).
Participants were fully informed about the study’s objectives, and consent was
obtained in accordance with the Declaration of Helsinki. Ethical approval was
granted by the University of Latvia’s Ethics Committee (II article — Nr. 71-43/54;
III article - Nr. 71-43/57).

o Anonymity & Pseudonyms: In Study II and Study III, participants' names
were replaced with coded pseudonyms (e.g., T1, T2) to protect their identi-
ties. This was explicitly outlined in the consent form.

o Data Security & Storage: All files, including video recordings and tran-
scripts, were password-protected, with encrypted backups stored securely.
Pseudonym lists were kept separately to maintain confidentiality.

o Open-Access Compliance: Due to SellSTEM’s23 EU-funded status, research
data were uploaded to Zenodo, an open-access repository, ensuring transpar-
ency. Zenodo assigns a DOI to each dataset, allowing easy access and citation.

o Data Disposal: Upon completion of the study, external storage devices were
formatted, and all sensitive materials, including video transcripts, were
permanently deleted. Zenodo remains the long-term repository, ensuring
compliance with open-access policies.

23 This doctoral research was conducted as part of the SellSTEM (Spatially Enhanced Learning
Linked to STEM) project, a European Union-funded initiative under the Marie Sklodowska-
Curie Actions (MSCA) framework. The researcher, as Early Stage Researcher (ESR 14)
based in Latvia, contributed to SellSTEM’s mission of enhancing STEM education through
the development of teacher professional development frameworks aimed at improving spatial
ability in primary education.
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4. FINDINGS

The findings section addresses the three research questions by drawing
on the results of three published papers, each representing a research cycle
within the DBR framework. Collectively, these papers contribute to the iter-
ative development and refinement of the PD framework aimed at enhancing
spatial ability in primary education. Table 3 provides a detailed mapping
of the published papers to the research questions and key thesis tasks,
illustrating how each study aligns with and informs the overall research
objectives.

Table 3. Mapping of published papers to research questions and thesis tasks

Research ques- Thesis task .
Paper tion addrgssed addressed Key contribution
Paper I: Addressing Task 1 « Narrative map of
the complexity of spatial Task 3 educational environments
teaching: a narrative RQ1 Task 4 o Curriculum analysis
review of barriers and Task 7 « Barriers and enablers in
enablers. Task 8 spatial teaching
« Design and Evaluation of
the PD Framework
. Task 1 « Identification of Critical
Paper II: Professional Task .
. ask 2 Factors and Strategies
development for primary Task 5 I t on Teachi
school teachers intended RQ2,RQ3 Tas * fmpact on feaching
> ask 6 Practice
to promote students Task 7 Collaborative L .
spatial ability as « Collaborative Learning
Task 8 Models
« Resource Development
and Application
« Collaborative and
Paper III: Lesson Task 1 Reflective Practice
Study as a professional Task 5 « Sustainable
development model for RQ2, RQ3 Task 6 Implementation Strategies
teaching spatial ability in Task 7 « Cross-Curricular
primary STEM Task 8 Integration

« Differentiated Instruction

The complexity of spatial teaching: barriers and enablers

Study I established a framework for spatial teaching, highlighting the inter-
connected nature of educational elements—curriculum, institution, classroom,
teacher, and students. These components formed a complex network influencing
spatial skill development. A narrative map (Figure 6) was developed to visually
represent these relationships.
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Figure 6. Components of educational environments relating to the development of
spatial ability

Study I also included an in-depth analysis of the primary science and
mathematics curricula in Ireland, Latvia, Sweden, and the Netherlands to
better understand how spatial components were integrated within each
curriculum. The analysis revealed varied approaches to integrating spatial
tasks:

o Ireland: Spatial ability emphasized in the “Shape and Space” strand of
mathematics and practical science activities.

o Latvia: Spatial tasks embedded across all subjects, focusing on construction,
deconstruction, and observation.

o Netherlands: Spatial learning included in geometry and design-related
science tasks, but less emphasis on science.

