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IEVADS

Temas aktualitate

Kvalitates jédziens ir viens no tiem, kas sabiedriba tiek loti plasi lietots

praktiski visas nozar€s. Zinama meéra var teikt, ka visas dzives nozarés ir
populari runat par kvalitati. No vienas puses tas ir labi, jo veicina vispargju
uzmanibu, atvieglo iespgju veikt noteiktus darbus, piesaistit finans€jumu, kas
patiesam dod ieguldijumu attiecigas nozares attistiba (Hoyer R. & Hoyer B.,
2001). Kvalitate tiek uzskatita par vienu no galvenajiem faktoriem nozares
konkurétspgjas stratégija (Li & Meissner, 2008). No otras puses, tas var bt
bistami, jo devalvé pasu kvalitates jédzienu un var likties, ka, daudz runajot par
kvalitati, ar to ari tick panakta tas uzlaboSana. Ta ir viena no klidam, kuru
pielauj kvalitates nodrosinasanas sfera. Cits aspekts, kur$ ir saistits ar kvalitati,
ir tas, ka ta patiesam ir nepiecieSamiba. Tas ir viens no celiem, ka paaugstinat
darba efektivitati un darba rezultatu kvalitati.

Programminzenierijas sféra kvalitate vienmér ir bijusi un bils svarigs

aspekts. Lai gan laika gaita ir izstradati daudzi un dazadi kvalitates modeli
programmatiiras produkta kvalitates prasibu izvirziSanai un novert€sanai, ka art
programminzenierija izstradatas metodes kvalitates nodroSinasanas 1stenoSanai,
tom@r arvien tiek izstradati arT nekvalitativi produkti. Daudzi programmattiras
izstrades projekti cie$ neveiksmi tap&c, ka kvalitates prasibas netiek precizi
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definétas. Programmatiiras produktam kvalitati nevar pievienot pec ta izstrades,
ta ir javeido jau produkta izstrades laika (Bawane & Srikrishna, 2010). Katra
dzives cikla etapa un procesa veidojas dala no programmatiiras gala produkta
kvalitates, un tas veidoSanu ietekmé dazadi faktori.

Nozimiga loma programmatiiras kvalitates veidoSana ir personalam, kurs
piedalas programmatiiras izstradé. Pamati vinu profesionalajai sagatavotibai,
zinasanam un kompetencei par programmatiras kvalitati tiek veidoti jau studiju
laika, apgtstot ar informacijas tehnologijam (IT) saistitas studiju programmas.
Lidz ar to arT studiju process faktiski ir icklaujams programmatiiras produkta
dzives cikla. Izglitibas joma studiju programmam ir savi kvalitates kriteriji, kuri
vairak attiecas uz studiju programmas argjo kvalitati, t.i., to kvalitati, kura
izpauzas studiju procesa organizéSana un studiju noris€. Zinatnisko publikaciju
klasta ir pieejami virkne p&tijumu par to ka nodrosSinat, merit un vertet kvalitati
augstakas izglitibas sfera (Tam, 2001; Tan & Kek, 2004; Clewes, 2003; Van
Der Wende & Westerheijden, 2001). Tacu, iepazistoties ar public€tajiem
petijumiem par programmatiiras kvalitates nodrosinasanu, autorei neizdevas
atrast pétijumus, kuros visos dzives cikla etapos tiktu izmantots vienots
skatfjums uz kvalitati. Lidzigi publikacijas par izglitibas kvalitates vertésanu,
autorei neizdevas atrast pétfjumus, kuros studiju programmas kvalitates
noverté$anai tiktu izmantoti kvalitates modeli, tai skaita definStas kvalitates
raksturpazimes. Autore darba piedava veidot vienotu skatfjumu uz kvalitati visa
programmatiiras dzives cikla laika, ietverot taja arT personala sagatavosanas un
studiju kvalitati.Ir izvirzits priekslikums uz studiju programmu skatities [1dzigi
ka uz programmatitiras produktu un to kvalitates novertésanai izmantot vienotu
kvalitates modeli, kas izveidots uz programmatiiras produkta hierarhiska
kvalitates modela bazes. Darba tiek piedavata ar1 koncepcija, ka informacijas
tehnologiju pamatstudiju programmas satura icklaut programmatiras produkta
kvalitati, lai attistitu studentu sp&jas apgtt katra programmatiiras izstrades sola
ietekmi uz gala rezultatu kvalitati un tad€jadi nakotn€ radttu priek$noteikumus
kvalitativu programmatiiras produktu izstradei.

Promocijas darba nmerkis un uzdevumi

Promocijas darba merkis ir piedavat risinajumu programmatiras produktu
kvalitates uzlaboSanai, pilnveidojot informacijas tehnologiju studiju
programmu kvalitates novert€Sanu un programmatiiras produkta kvalitates
apguvi.

Definéta mérka sasnieg8anai tika ir izvirziti $adi darba uzdevumi

Izpetit kvalitates lomu un nozimi programmatiiras produktu dzives cikla.
Veikt programmatiiras produkta kvalitates modelu analizi.

Analiz€t esosas metodes un panémienus studiju kvalitates nodroSinasanai.
Analizét programmatiiras produkta kvalitates modela izmantojamibu
izglitibas sfera.
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5. Definét paplasinatu programmatiiras produkta kvalitates modela dzives
ciklu, ietverot taja studiju procesu.

6. Izstradat vienotu kvalitates modeli programmatiiras izstrades un studiju
kvalitates novertesanai.

7. Veikt vienota kvalitates modela aprobaciju studiju programmas kvalitates
novertésanai.

8. Izstradat koncepciju programmatiiras kvalitates modela ieklauSanai
informacijas tehnologiju studiju programma.

Petijuma metodes

Literatiiras apskats, analize un sintéze, klasifikacija, profesionalapskates,
aptaujas, statistiska datu apstrade un analize, programme&sana.

Zinatniskais jauninajums
1. Izstradats vienots kvalitates modelis, kuru visa dzives cikla ietvaros var
izmantot programmatiiras produkta, ta izstrades un uzturésanas procesu, ka
arT studiju programmas izstrades un TstenoSanas procesa kvalitates
novertesanai.
2. Izveidots kvalitates modelis studiju programmas kvalitates novertésanai:
a. vienotais kvalitates modelis pielagots studiju programmas
raksturo$anai,
b. izstradata metodika modela un metriku izmantoSanai studiju
programmas ieks$€jas un argjas kvalitates novertesanai.
3. lzstradata uz vienoto kvalitates modeli balstita metodika studiju kvalitates
novertésanas rezultatu apstradei un interpretésanai.
4. Izstradata koncepcija programmatiras produkta kvalitates apguves
pilnveidosanai toposo IT specialistu studiju laika.

Petijuma tezes

1. Programminzenierijas un augstakas izglitibas joma kvalitate nav
viennozimigs jédziens. Savstarp&ji saistitu procesu un objektu vertgjuma
pietrikst vienota skatfjuma uz kvalitati.

2. Skatoties uz studiju programmu ka uz programmatiras produktu, to
kvalitaSu novert€Sanai var izmantot vienotu studiju programmu un
programmatiiras produktu kvalitates modeli.

3. Vienotas struktiiras kvalitates modelis dod vienotu skatijumu uz kvalitati
visa programmatiiras dzives cikla un uz visiem objektiem (produktiem,
starpproduktiem un procesiem).

4. Programmatiiras produkta kvalitates modela un taja ietvertas kvalitates
vertéSanas pieejas ievieSana informaciju tehnologiju studiju procesa rada
programmatiiras produktu kvalitates uzlaboSanas priekSnoteikumus.



Praktisk a vertiba

1. Vienotais kvalitates modelis var tikt izmantots gan programmatiiras
produkta izstradg, gan studiju procesa.

2. lzstradatais vienotais kvalitates modelis var tikt izmantots augstakas
izglitibas iestadé gan studiju programmu satura kvalitates novertéSanai,
gan programmas realizéSanas kvalitates noverteésanai.

3. Izstradatais lietojums studiju programmas kvalitates novertgjuma datu
apkoposanai, analizei un prezentéSanai var tikt izmantots studiju
programmas kvalitates pilnveides [émumu pienemsana.

Promocijas darba struktara un apjoms

Promocijas darbs ir uzrakstits latvieSu valoda, satur anotaciju, ievadu, 5
nodalas, secinajumus, literatfiras sarakstu un 6 pielikumus, taja skaita 26
tabulas, 45 att€lus, 4 formulas, kopa 125 lapaspuses. Darba izmantoti 172
literattiras avoti.

1. KVALIT ATE PROGRAMMAT URAS IZSTRADE

Kvalitates raksturiga pazime ir ta, ka kvalitate nav viennozimigs jeédziens
(Reeves & Bednar, 1994). Ir sastopamas daudzas un dazadas kvalitates
definicijas, dazadi tas izpratnes un novert€Sanas veidi (Garvin, 1987).
Programmatiiras izstrades joma biezak sastopamie virzieni, kuros tiek apliikota
kvalitate, ir:

e atbilstiba ieprieks izvirzitajam prasibam (Crosby, 1979);
e piemerotiba lietoSanai (Juran, 1988);
e pakape, lidz kurai tiek apmierinatas lietotaja vajadzibas vai ceribas

(Deming, 1988; Ishikawa, 1985).

Crosbijs atzimé, ja kvalitatei iepriekS nav izvirzitas prasibas, tad gatavo
produktu ir griiti novertét. Lidz ar to jédzieni ,,laba kvalitate”, ,,slikta kvalitate”
paliek tikai jédzienu ITmeni, jo katram cilvékam attieciba uz tiem ir sava
izpratne un prasibas. Kvalitates prasibam ir jabut definétam ta, lai tas var
izméerit un novertet.

Balstoties uz Demingu (Deming, 1986), kvalitate ir jadefiné ka klienta
apmierinatibas jédziens un nevis ka atbilstiba izvirzitajam prasibam. Demings
uzskata, ka, defingjot kvalitati, ir gruti klienta nakotnes v€lmes saistit ar
nomé&ramam produkta raksturpazimém. Lidz ar to, lai produktu vargtu izstradat,
lietotajam ir jabiit apmierinatam ar cenu, kas vipam biis jamaksa. Tas nav
viegli, jo lidzko ir sasniegta klienta apmierinatiba, ta vElmes attieciba uz
produktu var mainities, un Iidz ar to mainas arT klienta apmierinatiba.
Produktam izvirzito prasibu sasniegSana ir neatnemams izstrades uznémuma
pienakums. Katram uznémuma darbiniekam ir jabut atbildigam par sava darba
kvalitati.



Juran viedoklis attieciba uz kvalitati ir tads, ka vardu ,kvalitate” nevar
lietot attieciba uz lietotaju vajadzibu un ceribu apmierinatibu, jo to ir loti gruti
sasniegt (Juran, 1988). Ta vieta vin§ piedava kvalitati defindt ka ,,gatavs
lietoSanai”, kas norada saistibu ar izvirzitajam prasibam un produkta
raksturpazimém. Juran piedavato definiciju principa var interpretét tapat ka
Crosby piedavato — atbilstiba ieprieks izvirzitajam prasibam.

Kopuma visi darba aplukotie skatfjumi uz kvalitates j&€dzienu
programminzenierijas joma atspogulo Cetrus galvenos principus, kas ir saistiti
ar kvalitati:

1. nepieciesamiba nodro$inat kvalitativus izstrades procesus;

2. nepiecieSamiba definét kvalitates jédzienu katra konkréta gadijuma;

3. nepieciesamiba visiem dalibniekiem ievérot vienotu skatupunktu uz
kvalitati katra konkréta gadijuma;

4. nepiecieSamiba ieverot kvalitates raksturpazimju savstarpgjo saistibu un
nepretrunigumu.

Programmatiiras produktu izstradé par kvalitati un tas nodro§inasanu ir
domats jau no pasSiem programmeéSanas pirmsakumiem. Dazadu pieeju un
metodiku izveides un apsprieSanas gaita ir izstradats zinama meéra vienots
viedoklis, kur§ ir dokumentéts programminzenierijas jomas starptautiskajos
standartos. So standartu noliiks ir palidzét organizét programmatiiras produkta
izstradi, lai nodrosinatu un pilnveidotu ta kvalitati.

Darba ietvaros tika pétitas un izmatotas metodikas un pieejas, kas saistitas
ar programmatiiras kvalitates nodrosSinasanu un kuras ieklautas atbilstoSos
programminzenierijas nozares standartos. Galvenie aplikotie jautajumi ir
programmatiiras dzives cikls un kvalitates vieta taja, programmatiiras produkta
kvalitate un tas noveértéSana, ka art merisanas process.

Programmattiras produkta kvalitates prasibu defin€Sana, izmantojot
programmatiiras kvalitates modeli, un §is kvalitates novertéSanai izstradatas
metodes ir apkopotas apjomigas standartu s€rijas:

e ISO/IEC 9126 ProgramminZenierija — Programmattras produkta kvalitate;

e ISO/IEC 14598 Programminzenierija — Produkta novértésana;

e ISO/IEC 25000 ProgramminZenierija — Programmatiras produkta
kvalitates prasibas un novertésana.

