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Ozet

AB Erasmus+ Mesleki Egitim Stratejik Ortaklik Projeleri kapsaminda desteklenen “Virtual
and Augmented Reality (V&AR) in Design for Manufacture” isimli proje ile Makine imalat
sektorine yonelik olarak Teknik Resim standartlarin 6gretiimesi ve dogru kavranmasina
yonelik sanal gergeklik uygulamalari gelistirilmistir. ileri teknoloji kullanilan sektérlerde,
calisan hatalarindan kaynaklanan iskarta Urin orani girketler icin tehdit olusturacak
dizeylere ulasabilmektedir. Calisan kaynakli problemlerin minimize edilebilmesi igin
okullarin ve igletmelerin yenilikgi 6gretim yaklasimlariyla egitim programlarini gelistirmeleri
gerekmektedir. Sektorde iskarta oranlarini 6nemli dlgtide etkileyen ve eksikligi hissedilen
egitimlerin dnemli bir ylzdesini ileri duzeyde Teknik Resim okuma becerisi olusturmaktadir.
Bu eksiklik gerek meslek lisesi, meslek yuksekokulu ve muhendislik fakultelerinde verilen
egitimlerin pratik uygulamalar ile desteklenememesinden ve gerekse standartlarin ¢ok hizli
bicimde guncelleniyor olmasindan kaynaklanmaktadir.

Ortaya ¢ikan Teknik Resim egitim ihtiyacini hedefe yonelik icerikler ve yenilik¢i yontemler ile
karsilamak Uzere proje galismalarina baslanmistir. Bu baglamda Ug Ulkeden akademisyen
ve yazilim uzmanlarinin ortaklagsa ¢alismalari ile Mesleki Egitimin Teknik Resim alaninda
ihtiyag hisseden herkese agik kaynak olarak sunulan Sanal ve Artirihirmis Gergeklik (S/AG)
aplikasyonlari gelistiriimistir. iki yil siireli proje ¢alismalari kapsaminda; makine ve imalat
sektortiinde kullanilan Teknik Resim ve Standartlara ait mesleki egitimlerde eksikligi en ¢ok
hissedilen konularin S/AG ortamina aktarilip, 6zellikle mobil uygulamalari yardimiyla g
boyutlu ortamda daha verimli yapilabilmesi amaglanmigtir.

S/AG uygulamalarinin gelistirme slreci; ihtiya¢ analizi, analiz sonuclarina gore igerik
belirleme ve belirlenen igeriklere ait aplikasyonlarinin gelistiriimesiile 6grenme performansina
katkinin dlguldigu pilot uygulama asamalarindan olugsmaktadir. Bu kapsamda 6ncelikle SG
uygulamalarina gore gozluk vb. materyale ihtiya¢ duyulmamasi nedeniyle daha ¢ok tercih
edilen AG uygulamasi alti Unite basliginda 18 ayri sahnede yaklasik 30 adet animasyon
kullanilarak gelistirilmistir. Yine hem SG hem de AG uygulamalarini desteklemek Uzere 12 adet
animasyon videosu gelistirilerek proje web sayfasina yuklenmistir. Yine 6zel bir “cardboard”
yardimiyla mobil telefon ile kullanilacak SG uygulamasi igin alti konu bashgini igeren 6zel bir
sahne ve menu yapisi kullaniimigtir. Gelistirilen uygulama linklerine, destekleyici materyallere
ve animasyonlara “vrindesign.org” web sayfasindan ulagilabilmektedir.

Uygulamalarin 6grenme performansina katkisinin belirlenmesi igin gergeklestirilen pilot
egitimlerde kontrol gruplu deneysel arastirma yéntemi kullaniimistir. Calismanin verileri;
hedefe yonelik olarak gelistirilen S/AG destekli Teknik Resim konularina ait kavramsal anlama
ve biligssel basari testi ile toplanmigtir. Yapilan ilk akademik olgimler sonucunda; S/AG
kullanilarak yapilan 6gretimin 6grencilerin 6grenme performansini % 20 civarinda arttirdigi
gorulmastur. S/AG uygulamalarin akademik altyapisinin hazirlanmasi ve Urin gelistirme
fazlarinda dinamik bir uluslararasi isbirligi sergilenen proje kapsaminda Uretilen giktilarinin
tim dinyada meslek lisesi birinci sinifindan mihendislik fakiltesi son sinifina kadar her
kademedeki Teknik Resim egitimi alan 6grencilere ve is hayatinda ihtiyag hisseden bireylere
onemli fayda saglamasi beklenmektedir.
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Bolum 1

1.1. Girig

ileri teknoloji kullanan sektorlerde, calisan hatalarindan kaynaklanan iskarta (riin orani
bazen sirketlerin rekabet etme dizeyini tehdit olusturacak dizeylere ulasabilmektedir. Bu
hatalar g¢alisanin bilgisi, tecribesi ve o anki psikososyal durumu ile ilgili olabilmektedir.
Calisan kaynakl problemlerin minimize edilebilmesi i¢in okullarin ve igletmelerin bu tg yonlu
problemi gidermek adina ciddi egitim programlari gelistirmeleri gerekmektedir. Sektorde
Iskarta oranlarini énemli dlglde etkileyen ve eksiklik hissedilen egitimlerin dnemli bir
yuzdesini ileri duzeyde Teknik Resim okuma becerisi olugturmaktadir (Arslan ve Uzaslan,
2017). Bu eksiklik gerek meslek lisesi, meslek ylksekokulu, muhendislik fakultelerinde
verilen egitimlerin pratik uygulamalar ile desteklenememesinden ve gerekse standartlarin
cok hizli bicimde guncelleniyor olmasindan kaynaklanmaktadir.

Bu calismada, imalat ve montaj resimlerinde kullanilan, temel ve ileri dizeydeki standart
ve prensiplerin; sanal/arttinimig gerceklik (S/AG) ortamina aktarilarak, her kademe ve
egitim duzeyindeki 6grenci ve c¢alisanlarin S/AG uygulamalarini kullanarak U¢ boyutlu
ortamda daha kolay anlasilabilir olmasi amaglanmaktadir. Bu amagla proje; makine imalat
sektoriinde, imalat ve Montaj Resimlerine ait eksikligi en cok hissedilen ve hata payi yliksek
olanlarin belirlenmesi igin yapilacak ihtiyag analizi, analiz sonuglarina gore igerik belirleme ve
belirlenen igeriklerin sanal gergeklik ortamina aktariimasi ile pilot uygulama agamalarindan
olugsmustur. Calisma dort agsamali olarak gergeklestiriimistir. Bu agsamalar;

1- Ihtiyag analizi; Konunun paydaslari ile dncelikli intiyag hissedilen konu bagliklarinin
belirlenmesi, anket calismasi ve istatiksel analiz2- icerik gelistirme; Belirlenen ihtiyaclar
dogrultusunda egitim programi gelistirme

3- Materyal gelistirme; Belirlenen egitim programina goére 6nceliklenen konularda S/AG
uygulamalarinin geligtiriimesi

4- Pilot uygulama; Geligtirilen uygulamalarin pilot uygulamasinin yapilarak sonuclarin
degerlendiriimesi.

AB Erasmus+ Programi Mesleki Egitim Programi Stratejik Ortakliklar kapsaminda yuratilmas
olan bu projede; Bursa Uludag Universitesi koordinatorliigiinde ingiltere’den Huddersfield
Universitesi, Bulgaristan’dan Sofya Teknik Universitesi ile ULUTEK Teknopark ta bulunan
Bizpark AS yazilim sirketi yer almigtir. Proje ile Teknik Resim egitiminde eksikligi en ¢ok
hissedilen konularin tespit edilerek bu konularda sanal ve artiriimis gergeklik uygulamalari
gelistiriimesi hedeflenmistir. Proje kapsaminda dort bagslikta toplanacak fikri ¢iktilar elde
edilmistir. Bunlar: ihtiyag analizi, ierik ve materyal gelistirme, pilot uygulama ve dlgme ve
degerlendirme ciktilaridir. Raporda detaylandirilacagi Uzere proje kapsaminda uretilen S/
AG UrUnlerinin kullanimi ile ilgili yapilan 6lgme ve degerlendirme ¢alismalarinda égrencilerde
teknik resimleri 3B canlandirma becerilerinin anlamh olarak gelistigi ortaya konulmustur.
Yine degerlendirme calismalarinda 6grencilerin modern egitim araci olan AG teknolojisini
anladigi, benimsedigi ve bu teknolojinin derse olan ilgilerini arttirdigi belirlenmistir.
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1.2. Literatlir Arastirmasi

Balak ve Kisa (2017) calismalarinda akill telefonlu artiriimis gergeklik teknolojisinin Teknik
Resim egitiminde kullaniimasi konusunu arastirmislar ve Teknik Resim dersinin mihendislik
ogrencileri igin ¢ok kritik bir dheme sahip oldugunu vurgulamiglardir. Mihendislik egitiminin
birinci sinifinda 6grencilerinin, iki boyutlu (2B) gortunusleri t¢ boyutlu (3B) olarak canlandirma
konusunda zorluk gektikleri icin izdisum ve perspektif ¢iziminde blyUk zorluklar yasadiklari
ve geleneksel Teknik Resim egitiminde dgrenenlerin 2B cizimleri zihinlerinde 3B olarak
canlandiramama gibi sorunlarla kargilastiklarini ve motivasyonlarini  kaybettiklerini
ifade etmektedirler. Calismalarinda, bir egitim araci olarak akilli telefonlar ve tabletler ile
kullanilabilen Artinlmis Gergeklik teknolojisinin 6grenme uzerindeki etkileri ele alinmig ve
Artirllmis Gergeklik teknolojisinin Teknik Resim dersinde kullaniimasi sonucu elde edilen
veriler incelenmistir. igten ve Bal (2017) makalelerinde, giiniimiizde oldukga popliler olan
Artinimis Gergeklik (AG) teknolojisi alanindaki son gelismeleri ve uygulamalari incelemiglerdir.
Yaptiklari genel inceleme calismasinda AG teknolojisini ve bu teknoloji ile yapiimis érnek
ortam uygulamalarini konu alan ulusal ve uluslararasi akademik galismalar ile 6zel sektor
uygulamalari incelenerek ¢aligmalarin ayrintilari, 6zgin (gugli ve zayif) yanlari, uygulama
alanlari, kullanim amaglarina yonelik degerlendirmeler sunulmustur.

ibili ve Sahin (2015) calismalarinda 6. Sinif Matematik kitabinin geometrik cisimler tinitesinde
yer alan Ug¢ boyutlu gizimler AG teknolojisi ile zenginlestirilerek 3D geometri kitabi yazilimi
hazirlanmistir. Visual Studio 2012 platformu ve Microsoft Silverlight yazilim gelistirme
duzlemi kullanilarak gelistirilen ARGE3D geometri kitabi yazilimi igin Silverlight ve Windows
telefon igin esnek artirlmis gergeklik kitiphanesinden faydalaniimistir. Geligtirilen yazihm
MEB’e bagll okullarda matematik ders materyali olarak kullaniimig ve bu alanda yazilim
yapmak isteyen bundan sonraki egitim yazilimi gelistiricilerine AG yazilimlarinin uygulama
potansiyeli, sinirlihklari hakkinda bilgiler verilmis ve ¢6zUm o6nerileri getirilmistir. Ayrica AG
isaretleyicilerin kitap Uzerindeki dahili ve harici kullanimi kargilastinimig, sinif i¢i egitimdeki
etkileri gozlemlenmistir. Sonucglar ARGE 3D geometri kitabi yaziliminin 6grencilerin
ilgi ve dikkatini derse c¢ekerek ogrenilmesi zor olan geometri konularinin égrenilmesini
kolaylastirdigini, ancak bilgisayar laboratuvari ortaminda kullanildiginda kamera ayarlari
nedeninden dolayl yansimalarin olustugu tespit edilmistir. Ayrica ARGE 3D isaretleyici
sisteminin harici kullaniminin kullanici bilgisayar arasindaki etkilesimi ve kullanim kolayhgini
artirdigi goralmasgtar.

Webel ve digerleri (2013), bakim ve montaj iglerinin ¢ok karmasik olabileceginden,
teknisyenlerin yeni becerilerini verimli bir sekilde yerine getirmek igin egitim almasinin
zor oldugunu belirtti. Bu tur bir egitim, servis gorevlerinin nasil gergeklestirilecegine iligkin
talimatlar dogrudan isleme gerektiren makine pargalarina baglayan guglu bir endustriyel
egitim teknolojisi olan Artirlmis Gergeklik ile desteklenebilir. Artan bakim gdrevlerinin
karmasikhgl nedeniyle, teknisyenleri gorev yurutme konusunda egitmek yeterli degildir.
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Bunun yerine, teknisyenler verimli bir satin alma ve yeni bakim iglemlerinin gerceklestiriimesi
icin gerekli olan temel beceriler konusunda egitilmelidir. Bu gergekler, teknisyenlerin yeni
bakim prosedurlerini edinmelerini hizlandiran bakim ve montaj becerileri igin etkili egitim
sistemlerine olanihtiyaci gostermektedir. Ayrica, bu sistemler yeniegditim senaryolariigin egitim
surecinin ayarlanmasini iyilestirmeli ve mevcut egitim materyalinin yeniden kullaniimasini
saglamalidir. Bu baglamda, alt becerili egitimi ve egitim sisteminin dederlendirmesini igceren
coklu model Artinlmis Gergeklik tabanli bakim ve montaj becerileri egitimi icin yeni bir
konsept ve platform gelistirdiler. Cunkl prosedurel beceriler, bakim ve montaj islemleri igin
en onemli beceriler olarak kabul edildiginden, bu becerilere ve bunlari gelistirmek igin uygun
yontemlere odaklaniyoruz.

Nee ve digerleri (2012), artinlmis gergeklik (AG) uygulamalarinin tasarim ve imalat
konusundaki arastirma ve gelistirmelerini incelemistir. Yedi ana bdliimden olusmaktadir. ilk
bdlim imalat simulasyonu uygulamalarinin arka planini ve ilkk AG gelismelerini tanitmaktadir.
ikinci bolimde, AG ile iliskili mevcut donanim ve yazilim araclari agiklanmaktadir. Ugiinci
bolim, AG isbirlik¢i tasarimi, robot glzergah planlamasi, tesis yerlesimi, bakim, CNC
simulasyonu ve AG araglarini ve tekniklerini kullanarak montaj gibi ¢esitli tasarim ve Uretim
faaliyetlerine iliskin ¢aligmalari bildirmektedir. Dordunci bolim AG’deki teknoloji zorluklarini
Ozetlemektedir. BOlim 5 bazi endustriyel uygulamalara bakmaktadir. Bolim 6, AG
sistemlerindeki insan faktorlerini ve etkilesimlerini ele almaktadir. Bolum 7, gelecekteki bazi
trendlere ve gelismelere bakar ve sonug¢ bolumunad takiben yer alir. Bu makale, cogu hala
laboratuvar agsamasinda olmasina ragmen, imalat topluluguyla ilgili AG uygulamalarindan
bazilarini sunmaktadir. Bu makale AG'’yi imalat muhendisligi alaninda guglu bir arag haline
getirmek icin sezgisel ve etkili insan arayuUzleri tasarlamanin ve saglamanin énemini ve
uygun igerik gelistirmeyi vurgulamaktadir.

Ong ve digerleri (2008) Artirllmis gercekligin (AG), gercek diinya ortaminda sanal bilgisayar
tarafindan Uretilen bilgileri kaplayan yeni bir insan-makine etkilesimi oldugunu belirtmistir.
Son on yilda askeri egitim, cerrahi, eglence, bakim, montaj, Grtin tasarimi ve diger Uretim
operasyonlari gibi bircok alanda iyi potansiyel uygulamalar gdsterildi. Bu ¢alisma, imalat
faaliyetlerinde gelismis ve kanitlanmis AG uygulamalarinin kapsamli bir arastirmasini
saglamaktadir. Bu arastirmanin amaci, AG'yi Uretim arastirmasinda bir arag olarak kullanan
veya kullanmay! planlayan arasgtirmacilar, 6grenciler ve muhendisler i¢in en son teknolojiye
sahip AG uygulamalari ve gelismeleri hakkinda yararh bir gorus saglamaktir.

Kaufmann ve Dunser (2007), bir egitici artinimis gergeklik uygulamasinin kullanilabilirlik
degerlendirmelerini arastirdi. Sirasiyla 2000, 2003 ve 2005 yillarinda yapilan geometri
egitimi icin bir egitici artirlmis gergeklik uygulamasinin ¢ degerlendirmesini 6zetlemektedir.
100’den fazla 6grenciyle yapilan tekrarlanan bigimlendirici degerlendirmeler, uygulamanin
ve kullanici arayuzinun yillar boyunca yeniden tasarlanmasina rehberlik etmigtir. Basa
takilan ekranlar kullanarak artiriimis gercgeklik uygulamalarinin nasil tasarlanacagina dair
kilavuzlar sunan kullanilabilirlik ve simulator hastaligina iligkin sonuglari sunar ve tartisirlar.
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Bolum 2

2. ihtiyag A

2.1. intiyag Analizi Yéntemi

Projenin ihtiya¢g analizi is paketinin gergeklesmesinde izlenecek yol su sekilde
belirlenmistir:

* Proje ortaklarinca projede yer alacak i¢ ve dis paydaslar ile ilgili 6n ¢alisma
(Paydas Analizi) yapiimasi,

» Projede yeralan ortaklarla birlikte ihtiyag analizinin amaci, kapsami ve yonteminin
belirlenmesi

« Ihtiyag analizinin ortak iilkelerde tim paydaslarin katilimiyla yapiimasi

« Ihtiyag analizi galismasinin tamamlanmasina miteakip, is paketi yiritiicusii
kurum tarafindan projede yer alan ortaklar ile birlikte ihtiya¢ analizi sonuglarinin
paylasildigi sonu¢ degerlendirme toplantisinin yapiimasi.

Proje kapsaminda Uludag Universitesinde tim ortaklarin ve davetli paydaslarin
katilimiyla gergeklestirilen bu toplantida, ¢alismanin sonuglari agiklanmistir. Bu ¢calisma
toplantisinda elde edilen sonuglar tartigilmis ve gerek sunum gerekse ihtiyag analizi
raporunun ornekleri yayginlastirma faaliyeti olarak proje web sayfasindan paylasiimistir.

2.2. Paydas Analizi

Proje kapsaminda gelistirilecek icerik ve UrUnlerin segiminde beklentilerin dogru
belirlenebilmesive planlamanin temel unsurlarindan biri olan katilimciligin saglanabilmesi
icin “Teknik Resim” konulari ile etkilesim i¢inde bulunan tim taraflarin gorusleri
dikkate alinabilmesi igin Paydas Analizi yapilmigtir. Paydas analizinin ilk agsamasinda
paydaslarinin kimler oldugunun tespit edilebilmesi igin;

+ Teknik Resim egitim faaliyeti ve sahada uygulayicilari kimlerdir?
» Bu faaliyet ve hizmetlerini ydnlendirenler kimlerdir?
* Kurumlarin sundugu egitimlerden yararlananlar kimlerdir?

* Kurumlarin sundugu egitim faaliyet ve hizmetlerinden etkilenenler ile faaliyet ve
hizmetlerini etkileyenler kimlerdir? Sorularina cevap aranmistir.

Paydaslarin tespiti asamasinda Ug¢ farkli yéntem izlenmis ve ortak payda olusturan
guruplar paydas olarak belirlenmistir. Birinci yontem ulusal ve uluslararasi literatir
taramasi, ikinci yontem sektdr ve Sivil Toplum Kuruluslar (STK) temsilcileri ile yapilan
gérismeler ve Uglincli asama program gelistirme komisyonu tarafindan Universite
ogretim Uyeleri, 0gretmen ve sektordeki egitimciler ile ortaklaga yapilan mini galigtaydir.

11
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Bu calismalarin neticesinde Teknik Resim egitimi ihtiya¢c analizinde bagvurulacak ve
Tablo 1. de verilen paydaslar tespit edilmistir. Paydaslar, islevlerine gore hizmet alanlar/
musteriler, temel ortak ve hizmet sunanlar ortak basliklari altinda ve paydaslik durumuna
gére paydaslar i¢ paydas, dis paydas, musteri seklinde ayrima tabi tutulmustur. Bu
On paydas analizinde belirlenen paydaslar, bilahare proje kapsaminda gelistirilecek
materyalin kisilerin yetkinliklerindeki artisinin dlgimunde yani performans analizinde
isbirligi yapilacak olan paydaslar olacaktir. Paydaslar arasinda en 6nemli gurubu hig
kusku yok ki ana hizmet alan gurup yani dgrenciler olusturmaktadir. Akabinde ikinci
buylk paydas guruplari da hizmet sunan egitimci gurubundan olugsmustur ki bu durum
beklenen ve literatur (Ashford 2017; Crawley et al 2007; Besterfield et al 2014) ile de
uyumlu bir tablodur.

Tablo 1. Paydaslar ve Oncelik Sirasina Gére Dagihmi

Paydaslar Paydaslik Neden Paydas Oldugu Paydaslik
Durumu Onceligi
Ogrenciler Musteri Ana hizmet alan 1.
Ogretim Elemanlari ic paydas Hizmeti Sunan ve Gelistiren 2.
Ogretmenler ic paydas Hizmeti Sunan 3.
Universiteler Dis paydas Hizmeti Sunan ve Gelistiren 4.
Meslek Liseleri Dis paydas Hizmeti Sunan 5.
ilgili Sektor yetkilileri Dis paydas Stratejik Ortak 6.
Sektor galisanlari Dis paydas Hizmet Alan 7.
Kamu Temsilcileri Dis paydas Temel Ortak 8.
Sivil Toplum Kuruluglari Dis paydas Hizmet Alan ve Stratejik Ortak 9.

2.3. ihtiyag Analizi

intiyag mevcut durum ile olmasi gereken veya istenilen durum arasindaki farkliliktir. Bir
bakima, “Ne” ile “Ne olmali?” arasindaki farktir. Egitim programi ve materyal geligimi
icin yapilacak calismalara yonelik olarak mevcut durum ile ulasiimak istenilen durum
arasindaki farki ortaya koymak amaciyla izlenecek bir surectir. Bu sireg, onceliklerin
belirlenmesi ve kaynaklarin yerinde kullaniimasina akilci bir yaklasim kazandirir.

intiyac Analizi Siireci

Teknik Resim egitiminin mevcut durum ile ulasiimak istenilen durum arasindaki farki
ortaya koymak amaciyla izlenen ihtiyac Analizi siireci dért asamadan olusmustur.

1. Hazirlik: ihtiyag Analizi igin gerekli hazirliklarin tamamlanmasi. ihtiyac Analizi icin
Olcek (anket sorulari) hazirlanmasi ve bunlarin uygulanacagi gruplar i¢in anket uygulama
programinin (Google survey) hazirlanmasi.

2. Bilgi Toplama: ihtiyac Analizi Anket formlari vasitasi ile paydaslardan saglanan
bilgilerin toplanmasi.

3. Bilgilerin Analizi: Yukarida s6zU gecen kaynaklardan ve daha bagka ihtiyag
duyulan alanlardan saglanan bilgilerin tasidigi 6zelliklere goére siniflandiriimasi ve
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ihtiyac alanlarinin belirlenmesi. Proje kapsaminda yapilan ihtiyag analizi bilgileri Farklar
Yaklagsimi ile degerlendirilmistir. Bu yaklagim; gozlenenle beklenen basari duzeyleri
arasindaki farki ortaya c¢ikarir. Bu yaklasima gore ihtiyag; beklenilen beceri dizeyi ile
gercek / var olan beceriler arasindaki farkla ortaya ¢ikar. Bu fark; programin bireylere
kazandirilmasi gereken oOzellikleri gosterir.

4. Bilgilerin Rapor Edilmesi: Belirlenen ihtiyaglarin her biri igin ayri ayri agiklayici
bilgilerin yer aldidi1 rapor yazimi. Bu raporda belirlenen ihtiyaglarin kapsami, nedenleri
ile incelenecek ve ¢ozum oOnerilerinin getirilmesi.

intiyag analizi ve temel giktilari Sekil 1 de gosterilmektedir.

ihtiyag Analizi Giktilar
A Sekil 1.
Teknik ihtiyag Analizinin
Resimde « Teknik becerilerde Siiregleri ve Amaglari
S/AG yetkinlik artisi
« Anket Kullanimi « Iskarta Uriind azaltma
* Yz yuze Goruasmeler I:> QJ E> « I¢c egitim surelerini azaltma
«Literatar verileri * Ic egitim performansini
Arttirma
* Gelisim algisindaki artis

intiyag Analizi igin bilgi, paydaslardan segilen bireylerden toplanmis ve bu bilgilerin
analiz edilip degerlendiriimesi ile icerik ve materyal gelistiriimesine ihtiya¢ duyulan
alanlar belirlenmigtir. Bilgi toplamak amaciyla ihtiya¢ analizi anket formu egitim sekli
ve teknolojilerini degerlendirmesi amaciyla kullaniimigtir. Anket sonuglarinin analizi ile
materyal gelistirmek amaciyla gerekli ¢alismalar belirlenmigtir. Bu amagla kullaniimak
Uzere gelistirilen anket formu ve bu anketin nasil uygulanip degerlendirildigine dair
aciklamalar degerlendirme basliginda verilmektedir.

2.4. Istatiksel Analiz

ihtiyac Analizinde Tablo 2 de verilen ve 25'i 5'li likert 6lceginde hazirlanmis anket sorusu
ve 5 adet ucu aglk soru yer almaktadir. Bu sorularin ilk 5 tanesi ile katilimcilarin Teknik
Resim algisi, devam eden 20 tanesi bilgi ve beceri duzeyleri ve son 5 soru ile de Teknik
Resim egitimine ait beklentileri dlgmek Uzere soru guruplari olusturulmustur. Analiz
esnasinda ¢ok farkl dederlendirme yapmaya olanak saglayacak olan bu soru guruplari
ile oncelikle egitim duzeyleri ile bilgi beceri iligkisi, egitim duzeylerinin yeterlilikleri,
kurumlar ve ulkeler arasindaki farklilagsma vb. bulgularin incelenmesi mimkun olmustur.

Bucalismadaolmasigerekenile mevcutdurumunkargilastiriidigi farklaranaliziyapiimigtir.
5'li likert dlgeginde hazirlanan ve igeriginde hukim veya yargi cimlesi bulundurmayan
anket paydas analizi ile belirlenen tum taraflara Google survey uygulamasi Uzerinden
yoneltilmistir. Likert Olgedinin Ust basamagi olarak (5) tamamen katiliyorum, (4)
katiliyorum, (3) yorum yok, (2) katilmiyorum ve (1) hi¢ katilmiyorum olarak siralanmistir.
Google Survey Uzerinden katilimcilara yoneltilen analiz sorulari gsunlardir:

13
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14

Dusuntyorum ki Teknik Resim egitimi almis bir kisi olarak siz:

14.
15.
16.
17.
18.
19.
20.

21.

22.

23.

24.
25.

26.
27.

28.

29.

30.

Mesleginizin gerektirdigi Teknik Resim bilgi ve becerilerine sahipsiniz.

Teknik Resim konularinda ortak iletisim dili kullaniyor ve BS, ASME, ISO, DIN gibi standartlari
biliyorsunuz

Teorik Teknik Resim bilginizi destekleyecek pratik beceriye sahipsiniz

Teknik Resim okuyabilme becerisinin bir teknik eleman i¢in hayati Snemde oldugunu
dusunUyorsunuz

Teknik Resim okuma hatalarinin iskarta triine veya dusik kaliteye neden oldugunu
dislUnuyorsunuz

Herhangi bir Teknik Resmi tamamen okuyabilir ve yorumlayabilirsiniz.

Resim Anteti Gzerindeki detaylari biliyor, antette verilen genel toleranslari okuyabiliyorsunuz
izdisiim metotlarini biliyor ve bu metotlari antetteki sembolden okuyabiliyorsunuz.

Kesit alma gesitlerini ve geregini biliyor tam ve kademeli kesitleri ayirt edebiliyorsunuz.

. Perspektif metotlarini biliyor ve perspektif cizimleri canlandirabiliyorsunuz.

. imalat resimlerinde boyut toleranslarini okuyabiliyorsunuz.

. Mutlak 6l¢t ve yardimci Olgulere ait kritik detaylari biliyorsunuz.

. Mil ve delik toleranslarina ait sembolleri okur ve alistirma toleranslarini tablolardan

bulabilirsiniz.

Kdse kirma toleranslarini okuyabilirsiniz.

imalat ve montaj resimlerini kolaylikla ayirt edebiliyorsunuz.

imalatta sekil ve konum toleransinin farkini ve énemini bilirsiniz.

Sekil ve konum toleransi sembollerini tanir ve resim Gzerindeki anlamlarini bilirsiniz.
Pozisyon toleransi ve maksimum malzeme uygulamasina ait detaylari bilirsiniz.
Salgi ve toplam salgi arasindaki farki bilirsiniz.

Yuzey pUrtzlalagu kavrami, isaretleri ve Ra, Rz, Rmax. vb. sembollere ait standartlari
bilirsiniz.

Teknik Resim egitimlerinin sanal gerceklik uygulamalarina aktariimasi gerektigini
disUndyorsunuz.

Teknik Resim egitimlerinin sektérde kullanilan resimlerin okunmasi igin yeterli oldugunu
dislndyorsunuz.

Teknik Resim egitimlerinin gorsel hafizayi ve resmi canlandirma yetenegini gelistirdigini
dislndyorsunuz.

Teknik Resim okurken iki boyutlu gizimlerden g boyutlu ortama kolaylikla gegiyorsunuz

Bilgisayarli Teknik Resmin yayginlasmasinin temel Teknik Resim egitimine olan ihtiyaci
ortadan kaldirmadidini disunuyorsunuz

Teknik Resim egitimini haftada kag saat aldiniz?

ise girdikten sonra ileri Teknik Resim egitimi aldiniz mi? Eger aldi iseniz siiresi ve konusu
nedir?

VR ya da AR (sanal ve arttiriimis gergeklik)uygulamalarini oyun ya da egitim amach
kullandiniz mi? Cevabiniz evet ise; mobil telefon ya da cihazlarin egitimde énemli bir rol
oynayacagini disintyor musunuz?

Teknik Resim ile ilgili ileri bilgi aradiginizda ilk nce asagdidakilerden hangisine yonelirsiniz?
Google Kitaplar Ogretmen Other:

Teknik Resim ile ilgili son okudugunuz kitap ya da standart nedir?
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2.4.1. Bulgular

Calisma kapsaminda Ug farkli Glkede farkli egitim ve sektorel pozisyonlardaki 320 kisiyle
anket yapilmigtir. Elde edilen sonuglar Excel istatistik programi ile analiz edilmistir.
Ankete katilanlarin Gilke bazinda dagilimlari Tirkiye 252, ingiltere 10, Bulgaristan 58 kisi
olarak gerceklesmistir. Ankete katilanlarin sektérel dagilimi Sekil 2 de verilmisgtir.

B Meslek Lisesi Ogrencisi

W Sektor Calisani

W Sektor Yoneticisi

m Meslek Yiksekokulu
Ogrencisi

®m Miihendislik Ogrencisi

m Meslek Lisesi Ogretmeni

m Ogretim Gorevlisi/Uyesi

W STK/Kamu Temisilcisi

Sekil 2. Ankete katilan guruplarin dagilimi

Sekil 2 de goruldugu gibi ankete katilan guruplarin dagiliminda MYO 6grencisi onemli
bir agirhgi olusturmaktadir, ikinci sirada mihendislik 6grencileri ve Gguncu sirayl meslek
lisesi 6grencileri olusturmaktadir. Bu dagilimda MYO &grenci sayisinin fazlaligi esasen
meslek lisesi dagihimini da etkilemektedir, cinku bu 6grencilerinin bir kismi henlz Teknik
Resim dersi okumamalarina ragmen meslek lisesinde almis olduklari bilgilerini ankete
yansitmiglardir. Genel anlamda dagilimin is piyasasi ile uyumlu oldugu ve Teknik Resim
egitimi almis bireylerin sahadaki durumunun temsil agisindan anlamli bir dagilim olarak
yorumlanabilir.

2.4.2. Degerlendirme

Anket uygulamasinin degerlendirmesi ¢ farkli soru gurubu ve acik uglu sorularin
cevap guruplarinin analizi seklinde gergeklestiriimistir. Sekil 3 te acik uclularin digindaki
sorulara verilen cevaplarinin 5 tGzerinden ortalamalarina ait grafik verilmistir. Bu grafikten
hareketle oncelikle ilk 5 soruda verilen ve kigilerdeki Teknik Resim algisinin dlguldugu
bagliklar Sekil 3 Uzerinden degerlendirildiginde su yorumlar yapilabilir:

15
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Sekil 3. Soru bazinda genel ortalamalar

. Soruda verilen ve “Mesleginizin gerektirdigi Teknik Resim bilgi ve becerilerine

sahipsiniz” yargisina verilen cevaplarinin yuzdesi %76 dur, yani % 24
katiimci kendini Teknik Resim konusunda yeterli bulmamaktadir.

. Soruda verilen ve “Teknik Resim konularinda ortak iletisim dili kullaniyor

ve BS, ASME, ISO, DIN gibi standartlari biliyorsunuz” sorusuna verilen
cevaplarinin yizdesi %70 tir, yani % 30 katilimci standartlarin sorgulandigi
bu soruda kendini yeterli bulmamaktadir.

. Soruda verilen ve “Teorik Teknik Resim bilginizi destekleyecek pratik

beceriye sahipsiniz” sorusuna verilen cevaplarinin yuzdesi %73 tur, yani %
27 katilimci bu soruda kendini yeterli bulmamaktadir.

. Soruda verilen ve “Teknik Resim okuyabilme becerisinin bir teknik eleman

igcin hayati 56nemde oldugunu diisiintiyorsunuz”sorusunaverilen cevaplarinin
yuzdesi %88 dir, yani %12 katilimci bu soruya katilmamaktadir. Bu cevap
hayati 6nemdedir ve beklendigi gibi yiksek oranda katilim almigtir.