 Sweden: Spatial tasks were introduced through geometry and other subjects,
involving visual representations and physical interactions.

Latvia's curriculum, particularly in mathematics, natural science, and
design & technology, was further examined for its cross-curricular integration
of spatial components in grades 1-3 (Table 4).

Furthermore, a categorisation of barriers and enablers was established
based on extensive literature research conducted in the first article, along with
the examination of the curricula. These barriers and enablers were classified
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into four components: curriculum, pedagogy, pedagogical content knowledge, and
classroom spatialisation?4, as illustrated in Table 5.

Table 4. Cross-curricular integration of spatial components in first, second, and

third grades
. Spatial Components
Subject
Grade 1 Grade 2 Grade 3
Advanced shapes, Volume, area, complex
Mathematics Shapes, patterns, and symmetry, ' geometric shapes,
geometry measurement, spatial transformations,
ability spatial ability
Observation and Explprathn of spatial Deta}lled stqdy of '
Natural descripti . relationships in spatial relationships
Sci escription of spatial hysical and biological | i d
cience . o physical and biological | in ecosystems an
relationships in nature
systems the human body
Basic design concepts, . . Advanced design and
. : . Intermediate design . :
Design & understanding spatial . engineering concepts,
. Lo concepts, spatial : .
Technology | relationships in simple e : 3D modelling, spatial
. planning in projects -
constructions planning

Table 5. Summary of enablers and barriers to the integration of spatial activities in
primary science and mathematics education

Components Enablers Barriers
« Systematic curricular design for
spatial ability development . .
« The incorporation of spatial * Instcllﬂ:laent dura_tlon ion of
Curriculum technology « Inadequate consideration o
« The incorporation of hands-on learner diversity in curriculum
activities design
o Alternative assessment
« Literature gap regarding
the integration of educational
« Utilization of constructivist and cognitive science research
methodologies involving findings into pedagogy
physical objects « Mathematics is more focused
Pedagogy « Hands-on materials than other STEM subjects

« Instructional materials for
limited teachers with spatial
aptitude

« PD programs

« Perceptions and stereotypical
thinking

« Negative or low teacher
beliefs about spatial ability
and mathematics instruction
methodology

24 Classroom spatialisation refers to how classroom space, materials, and resources are
arranged and used to help students develop spatial skills. This can include using 3D models,
manipulatives, and visual aids to make spatial concepts easier to understand.
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Components Enablers Barriers

« Leadership support
Pedagogical ¢ groorffrsrill(;r;;lelgearnlng « Time constraints
Content « Coachine and Mentorin « Limited resources
Knowledge Lesson stgud & « Resistance to change
(PCK) Y « Lack of PD

« Access to resources

« Incentives and recognition

« Using more spatial language.

« Using blocks and puzzles
Classroom * gsing multiple examples with « Time constraints
Spatialization iverse representations « Grading spatial activities

« Engaging children in solution

discussions
« Talking aloud and modeling

Effective PD programs for enhancing spatial ability teaching

Study II: Evaluating PD Effectiveness through Action Research

Study II assessed the impact of the PD program using Guskey’s (2002)
five-phase framework, covering participants’ reactions, learning, organizational

support, application of new knowledge, and student outcomes.

o Phases 1 & 2 (Reactions & Learning): Teachers responded positively, report-
ing an increased awareness of spatial ability and a greater appreciation for

integrating spatial activities into their teaching.

« Phase 3 (Organizational Support ¢ Change): Challenges emerged during
implementation, aligning with barriers identified in Study I. However,

institutional support contributed to the program’s overall success.

o Phase 4 (Application of New Knowledge): Teachers effectively applied spatial
strategies, such as transitioning from pictorial representations to concrete

models when teaching 3D figures.

o Phase 5 (Impact on Student Learning Outcomes): Student performance
improved significantly in most cases, as reflected in MFTC and CMTT

post-test scores:

T1 & T2’s students showed statistically significant gains (p < .05), demon-

strating the program’s effectiveness.