ISO/IEC 9126 standarta ir dots programmatiiras produkta kvalitates dzives
cikls (sk. 1. att.), kura darba autore piedava ieklaut arT informacijas tehnologiju
studijas, jo tas ir laiks, kad tiek sagatavoti jaunie IT specialisti. So studiju laiku
var uzskatlt par vienu no preventivajiem pasakumiem programmatiras
produktu kvalitates izmaksu samazinaSanai.
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1. att. PaplaSinatais kvalitates daves cikls

Zinatnieku veiktie p&tjjumi parada — jo vélak programmatiiras dzives cikla
kvalitates problémas ir atklatas, jo straujak pieaug kvalitates izmaksas. Jo atrak
uzsak programmatiiras produkta kvalitates kontroles un nodrosinasanas
pasakumus, jo mazakas izmaksas biis nepieciesamas (The Case for Application
Security...).

Personala loma programmatiiras produkta izstrad€ ir atziméta ari standartu
limeni. Standarta ISO/IEC 12207-2008 (Programmaidras dives cikla procegi
ir izdalits cilvéku resursu vadibas process, kura merkis ir nodroSinat
organizaciju ar nepiecieSamajiem cilvekresursiem un lai vigu kompetence biitu
atbilstosa biznesa vajadzibam. Ka galvenie uzdevumi §im procesam ir min&ti —
personala profesionalo prasmju identificESana, prasmju attistiSanas plani,
prasmju  iegiiSanas nodroSindSana un zinaSanu vadiba. Ieklaujot
programmatiiras produkta kvalitates dzives cikla studiju procesu, var panakt un
nodro§inat, ka $aja laika jaunajiem specialistiem tiek veidota individuala
pieredze par produkta kvalitati. Studiju procesa, apgistot kvalitates
raksturpazimju nozimi un lomu dazados programmattiras produkta izstrades
procesos, tiks veikti preventivie pasakumi kvalitativu produktu izstradei
nakotné.

Izveidojot un izmantojot vienotu kvalitates modeli visa programmattiras
produkta kvalitates dzives cikla, tiktu panakts vienots skatfjums uz visiem ta
posmiem, starprezultatiem un rezultatiem.

2. PROGRAMMAT URAS PRODUKTA KVALIT ATES
M ODELI

Kvalitates modeli var raksturot ar 8adu definiciju: ir noteiktas
raksturpazimes un to savstarpgja saistiba, kuras veido bazi, lai specificétu
kvalitates prasibas un novértétu kvalitati (ISO/IEC 9126-1, 2001).

Vesturiski ir veidojusSies un cits citu papildinajusi daudzi programmattras
kvalitates modeli, ar kuru palidzibu ir iesp&jams noteikt un novertét produkta
kvalitati. Darba ir analiz€ti zinatniskajas publikacijas biezak sastopamie
modeli: McCall modelis, Bochm modelis, FURPS modelis, ISO 9126 modelis,
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Dromey modelis. Darba $ie kvalitates modeli nav salidzinati savstarpgji, bet
gan katrs ar ISO 9126 modeli, kas ir starptautiski atzits un iestradats standarta.

Programmatiiras produkta kvalitates modelu attistiba laika dazadas
zinatniskas publikacijas ir atrodamas savstarp&jas atsauces, ka ar1 ir veiktas
modelu salidzinasanas raksturpazimju Itment (Al-Qutaish, 2010; Dubey et al.,
2012; Khayamiet al., 2009; Rawashdeh & Matalkah, 2006; Ortega et al.,
2003). Si darba autore modelu salidzinasanu ir veikusi ari kvalitates
apakspazimju limeni un lielu uzmanibu ir veltfjusi terminiem, kas izmantoti
katra modelt raksturpazimju un apakSpazimju apzimésSanai. Ta ka kvalitates
modela izmantoSana bitiski ir nemt véra konkrétas situacijas kontekstu un
kvalitates vert€Sana ieintereséto pusu viedokli, tad butisks ir faktors, kadi
termini tiek izmantoti kvalitates raksturpazimju apzimesanai.

Darba veikta modelu analize raksturpazimju Itmeni paradija, ka pamata
visos modelos par kvalitates raksturpazimém tiek izmantotas tas paSas
kvalitates raksturpazimes, kuras ir apkopotas ISO 9126 modelt. Ja ar1 kada
modelt ir dots atSkirigs nosaukums, tad p&c nozimes tas atbilst ISO 9126
modela kadai raksturpazimei vai apakSpazimei.

Ja apskatitajos modelos kvalitates raksturpazimes péc nosaukumiem sakrit
par 77%, tad piedavatas apakSpazimes butiski atSkiras gan péc skaita, gan
nosaukumiem. AtSkiras arT raksturpazimju un apakSpazimju savstarp&ja
saistiba.

Analiz€jot visos modelos minétas kvalitates apakSpazimes katrai
raksturpazimei, autore ir izdalijusi tas, kuras ir sinonimi ISO 9126 miné&tajam,
un tas, kuras biitu nemamas veéra papildus, defingjot kvalitates prasibas un péc
tam novertgjot attiecigo kvalitates raksturpazimi. Piecos apskatitajos kvalitates
modelos kopuma ir piedavatas 78 unikalas apakSpazimes kvalitates
raksturpazimju novert€Sanai. Lielakais apakSpazimju skaits ir min€ts tadam
kvalitates raksturpazimém ka lietojanibaun funkcionalitite. Vienai un tai pasai
kvalitates apakSpazimei dazados kvalitates modelos tiek piedavati dazadi
nosaukumi, ta¢u péc nozimes tie ir vienadi. Autore v€las atzZimet, ka atseviskos
gadijumos piemérotaks nosaukums programmatiiras produkta izstradatajiem un
pasititajiem palidz€tu gan izvirzit, gan novertét attiecigo kvalitates raditaju,
pieméram ISO 9126 piedava kvalitates raksturpazimei uzturamba apak$pazimi
analizjamiba, tacu tadi nosaukumi ka nepretrungums, kodegums, lagmiba
un struktuetiba labak palidz&tu izprast $o kvalitates raksturpazimi.

Jauna ISO 25010 kvalitates modela izstrade parada tendenci, ka esoSie
kvalitates modeli nav pilnigi un notiek kvalitates modelu attistiba. Autore vélas
atzimét, ka jaunaja ISO kvalitates modelt nav piedavatas peéc biitibas jaunas
kvalitates raksturpazimes, bet gan ISO 9126 modeli esosas raksturpazimes un
apakSpazimes ir parstrukturizétas. Tas kvalitates apakSpazimes, kas ir
piedavatas ka pilnigi jaunas, ir jau min&tas citos autores analiz&tajos modelos,
pieméram, apak$pazime modularitite ir piedavata McCall modeli, integritate
Boehem modeli, atkartota lietojaniba McCall un Boehem modeli, bet
palidzbas iespja FURPS modeli.
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Lidz ar to autore izvirza priekslikumu izveidot jaunu kvalitates modeli, taja
izdalot divus jaunus apakSpazimju veidus — papildu un neobligatas
apakspazimes, lai vienu un to pasSu raksturpazimi padaritu konkretai auditorijai
saprotamaku. Modela izveide ir apskatita darba 4. nodala. Jauna modela izveide
ir pamatojama arT ar to, ka programmatiiras kvalitates modelos izmantoto
raksturpazimju un apakSpazimju jédzieni ir pietiekami visparigi, un autore tos
piedava izmantot ne tikai programmatiiras kvalitates novertésana, bet ar1 studiju
programmas novertéSana, tadgjadi paradot, ka programmatiras produktu
kvalitates modelus var transformét uz izglitibas sféru.

3. KVALIT ATE AUGSTAKAJA I1ZGL ITIBA

Saistiba ar augstakas izglitibas un tas rezultatu kvalitati eksist€ virkne
dazadu jautajumu, uz kuriem nav viennozimigas atbildes, piem&ram, kas ir
studiju programmas kvalitate un kas ir domats ar jédzienu ,,laba kvalitate”. Vai
kvalitativa ir studiju programma, kura ir akrediteta, vai ta, kura atbilst
ieinteres€to puSu velm&m un vajadzibam, vai ar1 ta, ar kuras absolventiem ir
apmierinati potencialie darba devéji? Tacu var arf teikt, ka studiju programma
ir kvalitativa, ja studiju process ir sakartots, vadits un kontrol&ts, ir attieciga
materiala baze un ir sasniegti definétie studiju rezultati gan katra studiju kursa,
gan visa programma kopuma.

1993. gada Harvey, Green un Burrows izstradaja metodologiju, ka novertet
kvalitati augstakaja izglitiba. Metodologijas pamata ir §adi kvalitates kriteriji:

e fizisko resursu pietickamiba;

cilvéku resursu pietickamiba;

meérku un uzdevumu skaidriba visiem dalibniekiem;

studiju kursu un to satura atbilstiba studiju programmas mérkiem un
uzdevumiem,;

studentu Iidzdaliba visos ITmenos;

programmas satura atbilstiba pieskiramajam gradam vai kvalifikacijai;
objektivitate verteésana;

konsekvence starp verté$anu un studiju kursa uzdevumiem;

atgriezeniskas saites iegliSana péc vertésanas;

zinasanu un prasmju iegiiSanas p&cteciba.

Piedavatie kriteriji biitiski nav mainijusies arT Sodienas piedavatajas studiju
kvalitates veérte$ana metodologijas. Ieklaujoties Eiropas augstakas izglitibas
telpa, Bolonas deklaracija rekomendé virzities tieSi uz studiju rezultatu un
kompetencu mérisanu, lai novertétu studiju programmu kvalitati (Bolonas
process..., 2008).

Autore sava darba neapskata augstakas izglitibas kvalitati kopuma, bet gan
studiju programmas kvalitati, jo tas ir produkts, kuru augstakas izglitibas
iestades piedava saviem klientiem — topoSajiem attiecigas nozares
specialistiem. Uz studiju programmu nevar skatities atrauti no pasas augstakas
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izglitibas iestades un tur noteiktas izglitibas sist€mas, ka arT no visas augstakas
izglitibas sist€mas valstl. Uz studiju programmu var paskatities no sisteémiskas
pieejas. Péc analogijas ar programmatiiras produktu, arT studiju programma ir
elements augstakas izglitibas iestades sist€ma, kura savukart ir elements
augstakas izglitibas sist€ma (sk. 2. att.).

Izglitibas sistema

Augstakas izglitibas iestades sistéma

Studiju virziens

Studiju programma S
komunikacija

Resursi Personals Studijas Dati / [zglitibas procesi
Tehniskais Mactbspeki Studiju kursi | | Macibu lidzekli ]
atbalsts
Studiju programma \ komunikdcija komunikacija
Resursi Personals Studijas Dati Y
Tehniskais S .. " o . v\ Izglitibas sistémas
atbalsts Macibspeki Studiju kursi Macibu lidzekli infrastruktiira

komunikacija

2. att. Studiju programma izglitibas sisémas modei

Studiju programmas kvalitati ietekmé gan tas elementi — resursi, personals,
studiju process un macibu Iidzekli — gan arT esosa izglitibas iestades un visas
valsts izglitibas sistema. Kvalitati ietekm@, un ta ir arT atkariga no izglitibas
sisttmas infrastruktiras un noteiktajiem izglitibas procesiem. Gan paSai
sist€mai, gan katram tas elementam var piekartot noteiktu kvalitates modeli un,
izvirzot kvalitates prasibas, ir jadoma, ka tas ietekmé sisteémas elementu
kvalitati un cik daudz tas ir atkarigas no visas sist€mas kvalitates.

