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Promocijas darba visparejs raksturojums

Promocijas darbs sastav no ievada, tris nodalam, secinajumiem, ieteikumiem un
20 pielikumiem. Teorgtisko un praktisko atzinu rezultati ir atteloti 21 tabula un 61 attela.
Kopuma analizgti 330 zinatniskas literatiiras un avotu vienibas latviesu, anglu, vacu un
krievu valoda. Darba apjoms 167 lappuses.

Promocijas darba autors ir beidzis Latvijas Lauksaimniecibas universitates (LLU)
Tehniskas fakultates (TF) Izglittbas un majsaimniecibas institita (IMI) pedagogijas
doktora studiju programmu. Kopgjais pedagogiska darba stazs ir 12 gadi, no tiem 10 gadi
augstskola — Tehniskaja fakultaté par Mehanikas institita macibspeku (studiju kursi:
t€lotdja geometrija un raséSana, tehniska grafika, inzeniergrafika).

Kompetences pétijumu nozime zinasanu sabiedribas attistibas procesa palielinas, jo
arvien butiskaka klast jaunu zinasanu radiSana, uz kuru pamata tiek veidotas jaunas
tehnologijas un informativas vides. Sada dinamika prasa nepartrauktu kompetences
attistibu tieSi no universitaSu absolventiem vinu profesionalaja darbiba un saskarsmé
kopuma.

Misdienu informatizacijas vid€ cilvéks komunic€, izmantojot astonas
pamatkompetencu jomas: komunikaciju dzimtaja valoda, komunikaciju svesSvaloda,
matematikas pamatus un pamatkompetences zinatn& un tehnologijas, digitalo
kompetenci, maciSanas prasmes, interpersonalas un pilsoniskdas kompetences,
uznéméjdarbibas un kultiras kompetences (European Commission, 2006).
M. Devenporta (Davenport, 2005) atseviski nodalijusi grafisko kompetenci, lai apzimétu
telpiskas attiecibas, kuras nav iesp&ams precizi izteikt vardos un skaitlos. Grafiska
komunikacija caurvij daudzas jomas misdienu pasaulé (Glasgow, 1994), ta ka telpa ir
viena no vides dimensijam, cilvékiem ikdiena jasp€j taja orientéties, bet $1 sp&ja savukart
ir atkariga no apkartgjas vides likumsakaribu un mijsakaribu uztveres un izpratnes
(Wickens, Hollands, 1999). Sis likumsakaribas studenti apgiist télotajas geometrijas
studijas, kas veido ras€jumu teorctisko un praktisko bazi tadiem grafiskas valodas
virzieniem ka kartografijai, raséSanai, masinbiivei, arhitektiirai un baivniecibai, divu un
tris dimensiju projektésanai u.c.

Misdieniga studiju procesa TstenoSana t€lotajas geometrijas studijas ir saistita ar
vairaku problému risinasanu:

e promocijas darba nepiecieSams pamatot t€lotdjas geometrijas studijas apgiistamas
grafiskas kompetences jeédzienu, attistibas kriterijus, raditajus un limenus, jo grafiskas
kompetences attistiba ir jakontrol€ un javerte, nepiecieSams izpétit, kadi pedagogiskie
lidzekli un didaktiskas pieejas ir jaizmanto inZenierzinatn€s un arhitekttra
nepiecieSamas grafiskas kompetences attistisana;

o atbilsto§i misdienu jaunakajam informacijas tehnologijam docétajam nepiecieSams
veidot dinamiskus vizualizacijas Iidzeklus un kompleksus macibu lidzeklus, kurus
students var izmantot gan drukata, gan elektroniska veida, macoties gan pilna laika, gan
nepilna laika studijas, gan ar1 talmacibas — ar minimalu kontaktstundu skaitu.
Pamatojoties uz pétjjuma problému, tika formuléta pretruna: inZenierzinatnu

studentiem jabut attistitai grafiskajai kompetencei, bet nav izstradats grafiskas
kompetences jédziens un tas attistibas kriteriji, raditaji un ltmeni, ka ar1 t€lotajas
geometrijas didaktiskais modelis, kas buitu izmantojams studentu grafiskas kompetences
attistiSana.



Mingtais pamatojums noteica disertacijas temata “Studentu grafiskas kompetences
attistiba télotdjas geometrijas studijas” izveli.

Petijuma objekts

Telotajas geometrijas studiju process augstskola.

Pétijuma priekSmets

Studentu grafiskas kompetences attistiba tElotajas geometrijas, raséSanas un

tehniskas grafikas studijas.

Pétijuma merkis

Pamatot studentu grafiskas kompetences jédzienu, izstradat tas attistibas kriterijus,

raditajus un limenus un pilnveidot tElotajas geometrijas studiju didaktiku,

pamatojoties uz kognitivi konstruktivo un multimedijos balstitu macibu kognitivo

teoriju.

Pétijuma hipoteze

Studentu grafiska kompetence t€lotajas geometrijas studijas attistas sekmigak, ja

studiju procesa Tsteno t€lotajas geometrijas studiju didaktisko modeli un studentus

verte atbilstosi grafiskas kompetences attistibas kriterijiem, raditajiem un [imeniem.

Lai parbauditu hipot€zi un izpilditu pétijuma merki paredz&to petijuma apjomu, ir
formul&ti pétijuma uzdevumi.

Pétijjuma uzdevumi

1. Pamatojoties uz pedagogiskas, psihologiskas un tehniskas literatiiras analizi:

e pamatot studentu grafiskas kompetences jédzienu un izstradat studentu grafiskas
kompetences attistibas kriterijus, raditajus un limenus;

e izstradat télotajas geometrijas studiju didaktisko modeli, ka pamata ir kognitivi
konstruktiva pieeja un kas uzsver multimedijos balstito macibu kognitivas teorijas
izmantoSanas nozimigumu studiju procesa.

2. Pamatojoties uz tElotajas geometrijas studiju didaktiska modela aprobaciju,
pilnveidot t€lotajas geometrijas studiju un tehniskas grafikas macibu didaktiskos
lidzeklus:

e universitatt — macibu metodes, grafiskos uzdevumus, grafiskas kompetences
attistibas limena parbaudes darbus, patstavigos darbus, e — studiju organizaciju;

e skola — macibu metodes, macibu gramatu, uzdevumu krajumu, skolotaja gramatu,
darba burtnicu, e — macibu formu.

3. Apkopot empiriska pétijuma rezultatus, veikt ieglito datu sistematizé$anu, matematiski
statistisko apstradi, ieglito rezultatu analizi un izvertéSanu, izstradat ieteikumus
grafiskas kompetences atfistiSanai rasé$anas, tehniskas grafikas, t€lotajas geometrijas
un inzeniergrafikas, ka arT citu ar grafisko darbibu saistitu studiju kursu docétajiem.

Pétijuma metodes

1. Teoréetiskas metodes: zinatniskas literatiras analize filozofija, psihologija un
pedagogija; metodiskas un macibu literatiiras analize rasé$ana, tehniskaja grafika,
t€lotaja geometrija un inzeniergrafika; normativo izglitibas dokumentu un standartu
analize; praktiskas pedagogiskas darbibas un pieredzes analize.

2. Empiriskas metodes:

2.1. datu ieguves metodes: aptauja — anket€Sana (rakstiska un elektroniska);

pedagogiska novérosana; studentu grafisko darbu, patstavigo darbu, grafiskas
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kompetences attistibas limena parbaudes darbu analize; pedagogiskais
eksperiments;

2.2. datu apstrades metodes: primaras matematiskas statistikas metodes — pétijuma
rezultatu atklaSanai; sekundaras matematiskas statistikas metodes — slépto
mijsakaribu atklasanai.

Datu apstrad€ izmantotas datu apstrades sisttma SPSS un izklajprogramma MS Excel.

Pétijuma metodiskais un teorétiskais pamatojums
P&tijuma metodiskajam un teorétiskajam pamatojumam izmantotie autori sakartoti
pieaugosa laika seciba.

o Grafiskas kompetences pamatojums: J.A. Keller (1993), H.B. Mapkosa (1996),
P. Renard (2001), 1. Pasen (1999; 2002), F.M. Orthey (1998: 2002), D. Istance (2003),
A. Rauhvargers (2005), I. Tilla (2005), M. Davenport (2005), 3. FOrymosa (2005),
I. Maslo (2005, 2006), R. Garleja (2004; 2006), M. Kamamnos (2003; 2006),
K. Baynes (2011), B. Briede (2003; 2004; 2011), L. Peks (2011) u.c.

o Grafisko  zindSanu  un  prasmju  pamatojums.  B.  Bloom  (1956),
A. Boreunnukos (1979), W. 5. Jlepuep (1981), R. Gagne (1985), B. lasinos (1991),
H. A. Tamareaxko (1994), K. [IlmaromoB (1966, 1977, 1994),
I. M. Komkacrmpoa (2000), A. B. Casummkas (2000), 1. Zogla (2001),
A. Spona (2001), E. Glasersfeld (1998, 2000, 2001), L. Krathwohl (2001),
Z. PiaZe (2002), C. JI. Py6unmreiin (1989, 2006), T INetimua (2007) u.c.

o Telpiskas domasanas pamatojums: J. S. Bruner (1956),
E. H. KabanoBa-Memnep (1968), A. borBunnukoB (1968, 1979, 1983),
U. Sxumanckas (1980; 1989), Bb. @. Jlomor (1991), N. Gage (1991),
D. Berliner (1991), U. Van Harmelen (1999), 1. Vedins (2000), I. Belickis (2000),
A. Casuukas (2000), R. Garleja (2000), L. Vigotskis (2002) u.c.

o Attieksmes pamatojums: D. Krathwohl (1973), B. Bloom (1973), I. Ajzen (1988),
R. Gagne (1988), [Ix. Pasen (1999), Dz. Albrehta (2001), I. Zogla (1998, 2001),
Z. Cehlova (2002), A. Spona (2001, 2004, 2006), H. Gudjons (2007), I. Maslo (2006) u.c.

o Kognitivi konstruktivas pieejas pamatojums: M. Wittrock (1989), N. Gage (1991),
D. Berliner (1991), J. G. Brooks (1999), M. G. Brooks (1999), I. Zogla (2001),
E. Glasersfeld (1998, 2000, 2001), Z. Piaze (1969; 2002), J. S. Bruner (1960; 1961),
A. Spona (2001) u.c.

o Multimedijos balstitu macibu kognitivas teorijas pamatojums: M. Wittrock (1989),
A. Paivio (1986, 1991), P. Chandler (1991), A. Baddeley (1992; 1999),
R. Bartsch (2003), K. Cobern (2003), J. Sweller (1991; 2003; 2005), R. Mayer (1994;
2001; 2002; 2003; 2004; 2005; 2008) u.c.

o Télotajas geometrijas studiju procesa pamatojums: b. M. JlomoB (1956),
J. S. Bruner (1960, 1961), M. H. Cxkarkun (1978JIeprep (1965,1980),
C. Apxanremsckuii (1980), J. Babanskis (1985, 1987), N. Gage (1991),
D. Berliner (1991), ILW. Iluakacucreiid (1998), I'. W. XossmuaoB (1998),
H. Gardner (1993, 1999), B. Jlassiios (1972, 1991), I Belickis (2000), I. Zogla (1997,
2001), A. Casuukas (2000), 1. Maslo (2001), Spona (2001), Z. Cehlova (2001),
Dz. Albrehta (2001), BorBurnukos (1979, 2003), 1. Slaidins (2003), I. Katane (2006),
A.B. Xyropckoii (2001, 2007), H. Gudjons (2008), H. K. Cemenora (2008) u.c.



Pétijuma baze

Latvijas Lauksaimniecibas universitates 709 pirma kursa studenti, kuriem studiju
programmas paredz nosléguma eksamenu telotdja geometrija. Sadas studiju programmas
kopa ir seSas: lauksaimniecibas inZenierzinatnu studiju programma, masinu projekteSanas un
razoSanas studiju programma, Kokapstrades studiju programma, ainavu arhitekttiras studiju
programma, vides un tdenssaimniecibas studiju programma un buvniecibas studiju
programma.

Pirmdatu analizes dala bez uzskaitito studiju programmu studentiem piedalijas ari
partikas produktu tehnologijas studiju programmas studenti, kuri apgist t€lotaju
geometriju, bet programma neparedz nosléguma eksamenu. Tapat pirmdatu ieguves dala
piedalijas 6 telotajas geometrijas studiju kursa docétdji no Latvijas Lauksaimniecibas
universitates un 123 skoléni no Jelgavas Tehnologiju vidusskolas, Jelgavas Spidolas
gimnazijas un Jelgavas 5. vidusskolas, kuriem tehniskas grafikas kursa programma ir
20% telotajas geometrijas tematu.

Grafiskas kompetences jédzienu, attistibas kriterijus un raditajus verteja 11 eksperti
no Latvijas Lauksaimniecibas universitates, Rigas Tehniskas universitates, Rézeknes
Augstskolas un Daugavpils Universitates.

Pétijuma rezultatus aprobgja ari 38 Latvijas skolu skolotaji projekta ,,Vispargjas
izglitibas pedagogu talakizglitibas” ietvaros, petljuma rezultatus Istenojot talakizglitibas
kursa ,, Tehniskas grafikas skolotaju profesionalo un pedagogisko kompetencu pilnveide
un prasmju atjaunoana”.

Pétijuma posmi

1. posms (2004. — 2008.) pedagogiskas un psihologiskas literatiras par grafiskas
kompetences attistibas kritérijiem un t€lotajas geometrijas studiju didaktiska modela
elementiem analize; grafiskas kompetences jeédziena teorétiskais pamatojums;
grafiskas kompetences attistibas kriteriju, raditaju un l[imenu izstrade un t€lotajas
geometrijas studiju didaktiska modela izstrade; t€lotajas geometrijas studiju
didaktiska modela izp€tes pirmdatu analize;

2. posms (2008. — 2013.) telotajas geometrijas studiju didaktiska modela

aprobacija; grafiskas kompetences jédziena un attistibas krit€riju, raditaju un

Itmenu ekspertésana;

3. posms (2013. — 2014.) pedagogisko eksperimentu datu apkopoSana, analize,

izvért€Sana un interpretéSana.

Pétijuma robezas

Telotajas geometrijas studiju didaktiska modela aprobacija tika iesaistiti:

e Jelgavas Tehnologiju vidusskolas, Jelgavas Spidolas gimnazijas un Jelgavas

5. vidusskolas skoléni un 17 Latvijas skolu skolotaji;

o Latvijas Lauksaimniecibas universitates (LLU) Tehniskas fakultates, Lauku inZenieru,

Partikas tehnologijas un MezZa fakultates studenti.

Grafiskas kompetences attistibas jedziens, attistibas kriteriji, raditaji un Iimeni ir
izstradati, analizeti un izvertéti, iesaistot petijuma ekspertus no Latvijas Lauksaimniecibas
universitates, Rigas Tehniskas universitates, R&zeknes Augstskolas, Daugavpils
Universitates un LLU Lauku inzenieru fakultates studentus.



Promocijas darba struktiira
Promocijas darba struktiiru veido ievads, tris nodalas un secinajumi, ieteikumi, pateicibas,
literattiras Saraksts un 18 pielikumi. Kopuma analizétas 340 zinatniskas literatfiras un avotu
vienibas latvieSu, anglu, vacu un krievu valoda. Teorétisko un praktisko atzinu rezultati ir
atteloti 21 tabula un 61 att€los. Promocijas darba apjoms ir 169 lappuses.
Pétijuma zinatniska novitate
o Izstradats, aprob&ts un teorétiski pamatots grafiskas kompetences jédziens un tas
attistibas krit€riji, raditaji un limeni t€lotajas geometrijas studijas.
o Izstradats, aprobéts un teorétiski pamatots t€lotajas geometrijas studiju didaktiskais
modelis, noteikta un izveértéta ta struktiira un saturs.
e Izveérteta, precizéta un pilnveidota t€lotajas geometrijas studiju un tehniskas grafikas
macibu prick§meta didaktika.
Pétijuma praktiska nozimiba
o Izstradats grafiskas kompetences attistibas pedagogiskas kontroles instrumentarijs
telotajas geometrijas studijas.
o Izstradats didaktiskais nodro$inajums, t.sk., t€lotajas geometrijas e-studijas.
o Izstradats didaktiskais nodroSinajums, t.sk., macibu lidzeklis, uzdevumu krajums,
skolotdja gramata un e-macibas tehniskas grafikas macibu priekSmetam.
Aizstavesanai izvirzitas tezes
e Studentu grafiska kompetence ir sp&ja izprast, att€lot, izskaidrot, domat grafisko
att€lu forma, ka art analiz&t un radit informaciju grafiska veida.
e Studentu grafiskas kompetences attistibas ITmeni var noteikt péc grafisko zinasanu
un prasmju, telpiskas domasanas un attieksmes raditajiem.
e Studentu grafiskas kompetences attistiba miisdieniga studiju procesa tiek veicinata,
izmantojot t€lotajas geometrijas studiju didaktisko modeli un istenojot kognitivi
konstruktivo pieeju un multimedijos balstitu macibu kognitivo teoriju.



Promocijas darba saturs

Promocijas darba ievada pamatota temata izv€le, aktualitate un nozimiba augstskolas
pedagogija, inZenierzinatnu un arhitekttiras studijas, ka ari raksturota risinama probléma;
noteikts petijuma objekts, prickSmets, mérkis, uzdevumi un izvirzita hipotéze. Talak
seko pétijuma teor&tiskais un metodologiskais pamatojums, raksturoti pétjjuma posmi,
baze, noteikta p&tijuma zinatniska novitate un praktiskais devums, atklata p&tjjuma
rezultatu aprobacija un piedavatas tezes aizstavesanai.

Promocijas darba 1.nodala Studentu grafiskas kompetences jédziena, attistibas
kriteriju, raditaju un limenu pamatojums télotdjas geometrijas studijas ir noteikts
kompetences jédziens, veidi un pamatoti grafiskas kompetences attistibas kritériji,
raditaji un l[imeni. 1. nodalu veido divas apak$nodalas.

1.1.apaksnodala Studentu grafiskas kompetences jedziena un tas attistibas kritériju
pamatojums un analize izvertéts kompetences jédziens un noteikts grafiskas
kompetences jédziens un tas attistibas kriteriji.

Miisdienu mainigajos apstaklos studentam ir jaspgj ne tikai analizet konkrétu situaciju,
bet ari pienemt adekvatu lémumu (Maslo, 2003). S ir jauna pieeja, kura kompetenci izprot
ka audzinaSanas idealu un analitisku kategoriju. A. Rauhvargers (2005) atzist, ka
kompetence ir zinaSanu, prasmju un attieksmju kopums, kas kvalificg noteikta veida vai
limena uzdevumu veik3anai. M. Coganovs (Yomanos, 1996) un Dz. Ravens (Pases, 1999)
kompetences definicija iesaista kritisko domasanu un dazadus domasanas panémienus, ka
ari izpratni par savas darbibas atbildibu.

Grafiska kompetence ir sp&ja domat, macities un izteikties (Braden, Hortin, 1982)
grafisko att€lu forma, sp&ja saprast, attélot (Aldrich, Sheppard 2000), analizét, izskaidrot
(Leu, Kinzer, Coiro, Cammack, 2004), izmantot un radit (de Vries, Lowe, 2010) informaciju
grafiska un zZimju veida. Grafiska kompetence ir spgja ar grafisko pamatelementu zinasanam
saprast grafiska att€la detalas un nozimi (Dondis, 1973). Grafiska kompetence ir spgja
vizualizet informaciju (Poracsky, Young, Patton, 1999), jo ta ietver vizualas domasanas un
komunikacijas prasmes (Jolliffe, 1991), ar vizualo domaSanu saprotot informacijas
intelektualo apstradi ar grafiskiem attéliem (Olson, 1992), nevis vardiem.

Pamatojoties uz kompetences un grafiskas kompetences pétniecku atzinam,
promocijas darba autors grafisko kompetencei definé $adi: grafiska kompetence ir
sp€ja izprast, attelot, izskaidrot, analizét un radit informaciju grafiska veida
(sp€ja vizualizet), ka ari spéja domat grafisko attélu forma, bet, pamatojoties uz
pétnieku atzinam par kompetenci, promocijas darba autors atzist, ka t€lotgjas
geometrijas studiju procesa ir nozimiga pozitiva studenta atticksmes veidoSanas.

Analiz&jot zinatnicku atzinas, promocijas darba autors noteicis $adus grafiskas
kompetences attistibas kriterijus: grafiskas zinasanas, grafiskas prasmes, telpisko
domasanu, attieksmi.

Grafiska kompetence ir daudzas jomas aptveroS§s jédziens, kura ietvaros
nepiecieSamas ar1 zinasanas par telpas objektu tadiem vienkarSojumiem ka dazadam
shémam un grafiskajam pamatkonstrukcijam, tapéc promocijas darba autors grafisko
kompetenci apskata tikai t€lotajas geometrijas studiju robeZas, jo telotajas geometrijas
kompetence ietilpst grafiskas kompetences sastava.