T3’s students (CMTT only) and T4’s students (MFTC only) showed mixed
results.
T5’s students exhibited no significant differences, likely due to the test's

inappropriateness for their developmental level.

Study III: Evaluating PD Effectiveness through Action Research

Study III assessed the effectiveness of LS as a PD model, using the IMTP
framework by Sims et al. (2023). This framework connects teacher learning
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to classroom practice through four mechanisms: Insights (I), Motivation (M),
Techniques (T), and Embedded Practice (P).

o Insights (I):
Focused on specific spatial skills (e.g., visualization, mental rotation).
Structured workshops with supportive inputs to prevent cognitive
overload.

o Motivation (M):
Teachers set spatial ability-focused goals and incorporated more spatial
content into lesson plans
Revisited key concepts across workshops for reinforcement.

o Techniques (T):
Practical support & feedback played a crucial role:
T7 reported that detailed feedback improved their lesson planning.
T14 credited peer support with successfully implementing a new class-
room management system.

o Embedded Practice (P):
Teachers identified areas for improvement through classroom observa-
tions, leading to action planning:
T6 introduced new questioning techniques to boost student engagement.
T12 used tangram puzzles to promote reflective problem-solving.

v The PD program (Study II) significantly improved teachers’ spatial teach-
ing strategies and student outcomes, though implementation challenges
remained.

v LS (Study III) effectively translated PD insights into classroom practice,
reinforcing collaboration, feedback, and hands-on techniques to sustain
teacher development.

Key factors and strategies for implementing PD programs
to enhance spatial ability in primary education

The findings from Studies I, II, and III identified key factors and strategies
necessary for the successful implementation of PD programs for spatial ability
instruction. These insights emphasize the complexity of spatial teaching and
the importance of a systematic, collaborative, and well-supported approach.

Key Factors for Effective PD Implementation

o Teacher Expertise and Experience: Initially, teachers perceived spatial ability
as a separate skill, requiring additional resources. However, as they pro-
gressed through the PD, they gained a deeper understanding of its cognitive
complexity and relevance to subjects like mathematics and science. Teachers
recognized its role in early childhood development and cross-curricular
integration, demonstrating the PD’s success in enhancing both conceptual
understanding and classroom application.
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o Curriculum Requirements: For PD programs to be effective, they must
be closely aligned with national curricula and educational standards.
The cross-curricular framework developed in Study I allowed teachers to
analyze and integrate spatial components into their instruction. This align-
ment ensured relevance, applicability, and consistency in teaching spatial
ability across disciplines.

o Teacher Motivation and Engagement: Despite initial resistance to change,
teacher motivation increased throughout the PD process. In Study III,
teachers at School 1 demonstrated particularly high engagement, actively
participating in group discussions and collaborative lesson planning.
The supportive and interactive PD environment, coupled with professional
incentives (certificates, professional growth opportunities), contributed to
this motivation.

o Sustainable Support and Follow-Up: Continuous guidance from the PD
leader was a key success factor in Studies IT and III. Teachers valued per-
sonalized feedback, which helped them refine lesson plans and teaching
strategies. This ongoing support system enabled teachers to overcome
challenges and sustain long-term improvements in spatial instruction.

o Resource Availability: A significant challenge in Study III was the limited
access to manipulatives and digital tools. To address this, the PD introduced
open educational resources such as:

PhET simulations (https://phet.colorado.edu/)
Learning Trajectories (https://www.learningtrajectories.org/)

Key Strategies for Implementing PD Programs

o Interactive Workshops and Training Sessions: Practical exercises played
a central role in Study III. Teachers worked in small groups (triads and
teams of five) to develop lesson plans using manipulatives. Lesson demon-
strations by the PD leader provided valuable insights, ensuring teachers
internalized spatial concepts effectively.

o Collaborative Learning Models: Both Studies II and III highlighted
the importance of collaboration in PD. The LS model fostered deeper
engagement than AR due to its structured peer observation and feedback
cycles. Teachers co-designed lessons, observed each other’s instruction, and
iteratively refined their teaching strategies, significantly improving spatial
instruction.