. Soruda verilen ve “Teknik Resim okuma hatalarinin iskarta (riine veya dlistik

kaliteye neden oldugunu dlsiintiyorsunuz” sorusuna verilen “katiliyorum ve
tamamen katiliyorum” cevaplarinin yuzdesi %84 tir, yani % 16 katilimci
bu soruya katilmamaktadir. Bu eksikligin 6grenim hayatinda olan Kisilerin
Iskarta Gran ve bunun énemi hakkinda yeterince bilgilendirilmedigini ya da
farkindalik olugturulamadigini géstermektedir.
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4,50

Puanlar

Sorular

Sekil 4. Teknik Resim becerisini 6lgen sorularin sirali diziligi

Sekil 4 te ise Sekil 3 te verilen grafigin ilk 5 sorusunun diginda kalan ve Kisilerin
Teknik Resim bilgi ve becerilerinin dl¢ildugu ve asil referans kaynagi olan 20
soruya ait cevaplar ylzdelik sirasina gore kugukten blyuge siralanmis olarak
verilmektedir. Boylelikle, Teknik Resim ana konu basliklarinda hangi konularda
eksikligin hangi oranlarda oldugunu gorulebilmektedir.

intiya¢ analizi sonuglari incelenirken ortaya cikan tablodan benzer konulara
ait soru guruplarinin eslesgtiriimesi mumkun olmustur. Yani en zor konu
bagliklarindan biri olan geometrik Olcllendirme ve toleranslar (GD&T) en
cok ihtiyaci hissedilen gurup olarak ortaya ¢ikmig ve bu konudaki sorulara
birbirine ¢ok yakin cevaplar verilmigtir. Dolayisi ile bu analizin % 40 dolayinda
ihtiyaci hissedilen ilk sorusundan % 20 ihtiyac hissedilen son sorusuna kadar
yapilan siralama kuguk farklilagsmalar disinda Tablo 2 deki gibi olmustur. Kiguk
farklilasmaya ait bir érnek vardir ki bunlarin biri Gglncu sirada yer alan ve
Teknik Resmin geneline ait bir yargi olan “Teknik Resim egitimlerinin sektérde
kullanilan resimlerin okunmasi igin yeterli oldugunu disiiniyorsunuz’ cevaptir.
Bu yarginin teknik icerikten bagimsiz dusunudlmesi gerektiginden analizi
etkileyecek bir farklilagsma olarak yorumlanmamistir.

17
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Tablo 2. Ihtiyag analizi sonrasi ihtiyaca gére sirali konu basgliklari

1. Salgi ve toplam salgi arasindaki farki bilirsiniz.
2. Pozisyon toleransi ve maksimum malzeme uygulamasina ait detaylari bilirsiniz.

3. Teknik Resim egitimlerinin sektérde kullanilan resimlerin okunmasi igin yeterli oldugunu
duslniyorsunuz

4. Ylzey puruzlaligda kavrami, isaretleri ve Ra, Rz, Rmax. vb. sembollere ait standartlari
bilirsiniz

Herhangi bir Teknik Resmi (dili farkli da olsa) tamamen okuyabilir ve yorumlayabilirsiniz.
Mutlak 6lgi ve yardimci dlgllere ait kritik detaylari biliyorsunuz.

izdiistim metotlarini biliyor ve bu metotlari antetteki sembolden okuyabiliyorsunuz.

Sekil ve konum toleransi sembollerini tanir ve resim Uzerindeki anlamlarini bilirsiniz.

© ©® N o o

Bilgisayarli Teknik Resmin yayginlasmasinin temel Teknik Resim egitimine olan ihtiyaci
ortadan kaldirmadigini distindyorsunuz

10. Kése kirma toleranslarini okuyabilirsiniz.
11. Imalat resimlerinde boyut toleranslarini okuyabiliyorsunuz.
12. imalatta sekil ve konum toleransinin farkini ve énemini bilirsiniz.

13. Mil ve delik toleranslarina ait sembolleri okur ve alistirma toleranslarini tablolardan
bulabilirsiniz.

14. Kesit alma cesitlerini ve geregdini biliyor tam ve kademeli kesitleri ayirt edebiliyorsunuz.
15. ResimAntetiGzerindekidetaylari biliyor, antette verilen genel toleranslari okuyabiliyorsunuz
16. Perspektif metotlarini biliyor ve perspektif gizimleri canlandirabiliyorsunuz.

17. imalat ve montaj resimlerini kolaylikla ayirt edebiliyorsunuz.

18. Teknik Resim okurken iki boyutlu gizimlerden ¢ boyutlu ortama kolaylikla gegiyorsunuz

19. Teknik Resim egitimlerinin sanal gerceklik uygulamalarina aktarilmasi gerektigini
duslnUyorsunuz

20. Teknik Resim egitimlerinin gorsel hafizayl ve resmi canlandirma yetenegini gelistirdigini
distnldyorsunuz

Netice itibari ile verilen cevaplardan genel yargilar da ¢ikarildiginda Tablo 3 teki icerik
akigi ihtiyaca gore siralanabilmektedir. Yine Tablo 4 de projede materyal gelistirmeye
esas ana konu basliklari dncelik sirasiyla verilmigtir.

18



AR/ VR IN DESIGN
Strategic Partnership Project Report

Tablo 3. Ihtiyag analizi sonrasi ihntiyaca gére sirali teknik konu baglhklari
1. Salgi ve toplam salgi arasindaki farki bilirsiniz.
2. Pozisyon toleransi ve maksimum malzeme uygulamasina ait detaylari bilirsiniz.
3. Yizey purtzluligu kavrami, isaretleri ve Ra, Rz, Rmax. vb. sembollere ait standartlari
bilirsiniz
4. Mutlak 6l¢u ve yardimcl 6lgulere ait kritik detaylari biliyorsunuz.
5. Izdlisiim metotlarini biliyor ve bu metotlari antetteki sembolden okuyabiliyorsunuz.
6. Sekil ve konum toleransi sembollerini tanir ve resim tzerindeki anlamlarini bilirsiniz.
7. Kose kirma toleranslarini okuyabilirsiniz.
8. Imalat resimlerinde boyut toleranslarini okuyabiliyorsunuz.
9. Imalatta sekil ve konum toleransinin farkini ve énemini bilirsiniz.
10. Mil ve delik toleranslarina ait sembolleri okur ve alistirma toleranslarini tablolardan
bulabilirsiniz.
11. Kesit alma cesitlerini ve geregini biliyor tam ve kademeli kesitleri ayirt edebiliyorsunuz.
12. ResimAnteti Gizerindekidetaylari biliyor, antette verilen genel toleranslari okuyabiliyorsunuz
13. Perspektif metotlarini biliyor ve perspektif gizimleri canlandirabiliyorsunuz.
14. imalat ve montaj resimlerini kolaylikla ayirt edebiliyorsunuz.
Tablo 4. Materyal gelistirmeye esas ihtiya¢ analizi sonrasi konu bagliklari
1. Geometrik dl¢llendirme ve toleranslar
2. Yuzey purazIuligu
3. Olgllendirme
4. izdisim metotlari.
5. Kbse kirma toleranslarini
6. Boyut toleranslarini okuyabiliyorsunuz.
7. Mil ve delik toleranslari
8. Kesitler
9. Perspektif
10. imalat ve montaj resimleri
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Genel degerlendirmelerilave olarak Sekil 5’teki sonuglari eklemekte fayda bulunmaktadir.
Bu veriler Turkiye ve diger tlkelerin ortalamalarini kapsamaktadir. Sekilden de goérulecegi
uzere hem soru bazinda hem de genel egitim agisindan tutarli ve benzer sonuglar
ortaya ¢ikmistir. Bu durum bize ihtiyaci hissedilen bagliklarin Tirkiye disinda ingiltere
ve Bulgaristan’da da ayni oldugunu gdéstermektedir ki bu sonug bilimsel agidan énemli
bir bulgudur.
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Sekil 5. Turkiye ve Yurtdisi dederlendirmelerin karsilastiriimasi

Teknik Resim egitimi ile ilgili beklentilerin sorgulandig! acik u¢lu son bes soru detayl
olarak dagihim ve verilen cevaplarin gruplandiriimasi yoluyla incelenmigtir. Tablo 5 te
verilen bu degerlendirmeye gore “Teknik Resim egitimini haftada ka¢ saat aldiniz?”
sorusuna %56 katiimci 4 saat ve %35 katilimci 2-3 saat cevabini vermistir. Yine “ise
girdikten sonra lleri Teknik Resim editimi aldiniz mi? Eger aldi iseniz siiresi ve konusu
nedir?” sorusuna verilen cevaplar incelendiginde katilimcilarin % 80 i egitim almadiklarini
% 01 i ise aldiklarini ve igerigini standartlar, toleranslar ve CAD olarak belirtmislerdir.

“Sanal ve arttirilmig gerceklik uygulamalarini oyun ya da egitim amacli kullandiniz mi?
Cevabiniz evet ise; mobil telefon ya da cihazlarin egitimde énemli bir rol oynayacagini
dusintyor musunuz?” sorusuna % 55 hayir cevabi verilmig, evet diyenler ise % 31 de
kalmistir. Evet, cevabini verenlerin buyuk kismi egitim i¢in faydali olacagi kanaatindedir.
Yine “Teknik Resim ile ilgili ileri bilgi aradiginizda ilk énce asadidakilerden hangisine
ybnelirsiniz?” sorusuna %48 Google, %30 6gretmen, %16 kitap ve diger internet
kaynaklari (Youtube vs.) olarak cevaplar verilmistir. Burada arama motorlarinin ve
internetin tercih orani 6nemlidir. Son olarak “Teknik Resim ile ilgili son okudugunuz kitap
ya da standart nedir?” sorusuna %37 okumadim, %21 ders kitabi ve %19 standartlar
olarak cevaplar verilmistir.
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No | Soru TR | BG+UK | Toplam Cevap %
26 | Teknik Resim egitimini haftada 98 6 104 4 saat 186 0,56
kac saat aldiniz?
35 30 65 2 -3 saat 186 0,35
27 ise girdikten sonra ileri Teknik 147 38 185 Hig bir sey 230 0,80
Resim egitimi aldiniz mi?
Eger aldi iseniz slresi ve 16 5 21 Toleranslar/CAD 230 0,09
konusu nedir?
28 | SGyadaAG uygulamalarinioyun | 96 33 129 Hayir 236 0,55
ya da egitim amagli kullandiniz
mi? Cevabiniz evet ise; mobil 59 15 74 Evet 236 0,31
telefon ya da cihazlarin egitimde
onemli bir rol oynayacagini
distniyor musunuz?
29 Teknik Resim ile ilgili ileri 109 27 138 Google 288 0,48
bilgi aradiginizda ilk 6nce ]
asagidakilerden hangisine 40 7 47 | Kitaplar 288 0,16
yonelirsiniz? 75 12 87 | Ogretmen 288 0,30
2 2 4 Internet 288 0,01
30 | Teknik Resim ile ilgili son 55 16 71 Hic bir sey okumadi| 190 0,37
okudugunuz kitap ya da standart
nedir? 29 11 40 Ders Kitabi 190 0,21
30 7 37 Standartlar 190 0,19
8 9 17 Autocad 190 0,09
2.5. Sonug

Cok farkli analizlerin yapilabildigi ve gerek katilimci sayisi, gerek katilimci gesitliligi ve
gerekse ulke ¢esitliligi agisindan énemli bir veri tabani olusturan bu ¢alismada yukaridaki
bulgularda verilmeyen bir¢ok alt analizinde yapilmasi mumkun olmustur. Farklilagsmanin
okullar ve meslek guruplari Uzerindeki degisimi, Ulkeler arasi kiyaslama vb. ¢aligsmalar
projenin igerik ve materyal gelistirme asamalarinda kullaniimak tUzere argivlenmis ve
degerlendirmeye alinmistir. Ortaya ¢ikan agik gercek ise tum paydas guruplari ve ulkeler
bazinda Teknik Resim egitimi alaninda kapatiimasi gereken ve de bilinen yontemlerle
kapatilamayan énemli bir agik bulundugudur.
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Bolum 3

3. Mifredat Geli

3.1. Baslangi¢ Noktasi

Mesleki egitim, nerede ve ne sekilde olursa olsun, mutlaka 6nemli bir zaman alan bir egitim
sUrecidir. Bilgi ve becerilerini surekli olarak yenileyen ve gercek teknolojik kogullara adapte
olan mesleki egitim mezunlari, istihdam veya is performanslarini gelistirmek igin her zaman
daha buyuk firsatlara sahip olacaklardir (Arslan ve digerleri, 2009). Gelismis ve ileri teknoloji
sektorlerinde, calisan hatalarindan kaynaklanan atilan Grdnlerin miktar bazen sirkete tehdit
olusturan seviyelere ulasabilir. Bu hatalar, bilgi ve deneyim derecesine ve g¢aliganlarin mevcut
psikososyal durumuna atfedilebilir. Calisanlara yonelik kayiplari en aza indirmek igin bu U¢ sorun
alanini ele alan ciddi egitim programlarinin gelistiriimesi gerekmektedir. Ozellikle ekonomik krizler
ve sektordeki yuksek rekabetin 1s1ginda, hem kalitenin hem de verimliligin artirimasinin énemi
aciktir. Bu ihtiyaci kargilamak igin, genel olarak, farkli yaklagimlar ve hedef odakli egitim, kurum
ici egitim veya surekli egitim gibi yetkinlik temelli egitim modelleri arastiriimali ve uygulanmaldir.

Salas ve digerleri (2012), yalnizca ABD’deki kuruluslarin her yil egitime milyarlarca dolar
harcadigini belirtti. Bu egitim ve gelisim faaliyetleri, kuruluglara uyum saglama, rekabet etme,
Ustlnlik saglama, yenilikgilik yapma, tretme, givenlik saglama, hizmeti gelistirme ve hedeflere
ulasma imkani sunar. EQgitim, yiUksek riskli ortamlardaki hatalari azaltmak icin basariyla
kullanilmistir ve sirketler, isgucunu surekli olarak egiterek onlarin rekabette kalmalarina
yardimci oldugunu anlamaktadir. Ancak, egitim gérundigu kadar sezgisel degildir: bir program
tasarlamanin, sunmanin ve uygulamanin dogru ve yanlig bir yolunu gosteren bir egitim bilimi
vardir. isletmeler tarafindan hatali egitim yéntemlerinde yapilan yatinmlar faydali degildir ve ciddi
ekonomik kayiplarla sonuclanabilir.

Mesleki egitim ve ogretimdeki 6grencilerin akademik yetenekleri egitim programlarina bagili
olarak mesleki becerilerine gore daha azdir. Ayrica, mesleki egitim veren Kisilerin gogunun da
guncel teknolojiye ait bilgi ve becerilere ait yeterlilikleri bulunmayabilir (Arslan ve ark., 2013).
Bireyler, 6zellikle mesleki egitim kurumlarinda, temel bilgi ve becerileri edindiklerinde, is hayatina
girdiklerinde, okulda aldiklari genel bilgilerin gok 6tesinde olan bilgi ve becerilere ihtiyag duyarlar.

Arslan ve Uzaslan (2017), bazi firmalarin kendi alanlarinda yeni teknolojik yeniliklere ayak
uydurmak igin farkl kurum igi egitim modelleri uyguladigini belirtti. Hedef odakli bir kurum igi
egitim programinin nasil geligtiriimesi gerektigini ve etkinlik agisindan nasil degerlendirilecegini
arastirdilar. Caligmalarinin amaci, hem akademik hem de otomotiv sanayi sektorlerinin igbirligiyle
yetkinlik tabanl ve hedef odakli bir egitim programi gelistirmek, uygulamak ve degerlendirmektir.
Bu suregte, Bosch Rexroth sirketinin 124 calisani belirli bir hedef odakli program araciligiyla
egitildi. Egitimin etkinligi, on ve son testler, bir kurs dederlendirme anketi ve akran degerlendirme
performans analizleri kullanilarak degerlendirildi. Calismanin sonunda, katilimcilarin 6n test
ve son testlere gore basari oranlar 100 puan Uzerinden 54 puan artmistir. En onemli sonug,
performans analizlerine gore, katiimcilarin% 26’sinin, egitimsiz bir toplulukla karsilastiriidiginda
performanslarini gelistirmis olmalariydi. Hedefler ve sonuclar gelecekteki programlar igin
cesaret verici oldu.
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3.2. Metodoloji

Mufredat ve senaryo (program) gelistirme asamasi boyunca, proje Uyeleri, akademisyenler
ve paydas temsilcilerinden olusan program gelistirme ekibi, bilimsel verilerle desteklenmis ve
ulusal ve uluslararasi kriterleri dikkate alarak para birimini koruyacak bir kurs olusturulmustur.
Mufredat gelistirme ekibi, asagidaki ozellikleri dikkate alarak kurs icin gerekli kriterleri
belirlemigtir:

» Sektorun temel taleplerini kargilayacak bir yapi;
« Surekli gelisim ile uyumluluk;

« Zamanlama ve egitim yapisinda esneklik; ve

» Moduler yaklagim.

Elliden fazla sayidaki konuyu ele alan program gelistirme ekibi, oncelikle kendi alanlarina
ve ihtiyag analizi sonuglarina goére siniflandirdi; konularin entegrasyonu suireci baslamistir.
Son asamada, mesleki egitim kurumlarinda benzer derslerin igerikleri ya da egitim igerikleri
dikkate alinarak moduler yapi ve ders igerikleri olusturulmustur. Mesleki egitimin bu sekilde
belirlenmesinden sonra, yonetim gelisimi, organizasyon ve igerigi ile ilgili egitim belirlenmigtir.

Egitime katilacak bireylerin farkli bilgi dizeylerine ve beceri ge¢cmiglerine sahip olmasi,
herkes igin uygun igerik hazirlamanin zor oldugu anlamina geliyordu. Bununla birlikte, egitim
programinin genel felsefesi, bir kursu tamamlayan bir bireyin o egitimdeki bilgi ve becerilere
hakim olmasi gerektigidir. Bu oncelik, ders igerigini ve teorik ve uygulamali egitim saatlerinin
ayrintilarini planlarken agikca dikkate alindi. Bu amagla, egitimler kisa, yetkinlik temelli ve
hedef odakli olacak sekilde tasarlandi ve yeni bir 6grenci merkezli yontem benimsendi.

Belirlenen temel kriterler ve metodun ardindan igerik, oncelik, zaman ve materyal gelistirmeye
esas ongorulerin belirlenecegi asamaya gecilmistir. Bu asamada ¢alisma sureci su sekilde
yuratulmagtar:

+ Teknik Resim ders igeriginin yaygin kullanim sekillerinin
incelenerek ders ciktilarinin belirlenmesi

* Modlilleri olusturacak ana ve bunlarin alt konu basliklarinin belirlenmesi,

* Moduillerin ve alt konularin ihtiyag analizine gére hangi
S/AG yontemi ile verilmesi gerektiginin belirlenmesi

* Modul ders saatleri ve igeriklerinin yazimi
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3.3. Program Gelistirme

Bu asamada yaygin olarak kullanilan Teknik Resim ders ve kurs icerikleri detayl olarak
incelenmis ve bunlarin ortak payda olusturdugu 6grenme ciktilari proje program gelistirme
asamasinin da temelini olusturmustur. Ozellikle Pearson Educaton Edexcel BTEC
specifications icerikleri bu asamada 6nemli bir referans olusturmustur. Bu programin hedefi
ve amaci 6grencilerin gesitli ¢izim, taslak ¢izimi ve bilgisayar destekli ¢izim tekniklerinin
farkli bilesenlerini kullanarak, montajlarin ve devrelerin mihendislik gizimlerini Gretmelerini
saglayacaktir. Ogrenme ciktilari, bu initenin tamamlanmasinda oldugu gibi, bir égrencinin
muhendislik bilesenlerini gizebilmesi, ¢izim standartlarina uygun muhendislik gizimlerini
yorumlayabilmesi, muhendislik gizimleri Gretebilmesi vs. gerektigini belitmektedir (Edexcel,
2009).

Bu suregte ihtiya¢ analizi sonuglari ile dunya genelinde uygulanan genel ders igerigi
eslestiriimis yine kendi arasinda gurup olusturan konu basgliklari moduller haline getirilerek
bazi konularin ogretilmesinde butun igerigin verilmesi yerine ilgili modulun verilmesi
yontemi benimsenmistir. Bu durumda asagida verilen modul basliklari intiyag siralamalari
ile ortaya ¢ikmistir.

1. Geometrik olgulendirme ve toleranslar

2. Yuzey puruzlulugu

3. Boyut, Mil- delik ve kdse kirma toleranslari

4. Geometrik gizimler, izdisum, 6lgtlendirme, standartlar
5. Kesitler, Perspektif

6. imalat ve montaj resimleri

Yine ders icerigi agisindan yani derste verilme sirasi agisindan konu bagliklari su sekilde
siralanmistir:

1. Geometrik gizimler, izdistm, dl¢ilendirme, standartlar
2. Kesitler, Perspektif
3. Boyut, Mil- delik ve koge kirma toleranslari
4. Geometrik dlgulendirme ve toleranslar
5. Ylzey purazlalugu
6. imalat ve montaj resimleri
3.4. Gelistirilen Modiiller, Ders igerikleri ve Ogrenme Giktilari

Modul gelistirme fazinda proje ekibi arasindan mesleki egitim alaninda calisan
akademisyenler liderliginde olusturulan uluslararasi bir program gelistirme komisyonu
calismalarini strdirmustir. Metot kisminda verilen temel kriterler (sektor beklentilerini
kargilama, surekli gelistirimeye aciklik, esnek egitim saatlerine uyumluluk ve moduler
yaklasim) dogrultusunda ve ihtiya¢ analizi 6nceliklerine gére yuratilen calismalar
neticesinde igerik ve 6grenme ciktilari ortaya gikariimigtir. Tablo 3.1 de modul basliklarina
gore gelistirilen icerikler verilmektedir.
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Tablo 3.1. Gelistirilen Modduller

Modiil Kodu TR1
Baslik GiziM TEKNIKLERI VE OLCULENDIRME
Giris: Resim kagitlari. Cizim sablonlari, antet, birimler, kisaltmalar, dikdortgen
koordinat, kutupsal koordinatlar. izdiigtim yéntemleri, gériintis ¢ikarma.
Olgiilendirme: Olgiilendirme gizgileri, oklari ve rakamlari. Kilavuz gizgileri ve
dzel isaretler. Olgulendirme sistemleri ve gesitleri (Paralel, agisal, zincirleme,
kademeli, koordinat kullanarak, gizelge yardimiyla, birlesik) imalat ve montaj
Ders resirplerinde dlcilerin yerlestirilmesi. Ozel dlgller, yardimci 6lgl, mutlak 6lgl
icerigi vb. Olgekler, gesitleri ve dlgeklendirme kurallar
Tolerans: Toleransi gerektiren sebepler, imalatta makine ve avadanliklarin
hatalari, olgct aletleri, 1si-1sIk, kisisel hatalar. Tolerans, sapma ve alistirma
sembolleri. Tolerans okuma ve resimde gosterme yontemleri. Tolerans sinirlari
ve alistirmalar: Toleransin tanimi ve dnemi, toleranslarin siniflandiriimasi; boyut
toleranslari (TS 1845, TS 450, TS 1980, TS 1506), sekil ve konum toleranslari
(TS 1304, TS 1498), ISO 1101) ingiliz (BS) ve ISO toleranslari.
Ggrenciler: Resim kagitlarini, antet ve koordinatlari, birimleri ve
1.1 temel 6lglilendirme ydntemlerini bilir. Olgilendirme gizgileri, oklari ve
rakamlari ile kilavuz gizgileri ve 6zel isaretleri bilir. ISO-A ve ISO-E
izdisim metotlarini ayirt eder, resimlerde revizyon sembolleri ve
anlamlarini bilir.
Olglilendirme sistemleri ve cesitlerini (Paralel, acisal, zincirleme,
1.2 kademeli, koordinat kullanarak, cizelge yardimiyla, birlesik) bilir.
. imalat ve montaj resimlerinde &lgiileri yerlestirebilir. Ozel élgiiler,
Ogrenme yardimci 6lgli ve mutlak Olgliyl bilir ve resimdeki detaylari anlar.
Ciktilan Olgekleri okuyabilir ve temel 6lgeklendirme kurallarini bilir.
Toleransi gerektiren sebepleri bilir, imalatta makine ve avadanliklarin
13 hatalari, dlgt aletleri, 1si-1s1k, kisisel hatalarin etkilerini ve tolerans
iliskisini kavrar. Tolerans, sapma ve alistirma sembollerini tanir,
okuyabilir ve resimde gosterebilir.
Tolerans sinirlari ve alistirma kavramlarini bilir. Tolerans hatalarinin
14 uretimdeki i1skarta oraniyla iliskisini ve dnemini anlar. Boyut, mil-
) delik, kdse kirma ve sekil ve konum toleranslarini bilir, ayirt edebilir
ve kullanim gerekliliklerini kavrar.
Ders Saati 45 dk.
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Modiul Kodu TR2
Baslik KESITLER, iZDUSUMLER VE PERSPEKTIF
Kesitler: Kesit alma yéntemleri; Tam ( tek dizlemli tam kesit, paralel kademeli
tam kesit, acili duzlemle tam kesit, profil kesit), yarim, bodlgesel ve o6zel
kesitler. Kesit gosterim kurallari (tarama, oklar, semboller, bakis yoni). Makine
pargalarinin U¢ goérinus ya da perspektif resimlerinden kesit gizime gegis.
Temel kesit cizme elemanlari; kesit duzlemi, kesit ylzeyi.
Ders Goriintgler ve Perspektif: Gorlinlis ¢ikarma metotlar, (¢ gorinds ve alti
igerigi gorunus. Perspektif gizimlere genel bakis. Perspektif ¢esitleri; aksonometrik
perspektif (izometrik perspektif, dimetrik perspektif), egik perspektif (kavaliyer
ve kabinet perspektif), kus bakigi (planometrik) perspektif, merkezi (konik)
perspektif.
Perspektif gizimlerine ait farkl standartlar (BSI, DIN, ANSI ve JIS) ve uygulamalari.
Parcga gortnUgleri kullanilarak perspektif ciziminde kullanilan yéntemler.
Ogrenciler: Kesit alma yéntemlerini bilir. Hangi tip resimlerde
hangi kesit alma ydénteminin daha uygun oldugunu bilir. Kapsamli
21 : I . . o .
resimlerde kesitleri yontemine goére tanir okuyabilir. Makine
parcalarinin G¢ goriinis ya da perspektif resimlerinden kesit ¢izime
geciste kesilen pargayi kafasinda canlandirabilir.
Ornek olarak verilen ve montaji tamamlanmis bisiklet igin; gdvde,
2.2 adlar, jantlar, baglanti elemanlari, saftlar ve kama oluklarinin kesit
gorundsleri icin uygun teknikleri gosterin
23 Farkli pargalarda kesit dizlemi gizgilerini dogru bigimde gdsterebilir.
Ogrenme ) Kesit géranuslerdeki tarama cizgilerinin kullanimi ile diger detaylar bilir.
L 04 Resim 7.18 de verilen parcalar icin uygun kesit diizlemini belirleyip
) dizlem cizgisini ve sembollerini kullanir.
a) ISO-E ve ISO-A metotlarina gére goérinis c¢ikartmayl ya da
gorunusleri standardina goére okumayi bilir. BSI, DIN, ANSI ve JIS
standartlarina gére gorinus c¢izimleri arasindaki farki bilir
25
b) AG uygulamalarini kullanarak izometrik ve egik perspektifi anlar.
¢) Gorunus ¢ikarma yontemlerinde kullanilan
cizgi teknigi thrlerini bilir
Ders Saati 80 dk.
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BOYUT, MiL VE DELIK TOLERANSLARI

Ders
icerigi

Boyut toleranslari: Teknik resimlerde kullanilan dogrusal ve acisal boyutlar
igin toleranslarin gésterim sekilleri. imalat tipine gére boyut toleranslarinin ilgili
standartlar kullanilarak segimi.

Koése kirma toleranslari: Kése kirma toleranslarinin gosterim metadolojisi.
Kdse kirma toleransi ile pah ve radius kavramlarinin farki.

Mil ve delik toleranslari: Mil ve delik toleranslari ile bu tolerans gurubunda
kullanilan alistirma toleranslari. Toleranslarda ge¢gmeler ve alistirma sistemleri.
Anma o6lgusi, En buylk 6l¢l, En kugik dlgu, asagi dlgu farki, yukari 6lgu farki,
en buyuk olct ve en kiguk o6lci kavramlari. Tolerans tablolarin okunmasi,
tablodan kullanim yerine gdre uygun tolerans se¢cme.

Ogrenme
Ciktilar

3.1

Ogrenciler: Teknik resimlerde kullanilan dogrusal ve agisal boyutlar
icin toleranslarin gdsterir ve okuyabilir.

3.2

imalat tipine gére boyut toleranslarinin ilgili standartlar kullanilarak
secimini yapar ya da var olan toleransin gurubunu standarttan
bulabilir.

3.3

Kose kirma toleranslarinin gosterim metadolojisini bilir. Kdse kirma
toleransi ile pah ve radius kavramlarini ayristirabilir.

34

Mil ve delik toleranslari ile bu tolerans gurubunda kullanilan
alistirma toleranslarini kavramini bilir. Toleranslarda gegmeler ve
alistirma sistemlerini bilir.

3.5

Mil ve delik toleranslarina ait ISO standardi tolerans tablolarini
okur, tablodan ilgili parcalarin kullanim sekline gére uygun tolerans
secer.

Ders Saati

60 dk.
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Modul Kodu TR4
Baslik GEOMETRIK OLCULENDIRME VE TOLERANSLAR
Geometrik toleranslandirma prensipleri: boyutsal tolerans uygulamalari
ve ilgili BS ve ISO standartlarini kullanarak bilesenlerin, alt gruplarin imalat
ve montaj elemanlarinin boyutlandiriimasi. Geometrik toleranslandirmanin
gOsteriminde kullanilan metodoloji, toleranslandirilan eleman kavrami ve
tolerans bélgelerinin olusumu.
Ders Sekil / form ve konum toleranslari: Sekil ya da form ve konum toleranslarinin
iceriai diger tolerans gurubundan farki, teknik iletisim ve normlarin dogru
cerigi I ,
okunmasi/anlasilmasi, gereklilikleri, toleranslandirma kavrami ve geometrik
toleranlandirmanin elemanlari, boyutsal ve geometrik toleranslandirmada
Olcme ve degerlendirme kriterleri.
Ogrenciler: Geometrik toleranslandirmanin gésterimi, tolerans-
4.1 landirilan eleman kavrami ve tolerans boélgelerinin olusumunu bilir,
Dogrusallik, dairesellik, dizlemsellik, silindiriklik kavramlarini bilir.
4.2 Formu olan bir ¢izgi, bir ylizey ve formdan sapma kavrami ile sekil
toleranslarinin 6lgme ve onay prensiplerini bilir ve uygular.
Egiklik, paralellik, diklik kavramlarini bilir ve yon toleranslarinda
4.3 sapma, 6lgcme ve onay prensiplerini kavrar ve uygular.
Konum toleranslandirmasi, pozisyon, es merkezlilik, es eksenlilik,
4.4 simetriklik kavramlarini ve yer belileme toleranslarinda sapma,
6lcme ve onay prensiplerini bilir ve uygular.

Sererie Salg! ve yalpalama toleranslarini bilir. Radyal ve aksiyal basit salgi
Ciktilari 4.5 ile radyal ve aksiyal toplam salginin farkini bilir. Salgi toleranslarinda
sapma, 6lgcme ve onay prensiplerini kavrar.

Konumlandirma, konum elemani ve konum O&lgist kavramlarini
4.6 bilir, bir elemanin ya da eleman gurubunun konumlandiriimasini
bilir. Bir elemanlar grubunun, bir baska elemanlar grubuna gore
konumlandiriimasini bilir.
Pozisyon ve esmerkezlilik toleranslarinda kullanilan en ¢ok malzeme
4.7 prensibini, kullanim alanlarini ve ihtiyag gerekliliklerini bilir. En gok
malzeme grafiklerinin olusturulmasini, en c¢ok malzemede sifir
tolerans bdlgesi kavrami ve kullanim amacini, en ¢ok malzeme
prensibinin toleranslandiriimis elemanda kullanimi ve en c¢ok
malzeme prensibinin referanslarda kullanimini bilir. En az malzeme
sarti ve uygulama alanlarini bilir.
Ders Saati 60 dk.
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TR5
YUZEY PURUZLULUGU

Ders
igerigi

Yiizey isleme: Imalatta vyiizeylerde olusan piriizligiin nedenleri ve
sinirlandirma gerekgeleri. Parcanin goérevine uygun ylzey isleme isareti koyma
geregi. Yuzey isleme isaretleri (Sembol) ve gesitleri. Ylzey isleme isaretlerinde
grafik sembollere eklenen bilgiler. Yuzey igsleme igaretleri ( Ra, Rz, Rmax, Pt
ve digerleri ile farkli standartlarda verilen Rzmax, Rz1max gibi farkl purtzltlik
degerleri. Parga resmi tGzerinde ylzey isleme isaretlerinin gosterilmesi.

Yiizey Puruzluligu: Yizey purGzlaligine ait degerler ve purazltlik sinif
numaralari. Teknik resimlerde ylzey purizlUlGginin gosteriime sekilleri ve
imalat metodunun belirtiimesi. Esas Uzunluk ve Dalgalihdin Belirtiimesi, Yizey
isleme izleri ve imalat yontemlerine ait 6zelliklerin gdsterilmesi, ylzey isleme
paylarinin goésterilmesi, 6zel islem gérmus ylzeylerin resimde gdsteriimesi.
Talas kaldirilan yada kaldiriimayan yizey semboli farki.

Ogrenciler: imalatta yiizeylerde olusan piriizligiin nedenleri ve
sinirlandirma gerekgeleri ile imalat resimlerinde parganin gorevine
uygun yizey isleme isareti koyma geregini bilir.

5.1

Yuzey isleme isaretleri ( Ra, Rz, Rmax, Pt ve digerleri ile farkli
standartlarda verilen Rzmax, Rz1max gibi farkli pirizltlik degerlerini
tanir, okur veya resimde uygun yerine koyabilir. Talas kaldirlan yada
kaldiriimayan ytizey sembolu farkini anlar ve uygular.

5.2

Yizey purtzlaligine ait degerler ve pulrtzlilik sinif numaralarini
5.3 bilir veya tablodan bulabilir. Teknik resimlerde ylzey purtzlGlaga
isaretinden imalat metodunu (isleme seklini) anlar.

Ogrenme
Ciktilan

Esas Uzunluk ve Dalgalilik gibi detaylari bilir, ylizey isleme paylarini

54 okur ve 6zel iglem goérmus yuzeyleri igsaretten okuyup yorumlayabilir.