Lai varétu noteikt grafiskas kompetences attistibas Iimeni télotajas geometrijas
studijas, nepiecieSams noteikt t€lotajas geometrijas un grafiskas kompetences kritérijus.

Salidzinot t€lotajas geometrijas kompetenci ar grafisko kompetenci, var secinat, ka
t€lotajas geometrijas kompetence ir ne tik plass jédziens ka grafiska kompetence
(skatit 1. att.), bet daudz dzilaks, tas saistas galvenokart ar telpisko domasanu un sp&ju
saskatit telpas objektu savstarpgjas likumsakaribas. Telpiska domasana ir daudzas
zinatn@s nepieciesamas tehniskas domasanas telainais komponents.

s geometrijas ko

1. att. Grafiskas un télotajas geometrijas kompetences pakartotiba
Avots: autora konstrukcija

Grafiskas kompetences attistibas limena noteik$anai t€lotajas geometrijas studijas
nepiecieSams noteikt visu kompetences attistibas kritériju (grafisko zinasanu, grafisko
prasmju, telpiskas domasanas un attieksmes) raditajus un limenus.

1.2. apakSnodala Studentu grafiskas kompetences attistibas raditaju un Ilimenu
pamatojums ir izverteti un pamatoti grafiskas kompetences atfistibas limeni un to raditaji, jo
péc krit€riju raditajiem var spriest par grafiskas kompetences attistibu (Ganunesna, 2012).

Grafisko zinasanu raditaju pamatojums

Zinasanu pétnieki (ITuakacucteiit, 2000; Mnbuna, 1972; Komkacnuposa, 2000; Kabanosa
Memnep, 1981; Casunkas, 2000; Jlepuep, 1981; Vedins, 2000; WBun, 2002;
Xyropckui, 2001; u.c.) par zinaSanu raditajiem atzist tadus elementus ka terminus, jedzienus,
faktus, noteikumus, likumus, likumsakaribas, visparinajumus, teorijas, priekSstatus un
panémienus. Tapec, pamatojoties uz analiz&to pedagogisko literatiiru, noteikti $adi galvenie
grafisko zinaSanu raditaji telotajas geometrijas studijas: grafisko terminu zinaSana
(Urenbcon, 2001; Jlepuep, 1981; Komkacrmpora, 2000; Wnpuna, 1972), definiciju
izskaidroSana (Mremscon, 2001;  Xyropckuii, 2001; Jlepuep, 1981; Wibwna, 1972;
IMunkacwucteii, 2000), panémienu zinasanas (Glasersfeld, 1998, 2000, 2001; Lundvall, 2000;
Johnson, 2000; Xytopckwuii, 2001; JIeprep, 1981; Casmkast, 2000; Kabanosa-Memnep, 1981;
IMunkacuereni, 2000) un likumsakaribu izpratne (ITmpkacuctsiii, 2000; WMipuna, 1972;
Komxkacnuposa, 2000; Kadanosa-Mestep, 1981; Jlepuep, 1981;), kuri studiju procesa ir
jauztver, jaizprot un jaiegaumeé, toS sistematizgjot un visparinot. Savukart, pamatojoties uz
B. Bliima (Bloom, 1956), R. Ganjé (Gagne, 1985) un S. Arhangelska (Apxaurensckuii, 1974)
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aprakstitajiem zinaSanu limeniem un Latvijas universitaSu specialistu aptauju, promocijas
darba autors noteicis grafiskas kompetences attistibas zinasanu [imenus t€lotaja geometrija.

Grafisko prasmju raditaju pamatojums

R. Ganjé (Gagne, 1985) atzist, ka prasmes ir preciza, riipiga, neatlaidiga un laiciga
konkréta darba izpilde ar rokam. Prasmju attistiba ir atkariga no zinasanu apguves
kvalitates (Zogla, 2001a) un izpratnes par darbibas mérki, nosacfjumiem un izpildes
panémieniem (Spona, 2001). G. Selevko (Cernesxko, 1998) macisanas prasmes raksturo ka
1pasu studenta kvalitati, no ka atkarigs darbibu izpildes atrums un kvalitativas grafiskas
pamatprasmes, ka ari radoSas darbibas prasmes. A. Savicka (CaBmmkas, 2000) ar
grafiskajam prasmém saprot prasmi operét ar zinasanam, lai izpilditu grafiskas
konstrukcijas, un prasmi analiz&ét un prognozgét detalu formu un tas izmainas.

Promocijas darba autors, pamatojoties uz T. Petlinas (ITerna, 2007), A. Usovas (YcoBa,
1982), 1. Iljasova (Msicos, "anarenko, 1994), K. Platonova (IlnatonoB, Anackus, 1966;
[Tnaronos, 1994), A. Hlebnikova (Xneonukos, 2009), A. Botvinnikova (BOTBUHHHKOB,
1979), A. Savickas (Casurkast, 2000) u.c. autoru aprakstitajiem prasmju [imeniem un Latvijas
universitaSu specialistu aptauju, ir noteicis grafisko prasmju limenus telotaja geometrija, bet
par So Itmenu raditajiem tika pienemtas Sadas galvenas grafiskas darbibas prasmes telotajas
geometrijas studijas: prasme analiz&t un prognozet (Axus, 1996; Casurikas, 2000; Muuypoga,
2004), prasme operet ar apgiitajam zinasanam (babanckuii, 1987; Muuyposa, 2004; gpona,
2001;), grafiskds pamatprasmes (Ceneko, 1998; Spona, 2001; ITnatoros, 1977 ), rado3as
darbibas prasme (Cenesko, 1998; Rubana, 2004).

Telpiskas domasanas raditaju pamatojums

Domasana ir psihisks izzinas darbibas process un kognitivas izzinas procesa pamats,
kas aktivizé kognitivo darbibu, ta ir mérktieciga vardu un t€lu gariga manipulacija
(Sdorow, 1990), kas istenojas varda (Vigotskis, 2002).

A. Pavlova (ITaBmoBa, 2003) sasaista tehnisko domasanu ar telpisko domasanu,
uzskatot, ka telpiska domasana ir prata darbibas veids, kas nodrosina telpisku telu izveidi
un operésanu ar tiem praktisku un teorétisku uzdevumu risinasana.

Telpiska domasana ir sarezgita, péc dabas amodala, heterogéna izglitiba, kuras
galvena funkcija ir oper&Sana ar jutigiem (uzskatamiem) t€liem, pamatojoties uz t€liem,
kuri jau ir cilveka subjektivaja pieredzé (SIxkumanckas, 1989). I. Jakimanska
(Axumanckas, 1980) atzist, ka sp&ja izveidot telpiskus t€lus un operét ar tiem ir nozimiga
grafisko zinaSanu un prasmju apguvé. T&ls rodas divu ciesi saistitu determinantu —
uzskatamibas un darbibas — ietekme un saistiba ar konkrétiem uzdevuma nosacijumiem.

Pamatojoties uz analiz&to pedagogisko literatiiru par domasanas operacijam un
veidiem, ka arT 1. Jakimanskas t€lu operéSanas tipiem, izstradati telpiskas domasanas
raditaji. Vadoties no A. Vorobjova (Vorobjovs, 1996), B. Lomova (Jlomos, 1991) un
I. Jakimanskas (SIxkumanckas, 1980) aprakstitajiem domaSanas Itmeniem un Latvijas
universitasu specialistu aptaujas, promocijas darba autors noteicis telpiskas domasanas
raditajus grafiskas kompetences attistibas noteik$anai t€lotaja geometrija: sp&ju operét
ar t€liem, pamatojoties uz realiem objektiem, pamatojoties uz uzskatamajiem att€liem,
objekta projekcijam, un sp&ju operét ar t€liem, mainot t€lu stavotni.

Attieksmes raditaju pamatojums
I. Maslo (2006) atzist, ka cilvékam vispirms rodas atticksme, kas izraisa darbibas
vajadzibu, un tikai péc tam rodas nepiecieSamiba p&c zinaSanam un prasmém.
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R. Ganjé (Gagne, Driscoll, 1988) atzist, ka attieksmes ir v&l viena macibu rezultatu joma —
studenta ieks&jais stavoklis, kas ietekmg ricibas izvéli pret kadu lietu, personu vai notikumu.
Pieméram, atticksme pret t€lotajas geometrijas studiju kursu ietekmés studenta grafiskas
kompetences atfistibu, t.i., vélmi apgit grafiskas zinasanas, prasmes un telpisko domasanu.

A. Spona (2001, 2004, 2006) atzist, ka atticksmes veidojas pieredzg, zindsanu apguve,
pardzivojuma, gribas piepile, vajadzibu, motivu, komunikativaja saskarsme, izpauzoties
vertibas, mérkos, idealos un normas, un ir saistitas ar darbibu, jo ta cilvéka attieksmi veido
par vina personibas realu, patiesu 1pasibu, iezimi, veidojot stabilas intereses, parliecibu, dzilas
jutas, iemanas fizisku, psihologisku un socialu paradumu veida.

Promocijas darba autors, vadoties no 1. Zoglas (1998), D. Krathvola, B. Blima un
B. Masijas (Krathwohl, Bloom, Masia, 1973) aprakstitajiem atticksmes limeniem,
pedagogiskas literattiras analizes un Latvijas universitasu specialistu aptaujas, ir noteicis
atticksmes limenus t€lotaja geometrija, bet par o limenu raditajiem tika pienemti $adi
galvenie atticksmes raditaji télotajas geometrijas studijas: aktivitate bez izpratnes vai
vienaldziga, epizodiska programmas apguve (PaBen, 1999; Hutmacher, 1997),
neatlaidiba vai dal&ji argumentéta programmas apguve (Eurydice, 2002), izzinas
aktivitate un atbildiba (Briede, P&ks, 2011) un augsta izzinas aktivitate, atbildiba un
iniciativa (Eurydice, 2002; Briede, P&ks, 2011).

Grafiskas kompetences attistibas Kkritériju un raditaju kopsavilkums

2. attela redzams grafiskas kompetences attistibas kriteriju un raditaju kopsavilkums
atbilsto§i analizetajai pedagogiskajai un psihologiskajai literatirai un Latvijas
universitasu docétaju viedoklim.

8 Grafisko zinasanu kritérijs Grafisko prasmju kritérijs
:‘5 .=| [® terminu zinaSana .=||® grafiskas pamatprasmes
2| [ ['S]|e definiciju izskaidrosana 'Z| [» prasme operét ar zinaSanam
§ E e panémienu zinasana E e prasme analiz&t un prognozet
5 e likumsakaribu izpratne e radoSas darbibas prasme
(5]
=2 . < o . .
g Telpiskas domasanas kriterijs Attieksmes kriterijs
~I™1 || Spgja operét ar teliem pamatojoties uz . akF1V1t€_1te bez izpratnes vai vienaldziga,
= 30 bokh epizodiska programmas apguve
"é - ° rea lien_l opjexhiem i i={|® neatlaidiba vai dalgji argument&ta
5 i |® ulz:, Etamanekm attcliem l§ programmas apguve
= I 5 o . e 1 3=
2 g ove 2 projekctjam ~||e izzinas aktivitate un atbildiba
5 ril[*  geometrisko pamatelementu augsta izzinas aktivitate, atbildiba un
o _ . ] f
% stavotnes mainu R

2. att. Grafiskas kompetences attistibas Kkritériji un to raditaji
Avots: autora konstrukcija

Lai atfistitu studentu grafisko kompetenci, nakamaja nodala jaanaliz€ tElotajas
geometrijas studiju didaktika un jaizveido t€lotajas geometrijas didaktiskais modelis.

Promocijas darba 2. nodalu Télotajas geometrijas studiju didaktiska modela pamatojums
studentu grafiskas kompetences attistibas veicinasanai veido divas apaksnodalas.
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2.1. apaksnodala Telotdjas geometrijas studiju didaktikas izvértéjums un izmantoSana
atbilstosi kognitivi konstruktivajai pieejai un multimedijos balstitu macibu kognitivajai
teorijai ir pamatots kognitivi konstruktivas pieejas un multimedijos balstitu macibu
kognitivas teorijas principu izmanto$anas nozimigums t€lotajas geometrijas studijas.

Kognitivi konstruktiva pieeja télotajas geometrijas studiju procesa

Kognifiva konstrukfivisma parstavis Z. Piaze (ITuase, 1969) akcent zinasanas, izpratni un
prognozesanu, ka arT informacijas sanemsanas un apstrades procesus. Kognifivi konstruktivas
pieejas teorija maciSanas nav zinasanu apgiisana, bet gan to konstruésana. Galvenais noteikums
ir tas, ka students interprete jauno informaciju tikai saskana ar savu ieprieks$gjo pieredzi, kas
nozime to, ka macibam jabiit orientetam uz konkretu studenta problému risinasanu.

Kognitiva konstruktivisma attistitaji un piekritgji (ITmaxe, 1969; pron, 2000;
Piaget, 1968; William, Perry, 1999; Briede, 2013) atzist, ka maciSanas ir aktivs process,
studijam jabat aktivam, patstavigam un atbilsto$am studentu interesém, students pats
aktivi un mérktiecigi veido zinasanas, bet docétajam ir veicinataja loma.

Tadgjadi telotajas geometrijas studiju procesa ir jaievéro kognitivi konstruktivas pieejas
(Briede, 2013; Brooks & Brooks 1999; Gage, Berliner, 1991) galvenas atzinas: docétajs
auditorija veido situaciju, kura students izverte savu viedokli un, izmantojot jaunas zinasanas,
konstrué jaunu viedokli par aplikojamo paradibu, tadejadi veicinot studenta macisanos;
docétajam ir veicinataja loma, dominé demokratiskais stils; studenti gan lekciju, gan
praktisko nodarbibu laika drikst izteikt savu viedokli un uzdot jautdjumus neatkarigi no vinu
pieredzes, jo t€lotajas geometrijas lekcijas studentam ir butiski uzreiz saprast docétaja teikto,
ka arT izteikt savu viedokli, ka vins ir uztveris risinamo jautajumu, jo tad doc@tajs var studenta
domu papildinat vai arT pielabot, panakot labaku temata izpratni.

Multimedijos balstitu macibu kognitivas teorijas izmanto$ana télotajas geometrijas
studiju procesa

R. Meijers (Mayer, 1994, 2001, 2003, 2005). ir izstradajis multimedijos balstttu macibu
kognitivo teoriju, kas pamatojas uz A. Paivo (Clark, Paivio, 1991; Paivio, 1986) dualas
kod@Sanas teoriju, P. Candlera, J. Svellera un G. Millera (Chandler, Sweller, 1991;
Miller, 1956) ierobezoto iesp&ju teoriju, A. Badeleja (Baddeley, 1992, 1999) isiaicigas
atminas modeli un M. Vitroka (Wittrock, 1989) aktivas maciSanas teoriju.

R. Meijera (Mayer, 2001, 2005) multimedijos balstitu macibu kognitiva teorija
(skatit 3.att.) tiek pamatota ar tris galvenajiem véstijumiem: eksisté divi atseviski uztveres
kanali: audialais un vizualais; kanaliem ir ierobezota caurlaides sp&ja; maciSana ir aktivs
process, kurs sastav no informacijas atlases, organizacijas un apvienosanas.

Multimedia Sensora Islaiciga atmina Ilglaiciga
prezentacija atmina atmina
[ Lol izualai
ngﬁ N @ o[l Vlzualz?ls il
S AREH e ) modelis Integrétai Esosas
Atteli AR = _ = ntegrétais
\(S\\S Vardu un Vardu un attelu modelis | ,| | zinasanas
S attelu atlase organizésana g
Mutiskie Y Verbalais
& > > skanas - %
Vardi N modelis

3. att. Multimedijos balstitu macibu kognitiva teorija
Avots: autora adaptets pec (Mayer, 2005)
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Multimedijos balstitu macibu kognitivas teorijas autors R. Meijers (Mayer, 2008;
Moreno, Mayer, 2004; Mayer, Fennell, Farmer, Campbell, 2004; Mayer, Sobko,
Mautone, 2003; Mayer, Johnson, 2008) ir noteicis ari 10 principus, kas jaievéro $aja
pieeja: saskanoSanas principu, signaliz€Sanas principu, dubléSanas principu, telpiskas
sasaistes principu, laika sasaistes principu, segmentacijas principu, pirms macibu
sagatavoSanas principu, modalitates principu, multimediju principu, individualas pieejas
principu, jo atbilstosi tiem studentu maciSanas ir sekmigaka.

2.2. apakSnodala Macibu didaktiskie principi télotdjas geometrijas studiju procesa
ir analizéts, izvertéts un pilnveidots tElotajas geometrijas studiju process atbilstosi
kognitivi konstruktivas pieejas principiem.

T&lotajas geometrijas studiju mérki un uzdevumi atbilst izglitibas, attistibas un
meérktieciguma vienotibas principam (Albrehta, 2001).

Butiskakie t€lotajas geometrijas studiju mérki ir: izpratnes pilnveidoSana par
grafiskas valodas Iidzekliem un grafisko dokumentu noform&juma normam; zinasanu
padzilinaSana un prasmju pilnveidosana telpisku objektu att€loSanai grafiska veida;
izpratnes padzilinasana par grafiskas valodas ka internacionala sazinas lidzekla nozimi
projektésana un projektu TstenoSana dazadas tautsaimniecibas nozar€s un ikdiena.

Bitiskakie t€lotajas geometrijas studiju uzdevumi ir: vizuali telpiskas uztveres,
izpratnes, izt€les un radoSo sp&ju attistiSana, bez ka nav iedomajams radoSums
inZenierzinatnés; telpiskas un logiski analitiskas domasanas un prognozésanas prasmju
attistiSana; izpratnes padzilinaSana par t€lotdjas geometrijas likumsakaribu lietojumu
dazadas nozarés; telpisku formu un to savstarpgjas stavotnes analizes un sintézes sp&ju
attistiba; télotajas geometrijas teorétisko zinaSanu apgtSana; grafisko uzdevumu
patstavigas risinasanas prasmju attistiSana; grafiskas kompetences attistiSana; grafiskas
komunikacijas prasmju attistisana; telpisku formu att€losanas likumsakaribu attistiSana;
telpisku formu analiz€Sanas prasmju attistiSana; aktivas maciSanas savstarpgjas
sadarbo$anas prasmes; atbildigas un izzinas interesi rosino$as attieksmes veicinasana.

T&lotajas geometrijas studiju process ir mérktiecigi organiz&tas maciSanas un
macisanas process, kas notiek cie$a studenta un docétaja mijiedarbiba (Albrehta, 2001).
Studiju procesa vadosie komponenti ir studiju mérkis un uzdevumi, kas ietekme studiju
saturu un macibu metodes, organizacijas formas un lidzeklus, tapéc t€lotajas geometrijas
studiju procesu nepiecieSams organizét atbilstosi izvirzitajiem mérkiem un
uzdevumiem. I. Katane (2006) studiju procesu atzist ka studiju vidi, kas ir studenta,
docétaja un studiju kursa mijiedarbibas sisteéma, kuras funkciongSana paklauta
didaktiskajiem mé&rkiem un kas atrodas dinamikas stavokli.

Télotajas geometrijas studiju saturs jaizvélas atbilsto§i macibu zinatniskuma un
saprotamibas principam, sistematiskuma un seciguma principam un macibu saistijumam
ar dzivi un praksi (Albrehta, 2001)

Telotajas geometrijas studiju saturiskie elementi atbilst 1. Semjonovas
(CemenoBa, 2008) izvirzitajiem telotajas geometrijas studiju kursa elementiem, tomér
izklasta seciba un principus promocijas darba autors piedava atbilstosi 4. att€lam:
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| Telotaja geometrijas struktiira un saturs |

—
@ Projicésanas metodes

¥

o)

Geometriskie pamatelementi

| Punkta projekcijas | | Taisnes projekcijas| |Plaknes projekcijas|

| Kompleksais rasgjums un aksonometrija |

v
—
@ | Geometrisko pamatelementu savstarpgjas stavotnes |
| Punkts - Punkts | | Taisne - Taisne | | Plakne - Plakne |
I I I
| Punkts - Taisne | | Taisne - Plakne | | Plaknes kel3anas ar plakni |
I I
[ Punkits - Plakne | | Taisnes $kel3anas ar plakni |
¢—| Kompleksa rasgjuma parveidosanas panémieni
| Projekciju plaknu maina |

v

@

-
8)

n

| Skaldnu virsmas | | Rotacijas virsmas | >
I

| Kompleksais rasgjums, aksonometrija un izklajums |

v

Geometriskie pamatelementi un virsmas |

Punkts, taisne, plakne - virsmu sastavdala | |-l

Punkts, taisne, plakne - stavotne pret virsmu |

v

Virsmas $kelSana ar plakni |—>

&)
>

Virsmu savstarp€jas stavotnes |

Skaldnu virsmu savstarpé&ja Skelganas | —>

Rotacijas virsmu savstarpéja SkelSanas |

analize visa télotajas geometrijas studiju procesa

Rotacijas virsmu §kel3anas ar skaldnu virsmam |

Nepartraukta geometrisko pamatelementu saskati$ana u

4. att. Telotajas geometrijas studiju kursa struktiiras un satura shéma

Avots: autora konstrukcija

14




Praktiskas nodarbibas ir viena no galvenajam t€lotajas geometrijas studiju procesa
organizacijas formam, jo students to laika veido parliecibu par savam zinasanam,
prasmém un kompetencem. Praktiskajas nodarbibas studentu darbiba ir vérsta uz
patstavigu, vienkarSu un sarezgitu problémuzdevumu risinaSanu, savukart docgtajam
uzmaniba ir javer§ uz studentu grafiskas kompetences attistibu t€lotajas geometrijas
studijas. A. Savicka (Casuiikas, 2000) atzist, ka grafisko problémuzdevumu risinasana
ir visu zinatnu, it Ipasi dabaszinatnu un inZenierzinatnu, kuras izmanto grafisko valodu,
organiska sastavdala.