« Differentiated Instruction Strategies: Teachers recognized the need to adapt
spatial activities for students with diverse learning needs. In Study II,
workshop sessions focused on differentiation strategies, helping teachers
adjust spatial tasks for students with varying skill levels and learning styles.
In Studies IT and III, teachers implemented a transition strategy that moved
from pictorial representations to hands-on models, improving student
engagement and understanding.
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o Integration with Classroom Practice: Workshops were structured into four
phases — Reflection, Input, Modelling, and Discussions — to ensure PD
strategies translated into real classroom applications:

Reflection: Encouraged self-monitoring, feedback, and peer support.
Input: Provided credible resources and revisited prior learning.
Modelling: Teachers acted as students while PD leaders demonstrated
effective techniques, helping them experience best practices firsthand.
Discussion: Facilitated lesson planning and integration of PD strategies
into everyday teaching.
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5. CONCLUSIONS

Conclusion

o The research identified several key enablers and barriers that influence
the effective teaching of spatial ability. Enablers include well-designed cur-
riculum content integrating spatial ability tasks, effective pedagogical strate-
gies actively engaging students, and strong PCK among teachers. In contrast,
barriers often stem from a lack of specific training in spatial skills, limited
resources, and inadequate classroom specialisation. These findings underscore
the importance of targeted interventions in curriculum design and teacher
training to overcome these barriers and enhance spatial ability development.

o The thesis explored two models of PD — AR and LS - to determine their
effectiveness in enhancing teachers’ capacity to foster spatial skills in
students. The AR model was particularly effective as it fostered a collab-
orative, iterative process that significantly improved teaching practices
and positively influenced student outcomes. Meanwhile, the LS model
emphasized collaborative learning and shared reflection among teachers,
allowing them to refine instructional strategies for integrating spatial tasks
into their teaching. These findings suggest that an effective PD program
for supporting spatial skill development in students should incorporate
collaborative and reflective practices that promote continuous professional
growth and enhance instructional effectiveness.

o The research identified several fundamental factors and strategies for
successfully implementing a PD program focused on enhancing spatial
ability. Key factors included strong institutional support, ongoing oppor-
tunities for teacher collaboration, and a structured framework allowing
for iterative refinement based on feedback and evolving educational needs.
Effective strategies for implementation involve integrating spatial skills into
existing curriculum standards, using real-time feedback to adjust teaching
approaches, and fostering a culture of continuous improvement among edu-
cators. These strategies are crucial for ensuring the PD program’s relevance
and effectiveness in different educational settings.

Limitations

This research acknowledges several limitations that may affect the general-
izability and long-term applicability of its findings:

1. Measuring Long-Term Impact — The study does not assess whether
the observed improvements in spatial teaching and student outcomes are
sustained over time. Future research should incorporate follow-up evalua-
tions to examine long-term effects.
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2. Variability in Teacher Engagement — Differences in teacher motivation and
commitment may have influenced the effectiveness of the PD program,
leading to inconsistent benefits among participants.

3. Potential Bias in Self-Reported Data — Much of the data was collected
through teacher reflections and focus group discussions, which, while
insightful, may be affected by social desirability bias, where participants
provide expected rather than fully authentic responses.

4. Unexamined External Factors — Although the study acknowledges challenges
such as classroom time constraints, organizational support, and resource
availability, it does not isolate their specific impacts on PD effectiveness,
which could have influenced the results.

5. Cross-Cultural Adaptation of the PD Framework - The diversity in edu-
cational systems, curriculum structures, and teaching practices across
countries presents challenges in adapting the PD model. Cultural and policy
differences may affect how PD strategies are implemented and integrated
into local classrooms.