Ders Saati

60 dk.
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Modiil Kodu
Baslik

TR6
MONTAJ RESIMLERI

Ders
icerigi

imalat Resimleri: imalat resminin yapisal 6zellikleri ile imalat ve montaj resmini
ayirt edebilme yontemleri. Kesitler, toleranslar, kontrol dlclleri, yizey igslem
isaretlerive intiyaca gore ek liste veya tablolarile imalat yéntem ve standartlarinin
resim kagidinda gosteriimesi. imalat resimlerinde antet hazirlama ve okuma.
Baglanti elemanlari ve bazi 6zel makine ekipmanlarinin ( digli ¢arklar, yaylar,
civata somun ya da kaynakli birlestirme gibi)gizim gdsterim teknikleri.

Montaj Resimleri: Montaj resmi nedir, nasil ayirt edilir ve kullanildigi yerler
hakkinda temel bilgiler. Montaj resminin c¢esitleri, 6zellikleri, kagida yerlesimi
ve Olgekler. Montaj resimlerinde gorinusler, kesitler ve Olcller. Perspektif ve
sematik olarak cizilmis sistemlerin montaj resimleri. Birlestirilmis parcalarin
numaralandiriimasi ve numaralandirma yontemleri (montaj sirasina-parga
blyukligune-imalat yéntemine gore).

Ogrenciler: imalat resminin yapisal &zelliklerini bilir ve resme
6.1 baktiginda kesittipleri, tolerans ve yuzey isaretleri gibi temel bilgilerden
hareketle imalat ve montaj resmini ayirt edebilir.

imalat resimlerinde antet hazirlama ve okuma. Baglanti elemanlari ve
6.2 bazi 6zel makine ekipmanlarinin ( disli ¢arklar, yaylar, civata somun
ya da kaynakl birlestirme gibi)cizim gdsterim tekniklerini bilir ve resim
Uzerinde bunlara ait sembol ya da 6zel isaretlemeleri (M12 gibi)
okuyabilir.

Ogrenme
Ciktilan

Birlestiriimis parcalarin numaralandiriimasi ve numaralandirma
6.3 yontemleri (montaj sirasina-parca buyuklugine-imalat yontemine
gore) bilir. Birlestirme elemanlarini tanir. Monte edilmis ve dagitiimis
(patlatiimig) resimleri okuyabilir.

Ders Saati

60 dk.

3.5. Geligtirilen S/AG Senaryolari

ikinci fazin son ve belki de en 6nemli asamasi gelistirilen icerige uyumlu S/AG uygulamalar
gelistirebilmek Uzere altyapi olusturacak olan senaryo (story board) yazim gelistirme
safhasidir. Bu safhada program gelistirme ekibi ilgili paydaglar ile koordineli olarak her bir
ogrenme ciktisinin nasil bir senaryo ile 6greniciye aktariimasi gerektigi hususunda galismigtir.
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4. SG /| AG Uygulamala Gelis

Proje kapsaminda S/AG uygulamalari gergeklestirme sureci; ihtiya¢ analizi ile belirlenen
oncelikler dogrultusunda icerik ve materyal gelistirimesi asamalarini kapsamaktadir.
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Bolum 4

Uygulama gelistirme dongusu Sekil 4.1°de gosterilmektedir.

Sekil 4.1.
Uygulama gelistirme déngusu

icerik gelistirme asamasinda belirlenen ve S/AG uygulamalarinda kullanilacak senaryolar
her biri ile ilgili Teknik Resim konusunu agik ve anlasilir bigimde anlatmak icin kurgulanmistir.
Senaryo hazirlama evresinde uygulamanin gelistirilecegi Unity3D programinin Ucretsiz
surumU ve ARCore kituphanesinin kabiliyetleri de dikkate alinmis ve senaryo gelistirmenin
son fazinda uygulamalarin Gzerinde kullanilacak seslendirme metinlerinin  yazimi
gerceklestirilmistir. Uygulama gelistirme surecinde Oncelikle animasyonlar hazirlanmis
ve bu animasyonlar bir araylzde toplanarak uygulama haline getirilmistir. Son agsamada
uygulamanin test edilerek yapisal ve mantiksal hatalar tespit edilmistir. Bu slrecgte Teknik
Resim egitiminde deneyimli kisilerden alinan geri bildirimler kaydedilerek bu veriler 1siginda

Iyilestirme ve
Gelistirme
Calismalari

Icerik ve Kapsam
Belirleme

Degerlendirme ve
Geri Bildirimler

Uygulama
Gelistirilmesi

Uygulamanin Test
Edilmesi

uygulamay!i glglendirilmek amaciyla birtakim gincellemeler yapilmistir.

4.1. AG Uygulamasi Geligtirme

Animasyon Hazirlama: AG uygulamasinin gelistirme surecinde kullaniimak Gzere 18 ayri
sahnede yaklasik 30 adet animasyon hazirlanmis ve bu senaryolarin sahnelenmesi igin
kati modeller kullaniimistir. Kati modellerin bazilari hazir olarak temin edilirken halihazirda
olmayan yardimci modeller kati modelleme programi yardimiyla yeniden olusturulmustur.
Bunlardan Geometrik Olglilendirme ve Toleranslar baghgi igin hazirlanan modeller Tablo 4.1

de gosterilmektedir.
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Table 4.1. Animasyonlarda kullanilan yardimci modeller

Kati Model Aciklama Kati Model Aciklama

Silindiriklik toleransi i Diklik toleransi
kutucugu l O , 02 A kutucugu

Q]
=
%
2

Konum toleransi

Duzlemesellik kutucugu

toleransi kutucugu

C -05 Dogruluk
Yuvarleikllk toleransi toleransi
kutucugu kutucugu

m Acllilik toleransi Simetriklik

kutucugu toleransi
kutucugu

Es merkezlilik Toplam salgi

toleransi kutucugu toleransi
kutucugu

/1008
Paralellik toleransi Salgi toleransi
kutucugu kutucugu

Hazirlanan modelleri Unity3D programinda kullanabilmek amaciyla modeller obj/ fbx
dosya formatinda ve calisma performansini dusirmemesi i¢cin en uygun mesh yapisinda
kaydedilmigtir. Model hazirlama evresi tamamlandiktan sonra animasyonlar hazirlanmaya
baslanmigtir. Unity3D programinin kullanicilara sundugu animasyon blogu temel animasyon
hareketleri igin yeterlidir.

Arayuz tasarimi: Uygulamanin araylzu tasarlanir iken estetige, kullanim kolayhgdina ve
verimliligine 6zen gosterilmis ve yaygin olarak benimsenmis olan ikonlara benzer ikonlar
tercih edilerek uygulamanin kullanimi kolaylagtirilmigtir.
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Arayiiz Tasarmmi

Animasyonlarm Gorselligin Arttirilmasi
Hazirlanmasi ve Revizyonlar

Sekil 4.2. Araylz tasarimi

Sketching Techniques and Dimensioning

@ Line Types
® cCoordinates

— . — @ Title Block
Projections, Perspective and Sectioning @ Revision Table Dimensional, Shaft and Hole Tolerances

9 Scale

+ Sectioning
+ Shaft-Hole Tolerances

+ Projectioning & Perspectives

e Views

e Dimensional Tolerances

Geometric Dimensioning and Tolerancing & Tolerancing Surface Roughness

. Straightness Flatness
Circularity Cylindricity ¥
5 elect a chapte + Surface Roughness

Angularity Concentricity

Paralelism . Perpendicularity ¥ JSurface Roughness Symbols
Runou Assembly Drawings

. Symmetry
+ Assembly
+ Assembly Drawings

Sekil 4.3. Uygulama arayiizi

Uygulamada yer alan konular alti ana baglik altinda ele alindigi igin uygulama arayizi de
alt ara menuye sahiptir. Sekil 4.3’te bu ara menuler gosterilmektedir. Kullanilan sembollerin
hepsinde ilgili web sitesi veya konuya baglanti yapiimistir. Bu sayede kullanicilar hizli bir
sekilde web sitesine giderek konuyla ilgili daha detayli bilgiye erigsebilmektedir.

Uygulamanin verimli, kullanigl ve etkin olmasi agisindan animasyon oynatilirken sadece
Ustten alta dogru “durdur”, “yeniden baglat’ ve “meni” tusu bulunmaktadir. Menu tusuna
basildiginda secenekler agiimaktadir. Burada sol alt taraftaki tus bu menuyu kapatmak,
sag ust koseden asagi dogru olan tuslar ise sirasiyla “uygulamay kapat®, “uygulama
menusune don”, “AR modu degistir” ve “sesi ag-kapat” islevlerini yerine getirmektedir. Son
olarak “?” tusu Sekil 4.4'de goruldugu Uzere menudeki tuslarin iglevlerinin ne oldugunu
gostermektedirOzellikle geometrik toleranslar ve ylizey plrizlilik konularinin menilerinde
yardimci mend kullaniimistir.
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Sekil 4.4. Geometrik toleranslardaki menu tusu igerigi

Proje kapsamindaki senaryolarda ve materyal gelistirme yazihm kodlarinda Sofia Teknik
Universitesinde tasarlanan ara¢ modelinin direksiyon pargalari ve bunlara ait CAD datalar
kullanilmistir. Ara¢ parcalari ve yardimci elemanlar 3Ds MAX ve Inventor programlari
kullanilarak obj ve fbx dosya formatina donusturilerek Unity3D ortamina aktarilarak
senaryolari canlandirmak amaciyla pargalar U¢ boyutlu animasyonlar olarak kaydedilmistir.
Sekil 4.5. Her bir tolerans igin farkli bir sahne olusturuldu ve Google’'un ARCore Kitliphanesi
Unity3D’e eklenmistir.

Q) Unity 20182.12f1 Personal (64bit) - Paralellism.unity - Tolerances(28.11.2018) - Android* <DX11 on DX9 GPU>
File Edit Assets GameObject Component Window Help

[ + BENEIR) e

# Scene © Inspector
= - m 5 amon @A) s
Shaded 20 SN it Sl & [Paralelism () Static v

Tag (Tolerance __¢] Layer [Defaut <)
Position X0 ¥[o 12136
Rotation X[0.73 |Y[3.79 |Z[4.52
Scale X1 YT J2[T

¥ 52 L Animator )

e
Controller Eparalelism °

Avatar [None (Avata) | @
Apply Root Motion ]

Update Mode
Culing Mode

4 Quat: 0 Euler: 1 Scale: 0
19

s
Constant: 0 (0.0%) Dense:
eam: 37 (100.0%)

__Add Component

© Animation
[previen | @ | 14| 14| > | M| M| 051 | 0:00 5:00 10:00 15:00 20:00 25100 30:00 35:00 140:00

e sl sarpis s B 1 Culu0]
3

@ENd panel : Game Object.1[] °
@Panel : Game Object.Is Ac W

\@StraightnessMessage1 : (J
#StraightnessMessage2 : []
@StraightnessMessage3 : ¥
{@Panel (2) : Game Object.Is]
@Parallelism : Game Object.ls /&4
| Dopesheet | Curves «

000000

v
|

Sekil 4.5. Unity3D ortaminda igerik gelistiriimesi

Sekil 4.6 da tamamlanmis bir sahne gosterilmektedir. Buna benzer olarak diger sahnelerde
de toleransi anlatmak icin referans isareti, tolerans kutusu, yardimci dizlemler ve oklar
kullaniimistir.
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Sekil 4.6. Uygulamanin mobil ekran goriintisi

Animasyonun baslangicindaki tanitim videosu acildig1 andan itibaren mobil cihazin kamerasi
gorUs alanindaki ylzeyleri taramaya baglar ve goruntiler Gzerinde bazi referans noktalar
belilemektedir. Referans noktalari belirlendikten sonra sanal nesneler bu referanslara
gore Ug¢ boyutlu uzayda konumlandirilir. Sanal pargalar animasyon esnasinda hareketli
oldugundan dolayi pargalara dondirme hareketi eklenmistir. Boylece parcalar hem dikey
hem de yatay eksende, mobil cihazin ekranina tek parmak ile tiklayip dikey veya yatay
konumda surtkleme hareketiyle dondurilebilmektedir.

Sekil 4.7. Parmak ile kontrol

Kullanim esnasinda sanal nesneler konumu itibari ile mobil cihazin ekraninda incelemek
icin buydk veya kuglUk gorunebilir. Bdyle durumlarda kullaniciya yardimci olmak igin
uygulamaya sanal nesneleri yeniden boyutlandirma (zoom) 6zelligi eklenmistir. Yine gelisen
teknoloji ile artik gogu uygulama bazi iglevleri yerine getirmek veya kullaniciyi belirli bir web
sitesine ydnlendirmek icin QR kod okuma yetenegine sahiptir. Bu nedenle gelistiriien AG
uygulamasina QR kod okuma kabiliyeti de eklenmistir.
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AG Uygulamasi Ornek Ekran Gériintiileri

Acik kaynak olarak sunulan ve uygun mobil cihaza sahip herkesin kullanabilecegi uygulamaya
ait birkag ornek devam eden kisimda siralanmistir. Yine proje kapsaminda gelistirilen egitim
iceriklerine, 6grenci ve egitimciler igin 6grenme-6gretme ydntemlerine, proje kapsaminda
uretilen animasyonlara ve diger destekleyici materyallere ve gelistirilen AG uygulamasina
http://vrindesign.org/ adresinden Ucretsiz ulasilabilmektedir Sekil 4.8.

& info@vrindesign.org

” ANASAVFA  PROJEHAKKINDA  HABERLER  CALER|  PROJEDOKUMANLARI  EGITM
VA IN

VRinDesign APK

Pilot Eitim Son Test

Sekil 4.9. Yiizey purtzltligi
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Sekil 4.10. Montaj Resimleri

Q0O

Sekil 4.11. Kesit Alma

o ---1

S| # o] unm
ﬂnEH
EiHF B

b
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ag: é%
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E

Sekil 4.11. Mil ve Delik Toleranslari
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Sanal Gergeklik (SG) Uygulamasi Gelistirme

Proje kapsaminda SG uygulamalari Sofya Teknik Universitesi tarafindan gelistiriimistir.
Geligtirilen SG uygulamasi ile AG uygulama gelistirme evreleri ortak olarak yurattlmustar.
SG uygulamasinin ekran goruntisu Sekil 4.12 de gosteriimektedir. SG uygulamasi Google
Cardboard gozliklerinde kullaniimak tzere gelistiriimistir. Bu nedenle uygulamada tiklama
yerine GazeClick 6zelligi kullaniimistir.

Sekil 4.12. SG uygulamasinin ekran goérintisu

SG uygulamasi gelistirirken dncelikle uygulama sahnesi bir atdlye bigiminde tasarlanmistir.
Uygulamanin gorselligini arttirmak igin hazirlanan atolyenin igine proje kapsaminda kullanilan
Sofya Teknik Universitesinde tasarlanmis olan aracin patlatiimis modeli yerlestirilmistir.
Kullanim esnasinda konu basliklarina kolayca erigebilmek icin atolye igine bir ¢alisma
masasi da eklenmisgtir.

Bu calismada da alti ana konu bashg ele alinmistir. Her bir konu bashgr modul olarak
temsil edilmistir. Moduller ¢alisma masasi Uzerine birer tus kullanilarak eklenmistir. Bir
modul segildiginde konunun anlatilacagi pargalarin G¢ boyutlu bir sekilde masanin Gzerinde
yerlestiriimesi saglanmistir. Boylece herhangi bir par¢a segildiginde masanin uzerindeki
ekrandan ilgili konunun videosu oynatiimasi saglanmistir. Geligtirlen AG uygulamasi
SG uygulamasindan daha verimli oldugundan dolay! uygulamalar ¢ogunlukla AG olarak
gelistirilmistir.
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4.2. Animasyon Geligtirme

Animasyon, 6grencilere gosterilebilecek farkl metin, renk, ses ve video stillerinin kullaniimasi
nedeniyleiletisim icin etkili bir ortamdir. ismail ve digerleri, (2017), Egitim Ogretimde animasyon
kullaniminin geleneksel 6gretim yontemleriyle karsilastirildiginda egitime katkisinin % 30°’dan
fazla arttirdigini belirtmigtir. Video animasyonlarin kullaniimasi, égrencinin motivasyonunu
ve katilimini arttirirken hayal guicu ve gorsellestirmeye yardimci olabilir. Animasyon ve AG
| SG igerigi icin tasarim asamasi, 6 modulin her biri icin storyboard’larin gelistiriimesiyle
basladi. Sekil 4.13, modul 5'in planlama asamasini ve ¢alismanin ilgili arastirma ortaklari
tarafindan nasil geligtirilebilecegini gostermektedir.

A W
v »‘i < -;
Sekil 4.13. Modul 5 igin Storyboard
B kip h ir ortagin ilerl ini
u asamada, ekip e bir orlagn feremesin Storyboard
gOsterdigi ve yapici geri bildirim aldigi dizenli video 7
toplantilari yapti. Ekran paylagimi, dnerilen calismayi
Research -

gOstermek igin yararh bir arag¢ olarak bulundu. Her
Uc ayda bir gergeklestirilen ilerleme toplantilari, bu |
uluslararasi igbirligi Projesinin ilk agsamasinda belirli Script ]
tarih ve hedeflerin karsilanmasi gereken projeyi T !

basariyla yurutmek igin gok dnemliydi. Animation

Sekil 4.14, Storyboard olusturmanin projenin l

onemli bir yéni olan animasyonlarin yaratilmasinda Render

kullanilan sureci gostermektedir. Her modul igin !

gerekli elemanlari gosteren net bir gelistirme yolu Editing —
/ rotasi sunar. Daha sonra bir kodun yaratildigi l

modulin gereksinimlerini anlamak igin teknik igerik Publich

gelistirme aragtirmasi yapilir. Animasyon yaparken,
komut dosyasi belirli bir igerik igin atanan zamana,
gereken beceri seviyesine ve igerigin onemine bagl
olarak ayarlanabilir. Bu yinelemeli gelisim surecinde
ilgili ekip Uyelerinden gelen surekli geri donusler
girdi olarak kullaniimstir.

Sekil 4.14. Animasyon ve AG/SG Sireci
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Proje ekibi, projenin merkezinde Formula Ogrenci Yaris Arabasi kullanmaya karar vermistir
(Sekil 4.15). Tasarlanan ve fiziksel olarak uretilen bu araba, Sofya Teknik Universitesi'ndeki

(yani CAD) muhendislik 6grencileri tarafindan gelistirilmigtir. Bu otomobil modeli, AG / SG ve

animasyon i¢inde kullanilacak ¢ok cesitli farkh bilesenler verdi. Baglam / ortam, égrencilerin
bileseni anlamalarina ve daha gergek bir dinya deneyimi yagsamalarina yardimci olmak igin

her bolum igin AG / SG ve animasyonlar olarak atanmistir.

St mie ¢

oDov = B s

= 05
paples: 3
fangles: 5,409,500

: 1269714
allength: 435

|
(4 ‘ ©

el

2 Panels Straight 4K
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3
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(¥ fox animation
¥ fbx animation

Sekil 4.16. Bir animasyondan CAD modelleme ve olusturma
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Animasyon daha sonra $ekil 4.16'da gosterildigi gibi olusturulmadan 6nce uygun malzeme
animasyonu eklemek i¢cin Keyshot yazilimina aktarildi. Film seridi ve grafikler olusturmak icin
Adobe paketi (Photoshop, lllustrator ve InDesign) dahil gerekli ¢iktilari elde etmek igin birkag
yazilim paketi kullanildi. 3B igerik olusturma igin, SolidWorks otomobili modellemek igin
kullanildi, daha sonra animasyon iglemini baslatmak i¢cin 3D Studio Max’a aktarildi. Model
cok koseli verilere donusturuldu (AG / SG igin dusuk ve animasyon icin ylksek). Modele
uygun dokular sonrasinda uygulanmis ve kamera ve nesne hareketi de dahil olmak Uzere
icerigi olusturmak icin gesitli animasyon yontemleri kullaniimistir (Huerta ve digerleri, 2019)

4.3. WEB Sayfasinda Online Egitim Altyapisi Hazirlama

Proje kapsaminda uretilen sanal ve artinimig gergeklik uygulamalari ve animasyonlar ile
diger destekleyici materyallere Ucretsiz erigim igin http://vrindesign.org/ sitesi tasarlanmis ve
kullanilmaya baslanmigtir. Bu siteden;

. Egitim igeriklerine,
. Ogrenci ve egitimciler igin 6grenme-6gretme yontemlerine
. Sanal ya da Artirlmis gergeklik uygulama linklerine

. Proje kapsaminda uretilen animasyonlara ve diger destekleyici materyallere
ulagilabilmektedir(Sekil 4.17).

VRinDesign APK

TRS| YUZEY PORUZLULUGU Pilot Egitim Son Test

IRG! MONTAJ RESIMLERI

Tasanimda Sanal Gergeklik" proje dokiimanlari

Obizoark Y

ORTAKLAR

> Huddersfield Universitesi

Sekil 4.17. Projeye ait WEB sitesi egitim ekrani gérintisi
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Bolum 5

5. Pilot Egitimi & Perfor

Bu proje kapsaminda agirlikli olarak artirilmis gergeklik teknolojisini kullanarak mesleki ve
teknik egitimde kullaniimak Uzere uygulama gelistiriimistir. Bu uygulamada Teknik Resim
okuma ve tolerans verme kurallari etkili bir sekilde anlatilmaktadir. Calismalar kapsaminda
Teknik Resim egitimlerinin Sanal ve Artirilmis gergeklik ortaminda verilebilmesi igin
yeni icerik ve materyal gelistirmesi yapiimigtir. Gelistirilen materyaller dijital bir platform
uzerinden agik kaynak olarak yayinlanmaktadir. Bu yolla ders ortaminda kisitl sure ve
arag-gereclerle anlatilan teknik resmin daha kolayca anlasilabilmesini saglamak igin
iki boyutlu nesnelere arttirilmis gerceklik ile dguncu bir boyut kazandirilabilmekte ve
parcalar Uzerindeki detaylar 6grenci tarafindan daha kisa slrede anlagilabilmekte ve
yanlis veya eksik 6grenme minimize edilmektedir.

Martin vd. (2015) galismalarinda teorik bilgileri AG destekli laboratuvar uygulamalari
ile kullanarak egitim ve algi iligkisini arastirmiglardir. Ortaya ¢ikan degerlendirmelerde;
ogrenciler, AG ortamlarini kullanirken kendilerini rahat hissetmekte ve igerigin
ogrenilmesi, performans egitimi, tesislerin ve makinelerin tasariminin amacina uygun,
kolay ve kullanigli oldugunu dusunmektedirler. Benzer bicimde, muhendislik ddrencilerinin
mekansal yeteneklerini gelistirmek igin AG uygulamasi kullanimindan bahsetmektedirler.
Martin vd. (2010), bir baska galismalarinda Mihendislik 6grencilerin ders esnasinda
uzamsal yeteneklerinin gelisimini tesvik etmek icin gorsellestirme goérevlerini yerine
getirmelerine yardimci olmak amaciyla 3D sanal modeller gelistirmisler ve 6grenciler
Uzerinde yaptiklari egitimlerde, olumlu katkilar sagladiklarini ifade etmiglerdir.

Farkli 6gretim materyal ya da programlarinin egitim ve 6grenme performansina yonelik
calismalar incelendiginde genel olarak on test-son test desenli basit deneysel ya da
kontrol gruplu deneysel metotlar yaygin olarak kullanildigi goérilmektedir. Ornegin,
Akcgayir vd.(2016) AG uygulamalarinin Universite 6grencilerinin laboratuvar becerileri
ve laboratuvarlara yonelik tutumlari Gzerindeki etkilerini arastirmistir. Yari deneysel 6n
test/son test kontrol grubu tasarimi kullaniimistir. Sonuglar, AG teknolojisinin, Gniversite
ogrencilerinin laboratuvar becerilerinin gelisimini dnemli o6lgude arttirdigini ortaya
koymustur. Cepnivd. (2006) bir bagka ¢alismalarinda fotosentez konusuile ilgili Bilgisayar
Destekli Ogretim Materyalinin égrencilerin biligssel gelisimine, kavram yanilgilarina ve
tutumlarina etkilerini arastirmaktir. Aragtirmanin baginda ve sonunda oOn test ve son
test olarak basari testi, konsept testi ve fen tutumu olgegi iceren deneysel bir arastirma
tasarimi uygulanmgtir. Bilgisayar Destekli Ogretim Materyali kullanimindan sonra genel
bagari testinde anlamli duzeyde deney grubu lehine % 10 artis gézlemlenmigtir.
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5.1. Materyal ve Yontem

Calisma; AB Erasmus+ Programi Mesleki Egitim Stratejik Ortakliklar kapsaminda
yurutilmekte olan “Virtual and Augmented Reality in Design for Manufacture” isimli
proje kapsaminda Teknik Resim egitimi icin gelistirilen Sanal ve Artirlimis Gergeklik
uygulamalarinin 6grenme performansina etkilerinin tespiti amaciyla pilot egitim ve egitim
Olgcme ve degerlendirme galismalari yapilmistir.

Pilot Egitim

Pilot uygulama AG uygulamalarin Universitede verilen Teknik Resim derslerinde
kullaniimasi ile gergeklestirilmistir. Bu asamada AG uygulamalari drnekleme igin segilen
yuksekokul 6grencilerine verilen egitimlerde kullaniimistir. Arastirmanin deney grubunu,
Meslek Yuksekokulu Otomotiv programinda okuyan 30 6grenci olusturmaktadir. Pilot
egitim suresi 1 ay ve toplamda 12 ders saati olarak uygulanmigtir. Bu siregte, iki boyutlu
sunum destekli ve ogretmen merkezli olarak surdurulen klasik egitimler yerine pilot
egitimlerde proje kapsaminda belirlenen 6grenme ve 6gretme metotlari kullaniimigtir.
Belirlenen 6 konu basligina ait konular AG destekli olarak anlatilmis, ayni zamanda

ogrencilerin mobil telefonlarina uygulamayi indirerek bireysel olarak kullanmalari
saglanmigtir.

Uygulama sadece Android igletim sisteminin 7.0 ve Uzeri surumlerine sahip olan mobil
cihazlarda calistigindan bu imkani bulamayan &grenciler igin dersler esnasinda bir
mobil telefon ekrani projeksiyon cihaziyla eslestirilerek uygulama gorsellestirilmigtir.
Bu gorsellestirme, sadece sunum ve 6gretmen anlatimindan olusan iki agsamali klasik
yontem yerine; sunum, anlatim ve ilave olarak 6gretme yonteminde belirlenen noktalarda
proje kapsaminda gelistirilen 6zglin animasyonlar ve son asamada AG uygulamasi
destegiyle 3 boyutlu ortamda 6gretme/6grenme ydntemi ile saglanmistir. Yine kontrol
grubu olarak 20 kisiden olusan ve ayni programda okuyan dgrencilere ayni igerik ayni
ogretim elemani tarafindan ayni strelerde AG materyalleri kullaniimadan verilmistir.

Olgme ve degerlendirme

Egitim basgarisinin ve kisilerin yetkinliklerine katkisinin basit deneysel 6lgcim yontemiyle
degerlendiriimesi amaciyla AG uygulamalari kullanan ve kullanmayan 6grenci guruplari
arasinda karsilastiriimali yetkinlik analizi yapiimistir. Bu amagcla oncelikle performans
Olcuimu icin kullanilacak olgek gelistiriimis ve sonuglar istatistik programlari ile analiz
edilerek degerlendirilmistir.

Calisma kapsaminda gelistirilen icerik ve egitim modeli ile benzer igerikle verilen klasik
egitimin degerlendiriimesi amaciyla On test - Son test kontrol gruplu deneysel desen
kullanilmistir. Bu yontemde On test amaciyla bir klasik sinav ve 20 sorudan olusan bir
anket deney ve kontrol gruplarina Google survey Uzerinden uygulanmigtir. Yine deney
grubu ile 6n test klasik sinav degerlendirmelerine gore farkl seviyelerden 6 6grenci ile 3.
Haftada 10 sorudan olusan bir miilakat gergeklestiriimistir. Son dersin akabinde On test
sinavi ve anketi son test olarak tekrarlanmistir. Elde edilen veriler sayisal basari, soru
bazli anket dederlendirmesi ve igerik analizine tabi tutularak degerlendirilmistir.
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5.2. Bulgular

On test - Son test kontrol gruplu deneysel galismanin teorik sinav karsilastirmalari Sekil
5.1 de verilmistir. A4 Teknik Resim ka&gidi uzerinde verilen sekil ve toleranslar ile temel
Teknik Resim bilgilerini sorgulayan tek sayfalik sinavin 6n testlerinde her iki grubunda
ayni seviyelerde oldugu gdézlemlenmistir. Bununla beraber Son testlerde basari orani
Deney grubunda % 480 ve Kontrol grubunda %360 olarak gerceklesmistir. Bu sonuclar
kontrol grubuna gére deney grubu %30 daha ylksek teorik 6grenme performansini ifade
etmektedir.

Teorik Sinav On-Son Test Karsilastirmalar
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Puanlar (100 tabaninda)
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20
0 | = :
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Sekil 5.1. Teorik sinav On test Son test karsilastirmalari

istatiksel Analiz

Bunlardan 30’u AR'yi destekleyen egitim almig, 20’si AR’yi desteklemeyen egitim almig
olan toplam 50 kisi degerlendirildi. Analiz i¢in kullanilan anket, 1 (negatif) ile 5 (pozitif)
arasinda degisen bir Likert skalasina dayandiriimistir. Katiimcilara yoneltilen 20 sorudan
8’inin dogrudan teknik kavramlarin algilanigini 6lgmeyi amaglayan, 7’sinin beceri, 5’inin
de egitimin katkisiyla ilgili davranig-motivasyon sorulari oldugu belirlenmistir.

Deney ve kontrol grubu katilimci performansini karsilastirmak icin SPSS23 bagimsiz
orneklem t testi (% 95 gliven aralidi) kullaniimistir. Deney grubu t-testinin genel sonuglari
-8.079 (p degeri .000) olarak bulundu. Kontrol grubunun t-testinin genel sonuglari -3.437
(p degeri .001) idi. Bu sonuglar, degerlendirmenin diger detaylarini degerlendirmek igin
onemlidir.
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Sekil 5.2. Performans Olgiim Sonuglari

Calismanin 3 alt baslik ve 5 li likert dlgeginde hazirlanmis 20 sorudan olusan performans
Olcuimu sonuglari Sekil 5.2 de verilmistir. Gruplarinin 6n test sonuglari deney grubu 5
Uzerinden 2,92 ve kontrol grubu 2,91 olarak bulunmustur. Bu birbirine ¢ok yakin olan
durum teorik sinav on testlerinde de benzer olarak gerceklesmisti. Son testlerde ise
deney grubu sonuglari 4,08 ve kontrol grubu 3,41 olarak bulunmustur. On test ile
son test arasindaki artis deney grubunda % 39,7 ve Kontrol grubunda % 17,2 olarak
gerceklesmistir. Bu sonuglar kontrol grubuna gére deney grubu %19,6 daha ylksek
6grenme performansini ifade etmektedir. Bu deger AG kullaniminin katilimcilarin Teknik
Resim dersi ile ilgili bilgi, beceri ve davranislarindaki degisim agisindan hayli 6nemlidir.

igerik Analizi

Mdilakat yontemi ile yapilan degderlendirmelere ait igerik analizi ile AG uygulamasinin
ogrencilerin Teknik Resim dersinde kullaniimasi ile 6grencilerin motivasyonu, 6grencilerin
yeteneklerinin gelisimi ve uygulamanin basarisi, uygulama kullanim metot tercihleri,
ihtiyaclari hakkinda veriler toplanmig ve yorumlanmigtir. Buna goére:

Motivasyon:Mdulakatakatilandgrencilerdahadnce VR&ARuygulamasikullanmamislardir.
Uygulamanin 3 boyutlu olmasi odaklanmayi, anlamayi kolaylagtirmakta ve 6grencilerin
0grenme motivasyonunu arttirmaktadir

Basari ve Yetenek: Uygulama 6grencilerin Teknik Resim basarisini, 2 boyutlu ¢izimden
3 boyutlu ortama ge¢cme ve gorsel resim canlandirma yetenegini arttirmasindan dolayi
yukseltmistir. Uygulama o6grenciler tarafindan basarili bulunmustur

ihtiyag: CAD-CAM programlarinin yayginlasmasinin da artirmis oldugu Teknik Resim
bilgi ihtiyacini kargilayacak AG uygulamasi ile desteklenmis bir Teknik Resim kitabi
ogrenciler tarafindan bir ihtiyag olarak gorilmektedir. Teknik Resim egitiminin ginumuzde
artan bilgi ihtiyaglarini kargilayabilmesi igin 6grenciler arasinda en ¢ok sikinti duyulan
konulardan toleranslar, yluzey puruzltlukleri, kesit alma konularinin anlatiminin daha
fazla gorsel ornekler ile gelistiriimesi gerekmektedir.
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Tercih: Gorusmeye katillan 6grencilerin uygulama kullanim tercihi daha ulasilabilir
ve uygulama pratikligi nedeniyle mobil cihazlar olmustur. Ancak bazi ogrenciler
VR gézItgunin de aktif bir sekilde kullanilabilecegini belirtmistir. Ogrenciler genel olarak
uygulamanin anlama kolayligi ve 6grenmeyi arttirmasi nedeniyle bireysel kullanimdan
ziyade egitimcilerin derslerine destek amagli kullaniimasi gerektigini belirtmigtir.

5.3. Sonug ve Oneriler

Bu calismada, mesleki egitim alaninda konularin &grenciler tarafindan daha iyi
kavranmasi igin kullanilan pahali deney duzenekleri ya da egitim materyalleri yerine
herkesin ulagabilecegi ve herhangi bir maliyet olusturmayan bir 6zgun artiriimig gergeklik
uygulamasi her yonuyle degerlendiriimistir. Gelistirilen AR uygulamasinin, makine
imalat sektorlerinde eksiklik hissedilen Teknik Resim okuma bilgi ve becerisinin meslek
lisesinden muhendislik fakultesine kadar her seviyede ve bireysel 6grenme ihtiyaclarini
da karsilamasi 6ngorulmektedir. Performans verileri ve kigilerin kavramsal ve biligsel
ogrenme duzeylerine katki degerlerine ait bulgular gelistirilen uygulamanin 6grenme
performansina katma degerinin ciddi oranda oldugu gostermektedir.