Ka paraugu izglitibas sistemas kvalitates prasibu klasificeSanai var
izmantot programmatiiras sist€émas kvalitates prasibu klasificéSanu (ISO/IEC
25030, 2007). Sada skatijuma studiju programmas kvalitates prasibas ir dala no
studiju programmai piemitoso Ipasibu prasibam (sk. 3. att.).
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Studiju Studiju Programmai | Funkcionalas prasibas
virziena programmas | piemitoSo — - -
prasibas prasibas Tpasibu Studiju LietoSanas kvalitates prasibas
1 programmas [ —
prasibas kvalitates Argjas kvalitates prasibas
prasibas Ieksgjas kvalitates prasibas
Augstakas Programmai | Studiju maksas, studiju veida, studiju atbalsta
izglitibas pieskirto u.c. prasibas
institiicijas Tpasibu
sisteémas prasibas
prasibas Studiju Izstrades procesa prasibas
programmas
izstrades Izstrades organizatoriskas prasibas
prasibas
Citas Prasibas izglitibas sistémas infrastruktirai, literattrai, datiem, saistitiem biznesa
sistémas procesiem utt.
prasibas

3. att. Augstakasizgfitibas institiicijas sisemas pradbu klasificeSana

Kwvalitates prasibas tiek iedalitas trTs grupas: iek$gjas, argjas un lietoSanas
prasibas. Augstakas izglitibas institlicijas sistémas gadfjuma ar lietoSanas
kvalitati saprot jauno specialistu ieklausanos darba tirgli un atbilstibu darba
devgju vajadzibam, Iidz ar to galvenais So prasibu informacijas avots ir darba
devgji, ka arT absolventi, kuri strada atbilstoSaja nozaré. Tradicionali, runajot
par augstakas izglitibas kvalitati, tiek lietots arT argjas kvalitates novertéSanas
jédziens, ar to saprotot argjas institiicijas veiktu novértesanu. Saja promocijas
darba uz studiju programmam tiek attiecinats arT ar¢jas kvalitates jeédziens, kas
pec lidzibas ar programmatiiras produkta argjo kvalitati ir nosakams studiju
programmas realizé3anas laika. Argjas kvalitates prasibas studiju programmam
pamatd var ieglt no paSreiz§jiem studentiem un absolventiem, ka arl
likumdoSanas regulam. Nozimigi ir ar1 visi [émumi un vienoSanas, kas saistitas
ar Eiropas vienotas izglitiba telpas izveidi. Ieksgjas kvalitates prasibas attiecigi
veidojas no lietoSanas un ar€jas kvalitates prasibam, un tas galvenokart tiek
izmantotas studiju kursu un programmu izstrades un atjauninasanas laika, ko
veic izglitibas iestades struktiirvienibas.

Studiju programmas kvalitates novertéSanai autore piedava izmantot $adus
variantus:

e  argjas kvalitates novertejums — studentu un darba devéju aptaujas;
o ieksgjas kvalitates novert&jums — profesionalapskates.

Autore piedava studiju programmas kvalitates novert€Sanai izmantot
kvalitates modeli, kas ir I1dzigs programmatiiras produkta kvalitates modelim.
Transform&jot programminzenierijas joma izstradatos kvalitates modelus uz
izglitibas sferu, var izstradat jaunu kvalitates modeli, kas ir vienots abiem Siem
produktiem — programmatiirai un studiju programmai.
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Programmatiras produkta un studiju programmas analggija

Programmatiiras produkts un studiju programma ir abstrakti produkti, kuru
kvalitati nevar vizuali noveérte€t un Siem abiem produktiem piemérotaka
kvalitates definicija ir atbilstiba ieprieks izvirzitajam prasibam. Lidz ar to Joti
butisks ir jautajums kadas §is kvalitates prasibas ir definétas. Izstradajot gan
vienu, gan otru produktu, tiek sagatavoti virkne dokumentu, kuri p&c tam tiek
izmantoti arT produkta kvalitates novertésana. Darba ir apskatiti abu produktu
pamatdokumenti (prasibu specifikacija, projektéjuma apraksts, programmatiiras
pirmkods, studiju programmas apraksts, plans, studiju kursu apraksti) un to
savstarpgja lidziba.

Studiju programmas un programmatiiras produkta lidzibas analize balstas
uz programmatiiras projekt€juma aprakstam dotajam rekomendacijam.
Rekomendaciju shematiskaja att€lojuma ir redzama analogija (sk. 4. att.) ar
studiju programmas planu.

Programmatiiras » Studiju programmas
projektéjuma apraksts | 7 plans
Projekt&juma entitijas Studiju programmas

JeKte I B > studiju kursi

LEnthu savstargja saistba Studl]u kursu apguves sea
A e H 1}
[a] [r] [w | [0

i

4. att. Programmatiiras projektejuma un studiju programmas plana
analogija

Projektejuma apraksta zemakais detalizacijas Itmenis ir projektg&juma
entitija (att€la izmantotie apzim&jumi A, B, C, K1, K2...). Projekt&juma entitija
ir projekté§juma elements (komponents), kas ir strukturali un funkcionali
atskirigs no citiem elementiem, kam tiek pieskirts atsevisks nosaukums un uz
ko atseviski atsaucas programmatiiras izpildes laika (IEEE Std 1016). Lai gan
entitijas ir dazadas p&c savas dabas, tam piemit kop&jas raksturiezimes. Katrai
projekt€juma entitijai jabilit nosaukumam, nolikam un funkcijai. Entitiju
kopgjas raksturiezimes tiek aprakstitas ar projekt€juma entitiju atribiitiem.
Projektgjuma entitijas atriblits ir projekt€juma entitijas raksturiezime vai
ipasiba, kurai ir pieSkirts nosaukums. Atribiits apraksta biitisku projektéjuma
informaciju, bet ne informaciju, kas attiecas uz projektésanas procesu.
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Studiju programmas gadijuma lidzigs elements ir studiju kurss un kursa
ieklautas t€mas. Visi vienas programmas studiju kursi (att€la izmantotie
apzimejumi K1, K2 ...) ir izkartoti plana dalas (att€la izmantotie apzZim&jumi A,
B un C) un noradita ta apguves seciba. Studiju kursa atribtti apraksta biitisku
studiju programmas informaciju, bet ne to ka §T programma tiek realiz&ta.
1. tabula ir dota projektgjuma entitijas un studiju kursa atribiitu analogija.

1. tabula. Projektgjuma entitijas un studiju kursa atrib ati

Projektgjuma entitijas atrib ats Studiju kursa atrib its
(LVS 72, 1996) (LLU Studiju kursa nolikums...)

Identificgjums — enttijas nosaukums Studiju kursa nosaukums un kods LLU
informacijas sisttma

Tips — enttijas veida apraksts Studiju kursa vieta studiju plana — A, B
vai C dala — un parbaudes veids

Noluks — apraksts, kdé/ eksisé enttija Studiju kursa mérkis

Funkcija — konstagjums, ko erntija dara Studiju kursa satura izklasts

Paklautiba — visu to enttiju identificzjums, | Kursu sadalijums pa semestriem un

kas veido doto entju studiju darba veidiem

Atkaribas — dotzs enttijas un citu entiju Kursa saistiba ar citiem kursiem

attiegbu apraksts

Saskarne — apraksts tam, &citas enttijas Velamas prieksSzinasanas studiju kursa
mijiedarbojas ar doto eftiju apguvei, ta nepiecieSamiba citu studiju
kursu apguvei

Resursi — to projekgjumaaréjo elementu Lekciju un praktisko darbu sadalijums,
apraksts, kurus lieto détenttija nepiecieSamie tehniskie resursi kursa
realizacijai

Apstrade — to likumu apraksts, kurus lieto | Kursa prasibas kreditpunktu ieguvei
enttija, lai veiktu savas funkcijas

Dati — enttijas iek¥jo datu elementu NepiecieSamas literatiiras saraksts kursa
apraksts satura apguvei. Elektroniskie macibu
materiali

Novertgjot programmatiiras produkta ieksgjas kvalitates raksturpazimes,
programmatiiras prasibas specifikacija un projektéjuma apraksts tiek nemts ka
ievades vienums mérfjjumu veikSanai. M&rfjumu laika tiek novertéta katra
projekt&juma entitija, lai spriestu par visas programmatiiras produkta kvalitati.
Ta ka studiju programmas sikaka vieniba ir studiju kurss, tad, novertgjot katru
kursu atseviski, var tikt iegtts kopgjais studiju programmas iek§€jas un ar&jas
kvalitates novertgjums.

Autore piedava studiju procesa izmantot vienotu kvalitates modeli gan
izstradajot, gan realizgjot IT studiju programmu. Tas ir pamatojams ar to, ka IT
specialistiem studiju laika, apgilistot metodes un panémienus, ka radit
programmu, lidztekus vajadzetu aplikot arT katras S§is darbibas ietekmi uz
programmatiras produkta kvalitati. Sada gadfjuma produkta kvalitates
atseviSkie aspekti detalizétak ir jaapskata visos studiju kursos, kuri ir saistiti ar
programmatiiras izstradi un ievieSanu. Vienota kvalitates modela izmanto$ana

17



palidzes veidot kopgju izpratni gan par pasu kvalitates jeédzienu, gan kvalitates
prasibu izvirziSanu un novertésanu.

4. VIENOTAIS KVALIT ATES MODELIS

Vienota kvalitates modela (VKM) pamata ir pemts programmatiras
kvalitates modelis ISO 9126 un papildinats ar jaunam kvalitates apakSpazimém.
Modelim ir divu limenu hierarhiska strukttira (sk. 5. att.):

1. Iimenis — kvalitates pamata raksturpazimes;
2. limenis — kvalitates raksturpazimju apakSpazimes, kuras savukart tiek
iedalitas:

e  pamata apakSpazimes;

e  papildu apakSpazimes;

e  neobligatas apakSpazimes.

Modeli kvalitates raksturpazimju un apakSpazimju saistiba ir 1:N, iznemot
neobligatas apakSpazimes, tam ir saistiba N:M. Tas ir skaidrojams ar to, ka
neobligatas apakSpazimes var tikt izv€l&tas tadas, kuras var bit raksturojosas
vairakam kvalitates raksturpazimém, pieméram, apak$pazime lasamiba var tikt
izmantota gan lietojamibas, gan uzturamibas kvalitates raksturpazimes
noteikSanai.

KVALIT ATES
MODELIS
L] L v
) Pamata
1. imenis Raksturpazime 1| | Raksturpazime 2 Raksturpazime N -
raksturpaimes
Apakspazime 1 Apakspazime 1 Apakspazime 1 Pamata
apakSpammes
Apakspazime N Apak$pazime N Apakspazime N
2 kmenis Apak3pazime 1 Apakspazime 1 Apakipazime 1 Pavpild_u
apakSpaznes
Apakspazime N Apakspazime N Apakspazime N
A [ A
| | |
1 1 1 o
Apakspazime 1, Apak$pazime 2,... Apak§pazime N NEOb“gltaS
apakSpamnes

5. att. Vienota kvalitates modéa hierarhiska struktara

Vienotais kvalitates modelis katra konkréta gadijuma ir japielago
lictoSanas kontekstam un kvalitates verté$ana ieintereséto pusu prasibam. Visos
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gadijumos pielagosana javeic atbilstosi darbibu secibai, kas noteikta promocijas
darba izstradata vienota modela lietoSanas procediira (sk. 6. att.).

Noteikt/izveleties lietotaju grupu, Noteikt ieinteresétas grupas Izveleties no kvalitates modela

—> kura novértés produkta/procesa —»| kvalitates prasibas produktam/ —»  raksturpazimes, pamata un
kvalitati procesam papildu apakspazimes
NepiecieSamibas
gadijuma formulét
l neobligatas apak$pzimes

Noteikt katras izvéletas
kvalitates raksturpazimes
prioritati

Noteikt katras metrikas
minimalo kvalitativo vertibu

Izvéleties metrikas katrai
raksturpazimei/apak$pazimei

v

Noteikt darbibas produkta/
procesa kvalitates
pilnveidosanai

Veikt iegiito datu

—> . .
apkoposanu un analizi

Veikt mérisanas procesu

6. att. Vienota kvalitates modda izmantoSanas procedra

Vienotais kvalitates modelis ir veidots ar domu, ka to var izmantot visa
programmatiiras produkta kvalitates dzives cikla. Ta ka autore $aja cikla
iestraddja studiju procesu, tad darba izstrades laika Sis modelis tika aprobéts,
novertgjot studiju programmas kvalitati un paradits, ka So modeli ieviest IT
studiju  programmas saturd. Modela aprobacija notika  Latvijas
Lauksaimniecibas universitate.

Promocijas darba tiek piedavats studiju programmas kvalitates modelis (sk.
7.att.), kur§ ir iegiits no vienota kvalitates modela, veicot ta pielagosanu
atbilstoSi modela lietoSanas procediirai. Lai noteiktu modela lietoSanas
kontekstu, ir izmantota 3.2. nodala aprakstita analogija ar programmatiras
icks€jas un argjas kvalitates jédzienu. Modell ir icklautas 5 kvalitates
raksturpazimes un 21 apakSpazime. Par pamata raksturpazimém ir izvéletas:
funkcionalitite, lietojaniba, efektivitite, uzturambaun parnesaniba.