Elaborated theses for defence

I. Identification of barriers and enablers in teaching
spatial skills

This research identified critical barriers and enablers influencing the teach-
ing of spatial skills in primary education, providing valuable insights into
the complexities of educational environments. A narrative map was developed
to capture the interplay between curriculum design, pedagogy, teacher knowl-
edge, and classroom practices that shape spatial skill development. Through
an analysis of primary mathematics and science curricula across four European
countries - Ireland, Latvia, the Netherlands, and Sweden - the study highlighted
diverse approaches to integrating spatial reasoning into education. While all four
countries recognized the importance of spatial skills, their integration varied in
scope and emphasis, ranging from geometry-focused tasks to hands-on science
activities. Additionally, the research systematically identified and categorized
barriers and enablers into four key components: curriculum, pedagogy, PCK,
and classroom spatialization. Barriers included insufficient curriculum duration,
limited resources, negative teacher beliefs, and a lack of professional develop-
ment opportunities. Conversely, enablers such as constructivist methodologies,
leadership support, professional learning communities, and the use of spatial
language and hands-on materials were found to foster effective spatial teaching
practices. These findings offer a comprehensive understanding of the challenges
and opportunities in teaching spatial skills, emphasizing the need for systematic
curriculum design, reflective teaching strategies, and PD programs tailored to
the unique demands of spatial education.
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Il. Innovative integration of PD approaches

This research presents a novel integration of AR and LS within a DBR
framework, creating a structured yet adaptable methodology for teacher PD.
By leveraging the iterative cycles of DBR (Anderson & Shattuck, 2012), AR
facilitated real-time feedback and refinement of instructional practices, while LS
promoted collaborative learning and reflective teaching strategies (Lewis et al.,
2009). The value of integrating LS and AR with effective practice modeling work-
shops has been highlighted by experiences in Latvia (Namsone & Cakane, 2018)
and internationally (Ewen et al., 2023; Bucher et al., 2024; Francisco et al., 2024).
These approaches reflect a global shift towards teacher PD focused on lesson
planning and analysis. The PD program integrated structured input workshops,
goal-setting, and reflective practices, enhancing teachers' ability to effectively
design and implement spatial tasks in primary education. This framework aligns
with and extends existing literature advocating for PD approaches that prioritize
collaboration, iterative refinement, and responsiveness to the specific needs of
teachers' educational contexts (Sims et al., 2021).

Moreover, the study identified several key factors essential for the implemen-
tation of PD program, such as teacher expertise, curriculum alignment, teacher
motivation, sustainable support, and resource availability. Initially, teachers had
limited understanding and misconceptions about spatial skills, perceiving them as
separate from other subjects or requiring additional resources. However, through
iterative cycles of AR and LS, the PD framework deepened teachers” understand-
ing, enabling them to integrate spatial skills into subjects like mathematics and
science more effectively. For example, teachers transitioned from basic definitions
of spatial skills to recognizing their broader implications for problem-solving
and early childhood development. Curriculum alignment was another crucial
factor, ensuring that spatial tasks were integrated into educational standards
and linked to various subjects. This alignment not only increased the relevance
of PD content but also enabled teachers to incorporate spatial reasoning into
their everyday instruction seamlessly. The framework also emphasized teacher
motivation and engagement, highlighting the role of practical, relevant content
and collaborative environments in sustaining commitment to PD programs.
Sustainable support and follow-up played a pivotal role in the success of
the framework. Ongoing guidance from PD leaders provided clarity and action-
able feedback, empowering teachers to refine their instructional approaches.
Teachers highlighted the value of specific tools and strategies offered during
workshops, such as using open resources like PhET simulations and lesson plans
from Learning Trajectories, to address challenges related to limited resources.