Calismanin icerik analizi g¢iktilarinda bu tlir uygulamalara yonelik ihtiya¢c ve beklenti
acikga gorilmektedir. Ozellikle mobil cihazlar igin geligtirilen uygulamalarin daha
kullanigh olacagi yine mobil cihazlar ile de entegre bir interaktif Teknik Resim kitabinin
geligtirimesine yonelik beklenti diger 6nemli ¢ikti olarak sdylenebilir (Emreli et all, 2019).
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Bolum 6

Projede dngorilen ve 01.10.2017 tarihi itibari ile fillen baglatilan is paketleri kapsamindaki
tum is paketleri ve ¢iktilar 01.10.2019 itibari ile basarili bigcimde tamamlamistir. Projede
ongorulen ve bu raporda detaylari verilen dort fikri ¢ikti tamamlanmig ve drunler agik
kaynak olarak kullanima sunulmustur. Yine proje kapsaminda planlanan dort adet
uluslararasi toplanti gerceklestiriimis ve sonuglari tutanak altina alinmistir. Proje
kapsaminda ilk alti aylik donemde gerceklestirilecek faaliyetlerden biri olan web sitesi
Uc dilde yayin yapacak ve gelistirilen egitim materyallerinin yararlanicilar tarafindan
Ucretsiz olarak indirilebilecegi bir altyapi ile http://www.vrindesign.org/ alan adiyla
yayinlanmigtir. Proje suresince gelistirilen materyal ve ¢ok sayida uluslararasi akademik
yayin, raporlar, kullanici el kitabi, gelistirilen mufredatlar ve rehber kitap yayginlastirma
faaliyetleri kapsaminda web sitesinde yayimlanmistir. Yine web sitesi Uzerinden yapilan
yayginlastirma faaliyetlerinin yani sira medya organlarinda haberler yapilimistir.

Bu slregte tum ortaklar 6nemli kazanimlar elde etmis ve 6zellikle giktilarin akademik
altyapisinin hazirlanmasi ve urun gelistirme fazlarinda ¢gok dinamik bir uluslararasi isbirligi
sergilenmistir. Proje ¢iktilarinin tim dlinyada meslek lisesi birinci sinifindan mihendislik
faklltesi son sinifina kadar her kademedeki Teknik Resim dersi alan ogrencilere is
hayatinda ihtiya¢ hisseden bireylere fayda saglamasi beklenmektedir.
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Virtual reality applications were developed in order to teach and enable understanding of
Technical Drawing standards for the machinery manufacturing sector with the projecttitled as
Virtual and Augmented Reality (V&AR) in Design for Manufacturewhich is supported by EU
ERASMUS+ Vocational Training Strategic Partnership Projects program.The rate of scrap
products resulting from employee errors may threat companiesthat utilize high technology.
Both schools and enterprises should improvetheir training programs and curricula by
innovativeteaching approaches in order to minimize employee related problems. Most of the
training takes place to improve the advance skills of reading Technical Drawings (TD) that are
believed to have a significant impact on scrap ratesin the sector, but to be insufficient. This
deficiency of the training stems from either the fact that the education provided at schools
including vocational high schools, vocational schools, and engineering faculties does not
include practical applications or the standards for these skills are updated very often.

In order to respond to the need of quality training in Technical Drawing, the project has been
started to develop goal-oriented content with innovative delivery or teaching methods. In
this context, Virtual and Augmented Reality (V/AR) applications that will be used by anyone
as open sourcein the topic of Vocational Education Technical Drawing were developed with
cooperation of academics and software engineers from three partner countries. Within the
scope of the two-year long project; it is aimed to transfer the topics that are thought to be
the most deficient issues in the vocational training of Technical Drawing and Standards used
in machinery and manufacturing sector to V/AR environment in order to make them more
efficient in three dimensional environment especially with the help of mobile applications.

In this context, the development process of V/AR applications includeda needs analysis,
determining the content based on the results of the needs analysis, the development of
applications for the content, and a pilot implementation stage in which the contribution to
learning performance is assessed.Within the scope of the project, firstly 30 animations in 18
separate scenes under six units were developed for AR applications that were preferred over
VR due to the headset and other equipment requirements. In addition, 12 animated videos
were developed and uploaded to the project website to support both VR and AR applications.
Moreover, a special scene and menu structure that includes six topics for VR application was
utilized to be used with a mobile phone with the help of a specific‘cardboard.”The links with
all developed applications, supporting materials and animations are available on the project
website: “vrindesign.org.”

In order to determine the contribution of the applications to learning outcomes, a pilot study
was designed based on an experimental research design with control group. The data were
collected by a conceptual comprehensiontest and an achievement test that were developed
regarding V/AR supported Technical Drawing subjects. Preliminary results showed that
students who were trained with VV/AR applications have 20% higher performance or learning
outcomes than control group. V/AR applications and the other outcomes of the project, their
pedagogical backgrounds in construction and product development demonstrated a vibrant
international collaboration.Expectations are to have great impact on the individuals who seek
quality training about technical drawings from vocational high school to engineering schools
and even in vocational training at work.
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Section 1

1.1. Introduction

The rate of scrap products resulting from employee errors may threat companies that utilize
high technology.These errors may be related to the employee’s knowledge, experience and
current psychosocial status. In order to minimize employee-related problems, both schools
and enterprises should develop serious training programs to address this three-dimensional
problem. Advance level of Technical Drawings (TD) reading is believed to have a significant
impact on scrap rates in the sector. On the other hand, lack ofadvance level TD reading
training is felt apparently (Arslan and Uzaslan, 2017). This deficiency of the training stems
from either the fact that the education provided at schools including vocational high schools,
vocational schools, and engineering faculties does not include practical applications or the
standards for these skills are updated very often.

In this study, basic and advanced standards and principles used in manufacturing and
assembly drawings are aimed to transfer to virtual/augmented reality (V/AR) environment
so that students and employees at all levels can useV/AR applications to understand these
topics more easily in three-dimensional environment. For this purpose, in the context of
the machinery manufacturing sector; the project consisted of certain stages including, the
needs analysis carried out in order to identify the most deficient and high error rates of the
Manufacturing and Assembly Drawings; the determination of content based on the results of
the need analysis; the transfer of the determined contents to the virtual reality environment;
and pilot study of the training modules. The study was carried out in four stages. These
stages are;

1- Needs analysis: Determining the priority training topics that are needed in the field
with the stakeholders by employing survey methodology and statistical analysis.

2- Content development: Developing a training curriculum with content and objectives
in line with the determined needs from the field.

3- Teaching Material development: Developing V/ARapplications on prioritized topics
and skillsin accord with theobjectives and content determined in the curriculum.

4- Piloting Implementation: Evaluation of the results by administrating the developed V/
AR applications.

The project, which has been supported by EU ERASMUS+ Vocational Training Strategic
Partnership Projects program, was executed under the coordination of Uludag University
and the partnership with theUniversity ofHuddersfield in England, Sofia Technical University
in Bulgaria and Bizpark Bilisim Ind. Trade. Co. Ltd. located in ULUTEK Technopark. It was
aimed to identify the least understoodand most needed issues and topics in Technical Drawing
training and to develop virtual and augmented reality applications in these topics. Within the
scope of the project, the intellectual outputs were listed under four headings. These main
headingsare: Needs analysis, content and material development, and evaluation of the pilot
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implementation. As shown in detail in the report, evaluation results revealed that the students’
3D visualization skills of the TDs haveimproved significantly by usingV/ARapplications
produced within the scope of the project. It is also found that students oriented themselves
to AR technology and get used to it. In addition, this contemporary educational technology
increasesstudents’ interest towards the course.

1.2. Literature Review

In their studies, Balak and Kisa (2017) investigated the effects ofAR in the Smartphone
technology in Technical Drawing education and emphasized that the Technical Drawing
(TD) course is very critical for engineering students. They reported that, in the first-year
engineering education, since students may have trouble visualizing two-dimensional (2D)
drawing as three-dimensional (3D) and they may not visualize 2D drawings that were taught
in traditional TDtraining in 3D, the students had learning issues and lose of motivation. In
their research, they investigated effect of AR used with smartphones and/ tablets on learning
and examined the effects of using AR in TD classes. igten and Bal (2017) examined recent
developments and applications about Augmented Reality (AG) technology in literature.
They reported details, genuineness accuracy (strength and weaknesses), implications,and
intended use of national and international academic studies and private sector practices that
were conducted about AR technology and its applications.

ibili and Sahin (2015) prepared a 3D geometry book software by enriching the three-
dimensional drawings in the geometric objects’ unit of aregular 6th grade mathematicstextbook
with AR technology. ARGE3D geometry book software was developed by using Visual Studio
2012 platform and Microsoft Silverlight software development platform and Silverlight and
flexible augmented reality library for Windows phone were utilized. The developed software
was administratedas a mathematics course material in schools affiliated to the Ministry of
National Education (MoNE).The future educational software developers who wanted to
develop software in this field were informed about the potential andthe limitations AR software
and some solutions were proposed. In addition, internal and external uses of AG markers on
the book were compared and their effects on teaching and learning were observed. Results
showed that ARGE3D geometry book software help learn geometry subjects easily which
are difficult to learn by attracting students’ attention to the lesson. However, it was also
found that reflections may occur due to camera settings when used in computer laboratory
environment. In addition, it has been reported that the external use of ARGE3D marker
system increases the interactionsbetween user and computer and usability.

Webel and his colleagues(2013) stated that because maintenance and assembly tasks can
be very complex, training technicians to perform new skills efficiently is challenging. Training
of this type can be supported by AR, a powerful industrial training technology that directly
links instructions on how to perform the service tasks to the machine parts that require
processing. Because of the increasing complexity of maintenance tasks, it is insufficient to
train the technicians in task execution.
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Instead, technicians must be trained in the underlying skillsthat are necessary for the
efficient acquisition and performance of new maintenance operations. These facts illustrate
the need for efficient training systems for maintenance and assembly skills that accelerate
the technicians’ acquisition of new maintenance procedures. Furthermore, these systems
should improve the adjustment of the training process for new training scenarios and enable
the reuse of worthwhile existing training materials. In this context, the researchers developed
a novel concept and platform for multimodal AR-based training of maintenance and assembly
skills, which includes sub-skill training and the evaluation of the training system. Because
procedural skills are considered as the most important skills for maintenance and assembly
operations, they focused on these skills and the appropriate methods for improving them.

Nee et al. (2012) reviewed the research about AR applications in design and manufacturing.
It consists of seven main sections. The first section introduces the background of simulation
applications inmanufacturing and initial AR developments. The second section describes
the current hardware and software tools associated with AR. The third section reports on
the various studies of design and manufacturing activities including AR supported design,
robot path planning, plant layout, maintenance, CNC simulation, and assembly using AR
tools and techniques. The fourth section outlines the technology challenges in AR. The fifth
sectionreviews some of the industrial applications. The sixth section addresses the human
factors and interactions in AR systems. The seventh section overviews future trends and
developments followed by conclusions. This paper presents some of the applications of AR
which are relevant to the manufacturing community, although most of them are still in the
laboratory stage. The paper emphasizes the importance of designing and providing intuitive
and effective human interfaces, as well as suitable content development in order to make AR
a powerful tool in the manufacturing engineering field.

Ong, Yuan and Nee (2008) stated that AR is a novel human—machine interaction that
overlays virtual computer-generated information on a real-world environment. Good potential
applications were shown in many fields, such as military training, surgery, entertainment,
maintenance, assembly, product design and other manufacturing operations in the last ten
years. The study provided anddemonstrated a comprehensive survey of developed AR
applications in manufacturing activities. The intention of this survey is to provide a useful
insight on the state-of-the-art AR applications and developments to the researchers, students,
and engineers, and significant others who use or plan to use AR as a tool in manufacturing
research.

Kaufmann and Dunser (2007) reported three consecutive evaluations of an educational AR
application that was designed for geometry education. Repeated formative evaluations were
conducted in 2000, 2003 and 2005 respectively with more than 100 students in order to guide
the redesign of the application and its user interface throughout the years. They presented
and discussed the results regarding usability and simulator sickness providing guidelines on
how to design AR applications utilizing head-mounted displays.
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Section 2

2.1.Methodology of Needs Analysis

The steps which the needs analysis work package of the project wasprecede are as

follows:

Performing a preliminary work (Stakeholder Analysis) on the internal and
external stakeholders that would involve in the project by the project partners.

Determining the purpose, scope and method of the need’s analysis together
with the projectpartners.

Conducting needs analysis in partner countries with the participation of all
stakeholders.

Following the completion of the needs analysis study, organizing a workshop
by the institution that executedwork package to evaluate needs analysis results
with the partners

Within the scope of the project, the results of the needs analysis were shared in this
meeting held at Uludag University with the participation of all partners and invited
stakeholders. The results of the needs analysis were discussed in this meeting and both
the presentation and the examples from the needs analysis report were shared on the
project website as dissemination efforts.

2.2. Stakeholder Analysis

Stakeholder Analysis was conducted in order to take into account the opinions of all
parties associated with the “Technical Drawings” in order to determine the expectations
correctly in the selection of the content and products to be developed within the scope of
the project and to ensure participation, which is one of the basic elements of the planning.
In the first stage of stakeholder analysis, the answers to the following questions were
sought in order to determine who the stakeholders are:

Who are the technical drawing trainers and practitioners in the field?
Who are directors of these trainings, activities and services?
Who get trainings (about TD) offered by the institutions?

Who are those affected by the training activities and services provided by the

institutions and who affect these activities and services?

During the determination of the stakeholders, three different methods were followed
and the groups forming the common denominator were identified as stakeholders. The
first method was national and international literature review, the second method was
interviews with the representatives of the sector and non-governmental organizations
(NGOs), and the third methodwas a mini workshop conducted by the program development
commission with university faculty members, teachers and trainers in the sector.
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As a result of these studies, the determined stakeholders for needs analysis about
TD training are given in Table 1. Stakeholders are sorted according to their roles as
clients/ getting service, main partners, and service providers and according to the
status of stakeholders as internal stakeholders, external stakeholders, and customers.
The stakeholders identified in this preliminary stakeholder analysis arealso the ones to
be collaborated to evaluate any improvements in the participants’ competencies (i.e.
performance analysis) as a result of the material to be developed in the project. The
most important group among the stakeholders is undoubtedly clients that mean students.
Subsequently, the second largest stakeholder group is service providers consisted of a
group of educators which is expected and consistent with the literature (Ashford 2017;
Crawley et al., 2007; Besterfield et al., 2014).

Table 1. Stakeholders and Their Distribution by Priority

Paydaglar Paydaghk Neden Paydag Oldugu Paydaglik
Durumu Onceligi
Students Client Getting Service (training) 1st
Academics Internal Stakeholder Developing and Providing Service 2nd
Teachers Internal Stakeholder Providing Service 3rd
Universities External Stakeholder | Developing and Providing Service 4th
Vocational High Schools External Stakeholder | Providing Service 5th
Sector Officials External Stakeholder | Strategic Partner 6th
Sector Workers External Stakeholder | Getting Service 7th
Public Representatives External Stakeholder | Basic Partner 8th
Non-Governmental Org. External Stakeholder | Getting Service and Strategic Partner 9th

2.3. Needs Analysis

The need is the gap between the current situation and the desired situation. In a way,
it is the difference between “What” and “What should be?” It is a process that would be
followed in order to reveal the difference between the current situation and the desired
situation in order to develop a curriculum and teaching materials. This process provides
a rationale to set priorities and use resources productively.

The Needs Analysis Process

The Needs Analysis process which was followed in order to reveal the difference between
the current situation of the TD training and the situation to be achieved consisted of four
stages:

1. Preparation: Completing the necessary preparations for the Needs Analysis.
Developing a questionnaire for the Needs Analysis and creating an online questionnaire
form via Google Forms for the groups that the data would be gathered.

2. Data Collection: Gathering information from stakeholders through the Needs Analysis
questionnaire.

3. Data Analysis:Sorting the data provided from the sources mentioned above and other
needed areas by the characteristics of the data and determiningneeds. The needs analysis
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was carried out and the data were evaluated in accord with deficiency approachwithin
the scope of the project. This approachaccounts for the difference between observed
current situation and expected success levels. According to this approach, the need is
the difference between the expected skill level and actual/existing skills. This difference
shows the skills, knowledge and characteristics that the program should provide to
individuals.

4. Reporting the Results: Writing a report with descriptionsfor each of the identified
need. A detailed description of the scope and reasons of the determined needs were
provided, and some solutions were proposed in the report.

The needs analysis and basic outputs can be seen in Figure 1.

Need Analysis Outcomes
Figure 1.
Virtual « Increase in technical Goals of the
Design for skills Needs AnalySiS
*Workshops Manufacture * Decrease in defection
Trainings * Decrease in the training

*Questionnaires time
* Increase in the training
*Benchmarking performance
J * Increase in the

development perception

7 4

The data in Needs Analysis were collected from a sample of stakeholders and as a
result of the data analysis main subjects and topics that a need for content and material
development is required were identified.The needs analysis questionnaire was also
administrated to evaluate training methods and educational technology in these trainings.
Thus, a roadmap of teaching material development was established based on the survey
results. The questionnaire and how it was administered, and the data analyzed were
explained under the heading of evaluation.

2.4. Statistical Analysis

The questionnaire that was used in the needs analysis consists of 30 questions five
of which are open-ended and 25 of which five-point Likert types are. The first five
items seek TD perceptions and 20 items test skills and conceptions, and last five items
scrutinize expectations about TD training. Having three different factors allow having
different evaluations in the analysis including correlations between level of education
and knowledge and skills competencies, differences between institutions or countries
etc.

The deficiency approach that compares current situation and expected one was
employed in this project.The questionnaire form that was developed as five-point Likert
scale without any judgmental items was uploaded to Google Forms and submitted all
stakeholders. The five-point Likert scale items range from ‘1’ (Strongly disagree) to ‘5’
(Strongly agree).
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The questionnaire items are as follows:

| think that as you were trained about Technical Drawing, you:

1. You have efficient the Technical Drawing knowledge and skills required by your profession

n

You are using a common language in technical drawing and aware of standards such as BS,
ASME, ISO, DIN

You have practical skills to support your theoretical technique knowledge.
You think the technical drawing reading skills is vital for a technical staff
You think that technical drawing reading mistakes cause discarded orlow-quality product

You can read and interpret any Technical Drawing (even if the language is different).

N o o ko

You know the details on the drawing title block and read the general tolerances on the title
block

8. You know the projection methods and you can read these methods from the symbols on the
title blocks.

9. You know the types of sectioning and you can distinguish between full and stepped sectioning.
10. You know perspective methods and visualize perspective drawings in your head.

11. You can read dimension tolerances in manufacturing drawings

12. You know the critical details of the absolute and auxiliary measure.

13. You can read the symbols for shaft and hole tolerances and find the fitting tolerances on the
tables.

14. You can read the corner chamfer tolerances.
15. You can easily distinguish manufacturing and assembly drawings.

16. You know the difference and importance of geometric dimensioning and tolerancing in
manufacturing.

17. Recognize geometric dimensioning and tolerancing symbols and know the meanings on the
drawing.

18. You know the details of true position tolerance and maximum material application.

19. You know the difference between circular run out and total run out.

20. You know the Surface roughness concept, signs and Ra, Rz, Rmax. standards of the symbols.
21. You think that technical drawing training needs to be supported virtual reality applications.

22. You think that technical drawing training is enough to read the drawing used in the sector.

23. You think that technical drawing training improves your visual memory and drawing animation
skills.

24. While you are reading a technical drawing, you can easily move from two-dimensional
drawings to 3D.

25. You think that the widespread use of computerized technical drawing has not ended the need
for basic Technical Drawing training

26. How many hours a week training you had during your education?
27. Have you had further training during your employment, if you do duration and subject?

28. Have you used VR or AR for game or training, if yes; do you think mobile phone, mobile
devices will play an important role in education people?

29. When you need further information on technical drawing, what do you do first? e.g. search on
Google, check book, teacher or lecturer

30. What is the last book or standard (training you had) you read about technical drawings?
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2.4.1.Results

Within the scope of the study, the questionnaire was administrated to 320 people in three
different countries including Turkey (N=252), Bulgaria (N=58) and Great Britain (N=10)
from different education levels and positions in the sector. The results were analyzed
with MS Excel. The distribution of the respondents by sector can be seen in Figure 2.

@ Vocational High School Student
@ Vocational College Student
@ Engineering / Design Student
mn ® Sector Employee

— @ Vocational High School Teacher
‘ @ Instructor/Lecturer
@ Sector Manager/Trainer
@ NGOs / Public Representative

Figure 2. The distribution of the respondents by sector

As seen in Figure 2, vocational school students comprised a large portion of the
respondents, engineering students were the second crowded group in the survey and
vocational high school students were in the third place. Larger number of vocation school
students may also affect vocational high school students’ distribution as these students
had not taken any technical drawing class at their school and they fill the questionnaire
based on their vocation high school classes and experiences. In general, it can be
interpreted that the distribution of the respondents is compatible with the labor market
and the proportion of the individuals who have been trained in Technical Drawing is well-
represented in the sample.

2.4.2. Evaluation

The surveydata were analyzed based the question groups focused on three different
factors and open-ended questions. Figure 3 shows the mean scores of each question out
5, but open-ended question. Based on this graph, interpretation of the first five questions
that are related with Technical Drawings perception revealed the following comments:
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Figure 3. Mean scores of eachitemin the questionnaire

. Approximately 76% of the respondentsstated that they are competent in the

first item of the questionnaire “You Have the technical drawing knowledge
and sKkills required by your profession.” and 24% of them did not believe
they are competent.

Approximately 70% of the respondents stated that they are competent in
second item of the questionnaire “You can use sharedtechnical language
to communicate about Technical Drawings and know the standards such
as BS, ASME, ISO, and DIN.” and 30% of them did not believe they are
competent about acknowledging the standards.

Approximately 73% of the respondentsagree with the third item “You have
practical skills to support your knowledge about Technical Drawings.” and
27% of them did notagree with the item.

Approximately 88% of the respondents stated that “I think that Technical
Drawings reading skills are vital for a technical person.” and only 12% of
them did notagree with this statement. Having a high agreement with this
item is vital and the participants responded as expected.

Total percentages of ‘Strongly Agree’ and ‘Agree’ responses are 84% for
the fifth item “You think that errors in reading Technical Drawings may lead
to discard products or poor quality.” It means that 16% of the participants
disagreed with this item. This indicates that training or education did not
raise sufficient awareness about discard products and its importance for
the individuals.
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Figure 4. Responses to items measure Technical Drawing skills in order

The mean scores of the responses to the remaining 20 items which are the
main reference source that the Technical Drawing knowledge and skills are
measured given in Figure 4 by ascending order. In this way, deficiencies and
the ratio of these deficiencies can be easily seen about subtopics of Technical
Drawing.

When the needs analysis results were examined, it was possible to match the
groups of items from similar topics. In other words, geometric dimensioning and
tolerances (GD&T), which is one of the most difficult topics, emerged as the
most needed topic and the responses were very close to each other. Therefore,
the ranking from the most needed (40% of the respondents indicated) to the
least needed topic (20% of the respondents indicated) is as in Table 2, except
fewminor variations. There is one example that causes minor variationwhich
is the third item in Table 2and about a general judgment of Technical Drawing:
“You Think that Technical Drawing training is adequateto read the drawings
used in the sector.” Since this item should be considered independent from
the technical content, it was not interpreted as a differentiation affecting the
analysis.
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Table 2. Ranked topics (ascending) based on the results of the needs analysis

BN

o

10.
11.
12.

13.

14.

15.
16.
17.
18.
19.
20.

You know the difference between circular run out and total run out.
You know the details of true position tolerance and maximum material application.
You think that technical drawing training is enough to read the drawing used in the sector.

You know the Surface roughness concept, signs and Ra, Rz, Rmax. standards of the
symbols.

You can read and interpret any Technical Drawing (even if the language is different).
You know the critical details of the absolute and auxiliary measure.

You know the projection methods and you can read these methods from the symbols on
the title blocks.

Recognize geometric dimensioning and tolerancing symbols and know the meanings on
the drawing.

You think that the widespread use of computerized technical drawing has not ended the
need for basic Technical Drawing training

You can read the corner chamfer tolerances.
You can read dimension tolerances in manufacturing drawings

You know the difference and importance of geometric dimensioning and tolerancing in
manufacturing.

You can read the symbols for shaft and hole tolerances and find the fitting tolerances on
the tables.

You know the types of sectioning and you can distinguish between full and stepped
sectioning.

You know the details on the title block and read the general tolerances on the title block.
You know perspective methods and visualize perspective drawings in your head.

You can easily distinguish manufacturing and assembly drawings.

While you are reading a technical drawing, you can easily move from 2D drawings to 3D
You think that technical drawing training needs to be supported virtual reality applications.

You think that technical drawing training improves your visual memory and drawing
animation skills.

When the items with general judgments were removed from the responses, the sorted
content based on needs can be seen in Table 3. Main topics that are the essence in
teaching material development can be seen in Table 4 are also in order by priority.
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Table 3. Technical topics ranked based on the need’s analysis

10.

11.

12.
13.
14.

You know the difference between circular run out and total run out.
You know the details of true position tolerance and maximum material application.

You know the Surface roughness concept, signs and Ra, Rz, Rmax. standards of the
symbols.

You know the critical details of the absolute and auxiliary measure.

You know the projection methods and you can read these methods from the symbols on
the title blocks.

Recognize geometric dimensioning and tolerancing symbols and know the meanings on
the drawing.

You can read the corner chamfer tolerances.
You can read dimension tolerances in manufacturing drawings

You know the difference and importance of geometric dimensioning and tolerancing in
manufacturing.

You can read the symbols for shaft and hole tolerances and find the fitting tolerances on
the tables.

You know the types of sectioning and you can distinguish between full and stepped
sectioning.

You know the details on the title block and read the general tolerances on the title block.
You know perspective methods and visualize perspective drawings in your head.

You can easily distinguish manufacturing and assembly drawings

Table 4. Identified topics for teaching material development as a result of needs analysis

—_

© © N o g &~ w N

10.

Geometric dimensioning and tolerances
Surface roughness

Dimensioning

Projection methods

Sharp and edge tolerances

Reading the dimension tolerances
Shaft and hole tolerances

Sectioning

Perspective

Manufacturing and assembly drawings
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In addition to the general evaluations, it is useful to include the results demonstrated in
Figure 5. The data show the mean scores for each item in the questionnaire of Turkey
and other participating countries. As seen in Figure 5, consistent and similar results have
emerged both in terms of each item and general results. This shows us that the topics
perceived as need are the same in England and Bulgaria in addition to Turkey that is an
important finding in scientific terms.

Comparation of general average with TR and BG+UK
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Figure 5. Comparisons of responses in Turkeyand the other participating countries

The last five open-ended questions in which expectations aboutTechnical Drawing
were examined were analysed in detail by grouping the responses with similarities and
differences. As seen in Table 5, 56% of the participants answered 4 hours and 35% of
participants answered 2-3 hours to the question “How many hours of a week did you
take Technical Drawing training during your education?”When responses to the question
“Did you take any Advance Technical Drawing training after you got employed? If your
answer is yes, what are the topics and durations of the trainings?” were analysed, it is
found that 80% of the participants indicated that they did take any training. Almost 19%
of the respondents indicated that they have got basic training and 1% stated that they
had training about standards, tolerances and CAD.

More than half of the participants (55%) responded the question “Have you ever used
VR or AR for game or training purposes? If your answer is yes, do you think smart
phones and similar devices would play an important role in training?” as “No” and 31%
as “Yes.”Most of the respondents think that V/ARwould be useful for education. Again,
the question “When you need further information about technical drawings, which of
the followings you would apply first?”was answered as 48% Google, 30% teacher, 16%
book and other internet resources (YouTube etc.). Here the preference percentage of
search engines and the internet is important. As seen in Table 5, the responses to the
fifth and the last open-ended question “What is the last book or standard you read about
technical drawings?” were sorted in four categories;“not read”(37%), “textbook” (21%),
“standards” (19%), and AutoCAD (9%).
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No | Question TR | BG+UK | Total Response %
26 How many hours of a week did 98 6 104 4 hours 186 0,56
you take Technical Drawing
training during your education? 35 30 65 2 -3 hours 186 0,35
27 | Did you take any Advance 147 38 185 | Nothing 230 0,80
Technical Drawing training
after you got employed? If 16 5 21 Tolerances / CAD 230 0,09
your answer is yes, what are
the topics and durations of the
trainings?
28 Have you ever used VR or AR for 96 33 129 No 236 0,55
game or training purposes? If your
answer is yes, do you think smart 59 15 74 Yes 236 0,31
phones and similar devices would
play an important role in training?
29 When you need further 109 27 138 Google 288 0,48
information about technical
drawings, which of the followings | 40 7 47 Books 288 0,16
you would apply first? e.g. 75 12 87 | Teacher 288 0,30
search on google, check book,
teacher or lecturer 2 2 4 Internet 288 0,01
30 | Whatis the last book or 55 16 71 Nothing 190 0,37
standard (training you had) you
read about technical drawings? 29 " 40 Course Book 190 0,21
30 7 37 Standards 190 0,19
8 9 17 Autocad 190 0,09

2.5. Conclusion

This study where a lot of different analyses can be performed constitutes an important
database in terms the number of participants, the diversity of the participants and the
diversity of the countries. It was also possible to carry out many sub-analyses that were
not given in the above findings. Change of differentiation on schools and occupational
groups, comparison between countries, and other results were archived and evaluated in
order to use in the content and material development stages of the project. The obvious
revealed fact is that there is an important gap in the field of Technical Drawing training
that cannot be closed by known methods which is apparent in all stakeholder groups and
countries.
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Section 3

3. Curriculum D

3.1. Starting Point

Vocational training is an educational process that necessarily takes substantial time, regardless
of the context. Young people who continuously renew their knowledge and skills and adapt to
authentic technological conditions would always have greater opportunities for employment or
to improve their work performance (Arslan et al.,2009).In the advanced and high-tech industries,
the number of discarded products resulting from employee errors can sometimes reach at a level
that poses a threat to the company. These mistakes or errors can be attributed to the degree of
knowledge and experience and the current social psychology areas should bedeveloped to status
of the employees. Well-plannedtraining programmes that address these three problem areas
should be developed to minimize employee-based losses. Especially in presenceof economic
crises and the high level of competition in the sector, the importance of increasing both quality
and productivity is obvious. To meet this need, different approaches and competency-based
training models — such as target-oriented training, in-house training or continuous education —
need to be investigated and applied.

Salas et al. (2012) stated that organizations in the USA alone spend billions of dollars on training
each year. These training and development activities allow organizations to adapt, compete,
excel, innovate, produce, be safe, improve service and reach goals. Training has been used
successfully to reduce errors in high-risk settings and companies realizethat it helps them remain
competitive by continually trainingtheir workforce. However, training is not as spontaneous and
intuitive as it may seem there is a science of training that leadsto design, deliver and implement an
effective programme. Investments made by enterprises in not well-designedtraining programmes
are not beneficial and may result in serious economic losses.

Learners in vocational education and training tend to be less successful in conceptual learning,
and many have not had good experiences with formal education. Furthermore, many of those
who teach them either do not have relevant teaching qualifications or, when they have such
qualifications, may lack up-to-date workplace experience, skills and competences (Arslan et
al.,2013). People generally acquire basic knowledge and skills, especially in vocational training
institutions.However, when they enter business life, they may need more task-orientedknowledge
and skills that are far beyond the general knowledge they received at school.

Arslan and Uzaslan (2017) stated that some firms have applied different in-house training models
to keep up with new technological innovations in their specificfields. They investigated how a
target-oriented in-house training programme should be developed and how it should be evaluated
for effectiveness. The aim of their study was to develop, implement and evaluate a competency-
based and target-oriented training programme by cooperatingwithboth the academic and the
automotive industry. During this process, 124 employees of Bosch Rexroth Company were
trained via a specific target-oriented programme. The effectiveness of the training was assessed
using pre- and post-tests, a course evaluation survey and peer evaluation performance analyses.
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At the end of the study, the success rate of the participants, according to the pre- and post-tests,
had increased by 54 points on a 100-point scale. The most important result was that, according to
performance analyses, the participants had improved their performance 26%relative to untrained
counterparts. The goals and outcomes proved to be encouraging for future programmes.

3.2. Methodology

Throughout the curriculum and scenario (program)development process, the
programdevelopment team, consisting of project members, academics and stakeholder
representatives, was supported by scientific data and a course was designedthat maintained
its up-to-datedness currency by considering national and international criteria. The curriculum
development team determined the necessary criteria for the course by considering the
following specifications:

» Astructure to meet the basic demands of the sector;
» Compatibility with continuous development;

» Flexibility in timing and educational structure; and

* A modular approach.

Handling over 50 issues, the program development team has initially sortedthem out
according to their fields and results of the needs analyses; the process of integration of the
issues has started. In the terminal stage, modular structure and course contents have been
formed by taking into consideration the contents of the similar courses or the contents of the
training in the vocational education institutions.

The fact that the individuals who would be attending the course had different backgrounds in
terms of knowledge and skillsthat makes it difficult to prepare content suitable for everyone.
However, the general philosophy of the training programme is based on competence so
an individual completing a course should master the required knowledge and skills in that
module. This priority was specifically considered when planning the course content and
the details of theoretical and practical training classes. To this end, the training course was
designed to be brief, competency-based, target-oriented, and student-centred.

Following the determined basic criteria and methodology, the stage of determining main
projections for the content, priority, time and material development forecasts were passed.
At this stage, the process was carried out as follows:

* Determining the course outcomes by examining the content of the Technical
Drawing courses (learning outcomes),

» Determining the main and sub-topics of the training modules,

* Determining an appropriateVV/AR method to teach according to modules and
needs analysis of sub-topics

* Determining the content and class hours of the module
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3.3. Curriculum Development

In this stage, the common technical drawing course and course contents have been
examined in detail and their shared learning outcomes constitute the basis of the curriculum
development stage of this project. In particular, the content of Pearson Education Edexcel
BTEC specifications became a significant reference at this stage. Aim and purpose of this
program will enable learners to produce engineering drawings of different components,
assemblies and circuits using a variety of sketching, drawing and computer-aided drafting
techniques. Learning outcomes are stated as on completion of this unit a learner should
be able to sketch engineering components, be able to interpret engineering drawings that
comply with drawing standards, be able to produce engineering drawings etc. (Edexcel,
2009).

Here, the needs analysis results and the general course content throughout the world have
been matched and the topics that can form a group together have been turned into modules.
In the teaching of some subjects, instead of covering the whole content, the method of
teaching the related module is adopted.As a result, the followingsortedmoduleswere
identified based on needs.