E-studiju organizacijas pamata ir labi sagatavoti studiju materiali, kas atbilst
multimedijos balstitu macibu kognitivas teorijas principiem. Promocijas darba autors no
t€lotajas geometrijas studiju procesda izmanto tradiciondlos kursus ar tehnologiju
elementiem.

Telotajas geometrijas studijam ir sagatavots elektronisks macibu lidzeklis, kur$
izvietots LLU e-studiju vidé. Macibu lidzeklis ir sadalits pa moduliem atbilstosi lekciju
skaitam t€lotaja geometrija. Katrs modulis sastav no:

e izdales materiala (skatit 5. att.), kur$ nepieciesams lekcijas laika. Izdales materials ir
speciali sagatavots ar nepabeigtiem att€liem un nepabeigtu teorétisko dalu —
tekstveida informaciju; lekcijas laika studentiem ir japabeidz iesaktie atteli un ari
teorgtiska dala. NepiecieSamo macibu materialu students pirms lekcijas izdruka no
e-studiju vides;

z 7 Punkts IT, plakné
m, ) A, A, (9. un 10. att.)
' Ja koordinata, kura izsaka
’ X ¥, | punkta attalumu lidz IT
x| 4 0 plaknei, ir nulle, bet abas

paréjas koordinatas

m ¥ atSkiras no nulles, tad
2 punkts atrodas
9.att. 10.att. Piemeram, A(__; ;)

5. att. Telotajas geometrijas lekcijas uzdevums
Avots: autora konstrukcija

¢ animétas lekcijas — speciali sagatavotas lekciju grafiskas dalas, ar kuras palidzibu
pakapeniski tiek atrisinata lekcijas sakuma izvirzita probléma jeb grafiskais
uzdevums; So sadalu iespgjams atvert tikai péc lekcijas;

e macibu materiala (skatit 6.att.), kads varétu tikt izveidots noklausoties lekciju; Sis
materials ir pilniba izpilditas lekcijas paraugs ar pabeigtiem grafiskajiem att€liem un
lekcijas teorétisko dalu — tekstveida informaciju; 81 sadala ir pieejama pirms lekcijas,
lai students varétu sagatavot jautajumus, ko uzdot lekcija;
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Punkts I, plakng
(9. un 10. att.)
Ja koordinata, kura izsaka
punkta attalumu Iidz II,
plaknei, ir nulle, bet abas
pargjas koordinatas atskiras
no nulles, tad punkts atrodas
t frontalala proj ekcuu plakng.

9. att. 10.att. | T IS

6. att. Izstradats telotajas geometrijas uzdevums
Avots: autora konstrukcija

o testa (skattt 7.att.), kuru studentam ir nepiecieSams izpildit studiju kursa studésanas
procesa; ar testa palidzibu students var nostiprinat savas teorétiskas un praktiskas
zinasanas, bet nevar noteikt, kads ir studenta grafisko prasmju limenis.

Kurs§ no punktiem atrodas I, plakng&?

e

Izvelieties vienu atbildi

|:|B
[ 1D

7. att. Telotajas geometrijas testa uzdevums
Avots: autora konstrukcija

e aptaujas — p&c katra modula ir ievietota aptauja, ar kuras palidzibu tiek noskaidrots
studentu viedoklis, par attiecigo moduli.

Atgriezeniska saite, ko var nodrosinat ar testu palidzibu, ir batiska studiju procesa
sastavdala, jo studenti patstavigi var noteikt savu zinaSanu lItmeni (Gee, 2005). Ar testu
palidzibu var nostiprinat apguitas zinaSanas un labot maldigos priek3status.

Macibu metodes un tam atbilstosie lidzekli izvéleti, pamatojoties uz macibu
uzskatamibas un teorétiskds domaSanas attistibas principu, studentu apziniguma un
intelektualas aktivitates principu, pozitiva studiju emocionala fona principu, ievirzi
pasizglitiba (Albrehta, 2001) un studentu savstarp&jo sadarbibu un sadarbibu ar docgétaju.
AtbilstoSi kognitivi konstruktivajai pieejai butiskakas, t€lotdjas geometrijas studijas
izmantojamas metodes ir akfivas macibu metodes, lekcijas un problémuzdevumi.
N. Semjonova (Cemenosa, 2008) atzist, ka grafisko disciplinu studiju procesa ir jaizmanto
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aktivas macibu metodes — problémjautajumi, heiristiska saruna, problému uzskates
lidzekli, izzinas spélu metode, macibu projektu metode, analizes metode dzives situaciju
nodarbibas —, turklat problémjautajumi jauzdod ta, lai studenti nevis vienkarsi atbildétu
apgiito macibu materialu, bet radosi operétu ar iepriek§ apglitajam zina$anam jaunas
problémas atrisinasana.

Telotajas geometrijas lekciju Tpatniba ir tada, ka taja tick apvienotas gan verbalas, gan
uzskatamibas metodes. Lekcija tiek pamatota uz konkréta grafiska problémuzdevuma
kolektivu atrisinasanu, vienlaikus uzsverot $ada tipa uzdevu teoretiskas Tpatnibas. Uzskates
macibu metodes izmantosanai t€lotajas geometrijas lekciju laika ir vislielaka nozime, jo
no grafisko uzdevumu risinajuma gaitas uzskatamibas ir atkariga to izpildes precizitate un
arT izpildes izpratne.

Telotajas geometrijas lekcijas, kuras tiek analizétas sarezgitas figiiras (skatit 8.att.),
vispirms nepiecieSams tas apskatit kopveseluma un péc tam sadalit pamatelementos, t.i.,
apskatit, no kadas stavotnes taisném un plakném sastav konkréta figiira, vai kada no $im
taisném vai plakném att€lojas patiesa lieluma, vai So plaknu un tai$nu veidotie lenki ar
projekciju plakném ir patiesa lieluma, un tikai p&c tam var sakt risinat uzdevumu. Sada
veida uzdevuma organizacija veicina telpiskas domasanas pilnveidi, jo sakotngji tiek
veidota dzilaka izpratne par lenku, plaknu un tai$nu savstarp&jam stavotném un tikai pec
tam tiek analizéts, kada veida uzdevuma risinasana papildus konkrétajam uzdevumu
risinaSanas metodém un pan€mieniem var izmantot §1s pamatelementu Ipasibas. Studenti
domas apvieno tiTs projekcijas, t.i., sintez€ un domas veido objektu telpisku.

8. att. Cetrstiira piramidas un trisstiira prizmas savstarpeja SkelSanas
Avots: autora konstrukcija
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Kad students, izmantojot salidzinaSanas operacijas, ir sapratis visu projicgjoso, limena un
Visparigas stavotnes pamatelementu biitibu, vin$ tos spgj klasificét un pec $is klasifikacijas,
vél nesalidzinot, zinat, ka visu projicgjoso plaknu krustpunkti ar taisném ir redzami projekciju
plakn@s, kur §Ts plaknes att€lojas ka taisnes, pret kuram §is plaknes ir perpendikularas.

Analizgjot pedagogisko literattiru, tika izveleta telotajas geometrijas studiju kursam
atbilsto$ako macibu lidzeklu klasifikacija un iedalijums. Vadoties no vairaku autoru
(Oxons, 1990; ITunkacuctsriid, 1998; Xyrtopckoit, 2001; Casuenko, 2009) klasifikacijas,
promocijas darba autors izvelgjas sadus klasifikaciju:

e péc kopigajam ipasibam: drukatie macibu lidzekli un e-studiju lidzekli;
e p&c grupam: tehniskie macibu lidzekli un paliglidzekli, vizualie uzskates Iidzekli.

T&lotajas geometrijas studijas macibu lidzekli tiek izmantoti atbilsto$i materiali
tehniskajam nodroSingjumam, studentu sagatavotibas ITmenim, studentu daudzumam,
vecumposma Tpatnibam, motivacijas limenim, studiju kursa docésanas ipatnibam, docétaja
kvalifikacijas un personigajam ipaSibam. Turklat, izv€loties konkréto macibu lidzekli
janem veéra studentu emocionalais stavoklis un grafiskas kompetences attistibas Iimenis.

Studentu grafiskas kompetences attistibas pedagogiska kontrole un vértésana
Uzsakot tElotajas geometrijas studijas, tiek izmantota ievada kontrole, savukart,
beidzot telotajas geometrijas studijas, notiek summativa veértésana, ko veido formativas
vertésanas veidu kopsumma. T&lotajas geometrijas studiju procesa tiek izmantota
studentu formativa vérté$ana, kura ietilpst kart€ja un periodiska kontrole.
Atbilstosi grafiskas kompetences attistibas kriteriju un raditaju analizei noteikti
grafiskas kompetences attistibas limeni t€lotaja geometrija (skatit 1. tabulu).

1. tabula
Grafiskas kompetences attistibas kriteriji, raditaji un limeni

Grafiskas
kompetences
attistibas limenis,
ballés

Grafiskas
kompetences
attistibas kriteriji

Grafiskas kompetences attistibas raditaji

etiekams
4-6

1-3

’ Nepi
Apmierinoss
7-8

Labs
9-10

Teicams

grafiskas zinasanas

terminu zinasana

grafiskas prasmes

grafiskas pamatprasmes

telpiska domasana

sp&ja operét ar t€liem, pamatojoties uz realiem objektiem

attieksme

aktivitate bez izpratnes vai vienaldziga, epizodiska programmas
apguve

grafiskas zinasanas

definiciju izskaidroSana

grafiskas prasmes

prasme operét ar zina§anam

telpiska domasana

sp&ja operét ar teliem, pamatojoties uz uzskatamajiem attéliem

attieksme

neatlaidiba vai dalgji argumentéta programmas apguve

grafiskas zinaSanas

panémienu zinasana

grafiskas prasmes

prasme analiz€t un prognozet

telpiska domasana

sp&ja operét ar t€liem, pamatojoties uz objekta projekcijam

attieksme

izzinas aktivitate un atbildiba

grafiskas zinasanas

likumsakaribu izpratne

grafiskas prasmes

rados$as darbibas prasme

telpiska domasana

sp&ja operét ar teliem, pamatojoties uz geometrisko
pamatelementu stavotnes mainu

attieksme

augsta izzinas aktivitate, atbildiba un iniciativa

Avots: autora konstrukcija
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Atbilstosi studentu grafiskas kompetences attistibas kriterijiem, raditajiem un

limeniem promocijas darba autors atzist, ka

9 un 10 balles students iegiist, ja:

ir apguvis zinaSanas un prasmes tada limeni, ka macibu saturu uztver, iegaumé,
apgiist, t0 izprot, ka arT patstavigi izmanto jaunu zinaSanu apguvei un radoSu
uzdevumu risina$anai ar objektu parveidosanu;

analiz€ un teorctiski pamato netipiskas situacijas;

prot risinat dazadas problémas, saskatit un izskaidrot likumsakaribas;

patstavigi izsaka savu viedokli, definé vértéjuma kritérijus, paredz sekas;

prot novertet atskirigu viedokli, veicina sadarbibu macibu problému risinasana;

bez paliglidzekliem oper€ ar telpiskiem objektiem;

oper€ ar telpisku objektu téliem, mainot geometrisko pamatelementu stavotnes, prot
uzkonstruét objekta triikkstosas projekcijas un noteikt ta stavotni, lielumu, lenkus un
attalumus;

aktivi un atbildigi izpilda visus doc@taja uzdotos uzdevumus;

ras€jumu noformeé atbilstosi standartu prasibam.

7 un 8 balles students iegiist, ja:

ir apguvis un izpratis macibu saturu pilna apjoma, to izprotot, izmanto visus telotaja
geometrija macitos uzdevumu risina$anas panémienus, atskir biitisko no mazsvariga,
zina un var definét jédzienus, galvenos likumus, formul€ atpaziSanas noteikumus;
izmanto zina$anas un prasmes pec parauga, analogijas vai pazistama situacija, veic tipveida
un kombingtus macibu uzdevumus, analiz€ un prognoz€ uzdevumu risinajumus;

grafiskos darbus izpilda patstavigi un kvalitafivi, prot virspusgji tos analiz&t;

ir griitibas operét ar telpiskiem objektiem, pasam izveloties nepiecieSamos paliglidzeklus;
opert ar telpisku objektu t€liem, izmantojot to projekcijas;

studiju kursa satura pamatjautajumos pauz personisko atticksmi, aktivi piedalas
izzinas procesa;

4 — 6 balles students iegiist, ja:

ir iepazinis noradito macibu saturu, atskir biitisko no mazsvariga, zina terminus un
var definét jédzienus, ar nelielu palidzibu risina tipveida uzdevumus, atpazist
apgiistamos objektus citu objektu virkng;

telotajas geometrijas studiju kursa saturu izklasta pietickami skaidri un saprotami,
bet reti atskir biitisko no mazsvariga;

ar telpiskiem objektiem oper€ ar griitibam, operaciju izpildes procesa sanemot palidzibu
un noradijumus par nepiecieSamajiem paliglidzekliem, oper€ ar telpisku objektu t€liem,
izmantojot to uzskatamos attelus vai aksonometriskas projekcijas;

ir apguvis sadarbibas un sazinas prasmi, grafiskos darbus risina regulari.

1, 2 un 3 balles students iegiist, ja:

macibu saturu tikai uztver un atpazist, bet apgiist nepietiekamu satura apjomu (mazak
neka 50 %), veic primitivus uzdevumus tikai p&c parauga labi pazistama situacija,
bez kladam veic tikai dalu uzdevumu;

atpazist t€lotaja geometrija izmantojamos terminus, bet nesp€j noteikt to Tpasibas un
pazimes un neprot analizet grafisko darbu;

telpiskos objektus atpazist, bet operét ar tiem neprot;
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e macibu saturu izklasta, bet citiem nesaprotami, reti atskir biitisko no mazsvariga;

e uzdevumu risinaSana nav zinatniskas pieejas, tadél ne vienmér uzdevums tiek
atrisinats pareizi;

o lai students spétu darboties ar objektu téliem un uzkonstruét objektu projekcijas,
nepieciesami reali objektu modeli;

e spgj stradat tikai ar citu studentu vai docétaja palidzibu.

Telotajas geometrijas studiju didaktiskais modelis

Pamatojoties uz pedagogiskas un psihologiskas literatiiras analizi, t€lotajas
geometrijas studiju docétaju un promocijas autora personigo pieredzi gan universitate,
gan ari skola, tika izmantots izveidotais tElotajas geometrijas studiju didaktiskais
modelis, kura grafiskais attélojums redzams 9. attgla.

Telotajas geometrijas studiju didaktiskais modelis veidots, ievérojot kognitivi
konstrukfivas pieejas pamatprincipus. Sie pamatprincipi tika ievéroti, izvéloties macibu
mérkus un uzdevumus, macibu saturu, principus un metodes, ka ari veidojot macibu
lidzeklus. Multimedijos balstitu macibu kognitivas teorijas principi tika integréti lekciju
kursa un organizgjot e — studijas, bet kognitivi konstruktivas pieejas principi tika izmantoti
visa telotajas geometrijas studiju procesa. Tapat t€lotajas geometrijas studiju didaktiska
modeli tika ieklauti visi studiju procesa posmi: metodologiska, saturiska, organizatoriska,
kontroles un vértésanas dala (skatit 9.att.).

Telotajas geometrijas studiju process tiek organizéts lekciju, praktisko nodarbibu,
e-studiju un konsultaciju veida. Gan lekcijas, gan praktiskajas nodarbibas, gan e-studiju
organizacija tiek izmantoti kognitivi konstruktivas pieejas un multimedijos balstitu
macibu kognitivas teorijas principi. Studiju procesa docétajs mijiedarbiba ar studentiem,
katra temata apguvei izmanto nepiecieSamos macibu lidzeklus, t.sk., promocijas darba
autora organizetas e- studijas, bet skola, tehniskas grafikas macibu procesa — macibu
gramatu, uzdevumu krajumu un skolotgja gramatu, kuru tapsana promocijas darba autors
piedalijas ka lidzautors, un promocijas darba organizétas e-macibas.

Sekmes télotajas geometrijas studiju kursa ir atkarigas no zinaSanu, prasmju un
kompetences ltmena tados macibu priekSmetos ka fizika un matematika, 1idz ar to tiek
izdartta ievadkontrole, noskaidrojot studentu sakotngjas prasmes. Formativa vertésana
notiek, izmantojot heiristiskas metodes un individualus grafiskas kompetences attistibas
Itmena parbaudes darbus, savukart summativa kontrole ir formativas vertésanas veidu
kopsumma.

Ta ka telotaja geometrija ir inZeniergrafikas gramatika, tad tas studijas veido pamatu
studiju kursiem, kuros nepiecie$amas izmantot grafiskas zinaSanas un prasmes.
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Bitiskakie kognitivi konstruktivas pieejas principi:

Atslégas vardi: zinasanas, izpratne, prognozésana, informacijas sanemsana un apstrade, aktivitate, pieredze, radosums,
patstavigums un atbilstiba studentu interesem.
Principi: macisanas ir akfivs un rado§s ar nozimi process; macibam jabiit reala dzivé balstitam; students pats aktivi
konstrué savas zinaSanas un izmanto savu pieredzi; pozitiva savstarpgjo emocionalo attiecibu veidoSanas; docgtajam
galvenokart ir maciSanas veicinataja loma.

Saskanosana,

Multimedijos balstitu macibu kognitivas
teorijas atslegas vardi.
signaliz&Sana,
telpiska sasaiste, laika sasaiste, segmentacija,
pirms macibu sagatavoSanas,
multimediju princips, individuala pieeja.

dublesana,| |Merktiecigums,
sistematiskums,

modalitate,

Batiskakie macibu didaktisko principu
atslégas vardi telotajas geometrijas studijas:
saprotamiba,

regularitate,
objektivitate, saisfiba ar dzivi, uzskatamiba,
atbildiba, aktivitate, zina$anu noturigums.

zinatniskums,
secigums,

!

Télotajas geometrijas studiju process:

Bitiskakie telotajas
geometrijas studiju mérki

e izpratnes pilnveidoSanal
par grafiskas valodas
lidzekliem un grafisko
dokumentu noformguma,
normam,

e zindSanu padzilinaana un
prasmju  pilnveidoSana|
telpisku objektu
atteloSanai grafiska veida,

e izpratnes  padzilinaSanaj«—>
par grafiskas valodas ka
internacionala  sazinas
lidzekla nozimi
projektéSanda un projektu
realizeSana dazadas
tautsaimniecibas nozar€s
un ikdiend.

.

Bitiskakie télotajas geometrijas studiju uzdevumi:
vizuali telpiskas uztveres, izpratnes, iztéles un
rado8o sp&ju attistiSana, bez ka nav iedomajams
radoSums inZenierzinatnés;
telpiskas un logiski analitiskas domasanas, un
prognozesanas prasmju attistisana;
izpratnes padzilinaSana par telotajas geometrijas
likumsakaribu lietojumu dazadas nozares;
telpisku formu un to savstarpgjas stavotnes
analizes un sintézes sp&ju attistidana;
telotajas geometrijas teorétisko jautadjumu
zinasanu apgiiSana;
grafisko uzdevumu patstavigas risinasanas
prasmju attistiSana;
grafiskas kompetences atfistiSana;
grafiskas komunikacijas prasmju attTstiSana;
telpisku formu attelosanas likumsakaribu
attistiSana;
telpisku formu analiz&Sanas prasmju atfisti$ana;
aktivas macisanas un savstarpgjas sadarbosanas
prasmju attistiSana;
atticksmes un atbildibas attstiSana.

Telotdjas geometrijas studiju
saturu nosaka:
e macibu metodikas atbilstiba

cilveka ~ domasanas  un
uztveres procesu bitibai,
vecumposma Ipatnibam;

e jaundko tehnologiju

iepaziSana un izmanto$ana
macibu satura apguvei;
e nozares zinatnisko terminu

skaidrojums, apguve un
lietoSana;

e logiska pécteciba satura
apguve;

e programmas, macibu!
gramatu, metodisko

paliglidzeklu satura seciba;
e tematam atbilstoSu analogu

saskatiSana tuvakaja
apkartng;

e atpazistamu priekSmetu
rasgjumi.

1

e konsultacijas
e e-studijas

Batiskakas telotajas
geometrijas studiju
organizacijas teorétiskas un

praktiskas formas: .
e praktiskas nodarbibas .

metodes:

lekcijas;
problémuzdevumi.