The research also identified key strategies for implementing PD programs
effectively. Interactive workshops with hands-on activities and modeling by PD
leaders were instrumental in equipping teachers with actionable techniques for
teaching spatial skills. These workshops allowed teachers to directly engage with
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spatial tasks, fostering a deeper understanding of how to design and imple-
ment effective lessons. Collaborative learning models, particularly through LS,
facilitated group-based lesson planning and peer observation, enabling teachers
to refine their strategies and improve their instructional practices iteratively.
Differentiated instruction strategies emerged as another vital component,
ensuring that spatial activities accommodated diverse student needs. Teachers
developed adaptive approaches for varying spatial skills, transitioning from
traditional methods to innovative strategies involving manipulatives and con-
crete activities. The integration of these practices into classroom settings was
reinforced by a structured four-phase PD process—reflection, input, modeling,
and discussion—which linked PD directly to practical classroom applications.
The innovative integration of AR and LS within the DBR framework highlights
the effectiveness of collaborative, reflective, and iterative PD approaches.

lll. Evidence-based link between teacher development and student
outcomes

This research establishes a direct, evidence-based connection between
teacher development and measurable improvements in students' spatial skills,
demonstrating the effectiveness of the proposed PD program. By engaging
teachers in iterative cycles of action, reflection, and collaboration, the PD pro-
gram fostered significant professional growth. Teachers initially demonstrated
limited understanding and misconceptions about spatial ability, but through
targeted workshops, collaborative lesson planning, and reflective practices, their
pedagogical strategies and confidence in teaching spatial skills were significantly
enhanced. The study also highlighted the role of collaborative learning in teacher
development, as facilitated by AR and LS. Teachers benefited from structured
opportunities to discuss challenges, share insights, and refine their instructional
approaches, leading to an increased ability to design and implement spatial tasks
that align with curriculum standards and cater to diverse student needs. These
developments were integral to the transformation of teaching practices, fostering
a deeper integration of spatial skills into mathematics and science education.

Empirical data further demonstrated the positive impact of these teacher
improvements on student outcomes. Pre- and post-assessments using standard-
ized spatial ability tests revealed significant gains in students’ spatial reasoning,
particularly in visualization and mental rotation tasks. These results underscore
the importance of targeted PD programs that not only support teacher growth but
also enhance the quality of student learning experiences in STEM-related fields.

Future research

Future research should explore the scalability and long-term impact of
the PD framework across diverse educational contexts, assessing its adaptability
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in different cultural and curricular settings. Longitudinal studies are needed to
examine sustained improvements in teacher practices and student outcomes.
Further investigation into emerging technologies (e.g., virtual reality, AI-driven
platforms) could provide innovative strategies for enhancing spatial ability and
addressing resource constraints. Additionally, research on the interdisciplinary
role of spatial ability in literacy and critical thinking could offer a broader per-
spective on its impact in education.

Recommendations

The following table summarises the recommendations and their addresses.

Table 6. Recommendations to enhance spatial teaching and PD programs

Category Recommendation Factor Addressed

Increase classroom time allocation for

. Insufficient classroom time
spatial components.

Curriculum and
Instruction

Implement differentiated instruction to | Lack of differentiated

cater to diverse learning needs. instruction
Standardize and support PD Variable implementation of
implementation. PD programs
. Explore and integrate additional PD Narrow focus on specific
Professional
frameworks. frameworks
Development
Need for continuous
Regular assessment and feedback. evaluation and
improvement

Enhance organizational support by
fostering a culture of continuous
Organizational | improvement and collaboration.
Support

Organizational support
variability

Increase access to resources for spatial

. Resource constraints
teaching.

Encourage adoption of research-based Resistance to change

Implementation | Practices.
of Broaden task-specific training to be oo
Best Practices adaptable across various subjects and Genggahza!nhty of task-
comtexts. specific training
Foster a collaborative learning . .
environment for teachers to share best Need for px;la?lc(;i Solf fal
Collaboration practices. support and feedbac
and Feedback
Incorporate student feedback in Variability in student
evaluating spatial teaching strategies. outcomes
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