1. Geometric dimensioning and tolerances
2. Surface roughness
3. Dimension, shaft-hole and sharp edge tolerances
4. Geometric drawings, projection, dimensioning, standards
5. Sections and perspective
6. Manufacturing and assembly drawings
The topics (or modules) were sorted in following teaching order:
1. Geometric drawings, projection, dimensioning, standards
2. Sections and perspective
3. Dimension, shaft-hole and sharp edge tolerances
4. Geometric dimensioning and tolerances
5. Surface roughness
6. Manufacturing and assembly drawings
3.4. Developed Modules,Course Content and Learning Outcomes

During the module development phase, a multi-national curriculum development commission
was established under the leadership of academics among the project team who have
expertise in the field of vocational training. Content and learning outcomes were determined
in line with the basic criteria given in the method section (meeting sector expectations,
compatibility with continuous development, flexibility in timing and educational structure,
andmodular approach.) and as a result of the prioritiesthat were revealed from the needs
analysis. Table 3.1 shows the contents developed according to the module topics.
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Table 3.1. Developed Modules

Module TD1

Title DIMENSIONING AND TOLERANCES
Introduction: Drawing papers. Drawing templates, title block, units, abbreviations,
rectangular coordinates, polar coordinates. Projection methods, views.
Dimensioning: Dimensioning lines, arrows and numbers. Guidelines and special
marks. Dimensioning systems and types (parallel, angular, chained, offset, using
coordinates, combined with the help of charts) Placement of dimensions in
manufacturing and assembly drawings. Special dimensions, auxiliary dimensions,

Course absolute dimensions etc. Scales, types and scaling standards.

Content Tolerance: Reasons for tolerance, mistakes of machines and tools in
manufacturing, measuring instruments, heat-light, personal mistakes. Tolerance,
deviation and practice symbols. Tolerance reading and visualization methods.
Tolerance boundaries and fittings: Definition of tolerance and its importance,
classification of tolerances; dimensional tolerances (TS 1845, TS 450, TS
1980, TS 1506), shape and position tolerances (TS 1304, TS 1498), ISO 1101)
British(BS) and I1SO tolerances.

Learners are able to: Know drawing papers, title block and

1.1 coordinates, units and basic methods of dimensioning. Know
dimensioning lines, arrows and numbers, guidelines and special
signs. Know Distinguish ISO-A and ISO-E projection methods, know
revision symbols and meanings in the technical drawings.
Learners are able to: Know dimensioning systems and types

1.2 (parallel, angular, chained, offset, using coordinates, combined with

Learning chart). Place dimensions in manufacturing and assembly drawings.
Outcomes Know the special dimensions, auxiliary dimension and absolute

dimension and understands the details in the drawings. Read scales
and recognize basic scaling standards.
Learners are able to: Know the reasons for tolerance, the mistakes

1.3 of machines and tools in manufacturing, the effects of measuring
tools, heat-light, personal mistakes and tolerance. Recognize
tolerance, deviation and practice. Read and display symbols.
Learners are able to: Know tolerance limits and fittings. Understand

14 the relationship and importance of tolerance faults with production
waste rate. Know size, punch-hole, corner break and shape and
position tolerances, and distinguish and comprehend usage
requirements.

Course ]
hours 45 min
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Module Code
Title

TD2
SECTIONING, PROJECTIONS AND PERSPECTIVES

Course
Content

Sections: Sectioning Methods; Full (single plane full section, full section with
parallel offset, full section with angle plane, profile section), half, broken-out
and special sections. Cross-section display rules (scan, arrows, symbols, view
direction). Cross-section diagram transition from three views or perspective
drawings of machine parts. Basic section drawing elements; section plane,
section planes.

Projections and Perspectives: Views extraction methods, orthographic
projections, first and third angle projections. An overview of perspective
drawings. Perspective types; axonometric perspective (isometric perspective,
dimetric perspective), oblique perspective. Different standards of perspective
drawings (BSI, DIN, ANSI and JIS) and their applications. Methods used in
perspective drawing by using part views.

Learners are able to: Know the sectioning methods. Select
appropriate type of drawing that suits section type. Read sectioning
according to the method in complex drawing. Visualize in their
mind section views from three views or perspective drawings of
machine parts.

21

Show suitable techniques regardingsection views of the body, nets,
2.2 rims, fasteners, shafts and keyway grooves on assembly part of a
bicycle, for instance.

Learning

Show the cutting plane line correctly and know the rules for lines in

23 section views in different parts.

Outcomes

Determine the appropriate cutting plane line and use the
appropriate symbols for the given parts in the drawings.

24

a) Generate views according to ISO-E and ISO-A methods and
read the views according to the standards. Differentiate drawing

views based on BSI, DIN, ANSI and JIS standards.
25
b) Comprehendisometric and oblique perspective using AR

applications.

c) Know the types of line techniques used in section views

Course
hours

80 min.
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DIMENSIONAL TOLERANCES, EDGE TOLERANCES,
SHAFT AND HOLE TOLERANCES

Course
Content

Dimensional tolerances: Types of the tolerances for linear and angular
dimensions used in technical drawings. Selection of dimensional tolerances
according to manufacturing type using relevant standards.

Edge Tolerances: Symbols and display methodology of edge tolerances.
Edge tolerance and difference of chamfer and radius concepts.

Shaft and hole tolerances: Shaft and hole tolerances and fitting tolerances
used in this tolerance group. Nominal size, Maximum size, Smallest size,
Downsize difference, Up size difference, Maximum and minimum size. Reading
the tolerance tables, choosing the appropriate tolerance according to ISO
tolerance table.

3.1

Learnersare able to:Show and read tolerances for linear and
angular dimensions used in technical drawings.

3.2

Select dimension tolerances using the relevant standards or
the group of tolerances can find and specify from the standard
depending on the type of manufacturing method.

Learning
Outcomes

3.3

Display the methodology of the edge tolerances. Differentiate edge
tolerance and chamfer or radius concepts.

34

Know shaft and hole tolerances and tolerances used in this
tolerance group. Know the clearance fit guide & descriptions and
select the appropriate clearance fit from the ISO standard table.

3.5

Read the ISO standard for shaft and hole tolerances using
tolerance tables. Select the appropriate shaft and hole tolerance
according to the related part usage type.

Course
hours

60 min.
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Module Code

Title

TD4

GEOMETRIC DIMENSIONING AND TOLERANCING

Geometric tolerance principles: Dimensional tolerance applications and
sizing of components, subgroups of manufacturing and assembly elements

using the

relevant BS and ISO standards. The methodology used in the

presentation of geometric tolerance, the concept of tolerant element and the
formation of tolerance zones.

Course
Content Form and position tolerances: Differences of form and position tolerances
from other tolerance groups, correct reading / understanding of technical
communication and norms, requirements of tolerance concept and elements of
geometric tolerance, measurement and evaluation criteria in dimensional and
geometric tolerance.
Learners are able to: Learn the concept of the geometric tolerance,
4.1 the concept of tolerance and the formation of tolerance zones.
Know the concepts of straightness, flatness, circularity or roundness
4.2 circularity, cylindricality. Know and apply the principles of measuring
and recognizing form tolerances by means of a line, a surface and
deviation from the form.
4.3 Know the concepts of perpendicularity, parallelism and the principles
of deviation, measurement and approval in directional tolerances.
4.4 Know and apply the concepts of position tolerance, position,
Learning concentricity, coaxiality, symmetry and deviations, measurement and
Outeom oS approvals in positioning tolerances.
4.5 Know the Circular runout, total runout tolerances. Know the deviations,
measurement and approval principles in runout tolerances.
Know the concepts of position, position element and position
4.6 dimension. Know the position of an element or group of elements.
Comprehend a group of elements can be positioned according to
another group of elements.
Know the concepts of position, position element and position
4.7 dimension. Know the position of an element or group of elements.
Comprehend a group of elements can be positioned according to
another group of elements.
Course _
M 60 min
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TD5
SURFACE ROUGHNESS

Course
Content

Surface Roughness: Reasons and limitations of roughness on the surface
in manufacturing. Surface roughness symbols and types. Using appropriate
symbols of the surface according to working type of the part. Information added
to symbols in surface treatment marks. Different roughness values such as
Rzmax, Rz1max given in different standards with surface treatment marks (Ra,
Rz, Rmax, Pt and others.)

Surface roughness values and roughness class numbers. Specification
of the surface roughness in the technical drawings and specification of the
manufacturing method. Specification of Main Length and roughness, Surface
treatment traces and properties of manufacturing methods, display of surface
treatment allowances, Display of special treated surfaces in the drawings.

Learnersare able to: Know the reason for the roughness that occurs
in the manufacturing surfaces and the reasons for the restriction and
the manufacturing surface are required to indicate the appropriate
surface treatment marking to the part’s working type.

5.1

Recognize, read, or write different roughness values such as Rzmax,
Rz1max given in different standards with surface markings (Ra, Rz,
Rmax, Pt and others)

5.2

Learning
Outcomes

Know or find the surface roughness values and the roughness class
5.3 numbers on the table. Understands in the drawings the manufacturing
method from the surface roughness mark.

Know the details such as Main Length and roughness, read the

5.4 surface treatments and read specially treated surfaces from the mark.

Course
hours

60 min
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Module Code TD6
Title MANUFACTORING AND ASSEMBLY DRAWING

Manufacturing Drawings: Methods of distinguishing the structural
characteristics of manufacturing drawings from assembly drawings
(manufacturing and assembly processes that are meant to be a step in the
manufacture of the image in the assembly drawing). Display of sections,
tolerances, control measures, surface roughness symbols and additional lists
or tables according to need, as well as manufacturing methods and standards
in the drawing paper. Preparing and reading title block in manufacturing
drawings. Drawing demonstration techniques of fasteners and some special
machine equipment (such as gears, springs, bolt-nut welded joints, etc.).

Course
Content

Assembly Drawings:Definition of assembly drawings, distinguishing assembly
drawings from other drawings, and place and situation of use. Types, features,
layout and scales of the assembly drawing. Views, cross-sections and
measurements in assembly drawings. Assembly drawings of perspective and
schematically drawn systems. Balloon operations and part listing tables.

Learnersare able to: Know the structural features of manufacturing
6.1 drawing and distinguish manufacturing fromassembly drawings with
basic information such as cross-sectional view, tolerance and surface
marks.

Prepare and read title blocks in manufacturing drawings. Know
6.2 the drawing techniques about the joint elements and some special
machine tools (such as gears, springs, bolts or welded joints) and
read their symbols or special marks (such as M12) on the technical
drawings.

Learning
Outcomes

Recognize numbering and the numbering methods of the assembled
parts (according to the assembly-by-part-manufacturing method).
6.3 Recognize joining elements. Read assembly and exploded parts from
technical drawings.

Course 60 dk.
hours

3.5. Developed Virtual Reality Scenarios (Story Boards)

The last and perhaps the most important stage of the second phase is the story board
development, which would provide the infrastructure to develop V/AR applications that
are compatible with the determined content. At this stage, the program development team
worked in coordination with the relevant stakeholders to decide about scenarios to teach
each learning outcome.
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Section 4

4. Development of V/AR App

The process of developingV/AR applications within the scope of the project includes content
analysis and material development in line with the priorities determined by the need’s
analysis. The application development cycle is shown in Figure 4.1.

Determining
the content

Figure 4.1.

Application development cycle ’ Developing
Improvement A
the application

Evaluation and Testing the
‘ feedback application

The scenarios determined during the content development stage and used forV/
AR applications are designed to explain the Technical Drawing subject in a clear and
understandable manner. During the scenario preparation phase, the capabilities of the free
educational version of the Unity3D software and the opportunities of the ARCore library were
also taken into consideration. Then, the texts to be used for dubbing on the applications
were written in the final phase of the scenario development. In the process of application
development, first animations were designed, and then these animations were turned into
applications by collecting them in an interface. In the last stage, structural and logical glitches
and errors were determined by testing the application. In this process, feedbacks received
from the experts in Technical Drawing training were considered to update and improve the
applications.

4.1. Developing the AR Application

Animation Development: Approximately 30 animations in 18 separate scenes were
developed to be used in the AR application by using solid models. While some of the solid
models were provided by outsourcing the Bulgarian partner, the non-existent auxiliary models
were reconstructed with the aid of the solid modelling software. The models prepared for the
Geometric Dimensioning and Tolerances topic are shown in Table 4.1.
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Table 4.1. The auxiliary models used in animations

Solid Model

Explanation

Solid Model

Explanation

Cylindricity
tolerance box

[L]0.02AF

Perpendicularity
tolerance box

Flatness
tolerance box

Dl0.06A

Position
tolerance box

Roundness
tolerance box

5

Straightness
tolerance box

Clearance
tolerance box

Symmetry
tolerance box

Concentricity
tolerance box

Total eccentricity
tolerance box

Parallelism
tolerance box

/[0.084

Eccentricity
tolerance box

The prepared models were recorded in obj/fox format and the most suitable mesh structure in
order to use them in Unity3Dand not to decrease the performance. After the model preparation
phase was completed, the animations were started to be developed. The animation block

that Unity3D software offers to users is sufficient for basic animation actions.

Interface design: While designing the interface of the application, aesthetics, user
friendliness, and efficiency were taken into consideration. The application was simplified by

preferring commonly used icons.
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Figure 4.2. Interface Design
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Sekil 4.3. Application Interface

The application interface has six intermediate menus as the topics in the application are
covered under six main headings. Figure 4.3 shows these intermediate menus. All the
symbols on the interfaces are linked to the relevant website or topic. In this way, users can
access more detailed information on the subject by going to the website quickly.

e

There are only“stop,™restart” and “menu”buttonslocated from top to bottom on the left side
of the screen while playing an animation to make the application efficient, convenient and
effective.Options appears by pressing the “Menu”button. Here, the button on the bottom left
hand side closes this menu, while the buttons on the top right corner perform the functions
“close application,” “return to application menu,” “change AR mode ” and “turn on/off the
sound” respectively. Finally, the “?” button shows the functions of the buttons in the menu
as seen in Figure 4.4. An auxiliary menu is designed especially for the menus of geometric
tolerances and surface roughness.

LTS
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Figure 4.4. Menu button content in geometric tolerances

In the scenarios and material development software codes, steering parts and CAD data of
the vehicle model designed at Sofia Technical University were used. The vehicle parts and
ancillary elements were converted to obj and fbx file format by using 3Ds MAX and Inventor
software and transferred to Unity3D environmentas three-dimensional animations in order to
revivethe scenarios. As seen in Figure 4.5,a different scene was created for each tolerance
types and Google’s ARCore Library was added to Unity3D.

Q) Unity 20182.12f1 Personal (64bit) - Paralellism.unity - Tolerances(28.11.2018) - Android* <DX11 on DX9 GPU>
File Edit Assets GameObject Component Window Help

[ + BENEIR) e

# Scene © Inspector
Shaded =|l20 [ 3 || ™ - Gizmos=| GAT & [Paralelism ] [JStatic v
Tag (Tolerance. +) Layer [Defautt 2]
v .. Transform ER
Positon x[0  |v[o  1z[136 |
Rotation X 0.79 Y [3.79 Z[452
scale  X[T_Iv[l 1z ]
¥ 2 LJAnimator EE
Controller Eraraelism | ©
Avatar [None (Avatar) | ©
Apply Root Motion ]
Updte Mode
Culing Mode
4 Quat: 0 Euler: 1 Scale: 0
19 ot
Constant: 0 (0.0%) Dense:
eam: 37 (100.0%)
[ Addcomponent ]
© Animation 8
[previen | @ |14 14 | > | PP | [os1 | 0:00 5:00 10:00 15:00 20:00 25:00 30:00 35:00 140:00
| paralelism + Samples 80| x| s |
s .
@ENd panel : Game Object.1[) ° '
@Panel : Game Object.Is Ac W °
\@straightnessMessagel : [J o o
#StraightnessMessage2 : [] °
@StraightnessMessage3 : ¥ °
{@Panel (2) : Game Object.Is] °
@Parallelism : Game Object.ls /&4 ° v < < LI S
| Dopesheet | Curves “« >

Figure 4.5. Content development in Unity3D

A completed scene is shown in Figure 4.6. Similarly, in the other scenes, reference mark,
tolerance box, auxiliary planes and arrows are used to describe tolerance.
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Figure 4.6. Mobile screenshot of the application

Since the moment that theintroduction video at the beginning of the animation is run, the
camera of the mobile device starts scanning the surfaces in the field of view and sets some
reference points on the view. After the reference points have been identified, the virtual
objects are placed in three-dimensional space in accord with these references. As virtual
parts are dynamic during animation, rotating motion is added to the parts. Thus, the parts
can be rotated with a single finger touch on the screen of the mobile device in both vertical
and horizontal axis by dragging in vertical or horizontal position.

Figure 4.7. Control with finger

While using the app, virtual objects may appear large or small for viewing on the screen
of the mobile device by position. To help the user in such cases, the application has been
added the ability to resize virtual objects (zoom). Again, with the evolving technology, most
applications now can read QR code to perform certain functions or to direct the user to a
website. Therefore, QR code reading capability is added to the developed AR application.
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AR Application Sample Screenshots

A few examples of an open-source application that can be used by anyone with the proper
mobile device are listed in the following section. Again, the educational content,animations
and other supporting materials, and AR applicationsdeveloped or produced in this project as
well as learning and teaching methods for students and educators can be accessed on the
project website free of charge at http://vrindesign.org/ (see Figure 4.8.).

& info@vrindesign.org

” ANASAVFA  PROJEHAKKINDA  HABERLER  CALER|  PROJEDOKUMANLARI  EGITM
VA IN

VRinDesign APK

Pilot Eitim Son Test

Figure 4.9. Surface roughness
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Figure 4.10. Assembly Drawings

Figure 4.11. Sectioning
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Figure 4.11. Shaft and Hole Tolerances
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Development of Virtual Reality (VR) Application

Within the scope of the project, VR applications were developed by Sofia Technical University.
Development phases of VRand AR applications were carried out jointly. A screenshot of the
VR application is shown in Figure 4.12. The VR app was developed in accord with Google
Cardboard glasses. For this reason, GazeClick feature is used instead of clicks.

Figure 4.12. A snapshot from VR application

When developing the SG application, the application scene is primarily designed in the form
of a workshop. In order to increase the visuality of the application, the exploded model of the
vehicle designed at Sofia Technical University was used in the workshop. A worktable is also
included in the workshop for easy access to the topics during use.

In this aspect of the project, six main topics were handled. Each topic is represented as a
module. The modules are attached to the worktableas buttons. When a module is selected,
3D visuals of the parts related to topic to be explained are placed on the table. Thus, when
any parts are selected, the video of the related topic is played from the screen on the table.
Since the developed AR application is more efficient than the VR application, the applications
are mostly developed as AR.
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Animation is an effective medium for communication due to the use of different styles
of text, colours, audio and video that can be shown to the students. Ismail et al. (2017)
stated that the use of animation in teaching and learning (T&L) increases the rate of
comprehensionby more than 30% when compared to traditional teaching methods. The use
of video animations can help the student imagine and visualisebetter whilst increasing their
motivation and engagement. The design phase for animation and AR/VR content started with
the development of storyboards for each of the 6 modules. Figure 4.13 shows the planning
phase of module 5 and how the work could be developed by the relevant research partners.

Figure 4.13. Storyboard for module 5.

During this phase, the team had regular meetings via
video conference where each partner demonstrated
their progress and constructive feedback was
given each other. Screen sharing was found as
a useful tool to demonstrate the proposed work.
Progress meetings took place every quarter were
crucial tosuccessfully run the project where specific
deadlines and targets had to be met in the first phase
of this international collaboration Project.

Figure 4.14 shows the process used for creating
animations where storyboarding is an important
phaseof the process. It gives a clear development
path/route indicating the elements required for every
module. Technical content development research
is then carried out to understand the requirements
of the module where scriptsare created. When
animating, the script could be adjusted depending on
the time assigned for the content, skill level required
and importance of content. Constant feedbacks
from the relevant team members used as inputs in
this iterative development process.

Storyboard

!

Research

!

Script

l

Animation

)

Render

)

Editing

)

Publish

Figure 4.14. Animation and AR/VR Process
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The project team decided to use a Formula Student Race Car as the centrepiece of the
project (Figure 4.15). This car had been designed via CAD and was physically manufactured
by the engineering students at the Technical University of Sofia. This car model gave a
wide range of different components to be used within AR/VR and animation. A context or
an environment for each part was assigned in AR/VR and animations to help the student
understand the component and have a more real-world-like experience.

St mie ¢
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Figure 4.15. 3D Modelling of Formula Student Race Car
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Figure 4.16. CAD modelling and rendering from an animation
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The animation was then exported to Keyshot software for adding appropriate materials
to animation before rendering as shown in Figure 4.16. Several software packages were
used to achieve the required output including the Adobe suite (Photoshop, lllustrator, and
InDesign) to create the storyboards and graphics. For 3D content generation, SolidWorks
was used to model the car and then it was imported into 3D Studio Max to start the animation
process. The model was converted to polygonal data (low for AR/VR and high for animation).
Appropriate textures were then applied to the model, and various animation methods were
utilised to create the content, including camera and object movement (Huerta et al., 2019).

4.3. Preparing a WEB Site for Online Education

The website http://vrindesign.org/ has been designed and put in service to access freely
to virtual and augmented reality applications, animations, and other supporting materials
produced within the scope of the project. From this site(see Figure 4.17) one can access;

. Training contents.
. Learning and teaching methods for students and educators.
. Virtual or Augmented reality application links.

. Animations and other supporting materials produced within t
he scope of the project.

Ana Sayfa > EGITIM
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e
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University of
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Figure 4.17. A screenshot from courses menu of the project WEB site
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Section 5

5. Pilot Training & Performance £

Within the scope of this project, an application was developed to be used in vocational
and technical training mainly by using augmented reality technology. In this application,
the rules of reading technical drawing and tolerance are explained effectively. Within
the scope of the studies, new content and materials were developed in order to provide
Technical Drawing trainings in Virtual and Augmented reality environment. Developed
materials are published as open source on a digital platform. In this way, a third dimension
can be added to the two dimensional objects with augmented reality; the details on the
parts can be understood in a shorter time by the student and misunderstandings can
be minimized, so technical drawing that is usually taught with limited time and tools in a
traditional course environment can be understood easily.

Martin et al. (2015) investigated the relationship between education and perception by
using conceptual knowledge with AR-supported laboratory practices. They found that
students feel comfortable when interacting in ARenvironment and think that learning the
content, performance training, design of facilities and machines are appropriate, easy
and convenient for their purpose. Similarly, they also mentioned to use AR applications
to improve the spatial capabilities of engineering students. Martin et al. (2010) developed
3D virtual models to help Engineering students fulfil their visualization tasks in order to
encourage the development of their spatial abilities during the course and they stated
that this made positive contributions to the students.

Studies to investigate effects of teaching materials or curricula on competence and
learning performance showed that one-group experimental or control group experimental
methods with pre-test and post-test design are commonly used. For example, Akgayir et
al. (2016) investigated the effects of AR applications on university students’ laboratory
skills and attitudes towards laboratories. The quasi-experimental pre-test/post-test
control group design was employed. The results showed that AR technology significantly
develop university students’ laboratory skills. Cepni et al. (2006), on the other hand,
investigated the effects of Computer Assisted Instruction Material on students’ cognitive
development, misconceptions and attitudes. An experimental research design with pre-
and post-test was applied by administrating an achievement test, a concept test and a
science attitude scale. After the use of Computer Assisted Instruction Material, a 10%
increase was observed in the general achievement test in favour of the experimental

group.
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5.1. Material and Method

In order to evaluate the effects of VR/AR that were developed for Technical Drawing
training a pilot study including training and assessment and evaluation was carried
out within the scope of the project called “Virtual and Augmented Reality in Design
for Manufacture” which is supported by EU ERASMUS+ Vocational Training Strategic
Partnership Projects program.

Pilot Training

The pilot study was conducted with the use of AR applications in the Technical Drawing
courses given at the university. At this stage, AR app wasemployed to vocational
education students selected as sample of the study. The experimental group of the
research consists of 30 students studying at Automotive Vocational School. The duration
of the pilot training was one month and a total of 12 lessons. In this process, learning
and teaching methods determined within the scope of the project were employed in pilot
training instead of traditional training which isteacher-centred and supported by two-
dimensional presentations. The topics under the sixidentified subjects were taught with
help of AG and at the same time, students were asked to download the application to
their mobile phones and use it individually.

Since the application works only on mobile devices with Android version 7.0 OS and
above, the application was reflected on a screen by matching a mobile phone screen
with a projector for the students who cannot find this opportunity. This approach enriched
the learning environment by adding visualizations such as animations and interaction in
3D with AR, instead of just the two-stage traditional teaching, consisting of presentation
and teacher lecturing. Again, the same content was taughtwith 20students considered as
control group who were also studying in the same program by the same instructor and
same amount of time without using AR materials.

Assessment and Evaluation

A comparison analysis was conducted between the groups of students using and not
using AR application in order to evaluate the success of the application and its contribution
the individuals’ competencies. For this purpose, firstly the scale that was developed to
assess performances administrated and the data were analysed with statistical software.

In order to evaluate training developed within the scope of the study,experimental design
with control group that held the traditional training with similar content was devised. In
this method, a traditional exam and a questionnaire consisting of 20 questions were
administered as pre-test to both groups via Google Forms. A total of six students from
the treatment group with different levels based on their responses to the pre-test were
interviewed by asking ten questions in third week of the training. Following the last class,
the pre-test and the questionnaire were re-administered as post-test. The data were
analysed by scoring them, item-based evaluation of the questionnaire and performing
content analysis.
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5.2. Results

The results of the comparison between control and treatment groups’ answers to pre- and
post- exams are given in Figure 5.1. In the pre-tests of the one-page exam questioning
the basic Technical Drawing knowledgeof the participants with shapes and tolerances
given on the A4-size Technical Drawing paper and the scores demonstrated that both
groups were at the same level. However, the treatment group increased their success
480% and control group 360% in the post-test. These results indicate that the treatment
group gained almost 30% more than the control group after training.
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Figure 5.1. Comparison of pre- and post-test scores of the achievement exam

Statistical Analysis

Atotal of 50participants in treatment (N=30) and control (N=20) grouptook the Likert type
guestionnaire consisted 20 five-point items that address perception of technical concepts
(8 items), skills (7 items), and behaviors-motivation (5 items) about contribution of the
training. The questionnaire used for the analysis was based on a Likert scale ranging
from 1 (negative) to 5 (positive).

Independent samples t-test (95% confidence interval) was runto compare the experiment
and control group participants’ performances with the SPSS.23 software. The general
results of the Experiment group t-test as -8.079 (p value of .000). The general results
of the Control group t-test as -3.437 (p value of .001). These results are important for
evaluating other details of the assessment.
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Figure 5.2. Results of the Performans Test

The performance results from 20 five-point Likert items sorted into three main factors
are given in Figure 5.2. The pre-test mean score of the treatment group is 2.92 and
control group is 2.91 out of 5.These very close pre-test scores mean that both groups
had similar background before the treatment. The post-test mean score of the treatment
group is4.08 and the control group is 3.41 out of 5. The increase between pre-test and
post-test is 39.7% in the treatment group and 17.2% in the control group. These results
indicate 19.6% higher performance in the experimental group compared to the control
group. These scoresare very important to show the effects of AR application on the
participants’gains in knowledge, skills and behaviours regarding the Technical Drawing
course.

Content Analysis

The data, collected by interviews, were subjectedto the content analysis. Based on
analysis, how employing ARin TD course affects student motivation, improvements in
students’ skills, success of the application, preferences about using methods of the
application in teaching were interpreted.According to analysis:

Motivation: The students who participated in the interview did not use VR/AR application
before. VR/AR with their 3-dimensional nature makes it easier for the students to focus
and understand as well as it increasesthe students’ learning motivation.

Achievement and Capability: The application has increased the students’ technical
drawing achievement due to their ability to move from 2-D drawing to 3-D environment
and increase the visual animation ability. The application was found successful by
students.

A need: A Technical Drawing book, supported by the AR application to meet the need for
Technical Drawing knowledge that is also increased by the spread of CAD-CAM software,
is seen as a need by the students. ForTechnical Drawing training to meet the increasing
knowledge needs, more visual illustrations should be integrated into tolerance, surface
roughness, cross-sectioning topics that are perceived the most troubled subjects among
the students.
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Preference: It is found that the participants prefer mobile devices (phones and tablets)
due to their accessibility and practicability. However, a few students stated that VR
glasses can also be used actively. In general, students stated that the application should
be used to support the lessons rather than using them individually because it is easier to
understand, and it increases learning this way.

5.3. Conclusions and Recommendations

In this study, an original augmented reality application that is free and accessible to
everyone instead of expensive experimental apparatus or educational materials used for
better understanding of the subjects in vocational education is evaluated in every aspect.
The developed AR application is expected to meet the individual learning needs at all
levels, from vocational high school to engineering education about reading technical
drawing knowledge and skills whose absence to be felt in the machinery manufacturing
sectors. The findings from the performance data and the contributions to the individuals’
conceptual as well as cognitive learning levels show that the developed application has
significant contribution to their learning performances.

The needs and expectations of such applications are clear in the results of the content
analysis. Expectations for developing an interactive Technical Drawing book integrated
with mobile devicesanddeveloping applications especially for mobile devices would be
more useful are the other important outputs revealedfrom the content analysis (Emreli
et al, 2019).
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Section 6

Conclusion

All work packages envisaged within the scope of the project started as of 01.10.2017
and have been successfully completed as of 01.10.2019. The four intellectual outputs
envisaged in the project and detailed in this report were completed and the products were
made publicly available. Again, four international meetings planned within the scope of
the project were held and their results were recorded. The website, which was one of the
activities to be carried out within the first six months of the project, was published in three
languages under the domain name http://www.vrindesign.org/ with an infrastructure
that the educational materials developed can be downloaded free of charge. Material
developed during the project and numerous international academic publications, reports,
the user manual, developed curricula, and the guidebook were published on the website
within the scope of dissemination activities. In addition to the dissemination activities
carried out on the website, news was also made in media.

In this process, all partners have achieved significant gains and a very dynamic
international collaboration has been exhibited especially in the preparation of the
academic background of the outputs and the product development phases. The project
outcomes are expected to provide benefits to the students who take technical drawing
courses from the first year of vocational high school to the last year of engineering
faculty as well as the individuals who needs it in the sector all over the world.
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MpoekTbT Virtual and Augmented Reality (V&AR)in Design for Manufacture e nogkpeneH B pamkute Ha
EC Epasbm+ NpodecnonanHo ObyveHune n Ctpartermnyecko NapTHbopcTBO. B Hero ce paspaborear
NPUIOXEHNSA C BMPTyanHa M paslvpeHa peanHocT C uen nognoMaraHe Ha MpenogaBaHeTo U
NpaBWITHOTO pa3bupaHe Ha CTaHAAPTUTE 3a TEXHUYECKO YepTaHe B CEKTOpa Ha MaLLUMHOCTPOEHETO.
B cekTopuTe, n3nonsealyy HanpeaHany TeXHONOru, NPOLEHTLT Ha MPOAYKTUTE 3a ckpan B pesynTtat
Ha rpewkn OoT CTpaHa Ha CInyXutenute Moxe Aa OOCTUrHe HMBa, KOUTO npenctaBndBaTt 3ariaxa 3a
KoMnaHumTe. 3a ga ce cBegaTt 4O MUHUMYM Mpobriemute, reHepupaHn ot paboTeLumTe B cekTopa,
y4yebHUTE MHCTUTYLMK U NpeanpusaTusaTa TpsioBa ga pa3paboTsaT cepmnosHu nporpamm 3a obyyeHue.
3HaunTENHO BNUsIHWE BbPXY MPOLIEHTA Ha CKapn B CEKTOpa OKa3Ba funcata Ha TEeXHUYECKU
KOMMETEHLIMN U KOHKPETHO CMOCOOHOCTTa [a Ce pasvuTaT TEXHWYECKU YepTexu Ha HanpegHano
HMBO. TO3M HeJocTaTbK NPoM3TMYa OT (hakTa, Ye 0bpasoBaHMETO B NPOdeCcMoHanHnuTe rmvHasum
N YHUBEPCUTETUTE HE € MOAKPENEHO C MPaKTUYECKN MPUNOXEHUS 1 OT TOBa, Ye CTaHOapTuTe ce
aKTyanuaupart MHOro 6bp30.

3a 3a00BOMsiIBaHe Ha HydaTa OT OCbBPEMEHsIBaHe Ha 0by4eHMeTo B obracta Ha TEXHUYECKOTO
yepTaHe ca CTapTMpaHW MPOEKTU, KOUTO BKMKOYBAT MHOBATMBHO CbAbpXaHWe U meTtogu. B To3u
KOHTEKCT, CbC CbAENCTBMETO Ha YHUBEPCUTETCKU NpenogaBaTeny n copTyepHU ekcneptn oT Tpwu
CTpaHu, ca pa3paboTeHn NPUNoXeHNsTa 3a BUpPTyarnHa u paswupeHa peanHoct (BP/PP), kouto ce
npegnarar KaTto 4OCTbMEH U3TOYHMK 32 BCUYKW, KOUTO Ce HYXXOAdAT OT TAX B 06racTTa Ha TEXHUYECKOTO
YyepTaHe Nno BpeMe Ha NpodecnoHanHoTo cn obpasoBaHme. B pamkiTe Ha ABYroanLLHNS NPOEKT ce
uenun npexsbprisiHeTo BbB BP/PP cpena Ha no-ronsiMata 4yact OT npobrnemuTe, KOUTO ce yceliat
Hali-Beye B 00y4YEHMETO MO TEXHUYECKO YepTaHe 1 CTaHA4apTUTe, M3MNON3BaHM B MALUMHOCTPOEHETO
N NPOM3BOACTBEHUS CEKTOp, @ C MOoMOLWTa Ha MOOWUITHM NPUNOXEHMS Aa ce MOBULIN TAXHaTa
edeKTMBHOCT TPUM3MepHa cpeaa.