Bittiskakas télotajas geometrijas macibu

lep|® interaktivas un akfivas macibu metodes;

'

lidzek]i:

temps;

Jaievero:
o Kkatra studenta
individualais macisanas

e atfistibas dinamika;
e nepiecieSamais atbalsts.

darba lapas lekcijam);

modeli, plakati, ras&jumi);
o tehniskie macibu Iidzekli
interaktiva tafele);

v

dazadas
uzdevumi.

Jaizmanto:
gritibas

vide, darba instrumenti);
pakapes| |e

Batiskakie telotajas geometrijas macibu
e drukatie macibu lidzekli (macibu gramatas,

o e-studiju lidzekli (multimediju prezentacijas);
e vizudlie uzskates lidzekli (dabiska uzskate,

(multimedijs,
e macibu paliglidzekli (darba vietas fiziska

apglistamda macibu satura un patstaviga
darba uzdevumu kalendarais plans.

Studentu grupa

v

‘ Kontrole un vértésana:
ievada, formativa, summativa

— |

v

Rezultats:

studentu grafiskas kompetences attistibas limenis

9. att. Telotajas geometrijas studiju didaktiskais modelis

Avots: autora konstrukcija

21



Izveidota t€lotajas geometrijas studiju didaktiska modela novitates:

1. kognitivi konstruktiva pieeja — kognitivi aktivas maciSanas, pieredzes organizacija
un paSorganizacija ir pamats tElotdjas geometrijas studiju didaktiska modela
elementu izvélei;

2. multimedijos balstitu macibu kognitiva teorija, kas pamatota ar dualas kodésanas
teoriju un vizualizacijas iesp&ju izmantoSanu studiju procesa, ir pamats t€lotajas
geometrijas studiju macibu Iidzeklu izveidei;

3. telotajas geometrijas studiju satura, macibu principu, metozu sisteémiska izmanto$ana
kopveseluma universitates noteiktajas studiju organizacijas formas atbilstosi katrai
studiju programmai speciali sagatavotiem macibu lidzekliem veicina studentu
grafiskas kompetences attistibu t€lotajas geometrijas studijas.

Promocijas darba 3. nodalu Telotajas geometrijas studiju didaktiska modela
empiriskie pétijumi veido divas apak$nodalas.

3.1. apaksnodala Telotdjas geometrijas studiju didaktiska modela izpétes pirmdatu
analize veikti pieci pétijumi, lai noskaidrotu pastavoSo didaktisko pieeju efektivitati
lekciju, praktisko nodarbibu un parbaudes darbu laika un iesp&jamos didaktiska modela
uzlabo3anas virzienus.

Pirmaja pétijuma noskaidrots, ka interaktivas macibu programmas nepiecieSamas
studentu patstavigajam darbam, lai sagatavotos nodarbibam.

Otraja pétijuma noskaidroti studentu atbalstitakie testu veidi, ko varétu izmantot
e-studiju organizacija, ka ari studentiem vispienemamakie vértésanas veidi.

Tresaja petijuma izzinats studentu izpratnes limenis dazados télotajas geometrijas
studiju tematos, lai noskaidrotu tematus, kuriem ipasi nepiecie$ams izstradat macibu
lidzeklus, lai paaugstinatu So tematu izpratnes Iimeni.

Ceturtaja pétijumd noskaidroti tehnisko Iidzeklu veidi, kurus studenti veletos redzet
izmantotus studiju procesa.

Piekta petijuma mérkis ir noverot telotajas geometrijas studiju didaktiska modela
izmanto$anas lietderigumu vid&jas macibu iestadés. Lai Tstenotu pétijumu, tika
sagatavota macibu gramata, uzdevumu krajums, skolotaja gramata tehniskaja grafika, ka
arT izveidots e-studiju kurss tehniskaja grafika.

3.2. apak$nodala Télotajas geometrijas studiju didaktiska modela izpetes un
grafiskas kompetences attistibas kritériju un raditdju izpétes eksperimentdalo datu
analize veikti Cetri pétijumi, lai noskaidrotu t€lotajas geometrijas studiju didaktiska
modela un grafiskas kompetences jédziena, attistibas kriteriju, raditagju un limenu
izmantoSanas lietderigumu télotajas geometrijas studijas.

Sesta pétijuma mérkis bija noskaidrot telotajas geometrijas studiju didaktiskaja
modeli izmantotas kognitivi konstruktivas pieejas un multimedijos balstitu macibu
kognitivas teorijas ietekmi uz grafiskas kompetences attistibai nepiecieSamo izpratni par
telotajas geometrijas studijas apliikotajiem terminiem, jédzieniem, panémieniem un
likumsakaribam. P&tfjuma var secinat, ka starp kontrolgrupas un eksperimentalas grupas
respondentiem pastav bitiskas atSkiribas t€lotajas geometrijas terminu, definiciju,
panémienu un likumsakaribu izpratng. Tas nozimé, ka kognitivi konstruktivas pieejas un
multimedijos balstitu macibu kognitivas teorijas izmanto$ana t€lotajas geometrijas
studijas butiski ietekmé studentu izpratni par t€lotajas geometrijas studiju tematiem.
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Lai parliecinatos par to, vai studentu paSvertéjums atbilst redlajai studentu grafiskajai
kompetencei, tika veikta dokumentu analize, kuras meérkis — noskaidrot studentu
grafiskas kompetences attistibas Iimeni apliikotajos tematos.

’ m Kontrolgrupa  ®Eksperimentala grupa

6,4

Virsmu savstarpgja skelSanas 67

Virsmas SkelSana ar plakni 6,2 68

Taisnes (plaknes) 59
krustosanas ar plakni 7,0

6,1

Projekciju plaknu maina 65

Geometrikso pamatelementu 6,1
savstarpgjas stavotnes 7,2

6,0

Plaknes projekcijas 73

. - 6,6
Taisnes projekcijas 76

- 6,6
Punkta projekcijas 76

10. att. Telotajas geometrijas tematu izpratnes vidéjais aritmétiskais vértéjums
Avots: autora pétijumu rezultati

Salidzinot studentu pa$vertgjumu par telotajas geometrijas studiju tematu apguvi ar
vertgjumiem 10 ballu skala (skatit 10 .att€lu), ko studenti sanémusi no docetajiem, var
secinat, ka izpratne par t€lotajas geometrijas tematiem ir atSkiriga.

ArT péc dokumentu analizes var secinat, ka pastav bitiskas atSkiribas starp
kontrolgrupu un eksperimentalo grupu. Lai veiktu divu paraugkopu (kontrolgrupas un
eksperimentalas grupas) salidzinasanu un noteiktu, vai at$kiribas starp tam ir statistiski
nozimigas, tika izmantots t-tests divu neatkarigu paraugkopu vidg€jo salidzinasanai.

Ta ka trae = 4.86195 > i = 2.14479 un abpusgjas alternativas
p-vértiba = 0.03471 < 0.05, tad ar 95% varbiitibu var secinat, ka starp kontrolgrupas un
eksperimentalas grupas respondentiem pastav bitiskas atSkiribas t€lotajas geometrijas
terminu, definiciju, panémienu un likumsakaribu izpratn€. Tas nozimé, ka t€lotajas
geometrijas studiju didaktiska modela izmanto$ana batiski ietekmé t€lotajas geometrijas
tematu izpratni.

Septita pétijuma mérkis bija parbaudit teorétiskaja petijuma izstradato t€lotajas
geometrijas studiju didaktisko modeli.

11. attela ir redzams, ka mainas studentu grafiskas kompetences attistibas limenis
kontrolgrupas un eksperimentalaja grupa, salidzinot pirmas un otras grafiskas
kompetences attistibas ITmena vidgjos aritmétiskos vertgjumu.

Kontrolgrupa, kura t€lotajas geometrijas studiju procesa izmanto docétaju brivi
izveletas macibu metodes, studentu pirmas grafiskas kompetences attistibas Iimena
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parbaudes vidgjais aritmétiskais vértgjums ir 2.9 balles, bet otras parbaudes vidgjais
aritmétiskais vertéjums ir 3.6 balles.

Kontrolgrupa, kuras docgtaji izmanto brivi izvélétas macibu metodes un
multimedijos balstitu macibu kognitivas teorijas elementus, pirmas grafiskas
kompetences attistibas limena parbaudes vidg€jais aritmétiskais vertgjums ir 2.2 balles,
bet otras parbaudes vid&jais aritmétiskais vertejums ir 4.5 balles.

Eksperimentalaja grupa, kura docétajs telotajas geometrijas studiju procesa izmanto
pilniba izstradatu télotajas geometrijas studiju didaktisko modeli, pirmas grafiskas
kompetences attistibas Iimena parbaudes vidgjais aritméetiskais vertejums ir 3.9 balles,
bet otras parbaudes vid&jais aritmétiskais vertejums ir 6.7 balles..

=e-pirma kontrolgrupa =e=otra kontrolgrupa =e=cksperimentala grupa

75
55 —
[7e]
[«5)
T 45 _—
> .—/ —
2.5 —
15
1. parbaudes darbs 2. parbaudes darbs

11. att. Studentu grafiskas kompetences attistibas tendence
Avots: autora pétijumu rezultati

Lai veiktu divu paraugkopu (1. periodiskas parbaudes darbs un 2. periodiskas
parbaudes darbs) salidzina$anu un noteiktu, vai atSkiribas starp tam ir statistiski
nozimigas, tika izmantots t-tests divu neatkarigu paraugkopu vidg€jo salidzinasanai.

Taka tra = 3.14422 > tyir = 2.77645 un abpusgjas alternativas p-vertiba = 0.03471 < 0.05,
tad ar 95% varbitibu var secinat, ka studentu grafiskas kompetences attistiba 1. parbaudes
darba butiski atSkiras no studentu grafiskas kompetences attistibas 2. parbaudes darba.
Salidzinot abus periodiskas parbaudes darbus, var secinat, ka studentu grafiskas kompetences
attistiba biitiski atskiras.

Astotaja petijuma tika noskaidrots studentu viedoklis par tElotajas geometrijas
studiju didaktiska modela un grafiskas kompetences attistibas kritériju, raditaju un
limenu izmantoSanu t€lotajas geometrijas studiju procesa. P&c respondentu atbildém var
secinat, ka promocijas darba autora izveidotais t€lotajas geometrijas studiju didaktiskais
modelis un studentu grafiskas kompetences attistibas krit€riju, raditaju un Iimenu
izmanto$ana t€lotajas geometrijas studiju procesa studentus apmierina.
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Devita petijuma pirmaja dala tika ekspertéts t€lotajas geometrijas studiju procesa
izmantotais studentu grafiskas kompetences jédziens un tas attistibas kritériji, raditaji.
P&tijuma piedalijas 9 LLU, RTU un RA docé&taji — pétamas jomas eksperti.

Noskaidrots ekspertu viedoklis (skatit 12. att.) par katru kriteriju (grafiskas
zinasanas, grafiskas prasmes, telpiska domasana un attieksme), kurus promocijas darba
autors noteicis, veicot teorétisko literattras pétijumu. Lielaka dala ekspertu atzist, ka péc
konkrétajiem kriterijiem var noteikt grafiskas kompetences attistibas limeni.

‘ nepiekritu M dalgji piekritu M pilnigi piekﬁtu‘

P&c aprakstitajiem 0
grafiskas kompetences
krit€rijiem
var noteikt tas attistibas limeni 67

Grafiskas kompetences
galvenie kriteriji ir
grafiskas zinasanas, 11
grafiskas prasmes,
telpiska domasana un atticksme

89

0 20 40 60 80 100
atbilzu biezums, %

12. att. Grafiskas kompetences attistibas kritériju un limena noteikSana
Avots: autora pétijumu rezultati

P&tfjuma 2. dala grafiskas kompetences attistibas raditaju izveértésana tika aptaujati
11 eksperti — LLU, RTU, DU un RA docétaji, kas ir pétamas jomas eksperti.

Pamatojoties uz teorétiskajiem pétijumiem, ekspertiem formuléti vairaki jautajumi par
grafisko zinaSanu, grafisko prasmju, telpiskds domaSanas un attiecksmes kriteriju
raditajiem. Izmantojot anketéSanas metodi, noskaidrots ekspertu viedoklis par grafiskas
kompetences attistibas kritériju raditaju butiskumu telotajas geometrijas studijas.

Petfjuma rezultatus var redzet 13. attéla, kur ir apkopoti dati par zinasanu kriteriju
raditajiem (ZKR), prasmju kriteriju raditajiem (PKR), telpiskas domasanas kriteriju
raditajiem (TKR) un attieksmes kriteriju raditajiem (AKR).

25



—eo— pilnigi pickritu —e— dalgji piekritu

AKR neatlaidiba vai dalgji ZKR terminu
argument@ta programmas apguve  izskaidrosana 7R definiciju zinasana

AKR aktivitate bez izpratnes
vai vienaldziga, epizodiska
programmas apguve

AKR izzinas
aktivitate un atbildiba

ZKR panémienu
zinasana

ZKR likumsakaribu
izskaidrosana

PKR prasme operét
ar zinaSanam

AKR augsta izzinas
aktivitate, atbildiba
un iniciativa
PKR analizé&t

TKR uztelu 2
un prognozet

stavotnes izmainam
TKR uz objekta projekcijam PKR grafiskas
pamatprasmes

TKR uz uzskatamajiem atteliem PKR radogas darbibas prasme

TKR uzrealiem
objektiem

13. att. Grafiskas kompetences attistibas raditaju apkopojums
Avots: autora petfjumu rezultati

Petjjuma rezultati lauj secinat, ka zinaSanu, prasmju, telpiskas domaSanas un
attieksmes raditajus eksperti verté pozitivi. Atbildei pilnigi piekritu atbilzu biezums ir
79%, savukart atbildei dal&ji piekritu atbilZzu biezums ir 21%. Neviens eksperts atbildot
uz petjjuma jautdjumiem par zinaSanu, prasmju, telpiskas domasanas un atticksmes
kriteriju raditajiem, neizvelEjas atbildi daléji nepiekritu vai nepiekritu.

Ekspertvertéjums apstipringja, ka t€lotajas geometrijas studiju didaktiskaja modeli
izmantotie grafiskas kompetences attistibas kritériji un raditaji bez biitiskam izmainam
ir derigi grafiskas kompetences attistibas noteik$anai t€lotajas geometrijas studiju
procesa.

Secinajumi

1. Grafiskas un t€lotajas geometrijas kompetences patniba ir telpisko likumsakaribu

uztveres un izpratnes uzsvérsana, jo grafiska kompetence ir jédziens, kas raksturo
studenta sp&ju izprast, attélot, izskaidrot, analizét un radit informaciju grafiska veida,
sp&ju domat grafisko attélu forma, ka ar1 studenta atticksmi, kas izpauzas ka grafiskas
izzinas aktivitate un atbildiba par istenoto grafisko darbibu.

2. Grafiskas kompetences attistibas kriteriju ekspertvertejums apstiprindja pec
teorgtiskajam atzinam noteiktos attistibas kriterijus — grafiskas zinasanas, grafiskas
prasmes, telpisko domasanu un attieksmi:

o grafiskas zinasanas — t€lotdjas geometrijas, inzeniergrafikas, bavgrafikas, tehniskas
grafikas, datorgrafikas u.c. ar grafisko darbibu saistitas zinasanas;
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o grafiskds prasmes — t€lotajas geometrijas studijas apgiito zinaSanu un grafisko
konstrukciju izmantos$ana specializétas grafiskas darbibas jomas;

o telpiska domasana — operéSana ar t€liem inzeniertehniskas idejas vizualizacijas un
istenoSanas procesa;

e attieksme — izzinas aktivitate, ieinteresétiba par inzeniertehnisko ideju vizualizacijas
pan€mieniem un iesp&jam un atbildiba par $1s idejas TstenoSanu.

3. Ekspertverte§jums apstiprinaja, ka p€c teoretiskajam atzinam noteiktie grafisko
zinasanu raditaji ir:

e terminu zinasana — grafiskaja darbiba izmantojamie vardi un vardu savienojumi,
kurus visparinot tiek noteikti jédzieni;

o definiciju izskaidroSana — analizes un sintézes cela nostiprinajusas zinasanas par
telpisko objektu Tpasibam un pazZimém un prasme tas formulét;

e panémienu zina$ana — izpratne par izpildamo darbibu kopumu, kas nepiecieSama lai,
izpilditu grafisko operaciju vai tas sastavdalu;

o likumsakaribu izpratne — telpisko objektu un to geometrisko pamatelementu
savstarpgjo stavotnu noteikSana, to biitisko pazimju akcentgSana un visparinasana.

4. Ekspertvertejums apstiprindja, ka péc teorétiskajam atzinam noteiktie grafisko
prasmju raditaji ir:

o grafiskas pamatprasmes — atbilstoSas darbibas panémienu izv€leSanas un IstenoSana
péc jauniem nosacijumiem, ievérojot tehniskas estétikas un kompozicijas prasibas
un ISO standartus;

e prasme operét ar zinaSanam — zinasanu izmantoSana praktiska radosa darbiba, ka ar1
izpildito darbibu teorétiska pamato$ana, izmantojot t€lotaja geometrija apgutos
terminus;

e prasme analizét un prognozét — objektu sadaliSana vienkarSos elementos, elementu
telpiskas stavotnes un geometrisko pamatelementu savstarpgjas stavotnes izprasana;
prognozeésanas prasmes pamatojas uz analiz€$anas prasmém un tiek saprastas ka
patstaviga zinaSanu meklesana, model&jot telpisko informaciju un paredzot konkréto
grafisko darbibu iznakumu;

e radosas darbibas prasme — problémsituaciju radoSa risinaSana, izmantojot
netradicionalas metodes; netipisku uzdevumu risinajuma formul&Sana, teoretiska
pieradiSana un grafiska atrisinaSana.

5. Ekspertvértgjums apstiprindja, ka péc teorgtiskajam atzinam noteiktie telpiskas
domasanas raditaji ir sp&ja operét ar t€liem, pamatojoties uz:

o realiem objektiem — realu objektu uztverSana un att€losana projekciju plakngés, ka ari
geometrisko pamatelementu saskatiSana reala objekta, to savstarpgjas stavotnes un
novietojuma telpa noteiksana;

¢ uzskatamajiem att€liem — objekta realo formu izt€losanas, objekta projekciju attelu
izskata, geometrisko elementu novietojuma telpa un savstarpgjo stavotnu noteikSana
pec objekta uzskatama attela vai aksonometriskas projekcijas;

e objekta projekcijam — objekta téla radiSana, ta elementu stavotnes un novietojuma
telpa noteik$ana, pamatojoties uz objekta att€lojumu tris savstarp€ji perpendikularas
plaknés un izt€lojoties to kopveseluma;

e geometrisko pamatelementu stavotnes mainu — objekta geometrisko pamatelementu
lielumu, lenku un attalumu starp tiem noteikSana, mainot projekciju plaknes vai

27




10.

objekta novietojumu pret projekciju plakném; paligelementu, ar kuru palidzibu var
noteikt konkréto konstrukciju raditas izmainas objektu vai objektu grupas t€los,
izt€loSanas.

Ekspertvertejums apstiprinaja, ka péc teorctiskajam atzinam noteiktie attieksmes
raditaji ir:

aktivitate bez izpratnes vai vienaldziga, epizodiska programmas apguve — t€lotajas
geometrijas studijas apgito terminu, definiciju, likumsakaribu un panémienu
apspriesana ar kursabiedriem, giistot pieredzi uzdevumu risinasana, kopigi meklg&jot
risindjumu sev nezinamas situacijas, bet neapglstot programmu;

neatlaidiba vai dal§ji argument&ta programmas apguve — svarigs raditajs jebkura
darbiba, jo dzive vienmér nepieciesams ieverot laika sprizus, kuros attieciga darbiba
ir jaizpilda; arT universitates darbiba tiek noteikta ar laika intervalu un vietu, kura
attieciga darbiba (piemé&ram, lekcija, praktiska nodarbiba, konsultacija) jaizpilda; tas
nozimé, ka studentiem sava patstaviga darbiba japakarto nodarbibam, kuras
paredzétas studiju programmas ietvaros, izpildot uz katru nodarbibu uzdoto darbu
noteikta laika intervala;

izzinas aktivitate un atbildiba — pamatojas uz tadiem argjiem apstakliem ka aktivu
lidzdalibu lekcijas un praktiskajas nodarbibas, komunic€jot ar kursabiedriem un
docétaju, aptauju un testu izpildi;

augsta izzinas aktivitate, atbildiba un iniciativa — pasreguléta darbiba, kas izpauzas
atbildiga un aktiva lidzdaliba t€lotajas geometrijas studiju procesd, sekmigai
darbibas veikSanai izmantojot docétaja piedavatos paliglidzeklus, ka arT
konsultacijas.

Uz noteiktajiem studentu grafiskas kompetences attistibas krit€rijiem, raditajiem un
Iimeniem pamatoto un izstradato studentu grafiskas kompetences veérté$anas
instrumentariju var izmantot formativaja vértésana, lai precizak noteiktu studentu
grafiskas kompetences attistibas limeni t€lotajas geometrijas studijas. Savukart
studentiem jazina, ka katra nodarbiba tiek formativi vértétas vinu zinasanas, prasmes,
telpiska domasana un atticksme, lai atbilstosak sagatavotos nodarbibam un paustu
pozitivu attieksmi télotajas geometrijas studijas.