Teksgjas un argjas

kvalitates modelis

A1 L] Y ¥ [
Funkcionalitate Lietojamiba Efektivit ate Uzturamiba Parnesaniba Raksturpazmes
Derigums Saprotamiba Resursu Analizgjamiba Adaptgjamiba
Pareiziba Apmacamiba izmantosana Mainamiba Lidzaspastavésana Pamata
Sadarbspgja Cilveciskais faktors Stabilitate Aizvietojamiba apakspazmes
Funkcionala Uzturamibas Parnesamibas
atbilstiba atbilstiba atbilstiba
Prezentgjamiba Laikietilpiba Parbaudamiba Papildu
Lasamiba Neobligitas

7. att. Studiju programmas kvalitates modelis
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Vienota kvalitates modela raksturpazimju un apaks$pazimju skaidrojums
attieciba uz studiju programmu:
e Funkcionalitate (Vai studiju programma ir ietveras visas nepiecieSamas
zinasanas un prasmes):

(0]

o

(0]

derigums-— ir aktuala, atbilst studiju virziena mérkiem un darba tirgus
prasibam;

pareizba — ietvertas zina$anas un prasmes ir apgiistamas un atbilst
pieskiramas kvalifikacijas/grada prasibam;

sadarbspja — programma sasniedzamie rezultati atbalsta piedaliSanos
apmainas studijas un nodroSina nepiecieSamas zinaSanas talakam
studijam;

funkcionila  atbilstba — programma sagatavota  atbilstosi
normativajiem dokumentiem, ir akredit&ta.

e Lietojamiba (Vai programmu ir viegli macit un macities):

(0]

(0]

(0]
(0]

(0]

saprotaniba — studiju programmas plans ir sabalanséts un logiski
strukturéts, izklastijuma stils atbilst priekSzinaSanu limenim;
apmicamiba — programmas teorctisko un praktisko zinasanu apguve ir
lidzsvarota, macibu materiali ir definéti un pieejami;

prezengjamiba— macibspeku oratoru prasmes ir pietickamas;
lasamiba — programmas aprakstosie dokumenti ir sagatavoti laba
lasama valoda, atbilstosi normativajiem dokumentiem;

cilveciskais faktors- pakape, lidz kurai studiju programmas realizaciju
var iespaidot konkréts macibspeks.

o Efektivit ate (Vai studiju programma ir efektiva):

(0]

(0]

laikietilpiba — programmas apjoma atbilstiba apgfiSanai atvélétajam
laikam;
resursu izmantoSana- programmas realizacijai ir nepiecieSamie
resursi.

e Uzturamiba (Vai studiju programmu ir viegli uzturét):

0
(0]

(0]

analizzjamiba — studiju programmas plans, un ta saturs ir analiz&jams;
mainzmiba — studiju programmu ir iesp&jams modificét, nepasliktinot
tas apmacamibu;

stabilitite — studiju programmas saturu nav nepiecie$ams
atjauninat/modificet studiju gada laika;

parbaudimiba - studiju programmas meérka sasniegSana ir
parbaudama;

uzturambas atbilstba — programmai ir izstradati nepiecieSamie
normativie dokumenti, studiju programmas kvalitates novertgjums ir
pieejams.

e Parnesamba (Vai studiju programmu ir viegli pielagot citai auditorijai):

(0]
0

lidzzspastiveSana— programma neprasa specifiskas priek§zinasanas;
adapgjamiba — programmas pielagosana citai valodai vai citai
kultiiras telpai neprasa izstradat to pilnigi no jauna;
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0 aizvietojaniba — pakape, 1idz kadai programmas rezultatus var iegat
citd programma;

0 parnesanibas atbilsiba — atbilstiba normativiem dokumentiem, kas
regul€ studentu apmainas programmas.

Koncepcija kvalitates modda ieklauSanai studiju programmas satué
Programmatiras izstrades specialistu sakotngja sagatavoSana notiek studiju

laika, apgistot ar informacijas tehnologijam saistitu studiju programmu. Studiju

programmas ka galvenais uzdevums tiek izvirzits sniegt zinaSanas par
programmatiiras produktu izstrades rikiem un panémieniem. Paral€li tam tiek
aplikoti izstrades procesi, to organizésana, vadiba un kvalitates nodrosinasana.

Tadgjadi katra atseviska studiju kursa netiek aplikota apglistamas ricibas

ietekme uz gala produkta kvalitati. Darba autores pieredze gan informacijas

tehnologiju sisteému izstrade, gan §is nozares studiju programmu realizacija, ir
lavusi izvirzit hipotézi, ka blitu nepiecieSams jau studiju laika potencialajiem
informacijas tehnologiju sféras darbiniekiem dot padzilinatas zinasanas par to:

e kanovertét gala produkta kvalitati,

e kadu iespaidu uz produkta kvalitati rada dazadi izstrades gaita izveletie
risinajumi un pienemtie [émumi;

e kadas ir iespgjas kvalitati uzlabot.

Lai to realizétu, ir japilnveido informacijas tehnologiju studiju programmu
saturs. Ka galvenais informacijas avots programmattiras produkta kvalitates
modela ieklausanai studiju kursu satura pilnveidoSanai, promocijas darba
izstradasanas laika, tika izv€leta studiju kursu un programmatiras kvalitates
raksturpazimju savstarp&jas ietekmé&jamibas matricas izstrade, atgriezeniska
saite par programmatiiras gala un starpproduktu novertésanu IT uzn€mumos un
macibspéku aptauja.

Autore koncepcija par kvalitates modela ieklauSanu studiju programmas
satura izdala 4 solus
1. No bakalaura limena informacijas tehnologiju studiju programmam izdalit

kursus, kuri ir saistiti ar programmatiiras produktu izstradi.

2. Izdalitos studiju kursus sadalit ¢etros programmatiiras produkta izstrades
etapos — algoritmu izstrade, datu bazes izstrade, kodesana un testesana.

3. Izmantojot autores izveidoto uzpémumu specidlistu un macibspeku
viedokla apkopojumu par programmatiiras produkta kvalitates
raksturpazimém studiju procesa, izdalit tas apakSpazimes, par kuram
attiecigajos studiju kursos biitu jamaca.

4. Papildina esoSos studiju kursu saturu ar attiecigajam kvalitates
raksturpazimém, uzsvaru liekot uz to, ar kadam darbibam kvalitati var gan
palielinat, gan samazinat.
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5. VIENOT A KVALIT ATES MODELA IZMANTOSANA

Darba izstradatais vienotais kvalitates modelis tika aprob&ts studiju
programmu iek§€jas un ar&jas kvalitates novertesanai.
Studiju programmas iekja kvalitate

Studiju programmas ieksgja kvalitate ir taja ietverto studiju kursu saturs.
Studiju programmas ieks€jas kvalitates vertéSanu autore piedava organizét
profesionalapskasu veida. Apskates dalibnieku grupa bitu jaietver profil&joso
katedru macibspeki un studiju programmas absolventu parstavji (esosie
magistranti vai doktoranti). ApskaSu darbam var piesaistit arl nozares
specialistus. Ta ka viena studiju programma satur vairakus desmitus studiju
kursu, tad grupu sastavs var biit mainigs.

Katra studiju kursa satura noveért€Sana ir jaorganiz€ klatienes
profesionalapskasu veida. Katra apskate biitu jabalsta wuz S$adiem
dokumentiem — kursu programmas, kursu pieteikuma veidlapas (ja tadas tiek
lietotas), studiju kursu esosas programmas (lai noveértetu kursa satura izmainas),
visas studiju programmas plans. leksgjas kvalitates novertésana lidztekus ir
jaizmanto arT augstakas izglitibas iestades bibliotekas elektroniskais katalogs,
lai var€tu spriest par studiju kursa noraditas literatliras pieejamibu.

Studiju programmas ieksgjas kvalitates noverteésanai autore piedava studiju
kursu satura kvalitates novért€Sanas procediiru, kura ir izdaliti 6 soli (sk.
8. att.).

1. solis - Kvalitates pragbu 2. solis - NoertSanas 3. solis - Noert éSanas

> A specifigSana i
identificeSana Izvelstajam modela planoSana
No modela izdala novértésana —»| y —>» Noveértésanas plana izstrade,

izmantojamas kvalitates apak§pazimem nosaka rofesionalapskates grupas
) metrikas, kuras tiks izmantotas P P grup

—>

raksturpazimes/apak§pazimes kvalitites pazimes novartssanai izveide
]
v
4, solls_— N_o@rt eSanas 5. solis - legito rezultatu 6. solis - Kvgll_tﬁt_es pilnveides
izpilde analize aktivit ates

8. att. Studiju programmas iek&jas kvalitates no\Ert éSanas procedira

1. solis— Kvalit ates pradbu identificeSana

No kvalitates modela ir jaizdala tas kvalitates raksturpazimes un
apakSpazimes, kuras konkrétaja noveértesana tiks novertetas. Atkariba no ta vai
studiju kursa satura novert€Sana notiek pirmo reizi vai atkartoti, izmantotas
kvalitates raksturpazimes var biit atSkirigas. Pirmaja sakotn&ja studiju kursa
novertéSana butu v€lams izmantot visas raksturpazimes, jo ir jaiegiist pilns
satura kvalitates novert€jums. Organiz&jot atkartotas studiju kursu
profesionalapskates, var izdalit atseviskas apakSpazimes, kuras v€las novertet.
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2. solis— NoverteSanas specifigSana
P&c kvalitates raksturpazimju/apakSpazimju izvéles ir jaizvélas metrikas, ar

kuram tiks noverteta katra apakSpazime. Atkariba no ta, kadas kvalitates
raksturpazimes ir izv€l€tas pirmaja soli, metriku skaits katra novert€Sana var
atSkirties. Darba ir dotas studiju kursa ieksgjas kvalitates raksturpazimju
novertésanai iesp&jamas metrikas, skaidrojums uz kadu jautajumu metrika
atbild un vienums, kuru izmantot, lai novértétu kvalitati.

3. solis— NoverteSanas pinoSana
Pirms uzsakt studiju programmas ieksgjas kvalitates novertéSanu ir javeic

tas planosana:

e jaizvelas kursi, kuri tiks novertéti. Ja ta ir studiju programmas pirmreizgja
novertésana, tad bitu janoverte visi studiju kursi. Atkartotas novertésanas
gadijuma var izvel&ties atseviskus studiju kursus;

e jaizveido studiju kursu profesionalapskasu kalendarais plans;

e jaizveido profesionalapskaSu dalibnieku grupas;

e jaizveido studiju kursa ieks€jas kvalitates novert€sanas kontroljautajumu
saraksts. Atkariba no ta vai kurss tiek novertets pirmo reizi vai atkartoti,
apskates dalibniekiem domato kontroljautajumu saraksts var biit mainigs.
Darba ir dots pilns studiju kursa kontroljautajumu sarakts;

e profesionalapskates dalibniekiem jaizsita studiju kursa apskatei
nepieciesamie dokumenti (apskatamie vienumi) un kursa novértgjuma
kontroljautajumu sarakstu;

e jainformé apskates dalibnieki par klatienes tikSanos un to, ka tiks
organizgta studiju kursa noveértésana.

4. solis— Novert éSanas izpilde
Katra studiju kursa ieks€jas kvalitates novert€Sanai ir janotiek,

profesionalapskates grupai tiekoties klatiene. Apskates dalibnieki pirms
klatienes tikSanas, izmantojot kontroljautajumu sarakstu, noverte attieciga
studiju kursa saturu. Kontroljautajumu saraksts apskates dalibniekiem
nodro$ina vadlinijas un dod iesp&ju iegiit vieglak analiz€jamu un salidzinamu
informaciju par interes€josam kvalitates raksturpazimém. Profesionalapskates
klatienes tikSanas merkis ir apspriest studiju kursa saturu, dodot ierosinajumus
ta pilnveidei.

5. solis- leguto rezultatu anahze
Kontroljautajumu saraksta datu elektroniska apstrade nav nepiecieSama, jo

studiju kursa satura kvalitates vertejums ir kvalitativs, to nav nepiecieSams
izteikt skaitlos. NovertéSanas biitiba ir saprast, kas kursa tiek macits, vai tas
atbilst studiju programmas izvirzitajiem mérkiem un sasniedzamajiem
rezultatiem, ka tas saskanojas ar citiem studiju programmas kursiem, ka ari
ieteikt kursa satura pilnveides priekslikumus. Profesionalapskasu dalibnieku
aizpildttie kontroljautajumu saraksti studiju kursa profilgjoSajam macibspekam
sniedz papildu informaciju par to, ko nepiecieSams pilnveidot studiju kursa.
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6. solis— Kvalit ates pilnveides pagkumi

Apskates laika studiju kursa autors (macibspeks) sagem ierosinajumus
kursa programmas satura pilnveidei, ja tada ir nepiecieSama. Ja kursa
programma ir javeic bitiski labojumi, kursa apskate pec noteikta laika tiek
organizeta atkartoti.

Studiju programmas icksgjas kvalitates novert€Sana bitu javeic katram
jaunam studiju kursam p&c programmas izstrades, pirms ta realizacijas
uzsakSanas, un atkartoti visiem studiju programmas kursiem vismaz divas
reizes programmas akreditacijas perioda.

Studiju programmas ar & a kvalitate

Studiju programmas argja kvalitate ir novertéjama p&c tas realizacijas
studiju procesa un sasniegtajiem studiju rezultatiem. Studiju programmas ar€jas
kvalitates novertetaji ir studgjosie, kuri apgtst attiecigo programmu.