B T0O31 KOHTEKCT NpoLechT Ha pa3paboTBaHe Ha BP/PP npunoxeHns BKMOYBA: aHanma Ha HyxxguTe,
onpefensiHe Ha HyXXauTe cnopen pe3yntatute OT aHanuaa, pa3paboTBaHe Ha NPUNOXEHUs cnopes
CbObPXXaHMETO Ha NAEHTUDULMPAHUTE HYXKAN U M3MEPBAHE Ha pe3ynTaTuTe OT MPUHOCHT Ha 00yyeHne
OT NMUITOTHUTE €Tanu Ha U3NbHeHne. Ha MbpBO MACTO 1 NOpaan TOBa, Ye He ca HeobxoamMmm ovmna
1 nogobHM maTtepuann B paMKUTe Ha NpoekTa, € pa3paboTeHO MO-NPEeAnoYMTaHOTO MPUNOXKEHNE
PP upes nanonssaHe Ha npmbnumantenHo 30 aHMmauumn B 18 oTAenHn CUueHn 1 Nog WeCT eANHUYHN
3arnaeus. CblLlo Taka B nogkpena Ha BP un PP npunoxeHuaTa ca paspaboteHu 12 aHMMaLnOHHM
BMOEOKNMNA M ca kayeHu Ha yebcarta Ha npoekTa. C nomolla Ha crneumaneH “cardboard” ¢ uen
BHeOpsiIBAHETO Ha npunoxeHueto BP n B mobunHute TenedoHn 6e nanonseaHa cneumanHa cueHa
N MEHIO C LIEeCT nogaarnaBHn Temun. PaspaboTeHnTe NMHKOBE KbM MPUOXKEHMETO, a CbLLO Taka u
NMOMOLLHWTE MaTepuany u aHumaLmm ca AoCTbMHKU 6e3nnaTtHo B yebcanTa Ha ,vrindesign.org®.
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C uen onpegensaHe NpMHOCa Ha NPUNOXEHNATa KbM 00y4YeHMETO, B MUITOTHUTE OBYYEeHNs € 3Non3BaH
eKkcrnepuMeHTaneH MeToq Ha u3crnedBaHe C KOHTporiHa rpyna. KbM MOHATUATA 3a KOHLUENTYyasrHo
pa3bvpaHe Ha pas3BUTUTE 3a LenTa TEMU MO TEXHUYECKO 4epTaHe, nogkpeneHn ot BP/PP, Ge
npnbaBeH M TECT 3a KOTHUTUBHM MOCTWXKEHWs. B pe3yntaTt Ha nbpBuUTE akagemMudHu M3mMepBaHus
Oe ycTaHoBeHO, Ye npenogaBaHeTo ¢ nomowta Ha BP/PP noBuwasa y4yebHUTE MOCTMXEHUSA Ha
obyyasalumTe ce ¢ okorno 20%.

MogroTBarkn akagemuyHata WHdpacTpyktypa Ha B/PP npunoxeHusita u LOEeMOHCTpUPanKu
OVHaMWUYHO MeXOyHapoOHO CbTPYAHMYECTBO BbB (pasuTe Ha paspaboTBaHe Ha npogykTa, ce
OvYakBa C pesynTatuTe OT MNpoekTa Aa Ce OCUTYPSAT 3HaYMTErnHW Monsv 3a CTYAeHTUTE, KOWUTO
noryyaBaT TEXHUYECKO 0Opa3oBaHMe Mo TEXHUYECKO YepTaHe Ha BCUYKM HMBA OT MbpBaTa rogvHa
Ha npodecroHanHara rmmHasns 4o nocrnegHaTa roguHa Ha crnefBaHeTo CM B YHUBEPCUTETA, a CbLLUO
Taka 1 Ha xopaTa, HyXaeLlu ce OT ToBa B CBOSIT BU3HeC.

MapTHbopwu no MNMpoekTa n Ekun Ha MNMpoekTa

MpoekTbT Ge pa3paboTeH Moa KooOpAMHaAUMA Ha YHuBepcuteTa Ynyaar B bypca n napTHbOPCTBO
YHuBepcuteta Xagbpchuing B AHmug, TexHudeckm YHuepcuteT — Cocdomsa, Bbrrapusa u
pabotewoto kbM ULUTEK TexHonapk OpyxectBo Bizpark Bilisim San. ve Tic. Ltd. Sti. B To3u
npoLec B3exa yvactve npenogasartenu, cneunann3aHti n AOKTOpaHTN, COPTyepHN crneunanmncTu.
YyacTHuumMTe, yyactBanu B onpefeneHnuTe etany Ha npoekTa ca AafdeHun no-gony B pen cnopeq
TEXHUTE MHCTUTYLIMK

Bypca YHuBepcuTeT Ynyaar

Mpodb.Op. A6ann Ky
Mpodb.Op. PuasaH ApcnaH
Mpodb.Op. KOoxen TeknH
Mpenonaeaten Mexmert LLeH
Mpod.Op.Dxeman Yakbp
Mpodh.Op. Axa buibk

Bizpark Ltd. Sti. /Busnapk Ita.lWWtn./

Empe bangpxb

Mexnape 'm3em KioTmeH
[bxanep OapryT
Op.Ncvann OypryH

YHuBepcurtet Xagbpccpunng

Dr. Ertu Unver

Dr. Omer Huerta
Muhammad Dawood
James Allen

Brian Jagger

Prof. Mike Kagioglou

Prof. Patricia Tzortzopoulos

TexHuyecku YHuBepcutet — Cocus

Mpocp. a-p. Jllo6omup OummnTpos
Hou. g-p MNMaHyo Tomos

n. ac. a-p Brnagucnas /BaHoB
n. ac. g-p Qumo Yoptos

WHx. AHren bbusapos

Mar. ukoHom. Kpacmumupa NMonosa
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Pa3oden 1

1. YBOA

1.1. YBog

B cekTtopuTe 3a HanpegHanu TEXHONOrMM NPOLIEHTBLT Ha NPOAYKTUTE 3a CKpan B pe3ynTaT OT rPeLLKn
Ha CNy>XUTenuUTe NOHAKOra MOXe Aa AOCTUrHe HMBA, KOUTO MoraT Aa NpeAcTaBnsBart 3annaxa 3a
KOHKYPEHTOCNOCOBHOCTTa Ha KOMMNaHUMUTE. Te3n rpeLlkn MOXe [a ca CBbP3aHU CbC 3HAaHUATA, onuTa
N MOMEHTHUS MCMXOcoUMareH crtaTtyc Ha paboTtewms. 3a Aa ce cBegat 4O MUHUMYM npodnemuTe,
CBbP3aHM C paboTelumMTe B CeKTopuTe, y4ebHWUTe 3aBedeHus U npegnpusatusTa, TpsibBa ga ce
pa3paboTSaT cepro3HU Nporpamm 3a obydeHne 3a cnpaBsHe C TO3M TPUNOCOoYeH Npobrem. 3HauynTenHo
BIMSIHNE BbPXY NPOLIEHTa Ha CKapn B CEKTOPA € CYMTAHOTO 3a MOMEHTA 3a HEAOCTaTb4YHO 0byYeHne
1 0cobeHO cnocobHOCTTa Aa Ce pasduTaT TEXHUYECKM YEepTeEXM Ha HanpeaHano HuBo. (ApcraH &
Y3acnaH, 2017). To3nm HegocTaTbk NpousTU4a OT gpakTa, Ye 0OpasoBaHMETO B NMPOdECUOHANHNTE
MMMHa3nn 1 YHUBEPCUTETUTE He € NOAKPENEHO C NPAKTUYECKN MPUINOXKEHNS U OT TOBA, Ye CTaHAapTMTe
ce akTyanuampar MHOro 6bp3o.

B ToBa npoyyBaHe ca pa3paboTeHM W YCLBBLPLUEHCTBAHW CTaHAAPTU WM MPUHLMNK, W3MON3BaHu
NpY W3rOTBSIHETO Ha MPOM3BOACTBEHM WM MOHTaXHW 4YepTexxu. Crnien HanpaBeHUs aHanu3 3a
onpenensHe Ha Hal-roneMMsaT HEQOCTUT B CEKTOpa Ha MaLUMHOCTPOEHETO, a UMEHHO U3roTBAHETO
Ha NPOV3BOACTBEHNTE U MOHTaXKHUTE YEPTEXM U crieq UAeHTUMULMPAHETO Ha TE3N C BUCOKA CTEMEH
Ha rpeLlka, ce onpeaenaT HyauTe cropen pesyntatuTe OT aHanvaa, paspaboTsaT ce NPUNoXeHUs
crnopeq CbAbPXaHUETO Ha MOEHTUMULMPAHUTE HYXOM U C NPEXBbPISHETO HA CbAbPXAHWETO UM
BbB BUpTyanHa cpeaa ce usmepBsar pesyntaTuTe OT NPUHOCHT Ha 0ByYyeHne Ha NUMOTHUTE eTann Ha
M3NbIHEHVeE. V3cneaBaHeTo e NpPOBeAeHO Ha YeTUPU eTana, KakTo crieasa:

1-  AHanus Ha Hyxgute: OnpefensiHe Ha MPUOPUTETHUTE TEMU CbC 3aMHTEPECOBaHWUTE
CTpaHu1, KOUTO ca HeobxoaMMKM 3a NPOYYBaHE M CTAaTUCTUYECKN aHanms;

2- PagpabotBaHe Ha y4ebHO CcbabpaHue: PaspaboTBaHe Ha nporpama 3a obyyeHue B
CbOTBETCTBUE C MASHTUDULIMPAHUTE HYXKAM;

3- PaspabotBaHe Ha maTtepuanu: PaspaboTrBaHe Ha BP/PP npunoxeHus no
NPUOPUTETHN TEMM B CbOTBETCTBUE C ONpeaerneHaTa nporpamMa 3a obyyeHue;

4- MunotHo npunoXxeHue: OueHka Ha pe3yntatute oT NUITOTHUA NMPOEKT Ha pa3pa60TeH|/|Te
NPUNOXeHnA.

Mporpamarta 3a npodecnoHanHo obyyeHne Ha EC Epasbm + [MpodecnoHanHo obyuveHune u
cTpaTterndecko napTHLOPCTBO Oe OocbLUecTBeHa noA KoopauvHaumsiTa Ha YHuBepcuteTa bypca
Ynygar v ¢ y4actmeTo Ha YHusepcuteta Xbabpcunng B AHMnA, TexHudeckun YHuBepcuTeT —
Codous, Bbnrapus n codpryepHata komnanus Bizpark AS B ULUTEK Teknopark. MNpoekTsT umatue
3a uen ga unaeHtuduumpa Han-4yBCTBUTENHUTE NpobrnemMu B 0Oy4EHMETO MO TEXHWUYECKO YepTaHe
1 Aa pa3paboTy NpUNoXeHWs 3a pasLlimMpeHa 1 BupTyarnHa peanHocT no Tes3u npeametu. B pamkure
Ha npoekta 6sixa noryyeHu pesynTtatn, KOUTO ca ob6oOLleHn B pamMKuTe Ha CrRegHUTe 4YeTupu
OCHOBHW Tpynu: aHanu3 Ha noTpebHocTuTe, papaboTBaHe Ha CbObPXAHWMETO W MaTepuanure,
NUNOTHO M3MbIIHEHNE WM pe3ynTaTh OT u3mMepBaHe 1 oueHka. KakTo we 6bae nogpobHo onmcaHo
B [OKNada, Npu npoyyBaHusTa 3a M3MEPBaHUSA M OLIEHKW, CBbP3aHW C u3nonssaHeTto Ha BP/PP
npoayKTh, paspaboTeHn B paMKUTE Ha MpoekTa, 6e YCTaHOBEHO, Ye yMEeHUsATa Ha CTyAeHTUTe 3a
Bb3npomn3sexgaHe Ha TexHnyecknTe Yeptexu B 3D cpefa ce e nosuwimna 3HaumntenHo. CoLuo Taka
B OUeHsBalLUMTe npoyysBaHus 6e yCcTaHOBEHO, Ye CTydeHTuTe pasbupart, Bb3arnpuemar u npuemar
cbBpemeHHaTa BP/PP TexHonorus u a3y TeXHoMnorus yBenmyasa uHTepeca UM KbM Kypca.
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1.2. llutepatypeH o630p

B cBoeTo npoyyBaHe banak n Kbca (2017) nacnegsat M3non3BaHETO Ha TEXHONOrMsATa 3a paswmpeHa
peanHocT Ha cmapTdoHUTE B OOYYEHMETO MO TEXHUYECKO YepTaHe M noguvepTaBar, yYe KypcbT
MO TEXHWYECKO YepTaHe € MHOro KpUTMYEH 3a CTYOEHTUTE MO  MHXEHEepCTBO. 3asiBsBart, Ye npes
nbpBaTa rognMHa Ha MHXXeHepHOTO 0bpas3oBaHME TEXHUTE CTYOQEHTU Ca UManu rofieMn 3aTpygHeHns
B MPOEKTUPAHETO N YepTaHEeTo, MPOM3TUYALLUM OT 3aTpygHEHMUsITa MM Npu M300passaBaHETO Ha
OBynamepHu (2D) obektn kato Tpumamephn (3D) TakmBa. Yyawumte, 3a 0Oy4eHMETO HA KOUTO ca
N3Mon3BaHn TPaAMLMOHHN METOOM Ha MpenodaBaHe Mo TEXHUYECKO YepTaHe, ca uManu npobnemum
C TpUn3aMepHaTa Bu3yanmsaumsa Ha ABYN3MEPHM YEPTEXM, KOETO € JoBeNo A0 3aryba Ha MoTMBaums
3a yyeHe. B ToBa npoyuBaHe ce obcwxaat epekTuTe Ha TexHonorusaTa 3a PaswuvpeHa PeanHocr,
KOATO MOXe [a Ce WU3Mof3Ba 4pes3 MpUIioXeHus 3a cMapTdoHu 1 Tabnetn kato obpasoBaTeneH
WHCTPYMEHT BbpXy 0Oy4EeHMETO 1 ce uacnensar AaHHUTE, NOMyYeHN B pesynTaT Ha U3MNoN3BaHETO
Ha TexHonorusTa PaswupeHa PeanHocT B Kypca no TexHuyecko yveptaHe. WuteH n ban (2017)
pasrmexaart nocregHuTe pa3paboTky U NPUIToXeHUs B obnactta Ha TexHonorusaTa PaswmpeHa
PeanHoct (PP), koaTOo € MHOro nonynsipHa gHec. B TaxHOTO o6Wlo npoyyBaHe ca pasrnegaHuv
HaLMOHanHN n MexayHapoaHu akageMudHN NpoyyYBaHns U NPUNOXKEHUS Ha YacTHUS cekTop 3a PP
TEXHOMOrMATa U NPUMEPHUTE MEAMIAHN MPUNOXKEHNS, HaMpPaBeHu C Tasn TexHonorus. Cblyo Taka
ca OLeHeHn 1 NogpobHOCTUTE 3a Npoy4YBaHKsTa, cneundukn (CunHm 1 cnabm ctpaxu), obnactu Ha
NPUoXeHne 1 Lenu Ha N3nonssaHe.

Novnm n Waxun (2015) nanonseaT TPUM3MEPHM YEpTEXM, KaTo BkroueBat um PP TexHonornn B
yyebHMKa No matemaTtuka 3a 6 Knac, Yyactta reoMeTpusi, u pa3paboTear copTyep 3a TPUM3MEPEH
y4yebHMK no reomeTpus. 3a ropecnomeHatus codtyep ARGE 3D, paspaboteH ¢ nomolurta
Ha nnatgopmarta Visual Studio 2012 u nnatdopmata 3a paspabotka Ha codtyep Microsoft
Silverlight, ca nsnonssanu Silverlight n reBkaBa 6nbnuoreka c paswmpeHa peanHocT 3a TenedoH
¢ onepaumoHHa cmuctema Windows. Pa3paboTeHnsT codTyep e M3nonseaH kato yuebeH matepuan
no maremaTuka B yumnuwata Ha Munmnctepcteoto Ha O6pasoBaHneTo, a 6baeLlumTe paspabotunum
Ha obpasoBateneHnst copTyep, KoMTo Brxa uckanu ga paboTaTt B Ta3n 06nacT, ca UHPOpMUpaHu 3a
noTeHUManmTe Ha NpUITOXEHNETO, orpaHMdeHnsaTa u pewerHnaTa Ha PP codTyepa. OcBeH ToBa ca
cpaBHeHu ynoTpebata un HeynoTpebarta Ha PP mapkepu Bbpxy y4ebHuKa 1 ce Habnogasa TAXHOTO
Bb3AeNCTBNE BbpXy 00y4eHMeTo B knac. B pesyntat e yctaHoBeHO, Ye copTyepsT 3a yyebHuum
no reometpmsa ARGE 3D ynecHsiBa n3y4yaBaHETO Ha CrOXHUTE TEMU Ha NMpegMeTa reoMeTpus KaTo
nNpvBANYa BHUMAHMETO M 3aMHTEPECOBAHOCTTA Ha YYEHULUMUTE KbM YpOKa, HO MpU  U3MON3BaHETO
My B KOMMKOTbPHUTE nabopaTtopun, Nnopagn HacTpomKaTa Ha KamepuTe ce MonyvaBaT OTPaXKeHus,
KOMTO HamansiBaT eqpekTMBHOCTTa Ha npoaykTta. OCBeH ToBa € BMAHO, Y€ BbHLIHATa ynotpeba Ha
cuctema 3a mapkmpaHe ARGE 3D yBenuv4yaBa nekotata Ha U3nona3saHe 1 B3anMoaeCTBUETO MeXay
noTpeduTens n KOMMNKTbLpPA.

Webel n gp.(2013) otbensasear, 4e e TpyAHO 3a TeXHMUMTE fa nonydar obydeHne 3a eekTUBHO
npurnaraHe Ha HOBUTE CM YMEHUS, Tbil KaTo paboTaTta No NnoaapbXKKaTa U MOHTaXa Moxe Aa 6bae
MHOro crioxHa. NogobHo obyveHne moxe ga Gbae NoacuIieHo OT  TexHororusaTa 3a PaswmpeHa
PeanHocT, koTO € MoLHa MHAyCcTpranHa TeXHONornsa 3a obyyeHue, cBbp3Balla UHCTPYKUMUTE U
TOBa KaK [a Ce M3MbIIHABAT CEepBU3HMTE 3a4ayn OUPEKTHO C MaLUMHHWUTE 4acTu, KOUTO U3UCKBAT
MexaHu4yHa obpaboTka. lNMopagn HapacTBaHETO M CHOXHOCTA Ha [OEWHOCTUTE 3a MNOoAApPbXKKA,
He e JOCTaTbYyHO camMO OOyuMHME 3a M3MbIHEHWE Ha 3ajaunTe OT CTpaHa Ha TexHWuuTe no
TexHu4ecka nogpwxka. Bmecto ToBa, TexHuuute Tpsabea Aa 6baat 06y4eHn Ha OCHOBHUTE YMEHWs,
HeobXoaMMK 3a edheKkTMBHa Nopbyka M HOBa NoaapbXkka. Te3n (hakTh nokaseaTt HeobxoaMMocTTa
OT edEeKTVBHU CUCTEMM 3a OOyyeHMe Ha YMEHUs 3a MogdpbXKa W MOHTaX, KOUTO yckopsiBaT
npuaobreBaHeTo Ha HOBU NpoLieaypu 3a TexHudecko obcnyxeaHe. OCBeH ToBa Te3n cucTeMu cneasa
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4a nofobpsT npucnocobsiBaHETO Ha npoleca Ha 00yyYeHne KbM HOBUTE CLieHapumM 3a o0ydYeHue U
[a rapaHTupar noBTOPHOTO U3MON3BaHe Ha CbllecTByBalmuTe y4ebHn matepuann. B To3m KOHTeKCT
e paspaboTeHa HoBa KOHLenuust 1 nnartgopma 3a obyyeHre 3a nogabpxaHe W crnobsisaHe Ha
Gasarta Ha MynTMMoZen Ha PaswunpeHa PeanHocT, BKMIOYNTENHO 06yYeHme 3a NogdyMeHUst U OLeHKa
Ha cucTemara 3a oby4yeHue. MNopaan dakTta, Ye NPoLEayPHUTE YMEHUS Ce CYMTaT 3a Hal-BaXHWUTE
YMEHUs 3a NoaapbKKa U UHCTanupaHe, OoKyCbT Naga Bbpxy Te3n YMEHUs U NOOAXOASLIUTE METOAM
3a NogodpsIBAHETO UM.

lMopaam CNoXXHOCTTa Ha yBenuUYaBaLLMTe ce 3a4aqm 3a NoaapbkKKa, KOSTO BMsie BbPXY U3MbIHEHME
Ha 3agayvuTe oT cTpaHa Ha TexHuumTe Nee n ap. () ce aHraxupar ¢ u3crnegsaHe u paspabotsaHe Ha
NpUnoXeHns 3a paswmpeHa peanHocT (PP) B NpoekTnpaHeTo 1 NponsBodcTBOTO. M3cneaBaHusita
Ce CbCTOAT OT CedeM OCHOBHM pasgena. [MbpBuAT pasgen npeacTtaBsd npegucTopusita Ha
NPOU3BOACTBOTO HA CUMYIALMOHHM NPUIOXeHNs U mbpeuTe PP paspaboTki. BbB BTOpUAT pasnen ce
OMNMCBaT CbLLECTBYBALLUTE XapayepHu 1 copTyepHn MaTepuanu, cebpaanu ¢ PP. B TpeTn pasgen ce
CrMoMeHaBa 3a pasnunyHn AN3aNHEPCKM 1 MPON3BOACTBEHN AEMHOCTU, KATO CbBMECTHO NPOEKTUPaHe
Ha PP, mapwwpyTtusmpaHe Ha poboTu, ohopMIeHNe Ha MHCTanauus, nogapwbixka, CMMynauus Ha
CNC mawwmHm n MoHTax ¢ nomowita Ha PP matepuanu n TexHuku. Pasgen yetsbpty 06o6LaBa
TEXHOSOrMYHNUTE CnoXHocTu Ha PP. Pazgen 5 pasrnexaa HaKou MHaycTpuanHi npunoxenuns. Pasgen
6 pasrnexga JvoBelLkMTe haktopu n B3aumogencTeusita B PP cuctemute. Pasgen 7 pasmexga
HsIKOM OT 6bAeLunTe TeHOEHUUN U pa3BUTKA Npeq, 3akmntodeHnTenHaTa vyacT. Tasu ctatvs, npeacTaBs
HAKOW OT NpuUnoXxeHusiTa Ha PP B Npon3BOACTBEHHUSA CEKTOP, BBMPEKM Ye MHOro OT TAX BCE OLle
ca B nabopatopHa ¢asa. Ta nogyepTaBa BaKHOCTTA Ha MPOEKTUPaAHETO U MPEAOCTaBSHETO Ha
WHTYUTUBHWN 1 eDEKTUBHN YOBELLKM MHTEPGIENCH N pa3paboTBaHETO Ha NOAXOASALO CbObpXKaHWe,
KOeTo Aa Hanpasu PP MoLLEeH MHCTPYMEHT B obnacTtTa Ha NpOM3BOACTBEHMS UHXEHEPUHT.

Ong n gp. (2008) 3asBsaBart, Ye paswmpeHaTta peanHocT (PP) e HOBO B3aMMOOENCTBME Ha YOBEK-
MaLLWHa, KOeTo 0bxBalla MHpopMaLmMaTa, reHepypaHa oT BUPTyarH1s KOMNIOTbP B peanHa cpeaa.
MNpe3 nocnegHoTo AeceTwuneTue Gsixa OEMOHCTPUpPaHW O0OpY MOTEHUManHU MPakTUKU B MHOIO
obriacTtu KaTto BOEHHO OOy4YeHue, XMpYprusi, pasBrnevyeHunss, NoAAPbXKKa, MOHTaX, NMPOEKTMPaHe Ha
NpoayKTM MU ApYrn NMPOU3BOACTBEHW onepaumun. ToBa MpoyyYBaHe MpedocTaBs UANOCTEH aHanus
Ha YCbBbPLUEHCTBaHW M AokasaHu PP npunoxeHus B npoussBoacTBeHaTa AeWHocT. Llenta my e
[0a NpefocTaBu MonesHa npefactaBa 3a Haln-HOBWTE TEXHOMOrumM 1 paspaboTky 3a u3cnegosareny,
CTYOEHTN M MHXEHEepW, KOUTO M3NON3BaT MMM nnaHvpar Aa manona3sat PP kaTo MHCTpPYMEHT B
NPON3BOACTBEHNTE N3CNeaBaHUsI.

Kaufmann n Dulnser (2007) u3cnegBaT M oOueHsBaT M3MON3BaeMOCTTa Ha NPUIOXKEHWETO 3a
paslimpeHa peanHocT Mpu Mon3BaHe OT CTpaHa Ha npenogasaTtens. 3a oby4eHWeTo HanpaBeHO
npes3 2000, 2003 n 2005 r. npenogaBaTenaT ob6obLlaBa Tpy OLIEHKM 3a nepuoaa. Te NpeacTaBaT u
obcwxaaT pesynratute OT M3Non3BaemMocTTa Ha cumynartopa, NpeaocTaBsLL HaCoKM 3a TOBa Kak Aa
npoeKT1paTe NPUNOXEHUs C pas3lipeHa peanHoCT C MOMOLLTa Ha MOHTUPAaHW Ha rrasaTa AuCnnen.
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Pa3odesn 2

2. AHann3 Ha Hyxant

2.1. MeTop 3a aHanu3 Ha HyXAauTe

HaumHbT, No KOWTO Lie ce peanunsvpa paGoTHUAT NakeT 3a aHanu3 Ha HyXOuTe Ha NpoekTa ce
onpenens, KakTo creaga:

« lMpepBapuTenHa paboTa (aHanu3 Ha 3aMHTEPECOBaHWTE CTPaHW) Ha NapTHbOpUTE
No NMpoeKTa BbpXy BbTPELHUTE U BbHLIHUTE 3aMHTEpPecoBaHu CTpaHu, yyacTBallm B
NpoekTa;

* Onpep,enﬂHe Ha uenTa, obxBata M MeTo4a Ha aHanmMsa Ha Hy>XAuTe, 3aeHO C
napTHbOpUTE, y4acTBalln B NPOEKTa,

i OueHka Ha HY>XOUTE, n3BbplleHa OT CTpaHa Ha NapTHbOPCKUTE CTpaHu C y4aCTUEeTO Ha
BCUYKN 3anHTEPECOBAHN CTPaAHU,

« Cnep npuknoyBaHe Ha MPOyYBaHETO 3a aHanu3 Ha NoTpebHOCTMTE ce NpoBeXaa cpella
3a oueHKa Ha pesynTaTuTe C NapTHbLOPWTE, yYacTBallM B NpoOeKTa, a pesynratute ot
aHanusa Ha HyXguTe ce NpenocTaBsAT Ha UHCTUTYLMSATA, oTroBapslla 3a paboTHaTa
nporpamMa

B pamkuTe Ha npoekTa ca 0bsCHeHW pe3ynTaTuTe OT MPOYYBAHETO Ha Tasn cpeLla, NpoBeaeHa C
y4acTMeTo Ha BCUYKM NOKAHEHN MNAPTHLOPY U 3anUHTEPECOBaHN CTPaHM OT yHMBepcuTeTa Ynyaar.
Pesyntatute ot Tasu cpella ca o6CcbaeHu, a NpUMepuTe KakTo 3a NpeacTaBsiHETO, Taka U 3a
[OKraja 3a aHanu3 Ha Hy>XauTe ca crnofeneHn Ha yebcaiTa Ha npoekTa.

2.2. AHanu3 Ha 3auHTepecoBaHUTe CTpPaHuU

3a ga ce onpeaensaT NpaBUNHO O4akBaHUSTA Ha CbObpXKaHMETO 1 Noabopa Ha NPoAYKTUTE, KOUTO
Lle 6baat pa3paboTeHn B paMKUTe Ha NpoeKTa 1 3a [la Ce OCUIypy MacoBO y4YacTue, aHanu3bT Ha
3anHTepecoBaHWUTe CTpaHu Gelle NpoBedeH C Len Aa ce B3eMaT NpeaBua MHEHUSTA Ha BCUYKN
CTpaHu, KOMTO MMAaT Bpb3Ka C,TEeXHUYECKOTO YepTaHe", KOETO € eJMH OT OCHOBHUTE efnemMeHTU Ha
npoekTupaHeTo. B nbpBuMA eTan Ha aHanusa, ¢ Len onpeaensHe Ha 3auHTepecoBaHNTe CTPaHu
ce pasrrnegaxa BbMpocuTe:

» Kowu ca obyyaBalmuTe AENHOCTN MO TEXHNYECKO YepTaHe 1 KOW ca NpakTUKyBalluTe r B
Ta3u obnact?

» Kou pbkoBOoaM Te3M AENHOCTU U yCrnyrn?
» Kowu ca Bb3nonaBalmTte ce OoT obyyeHudaTa, npegnaraHn oT MHCTUTyuunTe?

* Kouncesnuaaror O6pa3OBaTeJ'IHVITe OEeNHOCTU U ycnyru, npeaooctaBAaAHU OT UHCTUTYUUNTE,
N KOU BIUAAT BbPXY TaX?

Mo Bpeme Ha onpeaensiHeTo Ha 3aMHTEepecoBaHUTEe CTpaHu Osixa nocrneaBaHW TPpU pasnuyHU
MeToaa, hopmupalm obwms s3HameHaten Ha rpynute. CbbpaHnTe nog obuy 3HameHaTten 6sxa
onpeneneHn Kato 3aMHTepecoBaHn CTpaHWu. [MbpBUAT METOA € HauWoHaneH U MexayHapoaeH
0630p Ha nuTepaTypaTa, BTOPUST METO4 € WHTepBloTa C NpeacTaBUTeENnM OT cekTopa MU
HenpaBuTencTeeHn opraHmsaumm (HIMO), a Tpetata asa € MUHU CEMUHApP OT KOMUCUSATA 3a
pas3BuTME Ha nporpamarta, NpPoBeAeH CbBMECTHO C YNIEHOBE Ha YHUBepcuTeTa, npernoaasaTenu
1 obyyartenu B cekTopa.
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Pesyntatnte oT Te3u npoydBaHus, fageHu B Tabnuvua 1, we O6baaT npunoxeHn B aHanusa
Ha noTpebHoCcTMTE OT OobydeHMe MO TEXHUYECKO YepTaHe. 3auHTepecoBaHWUTE CTpaHu ce
knacudpuumpat cnopeq (OyHKUMUTE CUM KaTo obcnyXBaHW / KAMEHTW, OCHOBHM MNAapPTHLOPU W
JOCTaBYMUM Ha ycnyrm nog obwim nosuumu, a cnopeq cratyTa Ha 3auHTepecoBaHUTE CTpaHu,
3aMHTEPECOBAHUTE CTPaHU ca KnacuuumpaHu KaTo BbTPELUeH YYaCTHUK, BbHLUEH Yy4YacCTHUK
N KNUeHT. 3anHTepecoBaHUTE CTpaHW, MAEHTUMUUMPAHM B TO3N NMpeaBapuUTENEH aHanu3 Ha
3aMHTEpPECOBAHNTE CTPaHW, LWe ObaaT Tesu, Ha KOMTO LWe 6bae CbAEeNCTBAHO NPU U3MEPBAHE Ha
yBennyaBaHEeTO Ha KOMMETEeHUMUTE Ha nuuaTa, T.e. B aHanu3a Ha pesynrtatuTte, Ha maTtepuana,
konTo we 6bae pa3paboTeH B paMKnTe Ha npoekTa. Han-saxkHata rpyna cpeq 3aMHTepecoBaHuTe
CTpaHN HECbMHEHO € OCHOBHaTa rpyna 3a obcnyxsaHe, T.e. cTygeHTute. Cneg ToBa BTOpara
Han-ronama rpyna 3aumHTepecoBaHM CTpaHM Ce CbCTOM OT rpynaTta Ha npenogaBaTenuTe,
npegocTaBsaLWM YCnyrn, KOETO ce OYakBa M CbOTBETCTBa Ha nutepartypaTta Ha (Ashford 2017;
Crawley et al 2007; Besterfield et al 2014).

Tabnuua 2.1. 3anHTepecoBaHu CTpaHW 1 pasnpeaeneHune no NnpuopuTeTm

3anHTepecoBaHu CTpaHU B3aumoBpb3ka MpuunHa 3a 3aMHTEepecoBaHOCT MpuopuTer
Ob6yyaBaLuy ce KnneHnt Monyyasaly, oby4eHune 1.
Mpenogasatenu BbTpelueH y4acTHuK [ocTasswy, 0byyeHne 2.
Yautenu BbTpelueH y4acTHUK [ocTasswy, oby4eHne 3.
YHuBepcuTeTH BbHLIEH y4acTHUK PaspaboTear 1 gocTaBsT 0byyeHne 4,
MpodecroHanHu rmMmHasum BbHLUEH yyacTHUK PaspaboTear 1 goctaBsT obyyeHne 5.
CniyxwuTtenu ot cektopa BbHLUEH yyacTHUK Crparternyecky napTHLop 6.
PaboteLuy B cektopa BbHLueH yyacTHUK MonyyaBaly, 0by4eHne 7.
O6LecTBeHM NpeacTaBUTENN BbHLIEH yyacTHUK OcHoBeH NapTHLOP 8.
HenpasutencreeHun BbHLIEH y4acTHMK MonyyaBauy, 06y4yeHne un 9.
opraHv3aumm Crparternyeckv napTHLop

2.3. AHanus Ha HyXauTe

Hyxpnata e onpegeneHa ¢ B3eMaHe MpeaBua Ha pasnukara Mexay Hactosiwarta cuTyauus u
cuTyaumaTta, KoaTto ce nsnckea unm tpsabea ga 6bae. Mo NnpuHUMN pasnukara ce CbCToM B TOBa:
,KakBo e B momeHTa" 1 ,KakBo Tpsibea ga 6bae?“ ToBa e npouec, KOWTO e crneggaH, 3a ga
Ce paskpue pasnukarta Mexay HacTosilaTta CUTyauus U xenaHata cuTyauust 3a npoyyBaHusaTa,
KouTto TpAbBa ga ce mpoBedart 3a obyymTenHaTta nporpama u mMaTepuanHoTo passuTtue. Toswu
npoLec ocurypsiea pauuvoHaneH NOAXOoA4 3a onpedensiHe Ha MNPUOPUTETU U WU3MNOM3BaHe Ha
CblLLECTBYBALLNTE PECYPCHU.

lNpouecbm Ha aHanu3 Ha Hy>Ko0ume

MpouechT Ha aHanM3 Ha NOTPEBHOCTUTE Ha OOYYEHMETO MO TEXHUYECKO YepTaHe, KOWTo Gelue
nocrnefBaH, 3a Aa Ce paskpue pasnukata Mexay CbLiecTByBallaTa CUTyauust U cuTyaumsaTa,
KoaTo TpsabBa Aa 6bAe nocTurHaTa, ce CbCToeLle OT YeTUpKM eTana.