Telotajas geometrijas studiju didaktiskais modelis ir pamatots ar kognitivi
konstruktivo pieeju un multimedijos balstitu macibu kognitivo teoriju. T€lotajas
geometrijas didaktiska modela elementi ir sisteémiski saistiti, istenojot tos studiju
procesa: nosakot studiju mérki, saturu, principus, metodes, lidzeklus un vérteéSanas
un kontroles veidus, izcelot studiju procesa kognitivi konstruktivas pieejas,
vizualizacijas un uzskatamibas principu.

Pamatojoties uz tElotajas geometrijas studiju didaktiska modela aprobaciju, ir
pilnveidota telotajas geometrijas studiju un tehniskas grafikas macibu didaktika:
universitateé noteiktas studentu grafiskas kompetences attistibu veicinoSas macibu
metodes, izstradati grafiskie uzdevumi, grafiskas kompetences attistibas Iimena
parbaudes darbi, patstavigie darbi un e-studijas;

skola noteiktas skolenu grafiskas kompetences attistibu veicinoSas macibu metodes,
izstradata macibu gramata, uzdevumu krajums, skolotaja gramata, darba burtnica un
e-macibas.

Salidzinot eksperimentalas grupas (t€lotdjas geometrijas studiju procesa izmantoja
telotajas geometrijas studiju didaktisko modeli) un kontrolgrupas (télotajas
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geometrijas studiju procesa izmantoja vado$a doc@taja izvelétas macibu metodes)
telotajas geometrijas tematu izpratni un analiz&jot studentu grafiskas kompetences
attistibas formativas kartgjas kontroles dokumentus, var secinat, ka pastav bitiskas
atskiribas starp kontrolgrupu un eksperimentalo grupu. Ta ka trak. = 4.86195 > tiit. =
2.14479 un abpusgjas alternativas p-vertiba = 0.03471 < 0.05, tad ar 95% varbiitibu
var secinat, ka starp kontrolgrupas un eksperimentalas grupas respondentiem pastav
bitiskas atSkiribas tElotajas geometrijas terminu, definiciju, panémienu un
likumsakaribu izpratné. Tas nozimé, ka t€lotajas geometrijas studiju didaktiska
modela izmanto$ana biitiski ietekmé t€lotajas geometrijas tematu izpratni.

11. P&c studentu grafiskas kompetences attistibas formativas periodiskas kontroles
dokumentu analizes var secinat, ka pastav butiskas atskiribas starp pirmo un otro
periodisko formativo vertgjumu. Ta ka tra. = 3.14422 > tiir, = 2.77645 un abpusgjas
alternativas p-vértiba = 0.03471 < 0.05, tad ar 95% varbiitibu var secinat, ka,
salidzinot abus periodiskas parbaudes darbus, studentu grafiskas kompetences
attistiba batiski atSkiras. Tas nozimg, ka t€lotajas geometrijas studiju didaktiska
modela izmantosana biitiski ietekmé studentu grafiskas kompetences attistibu.

12. Telotajas geometrijas studijas atbilstosi studentu grafiskas kompetences attistibas
raditajiem sp&jigakie studenti var sasniegt labu (7-8 balles) grafiskas kompetences
attistibas limeni, savukart t€lotajas geometrijas studiju procesa, izmantojot t€lotajas
geometrijas studiju didaktisko modeli ka studentu grafiskas kompetences
pilnveidoSanas lidzekli, sp&jigakie studenti var sasniegt augstu (9-10 balles)
grafiskas kompetences attistibas limeni.

13. Analizgjot formativas vert€sanas rezultatus, apstipringjas izvirzita hipotéze, ka studentu
grafiska kompetence t€lotajas geometrijas studijas attistas sekmigak, ja studiju procesa
Tsteno t€lotajas geometrijas studiju didaktisko modeli un studentus veérté atbilstosi
grafiskas kompetences attistibas kriterijiem, raditajiem un [imeniem.

14.Petijuma ir sasniegts izvirzitais mérkis — pedagogiski pamatots grafiskas
kompetences jeédziens, izstradati tas attistibas kriteriji, raditaji un Itmeni un
pilnveidota t€lotdjas geometrijas studiju didaktika, pamatojoties uz kognitivi
konstruktivo pieeju un multimedijos balstitu macibu kognitivo teoriju.

15. Pamatojoties uz veiktajiem petjjumiem, promocijas darba autors secina, ka turpmak
biitu javeic pétijumi par studentu motivaciju, jo telotajas geometrijas studiju
didaktiskais modelis pilniba izmantojams méerktiecigiem, augsti motivétiem
studentiem, kuri pasi v€las macities, savukart studentiem ar zemu macibu motivaciju
tas izmantojams dalgji, jo viens no kognitivi konstruktivas pieejas principiem apliecina,
ka students pats aktivi konstrug savas zinaSanas, bet zemu motivéti studenti pasi aktivi
to nedara. Motivaciju nespgj rast studenti, kuriem ir vaji attistita telpiska domasana,
tapec vienlaicigi ar motivacijas petjjumiem nepiecieSams dzilak analizet telpisko
domasanu un tas attistiSanas iesp&jas musdienas.

16. Noteiktos telpiskas domasanas raditajus var izmantot ne tikai t€lotajas geometrijas,
tehniskas grafikas, inZeniergrafikas un rasé$anas studijas, bet arT daudzu makslas jomu
studiju kursos. Savukart, uz kognitivi konstruktivo pieeju un multimedijos balstitu
macibu kognitivo teoriju bazéto didaktisko modeli, var izmantot jebkura studiju kursa
didaktika.
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IETEIKUMI

Telotajas geometrijas, rasesanas, tehniskas grafikas, inZeniergrafikas
u.c. ar grafisko darbu izstradi saistitu studiju kursu docétajiem

o Grafiskas kompetences apguve ieteicams pamatoties uz aktivu izzinas procesu,
studentu savstarpgjo sadarbibu un studentu sadarbibu ar doc&tajiem atbilstosi studiju
kursa mérkim, uzdevumiem, izv€loties katram studentam piemérotakos macibu
lidzeklus (macibu gramatu, modeli, plakatu, ras€jumu, animaciju, redlu objektu, u.c.,
jo katrs students apliikojamos problémuzdevumus redz citadak un to veikSana
izmanto dazadus paliglidzeklus, dazadas situacijas) un studiju procesa izmantojot
formativo vértesanu.

¢ Studiju procesa nepiecieSams izmantot e-studiju organizacijas formu, kas piedava
plasas iespgjas atbalsta sniegSanai studentiem vinu patstavigaja darbiba, digitalu
metodisko materialu, testu, vardnicu, animaciju un dazadu paligmaterialu veida.

e Studiju procesa (pieméram, prezentacijas un e-studijas) izmantot kognitivi
konstruktivas pieejas un multimedijos balstitu macibu kognitivas teorijas principus;
vienlaicigi ar prezentacijam izmantot speciali sagatavotas darba lapas, tadgjadi
pilnveidojot studentu izpratnes limeni par apgistamo tematu (skatit 3.4. un 3.11.
attelus).

e Formativas vertéSanas procesa studentu grafiskas kompetences attistibas limena
noteik3anai ieteicams izmantot promocijas darba autora izstradatos krit€rijus un to
raditajus: grafiskas zinaSanas (terminu =zina%anu, definiciju izskaidroSanu,
panémienu zinasanu, likumsakaribu izpratni), grafiskas prasmes (grafiskas
pamatprasmes, prasmi operét ar zinaSanam, prasmi analiz€t un prognozet, radosas
darbibas prasmi), telpisko domasanu (sp&ju operét ar t€liem, pamatojoties uz realiem
objektiem, uzskatamajiem att€liem, objekta projekcijam, mainot t€lu stavotni) un
attieksmi (aktivitati bez izpratnes vai vienaldzigu, epizodisku programmas apguvi,
neatlaidibu vai dal&ji argumentStu programmas apguvi, izzipas aktivitati un
atbildibu, augstu izzinas aktivitati, atbildibu un iniciativu).

Didaktisko modeli ir ieteicams izmantot, docgjot studiju kursus, kuros nepiecieS§ams

vizualizet apkartgjas vides procesus, paradibas, likumsakaribas un mijsakaribas, un

ar ta palidzibu ir iesp&jams sasniegt augstu grafiskas kompetences attistibas Iimeni.
e Lai studiju procesa izmantotu t€lotdjas geometrijas studiju didaktisko modeli,
nepieciesams:
ostudiju procesa apgiit un istenot kognitivi konstruktivas pieejas principus un no
tiem izrietoSos macibu didaktiskos principus;

Ooizmantot nodarbibu vadiSana prezentacijas, kas veidotas, pamatojoties uz
multimedijos balstitu macibu kognitivas teorijas principiem;

ostudiju procesa pilnveidos$anai izstradat musdienam atbilstoSus studiju kursu
merkus, uzdevumus un saturu, organizét multimedijos balstitas e-studijas;

oka galveno vérteésanas formu izmantot formativo vertésanu.
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Telotajas geometrijas, raséSanas, tehniskas grafikas, biivgrafikas,
inZeniergrafikas u.c. ar grafisko darbu izstradi saistitu studiju kursu
programmu pilnveidei

e Promocijas darba autors, pamatojoties uz savu darba pieredzi un pétfjumiem par
grafisko darbu izpildei nepiecieSamo laiku, atzist, ka optimals tElotajas geometrijas
studiju laika sadalfjums starp lekcijam, praktiskajam nodarbibam un patstavigo darbu
ar dazadiem macibu Iidzekliem, t.sk., e — studijam, butu 16:32:72 (kur 16 stundas ir
paredzétas lekcijam, 32 stundas — praktiskajam nodarbibam un 72 stundas planotas
patstavigajam darbam), tas nozimé, ka studiju kursa programmas apguvei bitu
nepiecieSami 3KP (1KP, pamatojoties uz Augstskolu likumu, ir studiju uzskaites
vieniba, kas atbilst studgjosa 40 akademisko stundu darba apjomam), bet daudzas
studiju programmas t€lotajas geometrijas studijam atvéletais laiks ir tikai 2KP, t.i.,
16:16:48. Uzsakot studijas, studentu grafiskas kompetences Iimenis ir dazads, tapéc
tikai sp&jigakajiem studentiem pietick ar studijam atvéléto laiku, bet pargjiem
nepiecieSamais laika daudzums ir 3KP apjoma. Promocijas darba autors atzist, ka
lidzigs (1:2:4,5) laika sadalijums biitu nepieciesams studiju kursiem, kuros ir jaizstrada
grafiskie darbi.

Ar grafisko darbu izstradi saistito studiju kursu katra temata ieklaut uzdevumus,
kuros konkréta situacija jaatt€lo ne tikai shematiski vai kompleksaja rasgjuma, bet
ari telpiski jeb aksonometrija. Sadus objektus var konstruét ari ar dazadu
datorprogrammu palidzibu, pieméram, AutoCAD, SolidWorks. Lai varétu grafiskos
darbus izpildit kada no min&tajam programmam, nepiecieSams $0 programmu apguvi
sakt vienlaicigi ar t€lotajas geometrijas, raséSanas, tehniskas grafikas, bavgrafikas
vai inzeniergrafikas studiju kursiem, kas nodrosinatu studentiem grafisko darbu
izpildes apguvi ar dazadiem instrumentiem (mehaniskiem) un rikiem
(programmiskiem).
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Pétijumu rezultatu aprobacija

Zinojumi starptautiskas zinatniskas konferencés (18)

1.

10.

11.

12.

13.

14.

15.

5 MexnyHaponHas xoH(pepeHus ,,JIHPOpMAarMOHHBIE TEXHOJOTHH TSI HOBOW
mkonbsl”. Poccust, Cankt-IletepOypr, 2628 maprta 2014 roxa. Pedepar: Jlexyus kax
akmueHas ¢opma yyeOHOU opzaHu3ayuU HA 3AHAMUAX HAYEPMAMenbHOU
2eomempuu.

. 4" International Conference ,Education, Research & Development” 04-08

September, 2013. Bulgaria, Sunny Beach. Poster: Opeanuzayus camocmosmenvhoti
pa60mbl HA 3aHAMUAX no Haqepmameﬂbnozl ceomempuu.

12" International Conference on Engineering Graphics ,,BALTGRAF 2013” 05-07
June, 2013. Latvia, Riga. Report: Graphical Competence in Engineering Sciences.
12" International Conference ,,Engineering for rural development” 23-24 May,
2013. Latvia, Jelgava. Report: Descriptive geometry competence in rural
engineering science.

8™ International Conference ,,Person Color Nature Music” 08—12 May, 2013. Latvia,
Daugavpils. Report: Determination of the graphical competence level in descriptive
geometry study course.

4 MexnayHapoanass koHpepeHuus ,,JIHOpMaIMOHHBIE TEXHOJIOTHH MAJSI HOBOH
mkonsl”. Poccmsa, Canxr-IlerepOypr, 25-30 wmapra 2013 roma. Pedepar:
Opzauu3auuﬂ CamocmosimesbHou pa6ombz HA 3AHAMUAX YepUeHUust.

3 International “Conference Education, Research & Development” 07-11
September, 2012. Bulgaria, Sunny Beach. Poster: Graphical competence as the
indicator of the quality level of descriptive geometry studies.

2" International “Conference Education, Research & Development” 08-12
September, 2011. Bulgaria, Sunny Beach. Poster: The use of e-learning in descriptive
geometry course.

8™ International scientific and practical conference ,,Environment. Technology.
Resources” 20-22 June, 2011. Latvia, Rezekne. Report: Using of information
technologies to improve the spatial understanding of students.

International Conference on Engineering Graphics ,,Baltgraf 11” 09-10 June, 2011.
Tallinn, Estonia. Report: Analysis of different study aids at the descriptive geometry
lessons.

International Conference on Engineering Graphics ,,Baltgraf 11” 09-10 June, 2011.
Tallinn, Estonia. Report: Design of gear wheels in 3D CAD.

VII International Conference ,,Person. Color. Nature. Music” 11-15 May, 2011.
Latvia, Daugavpils. Report: The structure of the descriptive geometry study course.
VI International Conference ,,Person. Color. Nature. Music.” 05-08 May, 2009.
Latvia, Daugavpils. Report: Multimedia usage in lectures to improve the spatial
understanding.

International scientifical conference ,Society, Integration, Education”. Rézekne,
27.-28. februaris, 2009. Referats Tehnisko lidzeklu izmantosana studentu macisanas
procesa.

XVII Mexaynapoasasi KoHGepeHIus BbIcTaBKa ,, JIH(GOpMaIOHHbIC TEXHOIOTHH B
oopazoBanun”. Poccusi, Mocksa, 09-11 wHos0ps 2007 roma. Pedepar:
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Ucnonvzosanue MS PowerPoint npocpammvt 01 onmumuzayuu Jaekyutl 6
YHUGepcumeme.

16.V International Conference ,,Person. Color. Nature. Music” 17-21 October, 2007.
Latvia, Daugavpils. Report: The use of information technology in education.

17. MexaynapoaHas Hay4HO-METOANYECKas KoHpepeHIHs ,,COBpEMEHHbIE
TEXHOJIOTUH OLIEHKHM KayecTBa 00pa3oBaHMs: MOAYJIBHO — PEHTHHIOBasl cucrema’.
Poccus, IlckoB, 12—-13 uronst 2006 rona. Pedepar: Hcnorvzosanue komnvromepHuix
mexHoao2Ull NPU OYeHKe Kavecmed pabomul CmyO0eHmos.

18. VIl  Mexnynaponnas mkona-cemMuHap ,,CoBpeMeHHBIE HH()OpMAaLMOHHbIC
texnosorun”. bemapyce, bpacias, 02-09 mronsa 2005 roma. Pedepar: Ocgoenue
npeomema Ha4epmamenbHOU 2eoMempuu 8 8uoe OUCMAHYUOHHO20 00YYeHUsL.

Pétijuma zinatniskas publikacijas (22)

1. O. Vronsky (04-08 September, 2014) Didactic model of descriptive geometry
studies. 5" International Conference, Education, Research & Development.
Bulgaria: Elenite Holiday Village, ISSN 1313-2571: p. 558 — 567.

2. O. Bponckuit (26-28 wmapt, 2014) Jlexkums kax akTuBHas Qopma y4eOHOI
OpraHu3alui Ha 3aHATHAX Ha‘lepTaTeﬂLHOﬁ reoMeTpuu. 5 Memayﬂapozmaﬂ
koH(pepeHims MHbopMaIMOHHBIC TEXHOIOTHAU I HOBOM KoJbl. Poccus: CaHKT-
[erep6ypr, ISBN 978-5-91454-075-0: 40-42 Ipp.

3. 0. Bponcknii (04-08 September, 2013) Opranuzamust caMoCTOSTENTLHON pabOTHI Ha
3aHATUSAX 10 HauepTarensbHoil reomerpuu. 4" International Conference, Education,
Research & Development. Bulgaria: Sunny Beach, ISSN 1313-2571: p. 59-67.

4. 0O.Vronsky (05-07 June, 2013) Graphical Competence in Engineering Sciences. 121"
International Conference on Engineering Graphics Baltgraf 2013. Latvia: Riga,
ISBN 978-9934-507-30-4: p. 257-263.

5. O. Vronskis (23-24 May, 2013) Descriptive geometry competence in rural
engineering science. 12" International Conference, Engineering for rural
development. Latvia: Jelgava, ISSN 1691-5976: p.663-666. (EBSCO, SCOPUS)

6. O. Vronskis, N. Vronska (08-12 May, 2013) Determination of the graphical
competence level in descriptive geometry study course. 8" International Conference,
Person. Color. Nature. Music. Latvia, Daugavpils: ISBN 978-9934-8393-2-0: p. 95-
109 (Web of Science, Thomson Reuters).

7. O. Bponckmit (25-30 mapt, 2013) Opranuzamusi caMOCTOSTEIBHON pabOThI Ha
3aHATHAX uepueHus. 4 Mexaynaponnas koHdepeHims WHpopMannoHHbIe
TEXHOJIOTUH AJisi HOBoW mikonbl. Poccumsi, Cankr-IlerepOypr, ISBN 978-5-91454-
065-1: 19-21 c.

8. O.Vronsky (07-14 September, 2012) Graphical competence as the indicator of the
quality level of descriptive geometry studies. 3™ International Conference Education,
Research & Development. Bulgaria: Sunny Beach, ISSN 1313-2571: p. 4-15.

9. 0. Vronskis (08-12 September, 2011) The use of e-learning in descriptive geometry
course. 2" International Conference Education, Research & Development. Bulgaria:
Sunny Beach, ISSN 1313-2571: p. 23-32. (EBSCO)

10. O. Vronskis, N. Vronska (20-22 June, 2011) Using of information technologies to
improve the spatial understanding of students. 8th International scientific and
practical conference ,,Environment. Technology. Resources”. Rezekne: RA, ISSN
1691-5402: p. 55-61 (SCOPUS).
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11. O. Vronskis (09-10 June, 2011) Analysis of different study aids at the descriptive
geometry lessons. International Conference on Engineering Graphics Baltgraf 11.
Tallin: Tallin University of technology: p.62-68.

12. 0. Vronskis, G. Uzklingis, J. Cukurs, A. Cukure, 1. Nulle (09-10 June, 2011) Design
of gear wheels in 3D CAD. International Conference on Engineering Graphics
Baltgraf 11. Tallin: Tallin University of technology: p. 185-190.

13.0. Vronskis, N. Vronska (10-15 May, 2011) The structure of the descriptive
geometry study course. Scientific articles of 7" International Conference Person.
Color. Nature. Music. Daugavpils: DU, ISBN 978-9984-14-556-3: p.140-156 (Web
of Science).

14. O. Bponckwuii (29 anpens — 09 mas 2011 roga) Cpena 351eKTpoHHOTO O0YYIEeHHUS Kak
JOTIONTHUTENBHOE CPENCTBO JJsi OOyYeHHS HadepTaTelnbHOW reomerpuu. 11-a
MexayHapoaHas koHpepeHuus: CoBpeMeHHbIe NpoOIeMbl HAyKd U 0Opa3oBaHMS.
Xapwkos: ISBN 978-966-623-752-4: 236-237 c.

15.0. Vronsky, N. Vronsky (05-10 May, 2009) Multimedia Usage in Lectures to
Improve the Spatial Understanding. Abstracts of VI International Conference Person.
Color. Nature. Music. Daugavpils: DU, ISBN 978-9984-14-434-4: p.50-51.

16. O. Vronskis, N. Vronska, (27.—28. februaris, 2009) Tehnisko Iidzeklu izmantoSana
studentu maciSanas procesa. Starptautiska zinatniska konference Sabiedriba,
Integracija, Izglitiba. Rézekne: RA, ISBN 978-9984-44-018-7: 259.-267. Ipp (Web
of Science).