Studiju programmas argjas kvalitates noverteSanai autore piedava
procediiru, kura ir izdaliti 4 soli (sk. 9. att.).

oy
-

1. solis- Kvalitates metriku izvéle

'

2. solis- MériSanas procesa realizacija

v

3. solis- Rezultatu apkoposana

—

Studiju kursa Macibspeka Studiju
. _ . _ programmas
griezuma griezuma - -
griezuma

v Y Y

4. solis- Rezultatu analize un kvalitates pilnveide

9. att. Studiju programmas ar &jas kvalitates no\ert éSanas procedra

1. solis- Kvalit ates metriku izvele

Darba ir izstradatas metrikas, kadas var izmantot programmas ar€jas
kvalitates novert€sanai, izmantojot studentu anketéSanu par katru apgtto studiju
kursu. Autores ieteikums biitu vienas novérteéSanas laika neietvert vairak ka
10 kvalitates apakSpazimju, jo katram studentam semestrT ir janoverte vidgji 5 —
10 studiju kursi (apgito studiju kursu skaits semestri).
2. solis—- Merisanas process

Kvantitativo datu ieguvei ir iesp&jams izmantot anketéSanas metodi.
Studiju kursa novertgjuma anketu vajadzetu veidot ka matricas tipa anketu, un
taja papildus ieklauj vienu atvérta tipa jautagjumu. Autore piedava izmantot
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Likerta skalu ar intervalu no 1 Ilidz 5: loti zems, zems, viduvgjs, augsts, loti
augsts. Specialas respondentu izlases grupas nav javeido, jo viena studiju
programma studé videji no 50 Iidz 300 studentu un kvalitates novertéSanas
merkis ir iegiit katra studiju kursa noveértgjumu. Ta ka studiju kursu novertetaji
ir studenti un katra vertéSanas reizé var piedalities no daziem simtiem Iidz
vairakiem tukstoSiem studentu (atkariba no augstskolas lieluma), tad butu
velams izmantot augstskolas informacijas sisteému vai kadu anketgSanas riku.
3. solis— Rezultatu apkopoSana

Studiju programmas argjas kvalitates novertg§juma apkopoto datu
rezultatiem ir vairakas ieinteresétas puses: studenti, macibspeki, studiju
programmu direktori un universitates vadiba. Lidz ar to studiju kursu
noverté$anas rezultatus autore iesaka apkopot tris griezumos

1. Studiju kursa griezumsdatu apkopojums metriku Iimeni.

2. Macibspgka griezums- datu apkopojums par visiem viena macibspéka

vaditajiem kursiem.
3. Studiju programmas griezumsdatu apkopojums kvalitates modela
raksturpazimju, apakSpazimju un metriku Itment.

4. solis- Rezultatu anafize un kvalitates pilnveide

Studiju programmas kvalitates novertgjuma datu apkopojums 3 griezumos
nodro§inas atgriezenisko saiti dazados Itmenos un, analizgjot kvalitates
novertéjuma rezultatus gan péc katra semestra, gan par ilgaku periodu kopa,
macibspekiem, studiju programmu direktoriem un augstskolas vadibai atvieglos
kvalitates pilnveides pasakumu izstradi.

Modela aprobacijas laika, argjas kvalitates novertéSanai no vienota
kvalitates modela tika izveletas 3 kvalitates raksturpazimes un 9 apakSpazimes
(sk. 3. tabulu).

3. tabula. Izveletas metrikas studiju programmasar gjas kvalitates

novert eSanai
Kvalita tes .
- < Metrika
raksturpazime/apakSpatme
Funkcionalitate/Derigums Vai studiju kursa izklasts atbilst kursa aprakstam?
. o - Vai ir iegit 1 inas
Funkcionalitate/Derigums ai ir ieglitas noderigas zinaSanas, prasmes un
kompetence?
Funkcionalitate/Pareiziba Vai macibspéks parzina studiju kursa saturu?
Funkcionalitate/Sadarbspéja Vai studiju kurss nedublg citu studiju kursu
saturu?
D _ Vai studiju ki te a cks izskai
Lictojamiba/Saprotamiba ais udlj'u ursa témas macibspeks izskaidro
saprotami?
D _ Vai uzsakot ijuk acibspeks iepazisti
Lictojamiba/Saprotamiba ai uzsako Studl_]}l kursu, macibspeks iepazistina
ar ta apguves prasibam?
S o Vai macibspéka izmantotas macibu metodes un
Lietojamiba/Apmacamiba . _ .. .
pan@mieni sekmé studiju kursa apguvi?
Lietojamiba/Prezentgjamiba Macibspeka oratora prasmes?
Lietojamiba/Cilvéciskais faktors Vai macibspéks konsultacijas ir pieejams?

25




3. tabulas turpinajums

Kvalita tes

raksturpazime/apakSpatme Metrika

Efektivitate/Laikietilpiba Vai parbaudes darbi veicina studiju kursa apguvi?

Vai studiju macibu materiali ir pieejami un vai tie

Efektivitate/Resursu izmantoSana - . .
veicina studiju kursa apguvi?

Katras metrikas vertgjuma skalas intervals ir no 1 lidz 5 (1-]oti zems,
2—zems, 3-—vidgjs, 4—augsts, 5—loti augsts). Studentiem kursu vert€Sanas
procesa ir janoverte katrs semestr1 apgiitais studiju kurss p&c 3. tabula dotajam
metrikam, ka arT ir iespgja briva teksta pierakstit ierosinajumus kursa
pilnveidei.

Novertejot un apkopojot datus par visiem vienas studiju programmas
studiju kursiem, var ieglt kopgo studiju programmas argjas kvalitates
novertéjumu péc izveletajam vienota kvalitates modela raksturpazimém,
apakspazimém un metrikam. Sadai datu apkoposanai autore piedava izmantot
vienotu metodi — novertesanas laika iegiito datu vértibu interpretéSanas formu
(sk. 4. tabulu).

4. tabula.

Metrikas datu interpret éSanas formas pierars

Raksturlielums

Skaidrojums

Metrikas mérkis

Vai studiju kursa izklasts atbilst kursa aprakstam?

Pielietojuma Novertéjuma anketas saskaita doto negativo vertgjumu skaitu
metode (1,2,3) un to salidzina ar kop&jo novertgjumu skaitu
Formula un | X=1-A/B
mainigo A — negativo novertgjumu skaits
skaidrojums B — kopgjais novertgjumu skaits
Rezultatu 0<=X<=1
interpretacija Jo tuvak 1, jo labak
Metrikas skala Ordinara (1-]oti zems, 2—zems, 3—vidgjs, 4—augsts, 5—loti
augsts)
Merfjumu tips A, B — skaits
X — skaits

Sads datu interpretéSanas veids ir transforméts no programmatiiras

produkta izstrades sféras. Programmatiras produkta kvalitates modelis ISO
9126 standartu Itment (ISO 9126-2, ISO 9126-3) piedava kvalitates
raksturpazimju metrikas un novertéSanas laika ieglito rezultatu interpretacijas
veidu.

Studiju programmas kvalitates raksturpazimju vertibas aprékinasanai
autore piedava izmantot formulu:

A (1
KRV, =1-,

kur KRV, — kvalitates raksturpazimes/apakSpazimes/metrikas kopg&jais

novertjums;
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A — kopgjais negativo novertgjumu skaits;
B — kopgjais novertgjumu skaits.

Ja katrs studiju programmas kurss tiek noveértéts ar skalu no 1 Iidz 5, tad
par negativajiem vertg§jumiem tiek piepemti 1, 2 un 3. Kbvalitates
raksturpazimes, apakSpazimes vai metrikas kopg&jais noveért€§jums vienmeér biis
robezas no 0 Iidz 1. Jo $is vertejums ir tuvak skaitlim 1, jo kvalitate ir augstaka.
Sada rezultatu interpretéSanas varianta autore piedava skatities novértgjuma
virzibu. Ja vert€§jums ir tuvak 0.5 vai zem ta, tad ir jadoma par kvalitates
pilnveides pasakumiem p&c attiecigajam kvalitates raksturpazimém,
apaks$pazimém vai metrikam.

Ta ka darba autore studiju programmas ar¢jas kvalitates novertéjuma datus
piedava apkopot 3 griezumos, tad arT to vizualais atspogulojums ir janodroSina
3 griezumos. Aprobgjot vienoto kvalitates modeli Latvijas Lauksaimniecibas
universitates studiju programmu novértéSanai, tika piepemts Iemums
novertgjuma datus atspogulot divos veidos:

1. universitates informacija sisttma — studiju kursa un macibspéka
griezuma;
2. jauns lietojums — studiju programmas greizuma.

Lémums ir pamatojams ar to, ka studiju kursu un macibspéku greizums ir
domats tiesi konkrétiem macibspekiem un augstskolas vadibai un tie nav
paredzéti publiskai apskatei. Sajos griezumos dati ir jaapkopo katras metrikas
Iiment, lai tas palidz&tu macibspekiem identificet kursu kvalitates vajakas
vietas un veikt attiecigus pilnveides pasakumus. Uzlabojot katru kursu
atseviski, kopuma tiks pilnveidota arT studiju programmas kopgja kvalitate.
Savukart studiju programmas greizuma datu apkopojums notiek pec VKM
raksturpazim@m un ir domats, lai visi augstskolas studenti un macibsp&ki varétu
iepazities ar katras augstskolas studiju programmas argjo kvalitati. Sim
nolitkam darba ietvaros tika izstradaja jauna lietojumprogrammatiira (SPKV —
studiju programmas kvalitates vert€§jums), kuras meérkis ir nodrosinat iesp&ju
katram LLU studentam, macibspékam un vadibai iepazities ar studiju
programmas kvalitates modeli un ieglt datus par universitates studiju
programmu ar¢jas kvalitates kop&jo novertgjumu.

SPKV lietotajiem piedava grafiku veida apskatit studiju programmas
kvalitates novertg§jumu péc katras no vienota kvalitates modela izveletas
raksturpazimes un apakSpazimes. Ta ka kvalitates modela izmantoSana studiju
programmas novertéSanai ir jauna pieeja un kvalitates raksturpazimju/
apakSpazimju skaidrojumi attieciba uz studiju programmam ir jauni, tad SPKV
ir piedavats arT metriku datu attélojums.

Datu att€loSanas diagrammas (sk. 10. att.) katrai studiju programmas
kvalitates raksturpazimei/apakSpazimei/metrikai ir att€lots:

e novertesanas laika ieglitais minimalais novertejums;
e novertesanas laika ieglitais maksimalais novertgjums;
e ieprieksgjas novertesanas rezultats;
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e pedgjas novertesanas rezultats;

e pedgja un ieprieksgja novertejuma salidzinajums — pieaug vai samazinas.
Sis salidzindjums ir redzams ari vizuiali — ja stabin$ diagramma ir
aizkrasots, tad kvalitates novertgjums pieaug, ja tukss, tas samazinas.

ApakSpazimes

1.00 Saprotamiba paaugstinis
: Mdin: 0.686
Mdax: 0.847
Teprielcigjais vartgjums: 0.708

P&dgjais vert&jums: 0.731
075 I_L‘
I T

& o s > > a0n >
A o oY & Pt o e
0.;“ ¥ Q™ A Lo e P e
Eo o S

Funkcionalitite — Derigums, Pareiziba, Sadarbspé&ja
Lietojamiba — Saprotamiba, Apm3acamiba, Prezent€jamiba, Cilveciskais faktors
Efektivitate — Laikietilpiba, resursu izmantofana

10. att. Studiju programmas kvalitates apakSpaemju kopsavilkums

Uzsakot kvalitates pilnveides pasakumus, svarigi ir saprast vai pilnveide ir
javeic péc visam kvalitates raksturpazimém. Tap&c autore, analiz&jot seSos
semestros iegiitos studiju programmu argjas kvalitates noveértgjuma datus,
velgjas noskaidrot vai pastav sakariba starp kvalitates raksturpazimém un
apakSpazimém. Sakaribas noteikSanai tika izmantots Spirmena rangu
korelacijas (SRK) koeficients, kas méra sakaribas starp rangu skalas
mainigajiem.

Datu analize paradija, ka pastav cieSa un loti cieSa datu sakariba starp
visam trim kvalitates raksturpazimém - funkcionalitite, lietojamba un
efektivitite (sk. 5. tabula). Tabula treknraksta atziméts koeficients, kur§ norada
uz loti cieSu sakaribu.