1. MoarotoBKa: 3aBbpLUBaHe Ha HEOOXOOMMUTE MOATOTOBKM 3a OLeHKa Ha HyauTe. lNoarotoBka
Ha ckana (BbNpOCHULMW) 3a OLleHKa Ha HyXAuTe 1 MOAroToBKa Ha nporpama 3a kaHangatcrBaHe U
npoy4yBaHe (Google npoyyBaHe) 3a rpynuTte, KbM KOUTO e 6baat NpunoxeHu.

2. CbbupaHe Ha wuHbopmauusa: AHanu3 Ha Hyxgute. CbbupaHe Ha wHdOpMauusi oT
3aMHTEPECOBAHUTE CTPaHM YPE3 BbIMPOCHMLIN.

3. AHanu3 Ha wuHdopmauuaTa: Knacudukauma Ha uHoOpmauusaTa, npegoctaBeHa oOT
ropecromMeHaTuTe M3TOYHULUM U MHdopMaums OT Apyrn Heobxoaumm obnactu u onpenensHe
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Ha obractuTe, OT KOUTO Ce HyXAae B 3aBMCMMOCT OT XapaKTEepPUCTUKUTE Ha MHdopmaumaTa.
MHdopmaumaTa 3a aHanu3 Ha HyxauTe, noflydeHa B paMKuMTe Ha MpoekTa, belue oueHeHa C
nomoLya Ha NMogxod kbm Pasnuunata. Tosn noaxopn; paskpuea pasnuvkata mexagy HabntogasaHute
N o4YyakBaHUTE HMBaA Ha ycnex. C momolwla Ha TO3M MOAXOL Ce OTKpUBa pasnukata Mexay
04aKBaHOTO HMBO Ha YMEHUS N AOENCTBUTENHMTE/CbLUECTBYBALLUNTE YMeEHUs. Tasu pasnuka
nokasea XapakTEpPUCTUKUTE Ha nporpamata U cBoWCTBaTa, KOUTo TpsibBa ga ce npuaobusaT oT
dmsndeckmTe nuua.

4. OtyeT Ha uHcopmauusa: lNpuroTBaHe Ha goknag ¢ nogpobHa MHpopmaLuMsa 3a BCAKa OT
naeHTuuLMpaHnTe Hyxam nootaenHo. O6xBaTbT Ha HYXAUTE, UAEHTUPULMPAHN B HACTOALLNSA
aoknag we 6bae pasrnegaH 3aefHo C NPUYUHUTE CU U C eTan Ha NpeanaraHe Ha peLleHus.

AHarnus Ha HyguTe 1 OCHOBHUTE pes3yriTaTu ca nokasaHu Ha durypa 2.1.

Need Analysis Outcomes
dur. 2.1.
Virtual * Increase in technical AHanua Ha HyxauTe n
Design for skills ) ) OCHOBHWTE pesynTaTy
*Workshops Manufacture * Decrease in defection
Trainings * Decrease in the training
*Questionnaires time
* Increase in the training
*Benchmarking performance
* Increase in the
development perception

3a aHanusa Ha HyxauTe Gelwe cbbpaHa MHoOpMaUMsa OT nuua, n3dbpaHu OT 3aMHTepecoBaHUTE
CTPaHM 1 C aHanM3npaHeTo U oLeHKaTa Ha Ta3un nHopmauusa u MaTepuanuTe ce naeHtTudmumpaxa
obnactn, B KOUTO € HeobxoamMMo pa3paboTBaHETO Ha CbabpXKaHMeTo uMm. 3a ga ce cbbepe
WHGOPMaLMSA, BbMPOCHMKLT 3a aHanuM3 Ha HyxauTe 6e u3nonseaH 3a OLeHKa Ha MeTogute U
TexHonornmTe 3a obydyeHve. C aHanmMsa Ha pesynTatute OT MPOy4YBaHETO Osixa onpeaeneHu
HeobxooumuTe NpoyyYBaHUSA 3a paspaboTBaHe Ha martepuanu. VHdopmaums 3a M3nonsBaHuAT 3a
Tasu Len BbNPOCHUK 1 0BSICHEHUSITA 3a TOBA Kak TO3U BLINPOCHUK Ce Npunara 1 oueHsiBa ca gageHu
B noA3arnaBneTo ,,0TYETU N OLIeHKa".

2.4. CtaTuctuyeckm aHanums

B aHanmsa Ha notpebHocTUTe MMa 25 Bbnpoca nnoc 5 BbNpoca OT OTBOPEH TUM, KOUTO Ca AafeHn B
Tabnuua 2 1 ca oueHeHn No 5-ToukoBaTa ckana Ha JlnkepT. MbpBuTe 5 OT TE3M BLNPOCK Ca CBbp3aHu
C Bb3MPYEMaHETO Ha TEXHUYECKUTE YEPTEXM OT CTpaHa Ha ydacTHuuuTe, gpyrute 20 Bbnpoca ca
CBbP3aHU C HMBAaTa Ha 3HAHWS 1 YMEHUS HA yYacTBaLLMTe 1 nocrnegHuTe 5 Bbnpoca ca CbCTaBeHU C
uen ga v3mepsaT O4akBaHMSATa Ha rpynuTe OTHOCHO 0ByYeHMETO MO TeXHMYECKOo YepTaHe. o Bpeme
Ha aHanu3a 6e Bb3MOXHO [a Ce KOHCTaTupa Bpb3kata Mexay obpasoBaTenHuTe HUMBA, 3HaHWUSTa
N yMeHuATa Ha ydactHuuute, KBaJ'II/Id.)VIKaLI,I/IﬂTa Ha 06pa3OBaTeJ'IHVITe MM HMBA, a CbLUO Taka U
pasnvkaTta Mexgy MHCTUTYLMM U ObpXaBu U T.H. B ToBa npoyyBaHe ce NpOoT1BONOCTaBmNxa pasnuknTe
MeXay HacTosiLara cuTtyaums 1 Tasm, KosaTo TpsibBa da Obae, KaTo ce aHanuaupa pasnukara Mexay
aBeTe. BbnpocHUKBT, mpuroteeH no 5-toukoBa ckana Ha Jlukep, 6elle Haco4eH KbM BCUYKU CTPaHW,
onpeeneHn NoCcpeacTBOM aHanmn3 OT 3aMHTEPECOBaHWUTE CTPaHN Ypes NPUNOXKEHMETO 3a NPoyYBaHe
Ha Google. CTeneHyBaHe Ha OTroBopuTe No ckanara Ha JlukepT: (5) HanbNHO cbrnaceH, (4) cbrnacen,
(3) 6e3 koMeHTap, (2) He CbM cbrnaceH U (1) KaTeropuyHoO He CbM CbrnaceH. BenpocuTe 3a aHanms,
nocTtaBeHu Ha ydacTHuumuTe Ypes Google Survey ca:(Strongly agree).
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Mucns, ye Bue kaTo nonyuun obpasBaHue No TEXHUYECKO YepTaHe:

10.

11.

12.

13.

14.

15.

16.

17.

MmaTte TeXHU4eCckM No3HaHMs no 4yepTaHe u
YMeHUA, NUSNCKBaHN OT BallaTa rlpod)ecvm.

MoxeTe ga uanonasare obLL e3uK 3a
KOMYHMKaUunA B obnacTtTa Ha TEXHUYECKOTO
yepTaHe 1 no3HasaTe ctaHgapTy kato BS,
ASME, ISO, DIN.

Nmate NPaKkTU4YeCKn yMmeHud, nogkpenaLwim
TeopeTunyHnTe Bu no3HaHus No TexXHU4ecKo
yepTaHe.

Cwmgrare, 4ye cnocobHOCTTa 3a pasdnTaHe
Ha TEXHNYECKN YEePTEXN € XNU3HEHOBaXXHA
3a eHO TEXHUYECKO NnLLE.

CwmsTaTe, Ye rpeLukiTe, 4oNyCcHaTX Npu
TEXHWYECKUTE YepTexun MoraT Aa aoseqat
0o 6pak nnm 4o noLwo KayecTBo.

MoxeTe Aa NpoyeTeTe 1 UHTEpNpeTMpaTe
HaMmbHO BCEKM TEXHUYECKM YEPTEX.

lMo3HaBaTe B AeTalnn TEXHNYECKUTE
YepTexXun, MOXeETe fa pas3dveTeTe obwute
00nyCKu, oadeHn Ha YepTexa.

lNo3HaBaTe meToaUTE Ha NPOEKLNS U
MOXeTe fja pa3yeTeTe Te3n METOAN OT
CMMBONa B YepTexa.

MNosHaBaTe BUOOBETE U U3NCKBAHUATA 38
paspesu, MoXeTe Aa pasrpaHuumTe MbiHNU
M YaCTUYHW paspesu.

MosHaBaTe MeToaM 3a NepcrnekTMBa u
MOXeTe [ja Bu3yanuaumpare nepcrneKkTUBHN
YepTeXMU.

MoxeTe aa pasyereTte JONYCKUTE Ha
pasmepuTe B MPOV3BOACTBEHUTE YEPTEXM.

3HaeTe KPUTUYHUTE FIOD,pO6HOCTVI 3a
abcontTHUTE 1 cnomaraTenHuTe pasmepn.

Moxete oa pas4veTeTte CMMBOnnUTE 3a
0onyCTUMNUTE OTKITOHEHUA Ha Bana n
oTBOpUTE U a HaMepeTe AoNYyCTUMUTE
OTKMOHEHUs B TabnmumTe.

Moxete oa pasdveTteTe gonyctrmmnTe
OTKITOHEHWA Ha bIblia.

MoxeTe necHo ga pasrpaHuyuTe
MOHTaXHU n ,qua|7|nHv| HepTexun.

3HaeTe 3HaYeHVeTo 1 pasnukarta
Mexay AOoMNYyCcK Ha dhopmata 1 [oMycK Ha
pas3snonoXeHWeTo.

PasnosHaBaTe cnumBonuTe 3a 00nycK Ha
cbopmaTa M pa3norioXXeHneTo N 3HaeTe
TAXHOTO 3HAa4YeHMe Ha vepTexa.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

3HaeTe nogpobHOCTM 3a gonycka Ha
pPasnonoXeHNeTo N MakCUManHoTO
NpUNoXeHne Ha MaTepuana.

3HaeTe pasnukata mexay bueHe v MbrHO
Buene.

lMosHaBaTe KOHLUEeNnumMsaTa 3a rpanaBocT Ha
NMOBBbPXHOCTTA U CTaHOAPTHUTE CUMBOMNU
Ra, Rz, Rmax. n T.H.

CwmsnTate, Ye 0by4eHUsiTa Mo TEXHNYECKO
YepTaHe TpsibBa ga ce oboraTaT ¢
NPUIoXeHns 3a BUpTyarHa n paswimpeHa
pearnHocT.

CwmsTate, 4e 0By4EeHNETO MO TEXHUYECKO
yepTaHe e J0CTaTbyHO 3a pasbupaHe Ha
YyepTexuTe, U3MOM3BaHN B CEKTopa.

MwucnuTe, Ye TEXHNYECKOTO 0BYy4YeHNe
Mo TEXHUYECKO YepTaHe nogobpsiea
BU3yarnHarta namert 1 crnocobHocTTa 3a
BU3yanmampaHe Ha YepTexu.

KoraTo yeteTe TEXHUYECKM YePTEXN, NECHO
NpexBbpsTe ABYMEPHUTE YEPTEXM B
TpumamepHa cpeaa.

Mucnute, ye nsnonasaHeto Ha CAD
codTyepu He NpeMaxsa HeobxogumocTTa
OT OCHOBHO 00y4eHne Mo TEXHUYECKO
YyepTaHe.

Konko yqe6H|/| Yaca cegMn4HO CTe
B3emMalin nNo TeXHN4eCKo qepTaHe?

MpoBenoxTe nu obyveHne 3a nogobpsiBaHe
Ha yMmeHusTa Bu no TexHuuecko

YepTaHe cres 3anoyvsaHe Ha pabora?

AKO CTe NpoBeNnu TakbB Kypc, kaksa 6e
NPOABLIMKUTENHOCTTA U TemaTa?

WManonseanu nu cte BP unu PP (BupTyanHa
1 paswmnpeHa pearnHocT) B MPUINOXEHMWS

3a Urpu unu 3a obpasoBatenHm Lenun? Ako
4a, MucnuTe nu, Ye MobunHuTe TenegonHn
UM YCTPOMCTBA LLie UrpasiT BaxkHa pons B
obpasoBaHneTo?

Korato Tbpcute gonbnHuTenHa
NHOPMaLMS MO TEXHUYECKM YEPTEX,
KbM KOM OT cregHuTe ce AonuTeare

NMbpBOHAYanHo?
Google KHuru
Mpenoaasaten Apyrun

Kos 6elue nocnegHarta KHura unm
CTaHOapT, CBbp3aHa C TEXHUYECKUTe
YEpPTEXN KOSITO NPOYETOXTE?
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2.4.1. PesyntaTtu

B pamkunTe Ha n3cneaBaHeTo 6sixa nscneasaHm 320 AyLwm oT pa3nuyHn o6pasoBaTenHm U CEKTOPHU
WHCTUTYUMM B TpWU pas3nuyHu cTpaHu. Pesyntatute 6axa aHanmuaupaHuM CbC CTaTUCTUYeEcKa
nporpama Ha Excel. PasnpegeneHneTto Ha y4acTBalymTe No CTpaHu ce peanvaupa KakTo cneasa:
Typuwnsa 252, BenukobputaHua 10, benrapusa 58 gywun. PasnpegeneHvMeTo Ha yyacTHUUUTE No
CeKkTopu e fageHo Ha durypa 2.2.

YyeHuum ot npodecrmoHanHuTe
rMMHa3sun

® PaGorteliu B cektopa

B PbKoBOAUTENWM OT CEKTopa

™ CTy,D,eHTM BbB BUCLLN
npodgecmnoHanHm ydyunuiia

m CTyOoeHTV No MHXMHEPCTBO

o [penogasatenu ot
I'IO(t)eCVIOHaJ'IHVITe rTMMHasnun

w Mpenopasatenu ot
YHuBepcuteTuTe

= HNo/

®dur. 2.2 PasnpeneneHne Ha aHkeTupaHuTe rpynm

Kakto ce Bwxga oT curypa 2.2., yyalmute ce B npodecrmoHanHuTe G6akanaBapcku nporpamu
npeacTaBnsBaT BakHa 4acT npu pasnpefeneHneTo Ha aHketupaHute rpynu. CTydeHTuTe no
WHXEHEPHN HayKku 3aemaT BTOPO MSICTO, a ydeHuuuTe OT npodbecuoHanHu rmmHasum ca Ha
TpeTo mecTo. [Npu TOBa pasnpegeneHve ronemuatT Opor Ha ydawmTe B NpodpecuoHanHuTe
H6akanaBapcku nporpamu CblUO BMWsie BbpXY pesyntatute OT pasnpeferneHneTo Ha yvawumre
B MpodpecroHanHnTe rmmHasnu, 3aloTo HAKOW OT Te3u CTYAEHTW, BbMPEKM Ye Bce olle He ca
YUMITN TEXHUYECKO YepTaHe, N3Nnon3saTt 3HaHMsATa CU, KOUTO ca NOoMy4unu B NpodecnoHanHuTe
rmmHasuun. Kato usino Moxe ga ce TblKyBa, Ye pa3npeneneHveTto e CbBMeCcTUMO C nasapa Ha
Tpyda u Ye CTaTyCbT Ha nuuarta, NpeMuHann TexHM4ecko obyyeHue no TEXHUYECKo YyepTaHe, e

CMUCNEeHOo pasnpegeriedH no oTHoeHne Ha npeacrtaBuTeNICTBaTa.
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®dur. 2.3. OOWwM cpegHM CTOMHOCTM Ha BCEKM OT BbNpocuTe

[MpOUEHTHT Ha NONOXUTENHUTE OTFOBOPU, AadeHu Ha Bbnpoc 1 ,MmaTe 3HaHuATa
N yMeHudATa, n3nckBaHu ot npodecusaTa Bu“, e 76%, toect 24% OT y4yacTHULMUTE
He Hamupar 3HaHusATa cu B obrnacTTa Ha TEXHMYECKOTO YepTaHe 3a JOCTaTbyHMU.

lMpoueHTBbT Ha NONMOXWUTENHUTE OTrOBOPW, OaAEHW Ha Bbhpoca ,M3nonssarte
oLy, e3rk 3a KOMYyHMKauus B obnactrta Ha TEXHUYECKOTO YepTaHe U Mo3HaBaTe
ctaHgaptute kato BS, ASME, ISO, DIN“ e 70%, Toect 30% OT y4yacTHULMTE He
HamMMpaT 3HaHUATa CU 3a 4OCTaTbYHM, KOraTo CTaBa BbMNPOC 3a CTaHAapTuUTe.

[MpouUEeHTBHT Ha NONOXUTENHUTE OTFOBOPU, Aa4EHM Ha BbNpoca“ MimaTte npakTUyecku
YMeHUs, 3a fa NoAKpenuTe TEOPETUYHUTE 3HAHNSA MO TEXHUYECKO YepTaHe“e 73%,
T.€. 27% OT y4acTHULMTE HE HamMMpaT 3HaHMUSATa CU 3a AOCTATbYHN.

MpoUeHTLT Ha MOMOXWUTENHWUTE OTroBOPW, AafdeHu Ha Bbhpoca ,CmsaTate, 4e
crnocobHOCTTa 3a pas3yeTeHe Ha TeXHUYECKN YEepTeXN e XKM3HEeHOBaXkHa 3a edHo
TexHudecko nuue “e 88%, T.e. 12% OT yyacTHUUUTE He ca CbIMacHU C TO3n
BbMNpoc. To3n OTroBOp € XU3HEHOBAXKEH M KaKTO Ce o4vakBa, ronsm MpoLeHT oT
aHKeTupaHuTe pasbupart BaKHOCTTa MY.

MpoueHTUTe Ha Bbhpoca ,CMaTaTe, Ye rpeLlknTe JonycHaTu Npu TeEXHUYECKUTE
yepTexu moraT ga gosenaT oo 6pak unu go nowo kadectso“ ca 84% c oTroBop
,CbIMaceH CbM“ W ,HaMbIIHO CbM Ccbrnacen”, T.e. 16% OT ydacTHUUUTE He
ca CbINacHM C TO3M BbMNPOC. TO3M MPOLIEHT MoKasBa, Ye 4acT OT xopara He ca
[0CTaTbyHO MHPOPMUpPAHN 3a DpakyBaHUTE NPOAYKTU N TAXHOTO 3HAYEHNME.
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dur. 2.4. OTFOBOpVI Ha BbnpocuTe, onpenendwm TeXHM4eCkute ymeHuna B obrnacTtTa Ha TEXHNYECKOTO YyepTtaHe

Ha durypa 2.4. ca gageHu OTroBopuTe Ha ABanceTTe BbNpoca, KOUTO ca U3BLbH NeTTe
BbMNpoca B ckanata Ha durypa 2.3. n namepBaT TEXHUYECKUTE 3HAHUSA U YMEHUSA Ha
nvuaTa, KOMTO ca OCHOBHUAT pedepeHTeH U3TouYHuK. OTroBopute ca AadeHu BbB
BBb3XOASALL pef B NpoLeHTU. 1o To3n HaunH MoXe Aa ce BUAU B KOU OCHOBHU TEMW Ha
TEXHMYECKOTO YepTaHe MMa HegoCTaTbLUM 1 B KakbB MPOLEHT ca Te.

Korato Gsixa uacnegBaHu pes3yntatvTe OT aHanmM3a Ha HyXguTe, OT MOSYyYEeHUST
pe3ynTtar 6eLle Bb3MOXHO [a Ce CbNOCTaBAT rpynuTe ¢ NogobHM BbNPOCKU na nogobHu
Temu. C gpyrn aymm, reomeTpudHoTo opasmepsisaHe n gonyckute (FTO&M), kosaTo e egHa
OT HaW-TPYQHUTE TEMMU, Ce oYepTa KaTo Han-Heobxoamma 3a rpynuTte U OTroBOpUTE Ha
Te3n rpynu CBbp3aHu ¢ Tasu Tema 6axa MHoro 6nuskv eguH Ha apyr. CnegoBaTtenHo
Hy)xgata OT To3uW aHanu3 oT nbpBusa Bbnpoc ¢ 40% go nocnegHusa ¢ 20%, Gele
KakTo B Tabnuua 2.2., ¢ U3KIYeHWe Ha Marnku Bapuauuun. VMima camo eavH npumep
3a HE3HAYUTENHO PasfnMyMe N ToBa € OTTOBOPbBT HA HAMUPALLMSAT Ce Ha TpPeTu pea u
daBauy, obula npefcraea BbNpoc ,CmartaTe, Ye obyyYeHnsaTa No TEXHUYECKO YepTaHe
ca 4oCTaTbyHM 3a pasdnTaHe Ha YepTexunTe, U3non3BaHu B cektopa “ . Tbil kaTo ToBa
onpepeneHne Tpsabea ga ce cuMTa 3a HE3aBMCUMO OT TEXHMYECKOTO CbAbpXKaHue, TO
He ce TbJIKyBa KaTo gudepeHumnpaHe, 3acqarallo aHanumsa.
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Tabnuua 2.2. 3arnaBus Ha TemuTe cnopeq HeobxoaMMocCTa crieq aHanuaa Ha Hy>xauTte

1. 3HaeTe pasnukaTta mexay bueHe n NbnHo GneHe.

2. 3anosHaTtu CcTe B Aetamnuc OONYCKNTE Ha Pa3noJioXKeHNEeTO U MaKCUMaritHOTO NpuioXXeHne
Ha Marepuana.

3. Cwmdrarte, 4ye oby4vyeHuMATa NO TEXHUYECKO YepTaHe ca AOCTaTbYHM 3a pasyuMTaHe Ha
yepTexuTe, N3NON3BaHN B CEKTOpa.

4. Tllo3HaBaTe cTaHAAPTUTE M MOHATUETO 3a rpanaBoCT Ha MOBbPXHOCTTA, KAKTO U CUMBONUTE
Ra, Rz, Rmax. u T.H.

5. MoxeTe fa pasdeTeTe U MHTepnpeTnpaTe BCEKM TEXHUYECKM YepTex (JOpW ako e3UKbT €
pasnunyeH).

6. 3HaeTe KPUTUYHNTE I'IOLI,pO6HOCTM 3a abConTHMUTE N comaraTenHuTe pasmepun.

7. 3HaeTe meToOMTE HA MPOEKTUpaHe M MOXeTe [Ja pas3no3HaeTe Te3nm MeToau OT CUMBONa
B uepTexa.

8. PasnosHaBaTe cumBonuTE 3a OOMYCK HA hopMaTta MU pasnoriokeHNETO N 3HaeTe TAXHOTO
3Ha4yeHue Ha YyepTexa.

9. Mwucnute, ye wun3snonseaHeto Ha CAD codTyepu He npemaxBa HeobxogumocTTa OT
OCHOBHO 00y4YeHMe MO TEXHUYECKO YepTaHe.

10. MoxeTe ga pasveTtete AONYCTUMUTE OTKNOHEHNSA HA brbna.
11. MoxeTe Aa pasdeTeTe OTKNOHEHMATAa Ha pasmepuTe B NPOM3BOACTBEHNTE YEPTEXM.

12. 3HaeTe 3HayeHMETO U pasnukaTa Mexay Jonycka Ha dopmata m pgonycka Ha
pas3nonoxeHneTo.

13. Pasuutate cumBonuTe 3a OONYyCTUMUTE OTKITOHEHUA Ha Balla U OTBOpUTE U HaMUpeTe
OONYyCTUMUTE OTKITOHEHUA B Tabnuuure.

14. lNo3HaBaTe BMAOBETE M U3UCKBAHUATA 3a paspesu, MOXeTe Aa pasrpaHmynuTe MbIiHU U
YaCTUYHK paspesn.

15. 3HaeTe nogpob6HOCTMTE Mo GnaHkaTa Ha YepTexa, MoXeTe [a pasyeTeTe o6LMTe OOMNYCKY,
fageHu B bnaHkaTa.

16. MNo3HaBaTe MeToaMTE 3a MepcrnekTVBa U MOXeTe [fa Bu3yanusmpare uYepTexu B
nepcnekTuea.

17. MoxeTe necHo ga pa3rpaHN4YnTE MOHTa>XXHN OT neTannHm YEPTEXKN.

18. [lokaTo pasdeTeTe TEXHUYECKM YEepTeXU, MOXKETE NEeCHO Aa MPexBbprsate ABYMEpPHUTE
YepTeXN KbM TPUN3MEPHUN CPEaN.

19. Mucnute, ue o6yquv|ﬂTa Nno TeXHU4YeCKOo 4epTaHe TpF|6Ba Aa ce NnpexBbpnAaT KbM
npunoXxeHuna 3a BupTyasriHa pealnHoCT.

20. Mucnute, 4ye obyyeHMETO MO TEXHMYECKO YepTaHe nogobpsiea Bu3yanHata nameTr wu
cnocobHOoCTTa 3a BM3yanuaauyus.

Korato oT oTroBopuTe, ce OTCTpaHAT OTroBOpWTE, AaAEHM B pe3ynTaT OT o6LuTe NpeLeHKu,
[AaHHWUTE OT CbAbPXaHMEeTo Ha Tabnuua 2.3. MoraT Aa GbaaT copTMpaHu cropen HyxauTe.
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Tabnuua 2.3. TexHnyeckn Temu, copTupaHun cnopes HeobxoaMMOoCTTa cnea aHanumsa Ha HyxaguTe

10.

11.

12.

13.

14.

3HaeTe pasnukaTa Mexay 6veHe u NbiHo GueHe.

MosHaBaTe B AeTainu AONYyCKUTE Ha pasnofioKEHMETO Y MaKCUMAIIHOTO NPUIOXeHVe Ha
maTtepuana.

[Mo3HaBaTe cTaHAAPTUTE U MOHATUETO 3a rpanaBoCT Ha MOBbLPXHOCTTA, KAKTO U CUMBONUTE
Ra, Rz, Rmax. u T.H.

3HaeTe KpUTUYHNTE NOAPOBHOCTM 3a abCONIOTHUTE N CnoMaraTenHuTe pasmepu.

Mo3HaBaTe MeToaMUTe Ha NPOEKTMPaHE U MOXeTe Aa pasymTaTe Te3an MeToam oT cMMBorna
B bnaHkara.

PasnosHaBaTe cuvMBOMMTE 3a [OMyCK Ha dopmara ¥ pasnofioKeHWETO U nosHasaTe
TAXHOTO 3HAYEeHUe Ha cxemara.

MoxeTe oa pasumtaTe 4ONYCTUMUTE OTKIIOHEHUS HA brbna .
MoxeTe oa pasyeteTe OTKIIOHEHUSITA HA pa3MepuTe B MPOU3BOACTBEHUTE YEPTEXKMN.

3HaeTe 3HayeHMETO W pasnukata Mexay pgonycka Ha dopmaTta M Jonycka Ha
Pa3nonoXXeHneTo.

Pasuntate cumBonuTe 3a OonyctTuMmnTe OTKIMOHEHUA Ha Bala U OTBOpPUTE U HaMuUpeTe
OonycCTuMMnMTE OTKIOHEHUA B Tabnuuyure.

[Mo3HaBaTe BMAOBETE M U3MCKBAHUATA 3a paspe3n, MoxeTe aa pas3rpaHnynTe MbJiHU U
YaCTU4HWN pa3pes3n.

3HaeTe nogpobHOCTUTE Mo BnaHkaTta Ha YepTexa, MOXeTe Ja pa3veTeTe o0LmTe 4OMYCKN,
JafeHu B bnaxkara.

MNMosHaBaTe MeToAWTE 3a MNeEPCrNeKTMBa M MOXeTe fAa Bu3yanuavpate YepTexu B
nepcrnekTuBea.

MoxeTe necHo ga pa3rpaHn4mnTe MOHTaXHU OT neTannHm YEPTENXKN.
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B gonbnHeHue kbm 06LLI,I/ITe OLEeHKM € MNMOoJie3HO Aa Ce BKMYaT pe3yntatute Ha cbmrypa 2.5. Te3n
OaHHW BKINO4YBaT cpeaHata CTOMHOCT Ha pe3yntatute ot 5bnrapvm n apyru ctpaHu. Kakto ce
BWXaa oT cbvlrypaTa, nocrnegoBaTenHu n nogodHu pe3yntaTtu ca ce NoAaBUITN KakTo No OTHOLWLEeHne
Ha BbMNpPoCUTe, Taka n Nno OTHOLUEeHnEe Ha O6LLI,OTO 06pasoBaH|/|e. ToBa HM nNokasBa, 4ye HYy>XOauTe,
OTYETEHN OT aHKeTUTe ca eAHUN N CbLUMN KaKTOo 3a 5bnrapvm, Taka u 3a AHImMa m Tprl,VIFI, n ye
TO3U pe3ynTaT € BaXHO OTKpUTUE OT Hay4Ha rrnegHa To4Ka.

Comparation of general average with TR and BG+UK
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®dur. 2.5. CpaBHeHue Ha HanpaseHuTe aHannan mexay bunrapus, Typuunsa n AHrmms
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0
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nOCHe,EI,HVITe neT Bbnpoca, B KOUTO Osixa nocTaBeHu noa BbMPOC TeXHUYECKNTE OYaKBaAHUA,
baxa pasrnegaHn nogpobHo 4Ypes3 pasnpedensHe u rpynvpaHe Ha oTtroBopute. Cnopen Tasu
oueHKa, gageHa B Tabnuua 2.5., Ha Bbnpoca ,Konko y4ebHu 4Yaca e3emaxme CeOMUYHO Mo
mexHuU4yecko yepmaHe?“ 56% OT yyacTHUUMTEe ca oTroBopunun 4 yaca, a 35% OT y4acTHUUMTE
ca otroBopunin 2-3 yaca. CobLio Taka Ha Bbnpoca ,[lonyyuxme nu obyyeHue 3a MExXHU4YEeCKO
yepmaHe cnied 3arno4yeaHe Ha paboma?“ ,Ako Oa, kakea e npodb/KumenHocmma u memama?“
cnen kato otroBopuTe Osxa pasrneganu, 80% OT yyacTHMUMTE 3asaBsiBaT, Y€ He ca Mony4nnm
TakoBa oby4eHue, 19% ca nony4nnu ocHOBHO 0by4yeHune, a 1% 3asiBABarT, Yye ca NonyyYnny Takosa
00y4eHne 1 Ye cbabpXKaHNeTo e cTtaHgapTu, gonycku u CAD.

Ha Bbnoca ,/3non3seanu u cme rpunioxeHus 3a supmyarsiHa u pa3uupeHa peasnHocm 3a u2posu
unu obpasosamernHu yenu?“,Ako da, mucnume nu, 4e MobunHume meneghoHu unu ycmpoticmea
we uepasm eaxHa posid 8 obpasosaHuemo?“ 55% om yyacmHuyume ca omaogopusu ¢ ,He",
a 31% ca mes3u, koumo ca omeaogopunu ¢ ,0a“. lo-ronamMara 4acT OT aHKeTMpaHuTe, Aanu
oTroBop “ga“ cmsaTat, Ye we Obae nonesHo 3a obpasoBaHueto. OTHOBO Ha Bbnpoca ,Koe om
cnedHume Heuwja nbpeo buxme nombpcurnu, Koeamo mbpcume 0onNb/IHUMeNIHa UHghopmauus 3a
TexHuyecko Yyepmexu?“48% Google, 30% lNMpenogasaten, 16% KHurn, a gpyrnte y4actHium ca
Janu oTroBop ,4pyru“ kaTo MHTepHeT pecypcu (Youtube 1 T.H.). Tyk YecToTaTa Ha NpeanoYnTaHus
Ha TbpcaykuTe B UHTEPHET e BaxHa. M kaTo nocrnegHo Ha Bbnpoca ,Kos kKHu2a unu cmaHdapm,
cebp3aH C MeXHUYeCKomo YyepmaHe cme rpoyenu rnociedHo?“ otroBopbT € 37% He CbM 4en,
21% y4ebHuk u1 19% ctaHgapTw.
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No | Bbnpoc TP Br+UK | O6uo OtroBop %
26 Konko y4ebHun yaca cegMnyHo 98 6 104 4 yaca 186 0,56
B3eMaxTe Mo Bpeme Ha
0By4eHMeTo ci? 35 30 65 2 -3 vaca 186 0,35
27 [poBenoxTe N JOMBIHUTENHO 147 38 185 Hukakso 230 0,80
obyyeHwue cneq 3anoyBaHe Ha
pabota? 16 5 21 [onyckn / CAD 230 0,09
28 M3nonssanu nu cte BP nnm % 33 129 No 236 0,55
PP nipun urpa nnm obyyenue,
ako aa, MucnuTe nn, Ye e 59 15 74 Ja 236 0,31
1rpaeTe BakHa poris 3a xopata B
06pasoBaHMETO?
29 Korato nmare Hyxaa ot 109 27 138 Google 288 0,48
OOMbIHUTENHa HdopMaLumns
MO TEXHUYECKO YepTaHe, Kakso 40 7 47 KHuru 288 0,16
npasute Nbpeo? Hanprumep
ThpCeHe B google,s khura, 75 12 87 [Npenogasaten 288 0,30
yuuTen unu npenogasartern 2 2 4 WHTepHeT 288 0,01
30 Kosi e nocnegHarta kHura 55 16 71 Hwkakso 190 0,37
W CTaHAapT, CBbP3aHu
C NPUNOXEHNSITA, KOITO 29 11 40 YyebHuk 190 0,21
npoderoxTe? 30 7 37 | Cranpapm 19 | 0,19
8 9 17 Autocad 190 0,09

2.5. PeaynTtatu

B TtoBa npoy4dBaHe, 6e Bb3MOXHO Aa Ce M3BbpLUAT pasfnnUYHM aHanuanm u To NpeacTaBnsea
BakHa 6a3a JaHHW MO OTHOLIEHME Ha Opos Ha yyYacTHUUMTE, pasHoobpas3neTo Ha ydacTHULUTE
N pasHoobpasneTo Ha AbpXxaBuTe, ydacTBanu B Hero. be Bb3MOXHO Aa ce HanpaBsAT U MHOMO
nogaHanmnsamn, kouTo He Bsixa NpeaBUAEHN B rOpHUTE KOHcTaTaumn. lNpomsaHa Ha gudepeHumaumusaTa
B yumnuuiata u npodecuoHanHuTe rpynn, CpaBHEHUE Mexay cTpaHuTe M T.H. [lpoydBaHusaTa
Osixa apxMBMpaHU 3a U3Mon3BaHe Npu paspaboTBaHe Ha MaTepuanu u oueHsiBaHe Mo npoekTa.
OueBnaeH e akTbT, Ye Ha GasaTa Ha BCUMYKM 3aMHTEPECOBAHWU FPYNnN N ObpPXKaBu MMa BaXKHa
npasHuHa B obnactra Ha 0by4eHMEeTO No TEXHNMYECKO YepTaHe, KoATo Tpsibea Aa Obae 3anbriHeHa,

HO HE N NO N3BECTHNUTE B MOMEHTa MeTON.
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Pa3oden 3

3. PaspaborBaHe Ha YuyebHaTta lpo

3.1. HayanHa Touka

MpodecroHanHOTO 0By4YeHne e NPOoLEC, KOUTO OTHEMA 3HAYUTENHO BpeMe, HE3aBMCUMO OT TOBa KbAe
1 MO KaKbB Ha4vH ce npoeexaa. Mnagurte xopa, KOUTO NOCTOSIHHO OBHOBSIBAT CBOUTE 3HAHWSI U YMEHMWS
n ce agantmpar KbM peariHuTe TeXHONMOMM4YHu yCrnoBud, BUHarn e Mmar no-roneMm Bb3MOXHOCTU
3a nopobpsiBaHe Ha 3aeTocTTa unm pabotata cu (Arslan n gp., 2009). B HanpegHanute n passutuTe
TEXHOMNOMYHN CEKTOPM KONMYECTBOTO Ha OpakyBaHWTe NPOAYKTW B Pe3yNnTaT OT IPeLLKM Ha CIyXuTenute
MOHsIKOra MOoXe Aa AOCTUrHe HMBA, KOUTO NPEACTaBNABAT 3annaxa 3a komnaHusaTa. Teau rpeLuky 3aBucsT
OT CTEMEeHTa Ha 3HaHWS 1 ONUT 1 TEKYLLUST NMCMXOCOLMarieH cTaTyc Ha crnyxutenute. Heobxogmmo e fa
ce pa3paboTHaT cepuo3HM nporpamu 3a obydeHne B Tesn Tpu npobrnemMHu obriacti, 3a ga ce ceedar
00 MUMHMMYM 3arybute, NpuYMHEHN OT paboTtelumTe B cektopa cnyxutenn. OcobeHo B cBeTnMHaTa
Ha WMKOHOMMWYECKUTE KPU3N U BUCOKATa KOHKYPEHLUMS B CEKTOpPA 3HAYEHUETO Ha MOBMLLABAHETO KaKTO
Ha Ka4yecTBOTO, Taka M Ha MPOU3BOAMTENHOCTTA € HambIHO pa3bupaemo. 3a Aa ce OTroBOpM Ha Tasu
HeobX0aMMOCT, KaTo Lo Tpsibea Aa ce npoyyart v npunarat pasnuyHy noaxoam 1 mogenu, 6asvpaniu
Ha KOMMETEHLMW, KaTO LieNeHaco4eHo 0byYeHme, BbTPELLHO 0byYeHMe nnm obyyeHre 3a NoaapbkKKa.