17. 0. Vronskis, N. Vronska (10-12 April, 2008) Reorganization of Educational Process
as the Factor of Improvement of Life Quality. Abstracts of International scientific
conference Applied Information and Communication Technology. Jelgava: LLU,
ISBN 978-9984-784-68-7: p.184.

18.0. Bponckwmii (09-11 HosOps, 2007 roma) McmonbzoBanme MS PowerPoint
IporpaMMBbl U ONTHMU3AIMM Jekiuid B yHuBepcutere. XVII MexnyHaponHas
KoH(epeHuus BbicTaBka MH(pOpMaIOHHbIE TEXHOIOTUH B 00pa3oBaHiu. MockBa:
MI'Y, ISBN 978-5-9900576-4-7: 145-146 c.

19. O. Vronskis (17-21 October, 2007) The use of information technology in education.
IV International Conference Person. Color. Nature. Music. Daugavpils: DU, ISBN
978-9984-14-367-5: p. 350-355 (Web of Science).

20. O. Vronskis (24-25 May, 2007) Principles of the programmed teaching in virtual
education of engineering. 6™ International scientific conference Engineering for rural
development. Jelgava: LLU, ISSN 1691-3043: p.75.-78.

21. 0. Bponckuii, H. Bponckas (11-14 okts6ps 2006) Mcnonb3oBaHue KOMIbIOTEPHBIX
TEXHOJOT UM IpU OILICHKE Ka4ucCTBa pa6OTbI CTYJACHTOB. COBpeMeHHbIe TEXHOJIOTUHU
OIICHKM KadyecTBa 00pa3oBaHUs: MOIYJIbHO-peiiTuHTOBas cuctema. [Ickos: IITIY,
ISBN 5-87854-392-3, 165-167 c.

22.0. Bponckuii, A. Kakutuc (02-09 wuronst 2005 roma) OcBoeHme mnpeamera
Ha‘lepTaTeJ’ILHOﬁ TreoMeTprU B BUAC JUCTAHIITUOHHOI'O 06yquH;{. >KypHaJ'I WsBecTus
Benopycckoit mmxenepHoit akagemun Nel (19)/2. Benopycs: bpacnas, 121-124 c.
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Macibu didaktiskais nodrosinajums

e Cukurs J., Vronskis O. (2010) Tehniska grafika. Grafisko darbu uzdevumu krajums.
Riga. RaKa, 216 Ipp.

e Cukurs J., Vronskis O. (2009) Tehniska grafika. Skolotaja gramata. Riga. RaKa, 52 Ipp.

e Cukurs J., Vronskis O. (2008) Tehniska grafika. Macibu gramata. Riga. RaKa, 266 Ipp.

o T¢lotaja geometrija, raséSana II (2010./2011.studiju gads, O. Vronskis, LLU)
[tieSsaiste] Pieejams: http://estudijas.llu.lv/course/view.php?id=130

e T&lotdja geometrija, raséSana I (2011./2012. studiju gads, O. Vronskis, LLU)
[tieSsaiste] Pieejams: http://estudijas.llu.lv/course/view.php?id=131

e T¢lotaja geometrija, raséSana (2011./2012. studiju gads, O. Vronskis, LLU)
[tieSsaiste] Pieejams: http://estudijas.llu.lv/course/view.php?id=132

o Tehniska grafika (2011./2012. studiju gads, O. Vronskis, LLU)
[tieSsaiste] Pieejams: http://estudijas.llu.lv/course/view.php?id=230

e RaséSana (2012./2013. studiju gads, O. Vronskis, LLU)
[tieSsaiste] Pieejams: http://estudijas.llu.lv/course/view.php?id=658
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General description of doctoral thesis

The doctoral thesis comprises introduction, three chapters, conclusions,
recommendations and 20 appendices. Theoretical and practical research results are
presented in 21 Tables and 61 Figures. In total, 330 scientific literature and other sources
have been analyzed in Latvian, English, German and Russian. The volume of the thesis
is 169 pages.

The author of the thesis has graduated from the Doctoral Study Programme of the
Institute of Education and Home Economics of the Faculty of Engineering of Latvia
University of Agriculture. The total pedagogical work is 12 years out of which 10 years
are at the University — the Institute of Mechanics of the Faculty of Engineering as an
academic staff (study courses: descriptive geometry and technical drawing, technical
graphics, engineering graphics).

Research importance of competences in the process of society development is
increasing, because acquisition of new knowledge becomes more significant on the basis
of which new technologies and informative environment are developed. Such dynamics
requires a continuous competence improvement of the university graduates in their
professional activities and communication as a whole.

Nowadays, in the surroundings of information people communicate by using eight
fields of basic competences: communication in the native language, communication in
foreign languages, fundamentals of mathematics and basic competences in science and
technologies, digital competence, learning skills, interpersonal and civic competences,
entrepreneurship and culture competences (European Commission, 2006).
M. Davenport (2005) separated the graphical competence in order to distinguish spatial
interrelations which are possible to express precisely neither in words nor figures.
Graphical communication interweaves many fields in the contemporary world
(Glasgow, 1994), that, as a space, is one of environmental dimensions, people must be
capable of orienting in it in everyday life, but this ability, in turn, is dependent on the
perception and understanding of regularities and correlation (Wickens, Hollands, 1999).
These regularities students acquire in the descriptive geometry studies, which form the
theoretical and practical basis of technical drawing for such trends of graphical language
as cartography, technical drawing, machine building, architecture and construction, two
and three dimension projecting etc.

Implementation of modern study process in descriptive geometry studies is
associated with solving of several problems:

o In the present doctoral thesis, it was necessary to substantiate the concept of graphical
competence, development criteria, parameters and levels acquired in the studies of
descriptive geometry because development of graphical competence should be
controlled and assessed. Also, it was necessary to investigate what pedagogic means
and didactic approach should be applied to develop the required competence of
engineering sciences and architecture;

o A university lecturer, accordingly the modern newest technologies, should work out
dynamic visualization means and sets of teaching aids, which the student can use
both in printed and electronic format, studying either as a full time or part time
student, or in distance studies with a minimum number of contact hours.

38



On the basis of research results, a contradiction was formulated: students of
engineering sciences should possess a developed graphical competence, but the concept
of graphical competence, its criteria of development, parameters and levels were not
worked out. Neither was descriptive geometry didactic model elaborated, which could
be used to develop students’ graphical competence.

The above mentioned substantiation was the main reason for the choice of the theme
of the doctoral thesis Development of Students’ Graphical Competence in the
Studies of Descriptive Geometry.

Object of the research
The process of descriptive geometry studies at university.

Subject of the research
Development of students’ graphical competence during the studies of geometry,
technical drawing and technical graphics.

Aim of the research

To substantiate the concept of students’ graphical competence, to work out its
development criteria, parameters and levels as well as to upgrade the study didactics of
descriptive geometry on the basis of cognitively constructive approach and cognitive
theory of multimedia learning.

Hypothesis of the research

The students’ graphical competence develops more successfully when the didactic
study model of descriptive geometry is applied, and students are assessed according to
the competence development criteria, parameters and levels.

Objectives of the research

1. On the basis of pedagogical, psychological and technical literature analysis,

¢ to substantiate the students’ graphical competence concept and to work out the
competence development criteria, parameters and levels;

o to work out the didactic model of descriptive geometry studies based on the cognitive
constructivist approach and to emphasize the necessity of application of the cognitive
theory of multimedia learning in the study process.

2. On the basis of approbation of the didactic model of descriptive geometry studies, to
improve the didactic teaching aids of descriptive geometry studies and technical
graphics:

e at university — improve the study methods, graphical tasks, tests of graphical
competence development level, independent work, organization of e-learning;

e at school — improve the teaching methods, textbooks, collection of tasks, teacher’s
book, work book, e-learning.

3. To summarize results of empirical research and obtained data, carry out statistical
data processing, analyze and evaluate the obtained data, work out recommendations
of graphical competence development for university lecturers who teach technical
drawing, technical graphics, descriptive geometry and engineering graphics as well
as other study courses connected with graphical activities.
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Methods of the research

1. Theoretical methods:

Analysis of scientific literature in philosophy, psychology and pedagogy;

methodological literature and textbooks of technical drawing, descriptive geometry and

engineering graphics; analysis of normative education documents and standards;
analysis of practical pedagogical activity and experience.

2. Empirical methods:

2.1. Data obtaining methods: questionnaire (written and electronic); pedagogical
observation; analysis of students’ graphical work, independent work, tests of
graphical development level; pedagogical experiment;

2.2. Data processing methods: methods of primary mathematical statistics — disclosure
of the research results; methods of secondary mathematical statistics — disclosure
of discreet correlation.

Data processing system of SPSS and spreadsheet program MS Excel were used for the

data processing.

Methodological and theoretical substantiation of the research
The authors are arranged in advancing order of time for methodological and theoretical
substantiation of the research.
o Graphical competence substantiation: J.A. Keller (1993), H.B. Mapkosa (1996),
P. Renard (2001), 1. Pasen (1999; 2002), F.M. Orthey (1998: 2002), D. Istance (2003),
A. Rauhvargers (2005), I. Tilla (2005), M. Davenport (2005), O. FOrymosa (2005),
I. Maslo (2005, 2006), R. Garleja (2004; 2006), M. Kamanos (2003; 2006),
K. Baynes (2011), B. Briede (2003; 2004; 2011), L. Peks (2011) etc.
e Substantiation of graphical knowledge and skills: B. Bloom (1956),
A. Boreunnukos (1979), U. 5. Jlepuep (1981), R. Gagne (1985), B. JlaBsimos (1991),
H. A. Tamarenxo (1994), K. [TIlmatonoB (1966, 1977, 1994),
I. M. Komxacrmpoa (2000), A. B. Casumkas (2000), 1. Zogla (2001),
A. Spona (2001), E. Glasersfeld (1998, 2000, 2001), L. Krathwohl (2001),
Z. PiaZe (2002), C. JI. Py6unmreitn (1989, 2006), T Ietmuua (2007) etc.
e Spatial thinking substantiation: J. S. Bruner (1956), E.H. Ka6anosa-Mesiep (1968),
A. borsunaukoB (1968, 1979, 1983), W. Sxumanckas (1980; 1989),
b. @. Jlomos (1991), N. Gage (1991), D. Berliner (1991), U. Van Harmelen (1999),
I. Vedins (2000), I. Belickis (2000), A. Caepuukas (2000), R. Garleja (2000),
L. Vigotskis (2002) etc.
o Attitude substantiation: D. Krathwohl (1973), B. Bloom (1973), I. Ajzen (1988),
R. Gagne (1988), k. Pasen (1999), Dz. Albrehta (2001), 1. Zogla (1998, 2001),
Z. Cehlova (2002), A. Spona (2001, 2004, 2006), H. Gudjons (2007), 1. Maslo (2006) etc.
e Substantiation of cognitive constructivist approach: M. Wittrock (1989),
N. Gage (1991), D. Berliner (1991), J. G. Brooks (1999), M. G. Brooks (1999),
I. Zogla (2001), E. Glasersfeld (1998, 2000, 2001), Z. PiaZe (1969; 2002),
J. S. Bruner (1960; 1961), A. Spona (2001) etc.
¢ Substantiation of cognitive theory of multimedia learning: M. Wittrock (1989),
A. Paivio (1986, 1991), P. Chandler (1991), A. Baddeley (1992; 1999),
R. Bartsch (2003), K. Cobern (2003), J. Sweller (1991; 2003; 2005), R. Mayer (1994;
2001; 2002; 2003; 2004; 2005; 2008) etc.
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e Substantiation of descriptive geometry study process b. M. Jlomos (1956), J. S. Bruner
(1960, 1961), M. H. Ckatkun (1978JIeprep (1965,1980), C. Apxanrensckuii (1980),
J. Babanskis (1985, 1987), N. Gage (1991), D. Berliner (1991), I1.U. ITuakacuctsiit
(1998), T'. 1. XozsuHoB (1998), H. Gardner (1993, 1999), B. daBbinos (1972, 1991),
1. Belickis (2000), I. Zogla (1997, 2001), A. Casuuxas (2000), I. Maslo (2001), Spona
(2001), Z. Cehlova (2001), Dz. Albrehta (2001), Borunnmukos (1979, 2003),
I. Slaidins (2003), I. Katane (2006), A.B. Xytopckoii (2001, 2007), H. Gudjons (2008),
H. K. Cemenona (2008) etc.

Base of the research

Seven hundred and nine first year students of the Latvia University of Agriculture
from all regions of Latvia were involved. Their study program included final
examination in descriptive geometry. In total, there are six such programs: agricultural
engineering science, machine projecting and production, wood processing, landscape
architecture, environment and water management, and construction study program.

Besides the above mentioned program students, food technology program students,
who acquire descriptive geometry but the program does not have the final examination,
participated in the primary data analysis. Also, so did six university lecturers from the
Latvia University of Agriculture and 123 pupils from Jelgava Technology Secondary
School, Jelgava Spidola Gymnasium, and Jelgava Secondary School No. 5, who have
20% of descriptive geometry topics in the technical graphics program.

The graphical competence concept, development criteria and parameters were

evaluated by 11 experts from the Latvia University of Agriculture, Riga Technical
University, Rezekne Higher School, and Daugavpils University.
Research results were also approbated within the framework of the project “General
education teachers in continuing education” of 38 teachers from schools of Latvia. The
obtained results were applied in the continuing education course “Professional and
pedagogical competence improvement and skills renewal”.

Stages of the research

Stage 1 (2004 — 2008): analysis of pedagogical and psychological literature about
development criteria of graphical competence and elements of didactic model of
descriptive geometry studies; theoretical substantiation of graphical competence
concept; elaboration of graphical competence development criteria, parameters and
levels, didactic model of descriptive geometry studies; analysis of the primary data of
didactic model of descriptive geometry studies.

Stage 2 (2008 — 2013): approbation of didactic model of descriptive geometry
studies; experimentation with the graphical competence development criteria,
parameters and levels.

Stage 3 (2013 — 2014): aggregation, analysis, evaluation and interpretation of the
obtained experimental data.

Boundaries of the research
In the approbation of the didactic model of descriptive geometry studies were
involved:
e Pupils from Jelgava Technology Secondary School, Jelgava Spidola Gymnasium,
and Jelgava Secondary School No. 5, and 17 teachers from schools of Latvia;
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o Students from the Faculty of Engineering, Faculty of Rural Engineering, Faculty of
Food Technology and Faculty of Forestry of the Latvia University of Agriculture.
The graphical competence development concept, criteria, parameters and levels have

been worked out, analyzed and evaluated by involving in the research experts from the
Latvia University of Agriculture, Riga Technical University, R€zekne Higher School,
Daugavpils University and students from the LUA Faculty of Rural Engineering.

Structure of the doctoral thesis

The doctoral thesis structure consists of introduction, three chapters and conclusions,
recommendations, acknowledgements, literature references and 20 appendices. In total,
330 scientific literature and other sources have been analyzed in Latvian, English,
German and Russian. Theoretical and practical research results are presented in 21
Tables and 61 Figures. The volume of the thesis is 168 pages.

Scientific novelty of the research

¢ The graphical competence concept and development criteria, parameters and levels
of the descriptive geometry studies have been worked out, approbated and
theoretically substantiated.

e The didactic model of descriptive geometry studies has been worked out, approbated
and theoretically substantiated; established and evaluated its structure and content.

o Didactics of descriptive geometry studies and the subject of technical graphics have
been evaluated, specified and improved.

Practical importance of the research
e Means of pedagogical control of graphical competence development in descriptive
geometry studies have been worked out.
o Didactic provision, including e-learning of descriptive geometry has been worked out.
e Didactic provision, including study aids, collection of tasks, teacher’s book and
e-learning for descriptive geometry subject.

Theses advanced for defence

1. Students’ graphical competence is a capability to understand, depict, explain, analyze
and create graphical information as well as to think in the format of graphical image.

2. The level of students’ graphical competence development can be determined by their
graphical knowledge and skills, spatial thinking and attitude parameters.

3. Students’ graphical competence development in contemporary study process is
facilitated by using the didactic model of descriptive geometry studies and by
implementing the cognitive constructivist approach and cognitive theory of
multimedia learning.
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Content of the doctoral thesis

In the introduction of the doctoral thesis, the choice of the theme, its topicality and
importance in engineering sciences and architecture studies are substantiated, the
problem to be solved is characterized, the research object, subject, aim, objectives are
determined and hypothesis is advanced. In the introduction, theoretical and
methodological substantiation of the research is characterized, the stages and base of the
research are described, the scientific novelty of the research and practical contribution
is determined, the research approbation is described and theses for defence are advanced.

In the 1%t chapter of the doctoral thesis, Substantiation of students’ graphical
competence concept, development criteria, parameters and levels in descriptive
geometry studies, the competence concept and types are determined, graphical
competence development criteria, parameters and levels are substantiated. In the
1%t chapter, there are two subchapters.

In the subchapter 1.1., Substantiation and analysis of students’ graphical
competence concept and development criteria, the concept of competence is evaluated
and the graphical competence concept and development criteria are determined.

In today’s changing circumstances, students must be able not only to analyze a certain
situation but also to take an adequate decision (Maslo, 2003). This is a new approach where
the competence is perceived as ideal of education and analytical category. A. Rauchwarger
(2005) recognizes that competence is the body of knowledge, skills and attitude that
qualifies a certain type or level of task performance. M.Chosanov (Homrasos, 1996) and J.
Raven (1999), in the definition of competence, combine the critical thinking and various
types of thinking as well as understanding of one’s own responsibility to action.

The graphical competence is a cability to think, learn and speak (Braden, Hortin, 1982)
in the form of graphical images, ability to understand, depict (Aldrch, Sheppard, 2000), to
analyze, explain (Leu, Kinzer, Coiro, Cammack, 2004), to use and create (de Vries, Lowe,
2010) the information in a graphical and sign form. The graphical competence is ability to
understand the details and meaning of graphical image with the help of knowledge of
graphical basic elements (Dondis, 1973). Graphical competence is ability to visualize the
information (Poracsky, Young, Patton, 1999) because it includes skills of visual thinking
and communication (Jolliffe, 1991), the visual thinking is understood as intellectual
processing of information with graphical images (Olson, 1992) not with words.

On the basis of achievements of the competence and graphical competence researchers,
the author of the present thesis has defined the graphical competence as the ability to
understand, depict, explain, analyze and create the information in graphical form
(ability to visualize) as well as the ability to think in the form of graphical image.
However, on the basis of scientists” opinion about the competence, the author of the present
thesis recognizes that formation of students’ positive attitude during the study process of
descriptive geometry is of great importance.

Analyzing the scientists” opinion, the author of the present thesis has determined the
following criteria of graphical competence development: graphical knowledge,
graphical skills, spatial thinking, and attitude.

The graphical competence is a concept containing a wide range of areas within which
knowledge is also needed about such simplifications of space objects as different
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schemes and graphical basic functions. That is why the author of the present thesis views
the graphical competence only within the scope of the descriptive geometry studies, as
descriptive geometry is included into graphical competence.

In order to determine the level of graphical competence development in descriptive
geometry studies, it is necessary to determine criteria of descriptive geometry and
graphical competence.

Comparing descriptive geometry competence and graphical competence, we can
draw a conclusion that descriptive geometry competence is not only a wide concept as
the graphical competence is (see Fig. 1) but much deeper connected mainly with spatial
thinking and ability to see the mutual regularities. Spatial thinking is an imaginative
component of the technical thinking indispensable to many sciences.

Fig. 1 Subordination of graphical and descriptive geometry competence
Source: author’s construction

To determine the level of graphical competence development in descriptive geometry
studies, it is necessary to determine all competence development criteria (graphical
knowledge, graphical skills, spatial thinking and attitude) parameters and levels.

In the subchapter 1.2., Substantiation of students’ graphical competence
development parameters and levels, levels and their parameters of graphical competence
development are evaluated and substantiated, because one can judge by criteria
parameters about the graphical competence development (®anwnnesna, 2012).

Substantiation of graphical knowledge parameters

Knowledge researchers (ITuakacucsiit, 2000; Unbuna, 1972; Komkacmuposa, 2000;
Kabanosa Memrep, 1981; Capurikast, 2000; Jlepuep, 1981; Vedins, 2000; Msus, 2002;
Xyropcekuii, 2001; et al.) recognize the elements of knowledge parameters such as
terminology, concepts, facts, regulations, rules, regularities, generalizations, theories,
perceptions and methods. Therefore, on the basis of the analyzed pedagogical literature,
the following parameters of graphical knowledge in descriptive geometry studies are
established: knowledge of graphical terminology (Mrenscon, 2001; Jlepuep, 1981;
Komxkacmposa, 2000; Unbuna, 1972), interpretation of definitions (Mremscon, 2001;
Xyropckuit, 2001; Jlepuep, 1981; Unsuna, 1972; IMuakacuctsrii, 2000), knowledge of
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methods (Glasersfeld, 1998, 2000, 2001; Lundvall, 2000; Johnson, 2000;
Xytopckuit, 2001; Jlepuep, 1981; Casunkas, 2000; Kabanosa-Memnep, 1981;
Munxacucrsiir, 2000) and comprehension of regularities (ITuaxacucteiii, 2000;
Wnbuna, 1972; Komkacnuposa, 2000; Kabanosa-Memep, 1981; Jlepuep, 1981;), which
should be perceived, understood and memorized by systemizing and generalizing them.
While on the basis of B. Bloom (1956), R. Gagne (1985) and
C. Arhangelsky (Apxanrensckuii, 1974) described levels of knowledge and survey of
specialists of Latvian universities, the author of the present doctoral thesis has
determined the levels of knowledge of graphical competence development in descriptive
geometry.