5. tabula. Kvalit ates raksturpazmju savstarpejas sakaibas koeficienti

Raksturpazime Funkcionalitate | Lietojamiba Efektivitate
Funkcionalitate 1

Lietojamiba 0.831 1

Efektivitate 0.746" 0.709" 1

* p=0.01, n=94
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Ja kvalitates pilnveides pasakumos tiks palielinata kvalitate péc
raksturpazimes funkcionalitite, tad var gaidit, ka palielinasies ari péc
raksturpazimes lietojanibaun otradi (sk. 11. att.).
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11. att. Studiju programmas kvalitates noert gjums pec raksturpazimem
funkcionalitate un lietojamiba pa studiju semestriem

Apak$pazimju limeni tika noteikts vai pastav sakaribas starp vienas
kvalitates raksturpazimes apakSpazimém, gan ar1 starp vairaku raksturpazimju
apakSpazimém. Sakaribas ar ticamibu 99% (p=0.01) pastav starp visam
kvalitates apakspazimém. Apskatot apakSpazimju savstarp&jo saistibu vienas
raksturpazimes ietvaros, tad loti cieSasaistiba pastav starp:

o funkcionalitate — pareizbaun derrgums(SRK=0.81). Studiju programmas
kursu satura atbilstiba definétajiem mérkiem un uzdevumiem ietekmée to,
vai tiks sasniegti definétie studiju rezultati;

e lietojamiba — apmacamiba un prezengamiba (SRK=0.835). Studiju
programmas kursu realizacija izmantojamas metodes ietekm& to vai
studiju kursu satura izklasts ir saprotams un ieinteres€joss;

e cfektivitate — laikietilpiba un resursu izmantoSanéSRK=0.849). Studiju
programmas satura apguvei pieejamie macibu materiali ietekme to, vai
studiju programmas apguves laiks ir pietickams.

Kvalitates uzlaboSana un nodroSinasana izglitibas iestadé neapSaubami
nosaka esoSo kontroles mehanismu parveidosanu un jaunu mehanismu
ieviesanu. ST politika biis efekfiva tikai tad, ja tai biis kompleksa attistibas
programma, kura ietver virkni tadu elementu ka esos$as likumdosanas
izmainiSana, jaunu stimulu radiSana un jaunas pieredzes iegtSana. Kvalitates
uzlabo$anas politika ka strategisku funkciju ietver arf macibspéku un studentu
akttvu lidzdalibu tajas aktivitates, kas uzlabo un nodro$ina kvalitati. Studiju
process nav tikai katra individuals darbs, bet gan kolektiva darbs, un studiju
kvalitati var nodroginat tikai ar kopigu visa kolektiva darbibu. Saja zina studiju
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procesam ar ir cieSa analogija ar programmatiras izstradi, jo misdienas
programmatiiras produkts izteikti ir kolektiva kopiga darba rezultats.

SECINAJUMI

1. Programmatiiras produkta kvalitate nav viennozimigs jédziens, un ta
vienmer biis atkariga no skatupunkta no kada ta tiek apliikota. Par kvalitati
var spriest un to novertet, ja ir izvirzitas konkrétas kvalitates prasibas. Lidz
ar to produkta kvalitates raksturpazimes un to savstarpgja saistiba ir
jaapskata katra konkréta situacija individuali.

2. Kvalitate programmatiiras izstrade vienmer iet kopa ar papildu izmaksam.
Lai samazinatu kvalitates izmaksas nakotng, ir javeic dazadi ieguldijumi
preventivos pasakumos. Viens no Sadiem pasakumiem ir personala
sagatavo$ana, kas sakas jau studiju laika. Jauno informacijas tehnologiju
specialistu  apmaciba wuzsvars ir japarliek no ta, ka izstradat
programmatiiras produktu, uz to, ka izstradat kvalitativu programmatiiras
produktu.

3. Programmatiiras kvalitates modeliem ir butiska nozime, lai definétu un
noveértétu programmatiiras produkta kvalitati, jo modeli veido vienotu
skatijumu uz produkta kvalitati hierarhiskas kvalitates raksturpazimju
strukttiras veida.

4. Kvalitates modelu daudzveidiba un jaunu modelu izveide parada, ka to
autori mégina piedavat izstradatajiem un lietotajiem intuitivi saprotamakas
kvalitates raksturpazimes un apaksSpazimes, mainot tikai nosaukumus, jo
p&c nozimes tas ir vienadas. Pieméram, ISO 9126 modelt ir apakSpazime
klzdu tolerancebet FURPS modeli k/izdu biezums un nopigtre, savukart
ISO 9126 modeli apaks$pazime mainamiba, bet Bochm modeli izaugtsgja
un FURPS modeli paplaSimimiba.

5. Vienotais kvalitates modelis nodrosina vienotu pieeju kvalitates prasibu
izvirzisanai un novert€sanai informacijas tehnologiju izstrad€ un studijas.

6. Studiju programmas kvalitates novertésana var izmantot vienoto kvalitates
modeli, jo gan programmatira, gan studiju programma ir abstrakti
produkti, kurus nevar fiziski nosveért, nomérit vai ka citadi vizuali novertet.

7. Izmantojot vienoto kvalitates modeli, augstakas izglitibas iestadei studiju
programmas kvalitate blitu javerte ne tikai tas akreditacijas laika, kas ir
reizi divos vai seSos gados, bet gan regulari un, balstoties uz iegitajiem
kvalitates noverte§jumiem, ir javeic pilnveides pasakumi gan programmas
ieksgjas, gan argjas kvalitates uzlaboSanai.

8. Studiju programmas ieks€jas kvalitates novert€Sana var izmantot
profesionalapskates, bet argjas kvalitates novertésana ir jaiesaista studenti,
jo vini tiesa veida ir iesaistiti studiju procesa.

9. Ar ticamibu 99% studiju programmas argjas kvalitates modell pastav
korelacija starp raksturpazimém un apak$pazimém. Loti cieSa saistiba
pastav starp s$adam apaks$pazimem:
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10.

11.

(%)

. funkcionalitates raksturpazimei — pareiziba un derigums (SRK=0.81).
Studiju programmas kursu satura atbilstiba defingtajiem merkiem un
uzdevumiem ietekmé to vai tiks sasniegti defin€tie studiju rezultati;

. lietojamibas raksturpazimei — apmacamiba un prezent&jamiba
(SRK=0.835). Studiju programmas kursu realizacija izmantojamas
metodes ietekmé to, vai studiju kursu satura izklasts ir saprotams un
ieinteres¢joss;

o  cfektivitates raksturpazimei — laikietilpiba un resursu izmantoSana
(SRK=0.849). Studiju programmas satura apguvei pieejamie macibu
materiali ietekm& to vai studiju programmas apguves laiks ir
pietiekams;

o  funkcionalitates un efektivitate raksturpazimém - derigums un
laikietilpiba (SRK=0.84). Studiju programma definétie studiju
rezultati ietekmé to, vai programmas apguvei nepiecieSamais laiks ir
pietiekams.

Studiju programmu kvalitates raksturpazimju savstarpgjo saistibu var

izmantot kvalitates pilnveides pasakumu organizéSana. Uzlabojot kvalitati

p&c vienas raksturpazimes, ar ticamibu 99% kvalitates uzlabosies arT p&c

citas.

Programmatiiras kvalitates raksturpazimju un studiju kursu savstarpgja

saistiba nodrosinas, ka studenti jau studiju laika, apgiistot konkrétus studiju

kursus, uzzinas, kas un ka var ietekmét programmatiiras kvalitati. Tadgjadi
tiks raditi priekSnoteikumi, lai nakotné izstradatu kvalitativus
programmatiiras produktus.

Priekslikumi turpm akajiem pétijumiem

Turpmakajos  pétljumos  iespgjams  analiz€  ieguvumus  no
profesionalapskasu ievieSanas studiju programmas ieksgjas kvalitates
novertésana.

Turpmakajos petijumos var parbaudit un novertet, vai studiju programmas
argjas kvalitates modell pastavoSo Spirmena ranga korelaciju starp
raksturpazimém un apakSpazimém var izmantot kvalitates pilnveides
pasakumu organiz€sanai.

Pielagot vienoto kvalitates modeli procesu kvalitates noveértesanai.
Turpmakajos pé&tfjumos blitu nepiecieSams analizet, kadi ir ieguvumi no
autores piedavatas koncepcijas par kvalitates modela ieklauSanu
informacijas tehnologiju studiju programmas satura.

Piedavat izstradato vienoto kvalitates modeli citam augstskolam savu
studiju programmu kvalitates novertésanai.
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19. “Quality Life Cycle of the Study Programme and Methodology for
Evaluation”. The 3" Institutional Strategic Quality Management: from
Minimum Requirements to Overall Quality Improvement - ISQM2011,
July 14-16, 2011, Sibiu, Romania.

20. “Software Development Quality Models in Engineering Education”. The
10" International Scientific Conference “Engineering for Rural
Development'May 26-27, 2011, Jelgava, Latvia.

21. “Bvaluation of Study Programme External Quality”. The 17" International
Scientific Conference “Research for Rural Developmeiay 18-20,
2011, Jelgava, Latvia.

22. “Methodology for Evaluation of Internal Quality of the Study
Programme”. EQANIE-Conference: Learning Outcomes and Quality
Management in Informatics Education, February 17-19, 2011, Vienna,
Austria.

23. “Quality Model of the Curricula of Information Technology Studies”. The
4™ International Scientific Conference “Applied Information and
Communication TechnologieSICT’2010”, April 22-23, 2010, Jelgava,
Latvia.

24. “Development of the Faculty Quality Model and Definition of Control
Processes”. Riga Technical University, the 50™ International Scientific
Conference, October 12-14, 2009, Riga, Latvia.

INTRODUCTION

Topicality of the research

The notion of quality is one of the notions being currently in practice and it
is used by the society in almost all spheres. Quality is getting attention, to a
certain extent, in all areas of human endeavour. On the one hand, it is good as it
attracts general attention, facilitates the performance of specific tasks and the
raising of funds that really contribute to the development of a particular sphere
(Hoyer, 2001). Quality has been regarded as one of the major drivers of
competitive strategy in every industry (Li & Meissner, 2008). On the other
hand, it may be dangerous since it devalues the notion of quality itself and it
may seem that speaking about quality simultaneously improves it. It is one of
the mistakes made in the sphere of quality assurance. Real necessity is another
aspect related with quality. It is one of the possibilities to increase work
efficiency and performance quality.

Quality in software engineering has always been and it will always be an
essential aspect. Non-quality products are still being developed regardless that
many and various quality models and methods to ensure the quality assurance
in software engineering have been developed during the course of time to
postulate and assess the quality requirements for a software product. Many
software development projects fail due to imprecise definition of quality
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requirements. Software product quality cannot be added to a product after its
development but rather shall be created during the product development stage
(Bawane & Srikrishna, 2010). Part of the quality of a software end product
forms in every stage and process of its life cycle, and various factors affect its
formation.

The personnel participating in the software quality development plays a
significant role in software quality. The core fundamentals for their
professional qualification, knowledge and competence on software quality are
laid during studies while mastering study programmes related with information
technologies. Therefore, the study process should also be included into the
software product life cycle. In the sphere of education, study programmes have
their own quality criteria, which mainly refer to the external quality of a study
programme, i.e. the quality expressed in the organisation of study process and
the study process itself. Scientific publications provide a set of research on
assurance, measurement, and evaluation of quality in higher education area
(Tam, 2001; Tan & Kek, 2004; Clewes, 2003; Van Der Wende &
Westerheijden, 2001). However, reviewing literature on research related with
the ensuring of software quality, the author failed to find studies applying a
single view on quality throughout the entire stages of the life cycle. Similar
situation was observed reviewing publications on the valuation of education
quality, where the author failed to find studies on the quality valuation of study
programmes with the application of quality models including defined quality
characteristics and subcharacteristics. The author in her PhD thesis offers to
establish a single view on quality throughout the entire life cycle of software
encompassing the quality of personnel training and studies. The author has
proposed a recommendation to perceive a study programme as software
product and to apply a single quality model based on the hierarchic quality
model of software product for the evaluation of their quality. The PhD thesis
includes the author’s developed concept for the inclusion of software product
quality in the content of undergraduate programme of information technologies
to develop students’ abilities to master the impact of every software
development step on the quality of end results, and thus, to create preconditions
for the future development of quality software products.

Aim and tasks of the PhD thesis

The research aim is to offer a solution for the improvement of software
product quality through the improvement of quality assessment of study
programmes in information technologies and acquisition of software product
quality.

The following tasks have been advanced in the research process to achieve
the set aim:

1) to study the role and significance of quality in the life cycle of software
products;
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2)
3)

4)
5)
6)
7)

8)

to analyse quality models of software products;

to analyse the present methods and approaches applied to management of
the study process quality;

to analyse the applicability of software product quality model in the sphere
of education;

to define an extended life cycle of software product quality model with the
included study process;

to develop a single quality model for the quality evaluation of software
development, and evaluation of software development and study quality;

to approbate the single quality model for the quality evaluation of study
programmes;

to develop a concept for the inclusion of software quality model in the
study programme of information technologies.

Research methods

Literature review, analysis and synthesis, classification, peer review

evaluations, questionnaires, processing and analysis of statistical data,
programming.

Scientific novelty

A single quality model applicable within the framework of the whole life
cycle has been developed for the quality evaluation of software product, its
development and maintenance processes as well as for the quality
evaluation of study programme development and implementation process.
A quality model has been developed for the evaluation of a study
programme quality:

a. the single quality model is adapted to the characterisation of a
study programme;

b. methods are developed for the application of the model and
metrics for the internal and external evaluation of a study
programme.

A methodology based on the single quality model has been developed for
the processing and interpreting of study quality evaluation results.