Substantiation of graphical skill parameters

R. Gagne (1985) recognizes that skills are precise, thorough, persistent and in due
time performed work with hands. Development of skills is dependent on the quality of
knowledge acquisition (Zogla, 2001a) and comprehension of the aim, conditions and
completion of the activity (Spona, 2001). G. Selevko (Cenesko, 1998) characterizes
activity skills as a special students’ quality on which depend the pace of performed
activity and good graphical basic skills, creative activity skills as well as creative attitude
towards them. A. Savicka (Casuikas, 2000) interprets graphical skills as skill to operate
with knowledge in order to make graphical constructions, and skill to analyze and predict
the form of the details and its changes.

The author of the present doctoral thesis on the basis of T. Petlina (Iletiauna, 2007),
A. Usova (Ycoga, 1982), 1. Iljasov (Mnsicos, ['anarenko, 1994), K. Platonov (ILnatoHoB,
Anackun, 1966; Ilnatonos, 1994), A. Hlebnikov (Xne6uukos, 2009), A. Botvinnikov
(borBunHuKOB, 1979), A. Savicka (Casuikas, 2000) and other authors described the
skill levels and surveys of specialists of Latvian universities, has determined the
graphical skill levels in descriptive geometry, but the following main skills of graphic
activities were assumed as the parameters of these levels in descriptive geometry studies:
skill to analyze and predict (Akus, 1996; Casunkas, 2000; Muuyposa, 2004), skill to
operate with the acquired knowledge (ba6anckuii, 1987; Miayposa, 2004; Spona,
2001), basic graphical skills (Cenesxo, 1998; Spona, 2001; [Tnatonos, 1977 ), skill of
creative activity (Cenesko, 1998; Rubana, 2004).

Substantiation of spatial thinking parameters

Thinking is a psychic cognition activity process and the fundamentals of the
cognitive learning that activates the cognitive activity; it is a purposeful mental
manipulation of words and images (Sdorow, 1990) that realizes into the word
(Vigotskis, 2002).

A.Pavlova (2003) connects the technical thinking with spatial thinking. She is of the
opinion that spatial thinking is a type of mind activity that ensures formation of spatial
images and operation with them to solve practical and theoretical tasks.

Spatial thinking is complicated and by its nature it is amodal, heterogenic education
the function of which is operating with sensitive (visible) images on the basis of images
which already exist in the human subjective experience (SIxkumanckas, 1989).
I. Jakimanska (Skumanckas, 1980) considers that skill to create spatial images and
operate with them is important in acquisition of graphical knowledge and skills. An
image arises under the influence of two closely connected determinants — visibility and
activity — and in association with particular tasks and conditions.
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On the basis of the analyzed pedagogical literature about thinking operations and
types as well as I. Jakimanska’s image operation types, parameters of spatial thinking
has been worked out. Following A.Vorobjov’s (Vorobjovs, 1996), B. Lomov (JIomos,
1991) and I. Jakimanska’s (SIkumanckast, 1980) description of thinking levels and survey
of specialists of Latvian universities, the author of the present doctoral thesis has
established parameters of spatial thinking for determination of graphical competence
development in descriptive geometry: ability to operate with images on the basis of
real objects, on the basis of visible pictures, object projections, and ability to
operate with images by changing the image position.

Substantiation of attitude parameters

I.Maslo (2006) considers that attitude arises in man first, then it causes necessity of
action, and only after that the need for knowledge and skills arises.

R. Gagne (Gagne, Driscoll, 1988) recognizes that attitude is one more field of study
results — student’s internal condition that influences the choice of some thing, person or
event. For example, attitude to descriptive geometry study course will influence the
student’s graphical competence development, i.e. a will to acquire graphical knowledge,
skills and spatial thinking.

A. Spona (2001, 2004, 2006) is of the opinion that attitude is formed with experience,
acquisition of knowledge, emotional experience, will effort, necessity, motives,
communicative interaction, values, aims, ideals and norms, and it is connected with
activity, because activity makes man’s attitude as his/her personality a real, true features,
by forming stable interests, conviction, deep feelings, skills in the way of physical,
psychological and social habits.

The author of the present doctoral thesis, following 1. Zogla (1998), D. Krathvola,
B. Bloom and B. Masia’s (Krathwohl, Bloom, Masia, 1973) the described attitude levels,
analysis and survey of specialists of Latvian universities, has determined the attitude
levels and their main parameters in descriptive geometry studies: activity without
understanding or indifferent, episodic program acquisition
(PaBen, 1999; Hutmacher, 1997), insistence or partially reasoned program
acquisition  (Eurydice, 2002), cognitive activity and responsibility
(Briede, Peks, 2011) and high cognitive activity, responsibility and initiative
(Eurydice, 2002; Briede, Peks, 2011).

Summary of criteria and parameters of graphical competence development

Fig. 2 shows summary of criteria and parameters of graphical competence
development in accordance with the analyzed pedagogical and psychological literature,
and opinion of the teaching staff of Latvian universities.
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Fig. 2 Criteria and parameters of graphical competence development
Source: author’s construction

In the following chapter, didactics of descriptive geometry studies is analyzed and
the didactic model of descriptive geometry is created in order to develop students’
graphical competence.

The 2" chapter of the doctoral thesis Substantiation of descriptive geometry studies
to facilitate the students’ graphical competence development comprises two subchapters.

In subchapter 2.1. Evaluation of didactics of descriptive geometry studies and its
application according to the cognitive constructivist approach and cognitive theory of
multimedia learning, the application importance of the cognitive constructivist approach
and cognitive theory of multimedia learning in descriptive geometry studies is
substantiated.

The cognitive constructivist approach in descriptive geometry study process

The cognitive constructivism representative J. Piaget (ITuaxe, 1969) emphasizes
knowledge, comprehension and prediction, as well as the processes of information
receiving and processing. According to the theory of cognitive constructivist approach,
learning is not acquisition of knowledge but its construction. The main condition is that
the student interprets the new information only in compliance with his/her previous
experience. It means that studies should be oriented on student’s particular problem
solving.

The cognitive constructivism supporters and adherents (ITuasxxe, 1969; dptou, 2000,
Piaget, 1968; William, Perry, 1999; Briede, 2013) consider that learning is an active
process, studies must be active, independent and adequate to students interests, student
himself/herself creates knowledge actively and purposefully while the lecturer’s role is
a promoter.

Therefore, in the process of descriptive geometry studies, the main cognition of
cognitive constructivist approach should be observed (Briede, 2013; Brooks & Brooks
1999; Gage, Berliner, 1991): the lecturer in the auditorium creates a situation in which
the student evaluates his/her own opinion and by using the new knowledge constructs a
new opinion about the considered phenomenon; in this way student’s learning is
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promoted. The lecturer has a promoter role, and a democratic style predominates. During
both the lectures and practical trainings, students may express their own opinion and ask
questions regardless of their experience, because in descriptive geometry lectures it is
significant for the student to understand at once the lecture’s given information. Students
may also express their own opinion how they have perceived the issue to be solved. Then
the lecturer can supplement or correct the student’s opinion, thus better comprehension
of the topic will be achieved.

Application of the cognitive theory of multimedia learning in descriptive geometry
study process

R. Mayer (1994, 2001, 2003, 2005) has worked out the cognitive theory of
multimedia learning which is based on A. Paivio (Clark, Paivio, 1991; Paivio, 1986)
dual-coding theory, P. Chandler, J. Sweller (1991) and G. Miller’s (1956) limited
capacity theory, A. Baddeley (1992, 1999) a short term memory model and
M. Wittrock’s (1989) active learning theory.

R. Mayer’s (2001, 2005) cognitive theory of multimedia learning (see Fig. 3) is
substantiated with three main messages: there are two separate perception channels —
auditory and visual; each channel has a limited capacity; teaching is an active process
consisting of selecting, organizing and integrating information.

Multimedia Sensory Short-term memory Long-term
prezentation memory memory
=T ictori I

REIS @ —-{images— oo || _
Pictures 7 __moae Integrating Prior
& > Selecting words Organizing words knowledge
« and images and pictures Q I
Oral Q Sounds Verbal
Words n\@ L5ouncs] model i}

Fig. 3 Cognitive theory of multimedia learning
Source: author’s adopted by Mayer (2005)

The author of the cognitive theory of multimedia learning R. Mayer (2008; Moreno,
Mayer, 2004; Mayer, Fennell, Farmer, Campbell, 2004; Mayer, Sobko, Mautone, 2003;
Mayer, Johnson, 2008) has also established 10 principles which should be observed in
this approach: coherence principle, signaling principle, redundancy principle, spatial
contiguity principle, temporal contiguity principle, segmenting principle, pre-training
principle, modality principle, multimedia principle, personalization principle, because
according to these principles student’s learning is more successful.

In subchapter 2.2. Didactic principles of studies in descriptive geometry study
process, the study process of descriptive geometry is analyzed, evaluated and upgraded
in compliance with the principles of cognitive constructivist approach.

Aims and objectives of descriptive geometry studies correspond to the principles of
unity of education, development and purposefulness (Albertha, 2001).

Most significant aims of descriptive geometry studies are: development of visually
spatial perception, comprehension and creative abilities without of which creativity is
unconceivable in engineering sciences; deepening of understanding of the application of

48




descriptive geometry regularities in various branches; development of spatial and logical
analytical thinking and prediction skills; development of analysis and synthesis skills of
spatial forms and their mutual positions; acquisition of theoretical knowledge of
descriptive geometry; development of skills to solve graphical tasks independently;
development of graphical competence; development of graphical communication skills;
development of regularities of spatial form depiction; development of analyzing skills
of spatial forms; skills of active learning mutual cooperation; promotion of responsible
and cognition interests invigorating attitude.

Most significant objectives of descriptive geometry studies are: improvement of
comprehension of the graphical means and regulations of graphical document
processing; knowledge advancement and skills improvement of graphical depiction of
spatial objects; comprehension advancement of graphical language importance as
international communication means in projecting and project implementation in
different branches of national economics and everyday life.

The process of descriptive geometry studies is a purposefully organized teaching and
learning process that takes place between the student and lecturer in close interaction
(Albrehta, 2001). The leading components of the study process are the study aim and
objectives which influence the study content and methods, forms of organization and
means. Therefore it is necessary to organize the study process of descriptive geometry
according to the advanced aims and objectives. |. Katane (2006) is of the opinion that
the study process is the study environment and interaction system of the student, lecturer
and study course the functioning of which is subjected to the didactic aims and is in
dynamic condition.

The content of descriptive geometry studies should be selected according to the
scientific and intelligible principle, systematic and consecutive principle, and should be
associated with life and practice (Albrehta, 2001).

Elements of the descriptive geometry content correspond to I. Semyonova’s
(CemenoBa, 2008) advanced elements of descriptive geometry study course; however,
the author of the present doctoral thesis suggests his own sequence of exposition and
principles, which are presented in Fig. 4.
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Fig. 4 Structure and content scheme of descriptive geometry study course
Source: author’s construction
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Practical training is one of the main forms of organization of descriptive geometry
study process during which the student forms conviction of his/her knowledge and skills.
During the practical classes students’ activity is oriented to independent, simple,
complicated problem-solving task, while the lecturer should pay attention to the
students’ graphical competence development in descriptive geometry studies.
A. Savicka (Casuuxkas, 2000) recognizes that graphical problem-solving task is an
organic component of all sciences, especially natural sciences and engineering sciences.

E-learning is based on well prepared study materials that correspond to the cognitive
theory of multimedia learning principles. In the process of descriptive geometry studies, the
author of the present doctoral thesis has used traditional courses with technology elements.

An electronic study material has been prepared for descriptive geometry studies and
is located in e-learning environment.

The course module consists of:

¢ handouts (see Fig. 5) which are needed during the lecture. The handouts are
especially prepared with incomplete pictorial and incomplete theoretical part —
textual information. Students must complete the pictorial and theoretical part during
the lecture. The necessary study material student has to print out from the
e-learning environment before the lecture;

z 2 Point in the II, plane

, h A, A, (Fig. 9 and 10)

n If the coordinate, which

X %2 | expresses the distance of

d g the point to IT |, is zero but

the both other coordinates

WV differ from zero then the
Y point is situated

Fig. 9 Fig. 10 | oo .
For example, A(__; ;)

Fig. 5 Descriptive geometry lecture task
Source: author’s construction

e animated lectures — especially prepared graphical parts of the lecture with the help
of which the advanced problem at the beginning of the lecture or graphical task is
gradually solved. This part can be open only after the lecture;

o study material (see Fig. 6) that could be created after the lecture. This material is a
fully completed lecture example with finished graphical images and theoretical
lecture part — textual information. This section is available to the students before the
lecture in order to be able to prepare questions and ask them during the lecture.
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Fig. 6 Descriptive geometry task
Source: author’s construction

o test (see Fig. 7) which the student should accomplish during the study course. With
the help of the tests students can strengthen their theoretical knowledge, but cannot
determine the student level of graphical skills.

Which of the points is situated in the IT, plane?

e

Choose the correct answer

|:|B
[ ID

Fig. 7 Descriptive geometry test
Source: author’s construction

e questionnaires are placed after each module, thus students opinion about each
module can be found out.

The feedback, which can be ensured with tests, is a significant component of the  study
process because in this way students can determine their level of knowledge (Gee, 2005).
Tests help to strengthen the acquired knowledge and correct misconception.

Study methods and appropriate means are selected on the basis of development of visual
and theoretical thinking principle, student conscientiousness and intellectual activity
principle, positive study emotional background principle, orientation of self-education
(Albrehta, 2001), students’ mutual cooperation and cooperation between the students and
lecturer. According to the cognitive constructivist approach, the most significant methods to
be used in the descriptive geometry studies are the active study methods, lectures and
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problem-solving tasks. N. Semyonova (CemenoBa, 2008) presents the idea that in the
graphical discipline study process the following active study methods should be used:
problem-solving questions, heuristic conversation, visual aids, cognitive game method, study
project method, analysis method in life situation classes; moreover, problem-solving
questions should be asked in such a way that students not only answer the acquired study
material but creatively operate with the prior acquired knowledge to solve the new problem.

Peculiarity of descriptive geometry lecture is that it integrates both verbal and visual
methods. The lecture is based on concrete graphical problem-solving tasks to be solved
collectively, at the same time emphasizing theoretical peculiarities of such type of tasks.
The application of visual study method during the descriptive geometry lecture has the
greatest importance because the precision of task fulfillment and also its comprehension
are depended on the graphical task visual solving.

In descriptive geometry lecture, dealing with complicated figures (see Fig. 8), first of
all it is necessary to look at them as a whole and after that separate them into basic parts,
i.e. to view what position lines and planes it consists of, whether any of these lines or planes
are of true size, whether the angles formed by these planes and lines to projection planes
are of true size, and only after that the task can be fulfilled. Such organization of instruction
promotes the spatial thinking improvement, because first of all more deeply understanding
is formed about the mutual position of angles, planes and lines, and only then you can
analyze the way how to use features of the basic elements in addition to the task solving
methods and techniques of this particular task. Students in their mind integrate three
projections, i.e. they synthesize and in the mind create the object spatial.

Fig. 8 Square pyramid and triangular prism intersection
Source: author’s construction

When using comparing operations, the student has understood the essence of all basic
element projecting, levels and general positions, he is able to classify them and to know
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that intersections of all projecting planes with lines are seen in projection planes where
these planes are seen as lines to which these planes are perpendicular.

Analyzing pedagogical literature, the most suitable classification of the study aids
were chosen for the descriptive geometry study course. On the basis of several authors’
(OxoHb, 1990; TTunkacuctsrii, 1998; Xyrtopckoi, 2001; CaBuenko, 2009) classification,
the author of the present doctoral thesis has selected the following classification
principles:

e by common features: paper (printed study aids) and electronic (e-learning aids);
e by groups: technical study aids, auxiliary aids and visual aids.

In the descriptive geometry study course, the study aids are applied according to
material and technical provision, students’ training level, number of students, age
peculiarities, level of motivation, course teaching peculiarities, lecturer’s qualification
and personal peculiarities. In addition, using the selected study aids, emotional
relationships should be also taken into consideration.

Pedagogical control and assessment of students’ graphical development

At the beginning of descriptive geometry studies introductory control is used, while
at the end of the course of descriptive geometry studies, a summative assessment takes
place which consists of different ways of formative assessments. In the process of
descriptive geometry studies, the formative assessment is applied which comprises a
regular and periodic control.

According to the analysis of graphical competence development criteria and
parameters, the levels of graphical competence development have been established in
descriptive geometry (see Table 1).
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Table 1

Graphical competence development criteria, parameters and levels

Graphical
competence Graphical .
development level, knowledge Graphical competence development parameters
points

Failure 1-3

Graphical knowledge [Knowledge of terms

Graphical skills

Graphical basic skills

Spatial thinking

/Ability to operate with images on the basis of real objects

IAttitude

IActivity without comprehension or indifferent, episodic program|
lacquisition

Graphical knowledge |Definitons interpretation

Satisfactory  4-6
7-8

Graphical skills

Skill to operate with knowledge

Good
9-10

Spatial thinking

IAbility to operate with images on the basis of visual images

IAttitude

Insistence or partially reasoned program acquisition

Graphical knowledge [Knowledge of techniques

Excellent

Graphical skills

Skill to analyze and predict

Spatial thinking

IAbility to operate with images on the basis of object projections

IAttitude

Cognitive activity and responsibility

Graphical knowledge [Comprehension of regularities

Graphical skills

Skill of creative activity

Spatial thinking

IAbility to operate with images on the basis of position change of
geometric basic elements

IAttitude

High cognitive activity, responsibility and initiative

Source: author’s construction

According to the criteria, parameters and levels of graphical competence
development, the author of the present doctoral thesis recognizes that

9 and 10 points students get when

o they have acquired knowledge and skills at such a level that they perceive, memorize,
acquaint, understand, as well as use them to acquire a new knowledge independently
and solve creative tasks with the object transformation;

e analyze and theoretically substantiate atypical situations;
¢ know how to solve different problems, to see and interpret regularities;
e independently express their own opinion, define assessment criteria, predict

consequences;

e are able to evaluate different opinion, promote cooperation in solving study

problems;

¢ without supplementary aids operate with spatial objects;

e operate with images of spatial objects by changing positions of basic geometric
elements, are able to determine their position, size, angles and distances;

o actively and responsively perform all tasks set by the lecturer;

e arrange the technical drawing in compliance with the standard requirements.
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7 and 8 points students get when

o they have acquired and understood the study course fully, are able to use all
techniques taught in descriptive geometry to perform tasks, differentiate between
essential and non-essential, know and are able to define concepts, main rules,
formulate recognition regulations;

e use knowledge and skills by example, analogy or in familiar situation, perform
standard and combined tasks, analyze and predict the task fulfillment;

o graphical tasks perform independently and in high quality, are able to analyze them
superficially;

e operate with spatial objects with difficulty by choosing the needed aids by
themselves;

e in basic issues of the study course express personal attitude, actively participate in
the cognitive process.

4 and 6 points students get when

e have acquainted with the given study content, differentiate between essential an non-
essential, know and are able to define concepts, main rules, formulate recognition
regulations, with some help perform standard tasks, recognize the acquirable objects
among many other objects;

o the content of the study course outline clearly and understandably enough, rarely can
differentiate between the essential and non-essential; use knowledge and skills by
example, analogy or in familiar situation, perform standard and combined tasks,
analyze and predict the task fulfilment;

e operate with spatial objects with difficulty, during the operating process receive help
and instructions about the needed aids, operate with spatial object images by using
their visual or axonometric projections;

e have acquired skill to cooperate and communicate, graphical tasks perform regularly.

1, 2 and 3 points students get when

o they only perceive and recognize the study content, but acquire insufficient content
amount (less than 50%), perform only primitive tasks using example in well familiar
situation, only part of the tasks perform without mistakes;

e recognize terms used in descriptive geometry, but are unable to determine their
characteristics and features, and cannot analyze the graphical work;

e recognize the spatial objects, but do not know how to operate with them;

o outline the study content, but unclearly, rarely can differentiate between the essential
and non-essential;

e in the task solving there is no scientific approach, therefore not always the task is
performed correctly;

o real object models are needed to be able to operate with object images and construct
the object projections;

e are able to work only with the help of other students or a lecturer.
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Didactic model of descriptive geometry studies

On the basis of the analysis of pedagogical and psychological literature, lectures of
descriptive geometry studies and the personal experience of the author of the present
doctoral thesis both at the university and school, the didactic model of descriptive
geometry studies has been worked out, and it is presented in Figure 9.