A concept has been developed for the improvement of mastering software
product quality during the studies of becoming IT specialists.

Research theses

Quality in software engineering and higher education is not an unequivocal
notion. A uniform view on quality is lacking in the evaluation of
interrelated processes and objects.
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2. A single quality model is applicable for the quality evaluation of study
programmes and software products perceiving a study programme as
software product.

3. The development of a single structure quality model allows obtaining a
uniform view on the quality in the entire software life cycle and on all the
objects (products, intermediate products, and processes).

4. The introduction of a software product quality model and quality
evaluation approaches included into it create preconditions for the
improvement of software product quality during the study process of
information technologies.

Practical novelty

1. The single quality model may be applied both in the development process
of software and study process.

2. The developed single quality model may be applied at higher education
institutions for the quality evaluation of study programmes content and the
quality evaluation of software implementation.

3. The developed usage for the evaluation data collection, analysis and
presentation of study programme quality may be applied for decision-
making related with the quality improvement of study programme.

Structure and volume of the PhD thesis

The PhD thesis is written in Latvian containing abstract, introduction, 5
chapters, conclusions, bibliography, and 6 annexes, including 26 tables, 44
figures, and 4 formulae. The total length of the PhD thesis is 125 pages and 172
sources of literature have been used for the research purpose.

1. QUALITY IN SOFTWARE DEVELOPMENT

Quality being an unequivocal term is its characteristic feature (Reeves,
Bednar, 1994). Quality has many and various definitions, various conceptions
and evaluation types (Garvin, 1987). The most common directions in software
development sphere examining quality include:

e conformance to the requirements set previously (Crosby, 1979);
e suitability for use (Juran, 1988);
e degree to which user’s needs or expectations are satisfied (Deming, 1988;

Ishikawa, 1985).

Crosby emphasises that it is difficult to evaluate the finished product if
quality has no previously set specifications. Therefore, the notions “good
quality” and “bad quality” remain only phrases since these notions mean
different things and requirements to each and every person. It is important to
clearly define quality to be able to measure and manage the concept.
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One of Deming’s (Deming, 1988) strongest points is that quality must be
defined in terms of customer satisfaction and not as conformance to
specification. Deming considers that the difficulty in defining quality is to
translate future needs of the user into measurable product characteristics so that
the product can be designed and turned out to give satisfaction at a price that
the user will pay. This is not easy, and as soon as a customer feels fairly
successful in the endeavour, his needs regarding the product may change and,
hence, his satisfaction. The accomplishment of product requirements is an
integral task of a product developing company. Every employee shall bear the
responsibility for the quality of his work.

Juran’s point regarding quality is that one cannot use the word “quality” in
terms of satisfying customer expectations or specifications as it is very hard to
achieve this (Juran, 1988). Instead he suggests defining quality as “fitness for
use” — which indicates references to requirements and products characteristics.
Juran’s definition could be basically interpreted as Crosby’s definition —
conformance to specification.

In general, all aspects viewed in the PhD thesis on the notion of quality in
software engineering reflect four core principles related with quality:

1. necessity to ensure qualitative development processes;

2. necessity to define the notion of quality in every particular case;

3. necessity for all stakeholders to observe a uniform view on quality in every
particular case;

4. necessity to follow the interrelation and consistency of quality
characteristics.

The attempts to introduce and to assure quality developing software
products have already been made from the early stages of programming. A
single view documented in international standards of software engineering has
been drafted during the course of development and discussion of different
approaches and methods. These standards are aimed at helping organise
software product development to assure and improve its quality.

The PhD thesis includes the study and application of methods and
approaches related with software quality assurance and incorporated in the
respective standards of software engineering. The basic issues studied refer to
the software life cycle and the place of quality in it, software product quality
and its evaluation, and the process of measuring.

Definition of software product quality requirements based on the software
quality model and methods developed for the quality evaluation are
summarised in voluminous series of standards:

e ISO/IEC 9126 Software Engineering — Software Product Quality;

e ISO/IEC 14598 Software Engineering — Software Product Evaluation;

e ISO/IEC 25000 Software Engineering — Software Product Requirements
and Evaluation.

The ISO/IEC 9126 standard provides the life cycle of software product
quality (Figure 1), where the author of the present PhD thesis offers including
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also the studies in information technologies since new IT specialists are trained
at this time. This study period may be considered as one of the preventive
measures for the reduction of software product quality costs.

personnel process quality product quality quality in use

work experience effect of the
product

study process

resources internal external contexts of use
measures measures

Figurel. The extended quality life cycle

Studies done by researchers outline that the quality costs rapidly
increase with later detection of quality problems in the software life cycle. The
sooner software product quality control and assurance measures are undertaken,
the lower are the costs.

The role of personnel in the development of software product is prescribed
also at the level of standards. The ISO/IEC 12207-2008 standard (Software Life
Cycle Processe@sstablishes the human resource management process aimed to
provide an organisation with the necessary human resources and competence of
human resources suitable for business needs. The basic tasks for the mentioned
process include — identification of personnel professional skills, skills
development plans, assurance of mastering skills, and knowledge management.
The inclusion of the study process into the life cycle of software product quality
allows the achievement and assurance of individual experience of becoming
specialists on the product quality. Preventive measures will be undertaken for
the development of quality products in future if the significance and role of
quality characteristics at different software product development processes are
mastered during studies.

The development and application of a single quality model in the entire
software product quality life cycle could enhance the establishment of a
uniform view on all its stages, intermediate and final results.

2. SOFTWARE PRODUCT QUALITY MODELS

The following definition characterises the quality model: defined
characteristics and their interrelation which create the basis for the specification
of quality requirements and quality assurance (ISO/IEC 9126-1, 2001).

Historically, many software quality models for definition and evaluation of
product quality have been developed and have improved each other. The
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present PhD thesis analyses models most commonly discussed in scientific
publications: McCall’s model, Boehm’s model, the FURPS model, the ISO
9126 model, and Dromey’s model. These quality models are not compared
mutually but the comparison is done with the ISO 9126 model which is
internationally recognised and transposed to the standard.

The development of software product quality models through various
scientific publications reveal inter-references and comparison of models at the
level of characteristics (Al-Qutaish, 2010; Dubey et al., 2012; Khayamiet al.,
2009; Rawashdeh & Matalkah, 2006; Ortega et al., 2003). The author of the
present PhD thesis has compared models also at the level of subcharacteristics
and a great deal of attention has been paid to the terms used in each model to
denote characteristics and subcharacteristics. Terms used for denoting quality
characteristics is a significant factor since the content of individual situation
and the opinion of stakeholders involved in quality evaluation are essential for
the application of the quality model.

The analysis of models done in the PhD thesis at the level of characteristics
reflects that basically the same quality characteristics summarised in the ISO
9126 model are used as quality characteristics in all other models. In case any
model uses a different name, still it conforms by the sense to some
characteristic or subcharateristic of the ISO 9126 model.

If the quality characteristics in the analysed models coincide by the names
for 77%, then the proposed subcharacteristics essentially differ both by names
and number. Interrelation of characteristics and subcharacteristics also differs.

Analysing quality subcharacteristics mentioned in all models for every
subcharacteristic, the author has displayed those that are synonyms for the
subcharacteristics mentioned in the ISO 9126 model and those that would be
additionally considerable for the definition of quality requirements and later
evaluation of the respective quality characteristic. In total, five analysed quality
models propose 78 unique subcharacteristics for the evaluation of quality
characteristics. The largest number of subcharacteristics is mentioned for such
quality characteristics as usability and functionality Various quality models
propose different names for one and the same quality subcharacteristic
irrespective of their equal meaning. The author would like to note that a more
appropriate name in individual cases could help software product developers
and customers propose and evaluate the respective quality parameter, for
example, the ISO 9126 model proposes a subcharacteristic analysabilityfor the
quality characteristic maintainability however, such terms as consistency
conciseness, readabilitynd structurednessvould better help understand this
quality characteristic.

Development of the new ISO 25010 quality model outlines a tendency that
the present quality models are not perfect and the development of quality
models is still going on. The author would like to note that the new ISO quality
model does not propose new quality characteristics by their essence but the
restructured existing characteristics and subcharacteristics. The quality
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subcharacteristics proposed as completely new ones are already mentioned in
other models analysed by the author, for example, a subcharacteristic
modularity is proposed in McCall’s model, integrity — in Boehem’s model,
reusability - in McCall’s and Boehem’s models, while supportability- in the
FURPS model.

Therefore, the author proposes to develop a new quality model displaying
two new types of subcharacteristics — additional and optional subcharacteristics
to make the same characteristic more understandable for a specific audience.
The development of a model is described in Chapter 4. The development of a
new model characterises with sufficiently general terms of characteristics and
subcharacteristics used in software quality models and the author proposes to
use them to evaluate also study programmes not only for the evaluation of
software quality. Hence, the author demonstrates that software product quality
models are transformable to the sphere of education.

3. QUALITY IN HIGHER EDUCATION

Quality of higher education and its results are characterised with a set of
different questions having no unequivocal answer, for example, what the
quality of study programme is and what the term “good quality” means. Is a
quality study programme an accredited study programme or the one which
conforms to the stakeholders’ interests and needs, or the one which graduates
satisfy the potential employers? Though, it may be said that a study programme
is qualitative if its study process is co-ordinated, managed, and controlled; it
has the necessary material base and it has achieved the defined study outcomes
both in every study course and the entire study programme.

In 1993, Harvey, Green and Burrows developed a methodology for
evaluation quality in higher education. The methodology is based on the
following quality criteria:

e sufficiency of physical resources;

e sufficiency of human resources;

e clarity of aims and tasks for all stakeholders;

e conformance of study courses and their content to the aims and tasks of the
study programme;

participation of students at all levels;

conformance of the study programme content to the degree or qualification
to be awarded,;

objectivity in evaluation;

consequence between the evaluation and the tasks of a study course;
obtaining of feedback after evaluation;

succession of acquisition knowledge and skills.

The proposed criteria have not been essentially changed in the present
methodologies for the evaluation of study quality. Joining the European Higher
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Education Area, the Bologna Declaration recommends driving directly towards
measuring of study outcomes and competences to evaluate the quality of study
programmes (Bolonas process..., 2008).

The author of the present PhD thesis does not look at the quality of higher
education in general. She instead examines the quality of a study programme as
it is a product offered by higher education institutions to their customers —
prospective specialists of the respective sector. The study programme cannot be
examined in isolation from the higher education institution itself and the
education system established there as well as the entire state higher education
system. Study programme may be examined through the systemic approach. By
analogy with a software product, a study programme also is an element in the
higher education system which, in turn, is an element in higher education
system (Figure 2).

Education system

Institution of higher education system

Study direction
Study programme
Human education
. rocesses
Resourse Personal Study Data ledommunicatton P
Technical Literatu
ceaniea Staff Study course terature
support and data 7y
communication
Study programme i communication \
Resourse Personal Study Data .
Technical Li Infrastructure of
echnica iterature .
support Staff Study course and data cdmmunicatst, cducation system

Figure 2. Study programme in the model of education system

Quality of a study programme is impacted both by its elements — resources,
personnel, study process, and teaching aids; and the existing system of
education institution and the state. Quality depends on and is impacted also by
the infrastructure of education system and defined education processes. A
certain quality model may be adopted for the system itself and every element of
it, and imposing quality requirements one has to think how they impact and
depend on the entire system quality.

Classification of software system quality requirements (ISO/IEC 25030,
2007) may be used as example for the classification of education system quality
requirements. Viewed in such aspect, study programme quality requirements
constitute a part of property requirements characteristic of study programme
(Figure 3).
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Requirements | Requirements | Inherent Functional requirements
of study of study property

direction programme | requirements | Quality Quality in use requirements
of study requirements

External quality requirements
programme | Of study dquatityreq

Programme | ynternal quality requirements
Requirements Assigned Requirements of study fee, study form, study
of higher propgrty support etc.
education requirements
institution of study
Requirements | Requirements of the development process
of study

programme Organisational requirements of development
development

Other system | Requirements of education system’s infrastructure, literature, data, human
requirements | business processes etc.

Figure 3. Classification of higher education institution system requirements

Quality requirements are divided into internal, external, and use. In case of
higher education institution system, quality in use is understood as the
integration of the new specialists into the labour market and conformance to the
employers’ needs, thus, employers and graduates working in the respective
sector are the main source of information for the mentioned requirements.
Traditionally, the notion of external quality evaluation is also used speaking
about the quality of higher education, here understanding the evaluation done
by an external institution. The present PhD thesis attributes the notion of
external quality also to study programmes. This quality by analogy with the
external quality of software product can be defined during the implementation
of study programme. External quality requirements for study programmes may
be generally obtained from the current students and graduates as well as the
legislative regulations. Recently, all decisions and agreements related with the
establishment of the single European Higher Education Area have become
especially significant. Internal quality requirements develop correspondingly
from the requirements of quality in use and external quality, and they are
mainly used by the structural units of education institutions during the
development and updating of study courses and study programmes.

The author proposes the following variants for the evaluation of study
programme quality:

e cvaluation of external quality — questionnaires of students and employers;
e cvaluation of internal quality — professional peer review evaluations.

The author proposes to use a quality model similar to software product
quality model for the quality evaluation of study programme. It is possible to
develop a new quality model by transforming quality models developed in
software to the sphere of education. This will be a single model for the two
products — software and study programme.
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Analogy of software product with study programme

Software product and study programme are abstract products the quality of
which cannot be evaluated visually and the most appropriate quality definitions
for both products is conformity to the previously set requirements. Therefore,
the definition of these quality requirements is a very important issue. A set of
documents is prepared for the development of both products; later these
documents are used also for the evaluation of product quality. The PhD thesis
describes basic documents (specification of requirements, description of
software design, software source code and description of study programme,
curriculum, and descriptions of study courses) of both products and the
similarity between the products.

The analysis of analogy between the study programme and software
product is based on the recommendations given for the description of software
design the schematic depiction of which shows the analogy (Figure 4) with the
curriculum plan.

Design entity (symbols A, B, C, K1, K2.... in the figure) is the lowest level
of detail in software design description. Design entity is a design element
(component) that is structurally and functionally distinct from other elements.
Each design entity is separately named and referenced during software
implementation (IEEE Std 1016). Despite various natures of entities, they have
some common characteristics. Every design entity shall have its name, purpose,
and function. Attributes of design entities describe common characteristics of
entities. An attribute of design entity is a characteristic or feature of design
entity that has a name assigned to it. An attribute describes essential design
information; yet, it does not describe information relevant to design process.

Softwarej Demgn > Curricula Plan
Description
Design entity - » Study subject of Curricula
LEntity-relationship between iCompIetion of the course sequence
A B C
K1 K2 K3 K4 KS K6
K7 K7

Figure 4. Analogy between software design andurriculum plan
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In case of study programme, a study course and themes included into the
course is an analogous element. All study courses of the same programme
(symbols used in the figure K1, K2, ...) are arranged in the parts of plan
(symbols used in the figure A, B and C) showing the sequence of their
acquisition. Attributes of a study course describe essential features of the study
programme; though, they do not describe the way of its implementation in the
study process. Table 1 outlines the analogy between design entities and
attributes of a study course.

Table 1. Design entities and attributes of study course

Attribute of design entity
(LVS 72:1996)

Similar attribute of study course
(LLU Studiju kursa nolikums...)

Identification — name of entity

Name of a study course and its code in
the information system

Type — description of type of entity

Place of a study course in the study
plan — Parts A, B or C, and type of
control

Purpose — description of why an entity
exists

Aim of a study course

Function — statement of what an entity does

Description of the content of a study
course

Subordinates — identification of all those
entities that compose the particular entity

Division of a study course into terms
and forms of study work

Dependencies — description of relations
between the particular entity and other
entities

Relations of a course with other courses

Interface — description of interaction of
other entities with the particular one

Preliminary knowledge required to
acquire the course, necessity of the
particular course for other courses

Resources — description of external
elements of a design used by the particular
entity

Division of lectures and practical work,
technical resources necessary for the
course

Processing — description of rules used by
the particular entity for implementation of
its functions

Requirements of a course for obtaining
the credit points

Data — description of elements of external
data of entity

Bibliography necessary for a course
content, electronic materials of lectures

Software requirements specification and design description are taken as
input item for measuring when evaluating internal quality characteristics of
software product. Every design entity is evaluated during measuring to decide
on the quality of entire software product. As a study course is the smallest unit
of the study programme then the total evaluation of internal and external
quality of the study programme can be obtained by evaluating every course
separately.
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The author proposes to use a single quality model in the study process both
for the development and implementation of the study programme in
information technologies. The justification is that specialists in information
technologies during their studies should examine the impact of every such
activity on the quality of software product parallel to acquiring methods and
techniques for the development of software. In this case, individual aspects of
software quality should be examined in details in all study courses relating with
software development and introduction. The use of single quality model will
help establish a common understanding both on the quality notion itself and
imposition and evaluation of quality requirements.

4. SINGLE QUALITY MODEL

The single quality model is based on the software quality model ISO 9126
and supplemented with new quality subcharacteristics. The model has a two-
level hierarchic structure (Figure 5):

Level 1 — basic quality characteristics;

Level 2 — sub-characteristics of quality characteristics that are divided into:
e  basic subcharacteristics;

e additional subcharacteristics;

e optional subcharacteristics.

The type of relation for the quality characteristics and subcharacteristics in
the model is 1:N, excluding optional subcharacteristics which have the type of
relation n:m. This is explained by the fact that characteristics representative to
several quality characteristics may be selected as optional subcharacteristics,
for example, a subcharacteristic readability may be used both for the
determination of usability and maintainability quality characteristics.
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MODEL
- . - Basic
Level 1 Characteristics 1 Characteristics 2 Characteristics N .
characteristics
Subcharacteristics 1 Subcharacteristics 1 Subcharacteristics 1 Basic
subcharacteristics
Subcharacteristics N Subcharacteristics N Subcharacteristics N
Level 2 Subcharacteristics 1 Subcharacteristics 1 Subcharacteristics 1 Additional
subcharacteristics
Subcharacteristics N Subcharacteristics N Subcharacteristics N
1 1 1 .
Subcharacteristics 1,... Subcharacteristics 2, Subcharacteristics N ‘ Optlonal L
subcharacteristics

Figure 5. Hierarchic structure of the single quality model

The single quality model shall be adjusted to the context of usage and
requirements of stakeholders involved in the quality evaluation in each
individual case. In all cases, the adjustment shall be done consistent with the
sequence of operations prescribed in the application procedure of the single
quality model developed in the present PhD thesis (Figure 6).

. . To identity the quality To choose basic and additional
To identify/to choose the group of requirements of a product/ uality characteristics and
> users that will evaluate the quality —| q P Ly Qually L.
process set by the group of subcharacteristics from the
of product/process X
stakeholders quality model
To identify optional
characteristics in case of
l necessity

To choose metrics for each
—>» quality characteristic/sub- —»
characteristic

To prioritise each selected
characteristic

To set the minimum quality
value of each selected metric

v

To provide the process of To summarise and analyse
measuring the obtained data

To prescribe activities for the
—» improvement of a product/
process quality

Figure 6. Procedure for the application of the single quality model

The single quality model is developed so that it may be used in the entire
quality life cycle of software product. As the author included the study process
in this cycle, the model was approbated during the PhD thesis development
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process by evaluating the quality of study programme and demonstrating how
to include the model into the content of study programme in information
technologies. The model was approbated at Latvia University of Agriculture.
The author in her PhD thesis proposes a study programme quality model
(Figure 7) which is obtained from the single quality model adjusting it to the
application procedure of model. The context of model application is determined
through the use of analogy with the notion of software internal and external
quality described in Chapter 3.2 of the PhD thesis. The model encompasses 5
quality characteristics and 21 subcharacteristics. Functionality, usability,
efficiency, maintainability, and portabilitywere selected as the basic

characteristics.
Internal an external
quality model
Functionality Usability Efficiency Maintability Portability Characteristics
Suitability Understandability Resource Analyzability Adaptability
Accuracy Learnability utilisation Changeability Co-existence Basic
Interoperability Human engineering| Stability Replaceability subcharacteristics
Functionality Maintainability Portability
compliance compliance compliance
Attractiveness Time behaviour Verifiability Additional
Readability Optional

Figure 7. Quality model of a study programme

Explanation of characteristics and subcharacteristics of the single quality
model in relation to the study programme:
e Functionality (is the necessary knowledge and skills included into the
study programme)

0 suitability — is topical, conforms to the aims of study direction and
labour market requirements;

0 accuracy- it is possible to acquire knowledge and skills included into
the programme and they conform to the requirements of the
qualification/degree to be awarded;

0 interoperability — learning outcomes of the programme support
participation in exchange studies and ensure the necessary knowledge
for further studies;

o functionality compliance the programme is prepared consistent with
the legal and regulatory enactments, it is accredited.

e Usability (is the study programme easy to teach and to learn)

0 understandability— the curriculum plan is balanced and logically
structured, the statement style conform to the level of preliminary
knowledge;

0 learnability — acquisition of theoretical and practical knowledge of the
programme is balanced, teaching aids are defined and available;

51



0 attractiveness- oratory skills of the teaching staff are sufficient;

o readability— descriptive documents of the programme are prepared in
good readable language consistent with the regulatory enactments;

0 human engineering- degree up to which an individual university
lecturer can impact the programme implementation.

e Efficiency (is the study programme efficient)

o0 time behaviour- conformance of the programme volume to the time
determined for the programme acquisition;

0 resource utilisation — resources necessary for the programme
implementation.

e Maintainability (is it easy to maintain the study programme)

0 analysability — it is possible to analyse the curriculum plan and
content;

0 changeability- it is possible to modify the study programme without
worsening its teachability;

0 stability — it is not necessary to update/modify the content of study
programme during the academic year;

o verifiability — it is possible to verify the achievement of study
programme aim;

0 maintainability compliance- the necessary regulatory documents of
the programme are prepared, quality evaluation of the programme is
available.

e Portability (is it easy to adapt the study programme to another audience)

0 co-existence- the programme does not require specific preliminary
knowledge;

0 adaptability— adjustment of the programme to other language or other
cultural space does not require redevelopment of the programme;

0 replaceability — degree up to which learning outcomes of the
programme may be achieved in another programme;

0 portability compliance— conformance to the regulatory documents
governing students’ exchange programmes.

Concept for the inclusion of quality model into the content of study
programme

Software development specialists are initially trained during studies when
they acquire a study programme related with information technologies.
Providing knowledge on software product development tools and techniques is
the main task advanced by the study programmes. Development processes,
their organisation, management, and quality assurance are viewed in parallel.
Hence, the impact of action to be acquired on the quality of end product is not
examined in every individual study course. The author’s experience both in the
development of information technology systems and the implementation of
study programmes in the field has allowed advancing the hypothesis that it
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would be necessary to provide profound knowledge to future employees of

information technology field on:

e evaluation of the quality of end product;

e impact of different solutions chosen and decisions made during the course
of development left on the product quality;

e possibilities for quality improvement.

The content of study programme in information technologies shall be
improved to implement these changes. The PhD thesis envisaged the selection
of the development of mutual vulnerability matrix of quality characteristics
between study courses and software, feedback on the evaluation of software
end and intermediate products in IT companies, and the questionnaire of the
teaching staff as the main source of information for the introduction of software
product quality model to improve the content of study courses.

The author in her concept on the inclusion of quality model into the content
of study programme identifies four stages.

1. Selection of study courses related with the development of software
product from the undergraduate study programme in information
technologies.

2. Division of the selected study courses into four stages of software product
development — development of algorithms, development, coding, and
testing of database.

3. Selection of characteristics to be taught in the respective study courses
based on the author’s acquired opinion of the corporate specialists and
teaching staff on the characteristics of software product quality in the study
process.

4. Supplementing the content of the present study courses with the respective
quality characteristics emphasising both the activities increasing and
decreasing the quality.

5. USE OF SINGLE QUALITY MODEL

The single quality model developed within the scope of the present PhD
thesis was approbated for the internal and external quality evaluation of the
study programmes.

Internal quality of study programme

Internal quality of the study programme is the content of study courses
included into the programme. The author proposes to organise the evaluation of
the internal quality of study programme by means of peer review evaluations.
The group of peer review evaluation participants should consist of the teaching
staff from the governing departments and representatives of the study
programme graduates (current master or PhD students). Field specialists may
also be involved in peer review evaluations. The group personnel may change
as one study programme includes several dozen study courses.
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The content evaluation of every study course shall be organised as on-site
peer review evaluations. Each such evaluation should base on the following
documents — study course programmes, study course application forms (if
applicable), programmes of the current study courses (to evaluate the changes
in the course content), and the curriculum plan. In parallel, electronic library
catalogue of the higher education institution should be used for the evaluation
of internal quality to judge on the availability of literature used in references of
the study course.

The author proposes to use a study course content quality evaluation
procedure consisting of six steps for the internal quality evaluation of study
programme (Figure 8).

Step 2 — Specification of Step 3 — Planning of
Step 1 -dentification of quality evaluation p ) 9
] . evaluation
requirements Metrics to be used for the Development of the
> Characteristics/subcharacteristics — evaluation of quality charac- —| pr
. . . evaluation plan,
to be used for the evaluation are teristic are determined for the . .
L. establishment of peer review
selected from the model selected subcharacteristics of .
evaluation group
the model
|
v

Step 5 — Analysis of the Step 6 — Activities for quality
obtained results improvement

Figure 8. Procedure for the internal quality evaluation of study programme

Step 4 — Evaluation —

Step 1 -dentification of quality requirements

Those characteristics and subcharacteristics that will be used for the
particular evaluation should be selected from the quality model