The didactic model of descriptive geometry studies has been worked out taking into
consideration the cognitive constructivist basic principles. These basic principles have
been taken into consideration when choosing the study aims and objectives, study
content, principles and methods, as well as creating the study aids. Principles of the
cognitive theory of multimedia learning have been integrated into the lecture course and
formation of e-learning, but principles of cognitive constructivist approach have been
used throughout the descriptive geometry study process. Also, in the didactic model of
descriptive geometry studies, all study stages have been included — methodological,
content, organizational, control and assessment (see Fig. 9).

The descriptive geometry study process is organized in lectures, practical training,
e-learning and consultations. In the organization of lectures, practical trainings and
e-learning, principles of the cognitive constructivist approach and cognitive theory of
multimedia learning are applied. During the process of studies, the lecturer and students
interact and use the needed study aids, including e-learning materials developed by the
author of the present doctoral thesis; while at school in the process of technical graphics
course — a textbook, collection of tasks and teacher’s book, of which the co-author is the
author of the present doctoral thesis, and e-studies.

Success in the course of descriptive geometry studies are dependent on the
knowledge and skills level in such study subjects as physics and mathematics, therefore
an introductory control is performed and the students’ primary skills are found out.
Formative assessment is carried out by using heuristic methods and individual control
works of the graphical competence development level, whereas summative control is a
total amount of formative assessments.

As the descriptive geometry is a grammar of engineering graphics, its studies form
the basis of those study courses where graphical knowledge and skills are needed.
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Fig. 9 Didactic model of descriptive geometry studies
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Novelties of the developed didactic model of descriptive geometry studies:

1. cognitive constructivist approach — cognitive active learning, experience
organization and self organization are the basis for the choice of didactic model
elements of descriptive geometry studies;

2. the cognitive theory of multimedia learning based on the dual-coding theory and
visualization application in the study process, is the basis of the development of study
aids in descriptive geometry studies;

3. systemic application of the content, study principles and methods in total, prepared
especially for each study program in the forms of study organization established by
the university, promotes the development of students’ graphical competence in
descriptive geometry studies.

The 3" chapter of the doctoral thesis Empirical investigations on the study didactic
model of descriptive geometry studies comprises two subchapters.

Subchapter 3.1. Analysis of the primary data of didactic model of descriptive
geometry studies presents five investigations on the efficiency of existing didactic
approach during the lectures, practical classes and the upgrading possibilities of the
didactic model.

In the first investigation, it was found out that interactive study programs were
needed for independent work of students to prepare for the classes.

In the second investigation, the best types of tests recognized by students which could
be used in e-learning organization as well as the ways of assessment most suitable for
students were determined.

In the third investigation, cognition level of students of various descriptive geometry
study themes were estimated in order to find out themes in which special study aids
should be worked out to increase the level of understanding of the theme.

In the fourth investigation, types of technical aids were established which students
would like to see during the study process.

The aim of the fifth investigation was to observe the usefulness of application of the
didactic model of descriptive geometry studies at secondary schools. To carry out the
investigation, a textbook, collection of tasks, teacher’s book and e-learning course on
technical graphics had been prepared.

In the subchapter 3.2. Experimental data analysis of investigation on didactic model
of descriptive geometry studies, criteria and parameters of graphical competence
development, four investigations are described on the usefulness of application of the
didactic model of descriptive geometry, concept, criteria, parameters and levels of
graphical competence in descriptive geometry studies.

The aim of the sixth investigation was to find out the influence of cognitive
constructive approach and cognitive theory of multimedia learning applied in the
didactic model of descriptive geometry on the understanding of its terms, concepts,
techniques and regularities for graphical competence development. A conclusion can be
drawn that there are significant differences of understanding of descriptive geometry
terms, concepts, techniques and regularities between the respondents of control and
experimental group. It means that application of the cognitive constructive approach and
cognitive theory of multimedia learning in descriptive geometry studies influences
significantly the understanding of students of descriptive geometry study themes.
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Documents were analyzed to make sure that the self evaluation of students complied
with the real development level of graphical competence in certain themes.

‘ m Control group ~ ®mExperimental group

Mutual intersection of surfaces = 6.7
: - - 6.2
Surface intersection with plane 6.8
Straight line or plane 5.9
intersection with the plane 7.0
Replace of projection planes = 6.5
Mutual position of basic 6.1
geometric elements 7.2
— 6.0
Projections of plane = 7.3
— : : 6.6
Projections of straight line 76
- . 6.6

Fig. 10 The arithmetic mean evaluation of understanding of

descriptive geometry themes
Source: author’s research results

Comparing the self evaluation of descriptive geometry study themes by a 10-point
scale (see Fig. 10) with the lecturer’s assessment, it is evident that the understanding of
descriptive geometry themes differs.

By analysis of the documents a conclusion was drawn that there was a significant
difference between the control and experimental group. To compare samples (control
and experimental group) and determine whether there is a statistically significant
difference between them a paired sample t-test was used.

AS trae = 4.86195 > toir = 2.14479 and p-value of bilateral alternatives = 0.03471 < 0.05,
then with 95% of probability we can conclude that there are significant differences of
understanding of terms, concepts, techniques and regularities of descriptive geometry
between the control group and experimental group of respondents. These results show
evidence that application of the didactic model of descriptive geometry influences
significantly the understanding of descriptive geometry themes.

The aim of the seventh investigation was to verify the didactic model of descriptive
geometry worked out in the theoretical studies.

Teaching methods applied in the descriptive geometry study at university and the level
of students’ graphical development were verified, the obtained results are given in Fig. 11
that shows the changes of graphical development level in control groups and experimental
group by comparing the mean arithmetic assessment of the first and second development
level.
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In the first control group, where lecturers applied their own selected teaching methods
in the course of descriptive geometry, the mean arithmetic assessment of the first
development level of students’ graphical competence was 2.9 points, but results of the
second test the mean arithmetic assessment was 3.6 points.

In the second control group, where lecturers applied their own selected teaching
methods and principles of the cognitive theory of multimedia learning, the mean arithmetic
assessment of the first development level of graphical competence was 2.2 points, but
results of the second test the mean arithmetic assessment was 4.5 points.

In the experimental group, where the lecturer applied a completely developed didactic
model of descriptive geometry study course, the mean arithmetic assessment of the first
development level of graphical competence test was 3.9 points, but the mean arithmetic
assessment of the second test was 6.7 points.

—e-First control group =e=Second control group =e=Experimental group

7.5
6.5 2

£45 _—
35 — .

2.5 /

1.5

1. periodic test 2. periodic test

Fig. 11 Tendency of the development of graphical competence of students
Source: author’s research results

To perform two sample (1% periodic test and 2" periodic test) comparisons and to
determine whether the differences between them are statistically significant, a paired
two-sample t-test was applied.

AS traer = 3.14422 >t = 2.77645 and p-value of bilateral alternatives = 0.03471 < 0.05,
then with 95% of probability we can conclude that the development of graphical competence
in the 1% test differ significantly from the development of graphical competence in the 2"
test. Therefore, by comparing both periodic tests, we can conclude that the development of
graphical competence of students differ significantly.

In the eighth investigation, opinion of students about the application of the didactic
model of descriptive geometry studies and criteria, parameters and levels of the
development of graphical competence in the study process of descriptive geometry was
found out. On the basis of answers of respondents, a conclusion can be drawn that the
didactic model of descriptive geometry studies and criteria, parameters and levels of
development of graphical competence of students, worked out by the author of the
present doctoral thesis, satisfied students.
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In the first part of the ninth investigation, experts evaluated the concept of graphical
competence of students, its development criteria and parameters applied in the process
of descriptive geometry studies. Nine experts — academic staff — from the Latvia
University of Agriculture, Riga Technical University and Reézekne Higher School
participated in the research.

Opinion of the experts (see Fig. 12) about each parameter (graphical knowledge,
graphical skills, spatial thinking and attitude), selected by the author of the present
doctoral thesis and established during the theoretical literature studies, was found out.
Most part of the experts considered that the development level of graphical competence
can be determined.

| mdisagry mpartially agree mabsolutely agree |

The graphical competence development
level can be determined by its parameters
67

The main graphical competence
parameters are
graphical knowledge, graphical skills,

technical thinking and attitude 89

0 50 100
frequency of answers, %

Fig. 12 Determination of the development parameters
and levels of graphical competence
Source: author’s research results

In the 2" part of the research of evaluation of development parameters of graphical
competence eleven experts of this field from the Latvia University of Agriculture (LUA),
Riga Technical University (RTU) and Rézekne Higher School (RHS) participated in the
survey.

On the basis of theoretical research, several questions were formulated about the
graphical knowledge, graphical skills, spatial thinking and attitude criteria. Using the
questionnaire method, the opinion of experts was found out about the significance of the
development criteria parameters of graphical competence in descriptive geometry studies.

Data on the research results of the knowledge criteria parameters (KCP), skill criteria
parameters (SCP), spatial thinking criteria parameters (STCP) and attitude criteria
parameters (ACP) are summarized in Fig. 13.



] —e—absolutely agree —e— partially agree\

ACP insistence or partially ~ KCP knowledge
reasoned program acquisition of terms

ACP activity without
comprehension or indifferent,
episodic program acquisition

KCP interpretation of
definitions

KCP knowledge
of techniques

KCP comprehension

ACP cognitive activity f lariti
of regularities

and responsibility

ACP high cognitive
activity, responsibility
and initiation

SCP skill to operate
with knowledge

STCP on image SCP to analyze

position changes and predict
i i SCP basic
STCP on visual images raphical skl
STCP on visual images STCP on real SCP skill of creative activity

objects

Fig. 13 Summary of the development parameters
of graphical competence
Source: author’s research results

The results show that experts had evaluated the criteria of knowledge, skills, spatial
thinking and attitude positively. The rate of absolutely agree responses was 79%, and
21% was partly agree. None of the experts chose the answer partially disagree or
disagree to questions about the criteria of knowledge, skills, spatial thinking and attitude.

Evaluation of the experts approved that the development criteria and parameters of
graphical competence applied in the didactic model of descriptive geometry are useful
without significant changes for determination of graphical competence development
during the study process of descriptive geometry.

CONCLUSIONS

1. Peculiarity of the competence of graphical and descriptive geometry is emphasizing
the perception and understanding of spatial regularities. Graphical competence is a
concept characterizing the ability of students to understand, depict, interpret, analyze
and create information in graphical way, ability to think in the form of graphical
images as well as the attitude of students that take the form of the graphical cognitive
activity and responsibility for the performed graphical activity.

2. Experts evaluation has approved the following graphical competence development
criteria, established by theoretical findings, graphical knowledge, graphical skills,
spatial thinking and attitude:
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o graphical knowledge — knowledge of descriptive geometry, engineering graphics,
construction graphics, technical graphics, computer graphics sand others relevant to
graphical activities;

o graphical skills — knowledge acquired during the descriptive geometry studies and
application in specialized graphical activities;

e spatial thinking — operation with images in the process of visualization and
implementation of engineering technical ideas;

e attitude — cognitive activity, interest in techniques and opportunities of visualization
of engineering technical ideas and responsibility for the performed idea.

3. Experts evaluation has approved the following graphical knowledge parameters
established by theoretical findings:

¢ knowledge of terms — collocations of words used in graphical activity;

o interpretation of definitions — knowledge of spatial object qualities and features
acquired by analyzing and synthesizing process;

o knowledge of technigues — understanding of the activity to be performed,;

¢ understanding of reqgularities — determination of the spatial objects and mutual
position of their basic geometric elements, emphasizing and generalization of their
essential features.

4. Experts evaluation has approved the following graphical skill parameters established
by theoretical findings:

e basic graphical skills — selection and implementation of appropriate activity
techniques by new conditions considering the national standards and technical
esthetics and composition requirements;

o skills to operate with knowledge — application of knowledge in practical and creative
activity as well as theoretical substantiation of the performed activity by using terms
acquired in descriptive geometry;

e skill to analyze and predict — division of the object into simple elements,
understanding of spatial position and mutual position of basic geometric elements;
prediction skills are based on the analyzing skills which are considered as an
independent knowledge-seeking by modeling the spatial information and predicting
the result of graphical activity;

o skill of creative activity — a creative problem-solving by applying non-traditional
methods; formulation of atypical task performance, theoretical approval and
graphical solving.

5. Experts evaluation has approved that the spatial thinking parameters, established by
theoretical findings, are ability to operate with images on the basis of:

o real objects — perception of real objects and their depiction in projection planes as
well as ability to see the basic elements in a real object and detect their mutual
position and location in space;

e visual images — imagination of real object forms, determination of the object
projection look, location of geometric object in space and mutual position by the
visual image or axonometric projection;

e object projections — creating the object image, determination of its element position
and location in space on the basis of the object depiction in three mutually
perpendicular planes and imagination of them as a whole;
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¢ change of position of basic geometric elements — determination of the size of the
basic geometric elements of the object, angles and distance between them by
changing the projection planes or position of objects towards the projection planes;
imagination of auxiliary elements with the help of which it is possible to determine
the changes in images of objects or object groups caused by certain constructions.

6. Experts evaluation has approved that the attitude parameters, established by
theoretical findings, are as follows:

e activity without understanding or indifferent, episodic acquaintance of the program
— group mates discussion of terms, concepts, regularities and techniques acquired
during the descriptive geometry studies, so gaining experience of task solving in
unknown situations but without acquisition of the program;

e insistence or partially reasoned acquisition of the program — an essential parameter
in any activity; independent activity of students should be subjected to the classes
according to the study program and home tasks should be performed in due time;
cognitive activity and responsibility is based on such external conditions as an active
participation in lectures and practical trainings by communicating with group mates
and lecturer, surveys and test fulfillment;

e high cognitive activity, responsibility and initiative — a self-regulated activity, responsible
and active participation in the process of descriptive geometry studies to do the tasks
successively by using the study aids offered by the lecturer including consultations.

7. The worked out assessment tools of graphical competence of students based on the
criteria, parameters and levels of the graphical competence development can be
applied in the formative assessment in order to determine more precisely the level of
graphical competence development in descriptive geometry studies. In turn, students
should know that their knowledge, skills, spatial thinking and attitude are assessed
in each class to prepare better for the classes and express a positive attitude in
descriptive geometry studies.

8. The didactic model of descriptive geometry studies is substantiated by the cognitive
constructive approach and cognitive theory of multimedia leaning. Elements of the
didactic model of descriptive geometry are systemically connected by implementing
them in the study process: exterminating the study aim, content, methods, means and
way of assessment and control by emphasizing the principle of cognitive constructive
approach, visualization and visuality principle.

9. On the basis of approbation of the didactic model of descriptive geometry studies,
didactics of descriptive geometry studies and technical graphics is upgraded:

o study methods promoting the development of graphical competence of students have
been established at the university, graphical tasks, control tasks of the graphical
competence development level, independent tasks and e-learning have been worked out;

o study methods promoting the development of graphical competence of pupils have
been established at school, a textbook, collection of tasks, teacher’s book, work book
and e-learning have been worked out.

10. Comparison of the understanding of descriptive geometry themes of the experimental
group (the didactic model of the process of descriptive geometry studies has been
used) and control group (the study methods selected by the leading lecturer have
been used in the process of descriptive geometry studies), and analysis of documents
of the regular formative control of students’ graphical competence development
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show a significant difference between the control group and experimental group. As
tfact. = 4.86195>tcrit. = 2.14479 and p-value of bilateral alternatives =
0.03471<0.05, then with 95% of probability we can conclude that there are
significant differences of understanding of terms, concepts, techniques and
regularities of descriptive geometry between the control group and experimental
group of respondents. These results show evidence that application of the didactic
model of descriptive geometry influences significantly the understanding of
descriptive geometry themes.

11. By analysis of documents of periodic formative tests of the development of graphical
competence of students, it is evident that there is a significant difference between the
first and second periodic formative assessment. AS trer = 3.14422 > toi = 2.77645
and p-value of bilateral alternatives = 0.03471 < 0.05, then with 95% of probability
we can conclude that, comparing both periodic tests, the development of graphical
competence differs significantly. These results show that application of the didactic
model of descriptive geometry influences significantly the graphical competence
development of students.

12.1In the studies of descriptive geometry, according to the parameters of students’
graphical competence development, most capable students can achieve a good (7-8
points) level of descriptive geometry development, while during the process of
descriptive geometry studies by applying the didactic model of descriptive geometry
as means of improvement of graphical competence, most capable students can
achieve a high (9-10 points) level of graphical competence development.

13. Analyzing results of the formative assessment, the advanced hypothesis has been
approved that the graphical competence of students in the studies of descriptive
geometry develops more successfully when the didactic model of descriptive
geometry is applied in the study process and students are assessed in accordance with
the criteria, parameters and levels of the development of graphical competence.

14. The advanced aim of the research is achieved — the concept of graphical competence
is pedagogically substantiated, its development criteria, parameters and levels are
worked out and the didactics of descriptive geometry is upgraded on the basis of the
cognitive constructivist approach and the cognitive theory of multimedia learning.

15. On the basis of the performed research, the author of the present thesis concludes
that the following investigations should be carried out on the motivation of students
because the didactic model of descriptive geometry studies can be fully applied with
purposeful, highly motivated students who want to study, while with the students of
low motivation of studies it can be used only partially, because one of the first
principles of the cognitive constructivist approach is that the student himself actively
construct his knowledge, but low motivated students do not do it actively. Those
students lack motivation who has poorly developed spatial thinking, therefore
alongside with the motivation research it is necessary to analyze the spatial thinking
and opportunities of its development nowadays.

16. The determined parameters of spatial thinking can be used not only in the studies of
descriptive geometry, technical graphics, engineering graphics and technical
drawing but also in many fields of art courses. While the didactic model worked out
on the basis of the cognitive theory of multimedia learning can be applied in any
course of didactics.
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RECOMMENDATIONS

For the lecturers of descriptive geometry, technical drawing, technical
graphics, engineering graphics and other graphic design related courses

¢ In acquisition of the graphical competence, it is necessary to base on the active
cognitive process, mutual cooperation of students and cooperation with lecturers in
compliance with the aim and objectives of the studies by selecting most suitable
study aids for individual students and applying the formative assessment during the
study process.

¢ During the study process, e-learning should be used that offers wide opportunities of
support to students in their independent activities, digital methodological material,
tests, vocabulary, animations and other various study aids.

e During the study process (for example presentations and e-learning), cognitive
constructivist approach and cognitive theory of multimedia learning principle should
be used; concurrently with presentations, pre-pared work sheets also should be used,
thus improving the level of understanding of students of the theme to be acquired.

¢ During the formative assessment, for determination of graphical competence level of
students it is recommended to apply criteria and their parameters worked out by the
author of the present doctoral thesis: graphical knowledge (knowledge of terms,
interpretation of concepts, knowledge of techniques, understanding of regularities),
graphical skills (basic graphical skills, skill to operate with knowledge, skill to
analyze und predict, skill of creative activity), spatial thinking (ability to operate with
images on the basis of real objects, visual figures, object projections changing their
position) and attitude (activity without understanding or indifferent, episodic
acquisition of the program, insistence or partially reasoned acquisition of the
program, cognitive activity and responsibility, high cognitive activity, responsibility
ad initiative).

In the study courses, where there is a need to visualize processes of the surrounding

environment, phenomena, regularities and inter-correlations, the didactic model is

recommended as it helps to achieve a high development level of graphical
competence.

In order to apply the didactic model of descriptive geometry in the process of studies,

it is necessary:

o0 to acquire and implement the cognitive constructivist approach and relevant

didactic study principles;

0 to use presentations based on the cognitive theory of multimedia learning;

o to work out aims, objectives and content of the studies adequate to nowadays

requirements, to organize e-learning for upgrading the study process;

o to apply the formative assessment as the main form of assessment.
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For upgrading descriptive geometry, technical drawing, construction graphics,
engineering graphics and other graphic design related courses

The author of the present doctoral thesis, on the basis of his experience and research
on the necessary length of time to perform the graphical tasks, considers that the
optimal time division between lectures, practical training and independent work with
various study aids including e-learning of descriptive geometry studies could be
16:32:72 (where 16 hours are lectures, 32 hours are practical training and 72 hours
are devoted to the independent work). It means that for the acquisition of the study
program 3CP would be necessary (on the basis of the Law of Higher Schools, 1CP
is an accounting unit that equals 40 academic hours of the learner’s work); however,
in many study programs, only 2CP are allocated for descriptive geometry studies, i.e.
16:16:48. At the beginning of studies, the level of graphical competence of students
is different; therefore only for the most capable students the time limit is sufficient,
while the others need 3CP length of time. The author of the present doctoral thesis
recognizes that a similar time division (1:2:4.5) would be necessary for the study
courses where graphic design works are performed.

In the courses related to the graphic design, tasks where a certain situation is shown
not only schematically or as a complex technical drawing but also as a spatial or
axonometric should be included in each theme. Such objects can be also constructed
with the help of various computer programs, for instance AutoCAD, SolidWorks. To
be able to complete the graphic works in any of the above mentioned programs, the
acquisition of this program should be started simultaneously with the courses of
descriptive geometry, technical drawing, technical graphics, construction graphics or
engineering graphics. This approach would ensure the acquisition of performing the
graphic works with different instruments (mechanic) and tools (programs).
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