Salas et al. (2012) 3asBsBaTt, 4Ye CaMO aMepPUKAHCKUTE OpraHM3aLuM BCsKa rogMHa xapyar Munvapam
Jornapu 3a obpasoBaHue. Tesn genHOCTM 3a obyyeHune 1 pasBuUTUE MPELOCTaBAT Ha opraHusauumTe
Bb3MOXHOCT [a Ce aJanTtupart, Ja ce KOHKypuparT, Aa Ce YCbBbpLUEHCTBAT, Aa NpaBAT MHoBauuu, Aa
npov3Bexaar, Aa OCUrypsiBaT CUrypHOCT, Aa NoAobpsBaT o0CcnyXBaHETo 1 Aa nocturar Lenum. ObyyeHneTo
Ce U3Mona3ea yCreLUHO 3a HaMmarsiBaHe Ha MPELLKUTE BbB BYUCOKOPUCKOBW CPEAM 1 KOMMaHUWTE pa3oupar,
Ye e HY>KHO NMOCTOSIHHO 00y4eHMe Ha paboTHaTa MM cuna, 3a Aa MoraT ia OcTaHaT KOHKYPEHTHOCNOCOBHHM
B cektopa. OBy4eHneTo obaye He € TOMKOBa WMHTYMTMBHO, KOMKOTO M3rmexaa. Tasu nporpama mma
obpasoBatenHa uesn, KOATO Mokasea NpaBUimHATE U TPELLUHWTE Ha4vHWU 3a NPOoeKTUpaHe, NpeacTaBsHe
N U3MbIIHEHME Ha NporpamMara. VIHBecTuumnTe, HanpaBeHn OT NPeanpuUsATUS B HEMPaBUITHWU METOOM Ha
oby4yeHure, He ca OT Mon3a 1 Morar Aa AoBeaar 40 CEPUO3HN UKOHOMUYECKN 3aryou.

CtyneHTuTe B NpodecroHanHOTo obpasoBaHue 1M obyyeHue ca No-Marnko KBanmuuupaHu U MHOTo
OT TX He ca Mmanun Jobbp onuT B odmumanHoTo obpa3oBaHve. B gombnHeHne KbM ToBa Moxe Ada
ce npvbasu 1 dakTa, Ye NoBeYeTo OT NnpenofaBaTenuTe UM UMK HAMAaT CbLOTBETHA MperofasaTtericka
KBanuukaLms, nm ako s UMar, MOXe [a HAMaT akTyarnHu 3HaHWs1, yMeHus 1 komneteHumuy. (Arslan etal.,
2013). Yyawmre ce Hy>OasT OT 3HaHWS M YMEHUS, KOUTO HaaXBbpNaT 0bLMTe 3HaHWS, KOUTO Monyyasar
B y4unuiLe, ocobeHo, Korato HaBnsa3aT B CBeTa Ha Bu3Heca, KbEeTO O4aKBaHOTO OT TAX MpeacTaBsHe
HaaXBbPA NPUOOBUTUTE OCHOBHUTE 3HAHUS U YMEHVS.

Arslan n Uzaslan (2017) 3aaBsaBart, 4e HSKOM KOMMaHWM Mnpunarar pasfuyHy MOZENM 3a BbTPELUHO
oby4yeHure, 3a ga 6baar B Kpak C TEXHOMOMMYHUTE MHOBaLMM B CBOUTE obractu. Te ce CTpeMsAT KbM
pa3paboTBaHETO Ha LieneHaco4YeHa mporpaMa 3a BbTPeLlHO 0ByyeHue u oueHKata M Mo OTHOLLEHWe
Ha edpekTmBHOCTTa. Llenta Ha HevHaTa pabota e B CbTPYAHUYECTBO KaKTO C akagemuyHaTta, Taka u ¢
aBTOMOOMMHaTa MHAYCTpUA Aa pa3paboTi, BHEAPW U OLIEHM Nporpama 3a obyveHue, OpUeHTpaHa KbM
KOHKPETHM KOMMNETEHLMM 1 Lienn. B To3m npouec 124 cnyxutenn Ha Bosch Rexroth Company ca 6unm
0byyeHn upes cneumndunyHa Lenesa nporpama. EdektmeHocTTa Ha 0By4eHNETo e oLeHeHa ¢ nomoLTa
Ha npeg v cneaTecToBe, BbNPOCHUK 3a OLEHKa Ha Kypca U aHanv3 Ha pesynratute oT napTHbopckaTta
oLeHKa. B kpasi Ha n3crneaBaHeTo CTeMneHTa Ha yCNeBaeMOCT Ha ydYacTHUUMTE Ha 6asa cpaBHEHME Ha
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pesynTatute OT NPEeATECT U crneaTtecTta ce e yBenuuuna ¢ 54 toukm ot o6wo 100 Touku. Hai-BaxkHUST
pesynTar, criopeq aHanuauTe Ha pesyntatute, e, Ye 26% OT ydacTHuumTe ca nogobpunn ceouTte
pesynTatu. Llennte n pesyntatute ca obHagexaaealwm 3a 6baeLmrte nporpamm.

3.2. meTOogOnNOrMUA

Mo BpemMe Ha paszaTa Ha paspaboTBaHe Ha ydyebHaTa nporpama v pasnuYHUTE CLIEHapUN, eKUMbT,
paboTely no paspaboTBaHe Ha MNporpamara, CbCTOSILL, CE OT YIieHOBE Ha NpOoekKTa, YYeHu U
NpeacTaBUTENN Ha 3aMHTEPECOBAHWN CTpaHu, Gelle NodKpeneH OT Hay4YHU AaHHU 1 Gelue cb3aaaeH
obpasoBaTteneH Kypc, kaTo ce B3emaT NpedBu HauMoHanHWTEe UM MeXOyHapoaHWUTe KpUTEepUM.
ExvnbT 3a paspaboTBaHe Ha y4eGHM MporpaMun e onpenenui Kputepumute 3a Kypca, kato otyuta
CriegHVTe XapaKTepPUCTUKN:

» CTpyKTypa, KOATO OTroBapsi HA OCHOBHUTE U3NCKBAHWSI HA CEKTOPA;

* HenpekbcHaToTo NogobpeHne n CbBMECTUMOCT;

* [BKaBOCT B rpadnka Ha BpEMETO M CbObPKAHNETO HA 00y4YEHMETO;
» MopgyneH noaxog.

ExknnbT, paboTelw no paspaboTBaHETO Ha Nporpamara, KOMTo pasrieaa noseye ot 50 BbnNpoca, MbpBO
r knacudumumpa cnopes obrnactute MM a nocne cnopes pesynratute OT aHanu3a Ha HyxauTe 6e
3ano4yHaTt npoueca Ha nHTerpauuma no TeMmnTe. B nocnegHna eTan vypes oT4nTaHe Ha CbAbpPXXaHUETO
Ha nogobHM KypcoBe WM OOpasoBaTeNHM CbAbPXaHWS B MHCTUTYUMMTE 3a NpodpecroHarnHo
o6pa3oBaHue Bsxa yCTaHOBEHM MOgYIHATa CTPYKTypa U CbabPXXaHNETO Ha y4ebHuTe Kypcose. Crieq
onpenensHeTo Ha NpoecMoHanHOTo 00y4YeHne ChbLLO NO TO3K HaumH Belle onpeaeneHo obyyeHne
3a pasBuUTME, OpraHn3auus, CbabpXKaHne 1 ynpaeneHue.

dakTbT, Ye yYacTHULNUTE, KOUTO LUe B3emaT yvyacTve B Kypca, MMaT pasfnyHu HMBa Ha 3HaHWUsi U
YMeHUsl, 03Ha4yaBa, Ye e TpyaHo Aa ce noaroTeu obLLo NOAXOAALLO CbhabpkaHue 3a Bcekn. ObuiaTa
dunococusi Ha obyunTenHaTa nporpama no kypca obadve e, Ye KOWTO 3aBbpLUM Kypc, TpsibBa ga
OBrajee 3HaHUATa M yMeHUATa B TO3U Kypc. To3n NpuopuTeT BeLle SCHO OTHETEH NPW NIaHMPAHETO
Ha CbAbPXXaHMETO Ha Kypca M NoApoBHOCTU, CBbP3aHM C TEOPETUYHUTE U MPaKTUYECKMTE YacoBe
3a obyyeHne. 3a Ta3n Len KypCbT Ha obyveHne Oelle CTpPyKTypupaH Taka, Yye Aa Obae KpaTbk,
DasmpaH Ha KOMMETEHTHOCT U OPUEHTUPAH KbM LienuTe, 1 6eLle NpMeT HOB MEeTOA, OPUEHTUPAH KbM
CTyOeHTUTE.

CrieqBaiikv ONpeaeneHnTe OCHOBHU KpUTEPUM 1 METOZONONSA, CE MPEMUHA Ha eTan 3a onpeaernsiHe
Ha MPOrHO3UTE 3a CbAbpXaHue, NpuopuTeT, Bpeme U Mmatepuan. Ha Tosu etan npouecbT Ha
npoy4BaHe ce npoBee, KakTo creasa:

» OnpepensaHe Ha pesynTaTuTe OT Kypca Ypes nscnefsaHe Ha obwmte dpopmu Ha
M3Mon3BaHe Ha CbAbPXKaHNETO Ha Kypca Mo TEXHUYECKO YepTaHe (pesynTaTtu oT
00yyeHuneTo);

«  OnpepensiHe Ha OCHOBHUTE TEMW U NOATEMUTE, KOMTO LLIE OCbLLLECTBSIBAT MOAYIUTE;

» PasnpegensiHe Ha meTtoguTe Ha BP/PP no mogynu v nogTemu cnopeg aHanmsa Ha
HYyXXauTe;

« PasnpegensHe Ha YacoBeTe Mo Moaynv 1 opMynMpaHe Ha CbabpXKaHue.
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3.3. PazpaboTBaHe Ha nporpammu

B Tasu asa obwmaAT Kypc No TEXHUYECKO YepTaHe, KakTo U CbabpKaHMeTo My 6sixa nogpobHO
pasrnegaHuv 3aefHo ¢ pe3ynTtatuTe oT aHKeTUTe u 6sixa aganTupaHm 3a HyXxauTe Ha paspaboTBaHaTa
nporpama. lNo-cneunanHo, cbabpxaHMeTo Ha cneundukaumntTe Ha Pearson Educaton Edexcel
BTEC npepocTtaBu BaxHa oTnpaBHa Todka Ha To3u eTan. Llenta paspaboTteHata nporpama e ga
Aade Bb3MOXHOCT Ha CTydeHTUTe Aa u3paboTBaT AeTaurHu M COOPHU YepTeXxu, U3Non3Banku
pasnuyHM KOMMOHEHTWN Ha pPasfMYHM TEXHWKM 3a YepTaHe, CKULMpaHe 1M YepTaHe C NOMOLLTa Ha
CAD codryep.

OuvakBaHuTe pesynTaty OT OOy4YeHWeTo cried 3aBbplUBaHe Ha TOBa HMBO, Ce M3pa3sBaT B
CNOCOBOHOCTTa Ha y4YeHWKa Aa CbCTaBsA MHXEHEPHW KOMMOHEHTW, Aa MHTEPNpeTnpa UHXEHEPHW
YyepTexun B CbOTBETCTBME CbC CTaHAAPTUTE 3a TEXHWYECKO YepTaHe, Aa M3paboTBa MHXEHEepPHU
yepTexu 1 T.H. (Edexcel, 2009).

TyK pe3yntatnuTe OT aHann3a Ha HyXxXguTe CbBnagat C npunaraHoTo B LiefnnA CBAT obuo CbAbpXaHune
Ha Kypca. OTtoenHuTte Temn ca rpynmpaHn B Moaynu, Kato BMECTO UANNOTO CbAbplXKaHue, npu
npenogaBsaHe Ha HAKOU npeamMmeTn € npuetT MetoabT 3a npenogaBaHe Ha CbOTBETHUA MOAYI.

1. TeomeTpn4HO opasmepsiBaHe 1 AOMYCKU

2. [panaBoCT Ha NOBbPXHUHUTE

3. lonyCTMM OTKNOHEHWNS Ha NMHENHW pa3Mepu, OTBOPU, Banose U bImnu
4. TeoMeTpUYHM YepTexXun, NPOEKLUS, Opa3MmepsiBaHe, CTaHAapTH

5. Paspesu, nepcnektusa

6. [letannHu n cbopHM YepTexm

OTHOBO MO OTHOLLEHNE Ha CbObpPXXaHMETO N Ha peda 3a npeaocrtaBdAHe Ha TeMUTE Ha Kypca ca
|/|36p06H|/| 3arnaBundTa, KakTo crieasa:

1. TeoMeTpUYHN YepTexn, NPpoeKUns, opasMepsiBaHe, CTaHOapTh

2. Pa3pesu, nepcnektnea

3. [lonyCTMM OTKNOHEHNS Ha NVHENHW pa3Mepun, OTBOPU, Banose U bInu
4. [eOMeTpMYHO OpasMepsiBaHe 1 JOMYCKU

5. 'panaBoOCT Ha NOBbPXHUHUTE

6. etannHu n c6opHU YepTexm

3.4. PaspaboTteHun moaynu, cbAbpKaHMe Ha Kypca U pe3ynTati oT ooyyeHueTo

Mo Bpeme Ha dhasaTta Ha paspaboTBaHe Ha Mogyna felwle chopmMmupaHa MexayHapogHa KOMUCUSE
3a paspaboTBaHe Ha Mporpamy Nop PbKOBOACTBOTO Ha npenodasatenu, pabortewwim B obnacrra
Ha npodecnoHanHoOTo obyveHne. CbabpPKaHMETO N pe3ynTatuTe oT 0by4eHneTo Osixa 0b6sBEHM B
CbOTBETCTBME C OCHOBHUTE KPUTEPUU, AAAEHN B pa3fena 3a METOANTE 1 B pe3yrTaT Ha Npoy4BaHusaTa,
NpoBeAeHN B CbOTBETCTBUE C NPUOPUTETUTE HA aHanmMs3a Ha HyxamTe (OTroBap Ha OYakBaHMsSITA Ha
CEeKTopa, Bb3MOXHOCT KbM HEMPEKbCHATO pa3BUTME, CMa3BaHe Ha IMbBKaBW YacoBe 3a obyyeHue
n moayneH nogxopn). Tabnuvua 3.1 nokasea CbabpKaHMETO, pa3paboTeHo crnopen 3arnaBvsTa Ha
mMoaynuTe.
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Table 3.1. Developed Modules

Homep Ha moayna TD1
3arnasue Ha mopnyna OPA3MEPABAHE U OOINMYCKU HA PASMEPUTE
BbBegeHue: YepTtexHm nucTtoBe, dopmaTu,IMHUK, Malabu, CbKpalleHus,
NpaBObIrbHN KOOPANHATK, NONAPHU KoopanHaTK. MeTogm Ha NnpoeKkummn, U3rneaun.
OpasmepsaBaHe: Tunose NMHUK; HanpaBnaBawy IMHUN 1 cneunanHn OTMETKM.
OpasmepuTenHu cuctemm n BMAoOBE (yCnopeaHu, brioBu, BEpMKHKN) ocTaBaHe
Ha pasMepHU NMHUU B MPOU3BOACTBEHW M MOHTaXHU 4vepTexun. CneumanHu
pasmepu, cnoMmaraTtesiii pasmepu, abconoTHM pasmepu 1 T.H.
Cbabpxanune | [lonyckm Ha pasmepute: [NpuUMHM 3@ rpaHUYHUTE OTKITOHEHUS, TPELUKN B
Ha Kypca NPOM3BOACTBOTO Ha MaLUMHU U UHCTPYMEHTU, n3MepBaTesiHu ypeaun, TONSIMHHK
N CBETMIMHHN Bb3AENCTBUSA, NMUYHN rpeLlkn. [lonyck, OTKIIOHEHNE U NPAKTUYECKN
cumBonu. Metoam 3a pasdunTeHe M Bu3yanu3aumsa Ha Aonyckute. [paHuyHM
OTKITOHEHUA Ha pa3mepuTe 1 crnobkun. OnpegeneHne 1 3Ha4YeHne Ha JoNyCcKuTe,
Knacudukauma Ha AONyCTUMUTE OTKMNOHEeHUs, gonyctumu oTknoHeHnsa (TS
1845, TS 450, TS 1980, TS 1506), gonyctMmu OTKIIOHEHUA OT dhopmara u
pasnonoxeHneto (TS 1304, TS 1498), ISO 1101) anrnuincku (BS) n ISO gonycku.
OOyu4aBawmTe ce: YepTasT Ha XapTus, 3ano3HaTh ca C KoopauHaTu,
1.1 €OVHNUM M OCHOBHMTE MeEeToaM 3a opasmepsiBaHe. [lo3HaBar
pa3sMepHUTE JUHUK, CTPENnKM W WPUPTOBE, BOAELWM JUHUN U
cneuwanHun 3Hauun. PasrpaHnyaBaT MeTOAMUTE 3a MNPOEKTMpaHe Ha
ISO-A n ISO-E, nosHaBankv pEeBU3MOHHUTE CUMBOMU U TEXHUTE
3HAYEHNS B TEXHUYECKNTE YEPTEXN.
OnosHaBaT cucTemMuTe U TUMOBETE 3a OpasMepsiBaHe (ycnopeaHwu,
1.2 BIMOBU, BEPWXHU). YMeAT [ga MoCTaBAT  pasMepute  Ha
Pesyntatu NPOM3BOACTBEHUTE N MOHTa)XHUTE 4YepTexu. No3HaBaT cneuunanHu
or pasmepu, cnoMmaraTenHm pasamepu n abcontoTHM pasamepu n pasbrpaHe
0By eHnero Ha geTannure B Yeptexunte. Pasuntat CTOMHOCTUTE 1 ONO3HaBaHe Ha
OCHOBHWTE CTaHAapTh 3a MawabupaHe.
3HaaAT NpUYMHUTE 3a OTKMOHEHMATa, TFPEeLlKUTe Ha MaluHUTE U
13 WHCTPYMEHTUTE MNPU MPOU3BOACTBOTO, edeKkTUTe OT rpeLlknTe Ha
N3MepBaTENHUTE UHCTPYMEHTU, TOMSIMHHUTE U CBETIIMHHU BIIUSIHUS,
nu4HUTE rpewkn. MoraT Ha npakTMka [[a pasno3HaBa [onyck,
OTKNOHeHue. MoraT ga pasumTart 1 Bu3yanmsmpaT CMMBOSN.
lMo3HaBaT rpaHNYHNTE JONycku U crnobkuTte. Pasbunpart BaxHOCTTa U
Bpb3KaTa Mexay rpellHnuTe OOMyCKN U CTEMNeHTa Ha NPON3BOACTBEH
14 Opak. No3HaBaT pasmepuTe, AOMYCKATE Ha BbIMWUTE, [LOMYCKUTE Ha
dopmarTa 1 pa3nonoxeHMeTo, pasnosHaBaT 1 pa3dupart n3nckBaHusaTa
3a ynotpeba.
Mpoabmkm
TenHocT 45 MUHYTH
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Homep Ha moayna TD2
3arnasue Ha mogyna  PA3PE3WU, MPOEKLUUU U NMEPCNEKTUBU

Pa3pe3u: Bugose paspesn: XopusoHTarneH; BepTukaneH (HanpeyeH, HaanbXeH);
HaknoHeH; MNpocT; CnoxeH (HauyneH, cTbnanoBuaeH); MNMonypaspes; YactuyeH
paspes; PasrbHaTt paspes. [lpaBuna 3a n3obpassBaHe Ha paspe3n. OCHOBHU
ereMEHTI Ha YepTeX Ha OeTalnn B paspes; paBHMHaA Ha paspesa.
MpoeKkunn n nepcnekTUBU: METOAN 3a MNOfyvYaBaHe Ha U3rnean, opTorpadycku
npoekunun, NbpeM N TpeTn brbn. lNpernen Ha nepcnekTuBHU YepTexun. Bugose
CbabpxaHue | MEPCMNeKTUBa; aKCOHOMETPUYHA MNepcrnekTnBa, W3OMEeTpuyHa MepcrnekTmBa,
Ha Kypca OUMETpMYHa nepcrnekTMBa, Koca nepcnektuBa. PasnuyHu ctaHgapty Ha
nepcnektuHu Yeptexn (BSI, DIN, ANSI n JIS) n TexHmute npunoxenus. Metoam,
N3Mnon3BaHn B NepcrekTmeaTta.
O6yuaBawmTe ce: [1lo3HaBaT MeTogMTE 3a NoriyyaBaHe Ha pa3pesu;
21 3HaAT KoM TUN YepTeX € Han-noaxoAsil, 3a CbOTBETHUS TUM pas3pes;
) Morat ga pasnosHaBaT paspe3uTe B CIOXHUsS 4epTtex; Morat ga
BM3yanuanpaTt NepcrnekTUBHU YepTeXM Ha MalMHHM 4acTu OT Tpu
narnega unu NepcnekTUBHN YEPTEXM B TEXHUTE HAMNPEYHN CEeYEHMSI.
Pesynratu MoraT ga gemMoHcTpupaT NoAxogslWn TEXHUKM 3a m3obpassiBaHe B
or 29
0ByYEHNETO . paspe3 Ha pasfiMYHU MaLUMHHW eNeMEeHTM KaTo GonToBe, LUMOHKMU,
BanoBe 1 Ap. B paMK1UTe Ha COOpPEH YyepTex.
23 Morat ga nokasBaT MpaBUITHO NMHMATA Ha CeKyllata paBHWHA U
nosHaBaT NpaBunara 3a JIMHUUTE B PasfnnyHUTE N3rneaun.
24 MoraT ga onpegensaTt nogxogswiara NMHMA Ha CeKylaTa paBHUHA U
4a 13nonseaT CMMBOJIN 3a YacTUTe, JAL4EHN HA YepTeEXUTE.
Morart pa:
a) reHepupat uarnean cnopen metoaute ISO-E n ISO-A n ga rm
pasuuTaT cnopep ctaHgapTuTe. [o3HaBaT pasnukuTe Mexay YepTexu
25 Ha narneau cnopepq ctangaptute BSI, DIN, ANSI n JIS.
0) PasbupaT nsomeTpuyHata 1 HaknoHeHa nepcrekTvea ¢ NnoMoLuTa
Ha npunoxeHusa 3a BP.
B) lMo3HaBaT BMOoOBETE NUHUK, N3MON3BaHN Npu n3obpassiBaHETO Ha
pPasfnnYHNTE CEYEHUS.
Npoankm 80 MUHYTY
TemnHoCT
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Homep Ha moayna TD3
3arnaBue Ha moayna  [OOMYCKU HA NMHEUHUTE PASMEPMU,
JOMYCKU HA BIr'Mun, AOMNYCKU HA BAJT1 U OTBOP

ﬂOﬂyCKVI Ha NIMHEeWHUTe pa3mMepu: Bupoose Oonyckn 3a NUHENHN pas3mepwu,
n3norn3BaHn B TEXHUYECKUTE YHEPTEXW. V|360p Ha AO0nyCTUMW OTKITOHEHUA B
3aBUCUMOCT OT TUMNa Npon3BOACTBO, KaTO Ce 1U3Mnos3BaT CbOTBETHUTE CTAaHOAPTU.

Odonyckun Ha brnute: CUMBOMM M HauyMHM 3a M30bpassiBaHe Ha [OMyCKUTE.
Pasnuvka mexay OonycK Ha brbN U AOMNYCK Ha dhacka 1 3akpbrieHue.

BT Hdonycku Ha Ban n orBop: [Jonyckn Ha Bana n otBopute. HomuHaneH pasmep,

Ha Kypca MakcnmaneH pasmep, MuHmumaneH pasmep, MuHumanHa xnabuHa/cTerHaTocT,
MakcmumanHa xnabuHa/cterHatoct. PasbupaHe Ha Tabnuunte 3a gonycku, n3bop
Ha NOoAXoAsLmMsa OONYyCK cbrnacHo Tabnuuata no ISO.

O6byuyaBawuTte ce: MoraTt ga yetar v nokassaT JOMNYCKN 3@ JIMHENHN
341 N brMOBU pa3mMepu, U3MNon3BaHN B TEXHUYECKUTE YEPTEXKN.
Morat pa wn3bupat [onycTUMWUTE OTKINOHEHUS Kato U3nons3Bar
3.2 CbOTBETHUTE CTaAHAAPTU MMM MoraT ga HaMepsT rpyna oT AOMycKu,
CbOTBETCTBALLM Ha BMAa Npoun3BoaCcTBO.
PesyntaTtun t Aamp A
oT
oby4yeHueTo 33 Morat ga 1300pas3saT Ha 4epTexa Adonycks Ha brimte. Morat ga
) pasnuyaT JONyCcK Ha brbi OT AOMYCK Ha dpacka M 3aKpbriieHmne.
Ca 3anosHaTu ¢ JoMNycKkuTe Ha Basn U OTBOP M NpPenopbynuTenHUTE UM
3.4 CTOMHOCTK; ymeaT aa nogbepat ot ISO Tabnuua ctaHgapTHa crriobka
C xanabwuHa, CTerHaToCT UnM NpexogHa.
3.5 O6yyaBawmTte ce: Ymedar ga 4detat ISO crtaHgapTa 3a Jonycku Ha
Ban M OTBOp, M3non3earku Tabnuun. M3bupaT noaxogsawmnsa Aonyck
Ha Bana 1 OTBOpa B 3aBUCUMOCT OT MPUIOXEHUETO UM.
NpoanLmku 60 MUHYTY

TeJIHOCT

119



AR /VRIN DESIGN

Strategic Partnership Project Report

Homep Ha moayna
3arnaBue Ha moayna

TD4
AOOMNYCKU HA ®OPMATA U
PA3MNMONOXEHUETO HA NOBbPXHUHUTE

MpunoxeHns Ha JONYCKUTE NPU opasMepsiBaHE HA KOMMOHEHTW, NMPOU3BOACTBO
Ha MOArpynNM N MOHTaXHW enemMeHTU, u3nonasankm cboTBeTHUTe BS n I1SO
cTaHgapTu.
Oonyckn Ha chopmaTta M pasnonioxeHueTto: Pasnuku mexagy [onyckute Ha
ChabpxaHue |  fopmarta U pasnonoXeHUETO W OCTaHanuTe BUOOBE aonycku; PasbupaHe Ha
Ha K
akypca OCHOBHUTE TEPMWUHW W onpegeneHns; YMeHusi 3a pasno3HaBaHe M HaHacsiHe
B YepTexuTe Ha CUMBONIMTE, U3MNOM3BaHM 3a 00O3Ha4yaBaHe Ha CbOTBETHUTE
OOMyCKu.
ObyuaBawmuTte ce: Lle ce 3ano3HassiT ¢ OCHOBHUTE TEPMUHU U
4.1 onpegenexHns.
MosHaBaT onpegerneHusaTa 3a OTKIIOHEHME OT  LUUITMHOPUYHOCT,
4.2 KpbIMoOCT, OBaNHOCT, pb0O0BaTOCT, KOHYCOO6pa3HOCT, 6b4BOOOPA3HOCT,
ceanoobpasHoCT, OTKITIOHEHME Ha npoduia B HaOTbXXHO CEeYEHME.
43 lMo3HaBaT NOHATMATA 3@ OTKIIOHEHNE OT PABHUHHOCT, MPaBOSNIMHENHOCT
Pesyélr'ra'm B paBHUHA, MPaABOIMHENHOCT B MPOCTPAHCTBOTO, BAMBLOHATOCT,
06yueHneTo N3MbKHAMNOCT.
4.4 3HaaT u npunarat KOHUENuMUTe 3a OTKMOHEHME OT YCMOPEeaHOCT,
nepneHAnKYNsSpHOCT, CUMETPUYHOCT, HaKJIOH, NO3ULIMOHHO
OTKITOHEHWe, OTKINOHEHME OT NpecuyaHe.
4.5 [Mo3HaBaT cymapHUTE OTKMOHEeHUs — paguanHo OueHe, akcmuarnHo
OveHe, OveHe B 3ag]afeHoO HanpasreHune, MbIHO pagunanHo buexe,
Mb/HO akcuanHo OueHe, OTKMOHeHWe OT dopmMaTa Ha 3ajajeH
npodwu, OTKIOHEeHNe Ha popmaTta Ha 3afafdeHa NoBbPXHUHA.
4.6 [Mo3HaBaT MmeToaMTE 3a U3MepBaHe Ha ropenoCoOYEHNTE OTKIOHEHMS.
4.7 Ca 3anos3HaTu ¢ 0bnactuTe Ha NPUNOXKEHNE Ha TE3N LOMYCKM.
Mpoabmku
TENHOCT 60 MUHYTK
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TD5
FPANMABOCT HA NMOBbLPXHUHUTE

CbabpxaHue
Ha Kypca

MpanaBocT Ha NoBbpXHUHaTa: [puuMHM 3a rpanaBoCcTTa Ha MOBBbPXHUHUTE
npyv NPoOu3BOACTBOTO. M3non3saHe Ha noaxoAsiliy CMMBOMNM 3a M300passiBaHe
Ha rpanaBoCTTa Ha MOBbPXHWHATA. Pa3nuMyHM CTOMHOCTM Ha rpanaBoOCT KaTo
Rzmax, Rz1max, gageHu B pasnnyHu cTaHgapTy C MapkKUpPOBKM 3a MOBbLPXHOCTHA
obpaboTtka (Ra, Rz, Rmax, Pt n gpyru)

CTOMHOCTM Ha NOBbLPXHOCTHATA rPanaBoCT U Knac Ha rpanasocT. Cneumdukaums
Ha rpanaBoOCTTa Ha MOBBPXHOCTTA B TEXHWYECKUTE YepTexu U crneumdukaums
Ha MeToda Ha nNpou3BoAcTBO. Cneundukaums Ha 6a3oBU AbIMKUHU U ObIDKUHA
Ha n3MepeH yyacTbk; [penopbkn No n3Gopa Ha napameTpuTe B 3aBUCUMOCT OT
npunoxeHneTo Ha getannuTe; O3HayaBaHe Ha rpanaBocTTa BbpXy YepTexuTe.

PesyntaTtun
oT
oby4yeHuneTo

5.1

O6yuaBalymTe ce: 3ano3HaTu ca C NPUYUHUTE 3a CbLLEeCTBYBAHETO Ha
rpanaBoCTTa 1 Bpb3KaTa Mexay KOHKpEeTHUTE MeToan 3a obpaboTeaHe
Ha JeTannuTe 1 rpanaBocTTa UM.

5.2

MoraTt na pasnosHaBaT, YeTaT UMK 3anucBaT pasnnyHM CTOMHOCTU Ha
rpanaBocTTa kaTto Rzmax, Rz1max, gageHn B pasnuyHu ctaHgapTu ¢
NoBbPXHOCTHN Mapkn (Ra, Rz, Rmax, Pt n gpyru)

5.3

Pa3no3HaBaT 3Haka 3a rpanaBoCT Ha MOBbPXHOCTTa BbPXY YEPTEXUTE;
3anosHaTi ca c NpPenopbYMTENHUTE CTOMHOCTM Ha rpanaBocTTa Ha
OCHOBHMWTE TUMOBE MaLLUMHOCTPOUTENHN AeTainu.

54

3anos3HaTty ca c geTannm kato 6a3oBM ObIIKUHU U ObIKUHU HA U3MEpPEH
y4acTbK, CbOTHOLLEHUS MeXAy CTOMHOCTUTE Ha napameTpuTe Rz, Ra,
Rm u 6azoBarta gbmkuHa l.

Mpoabmkn
TenHocT

60 MUHYTK
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Homep Ha moayna TD4
3arnaBue Ha moayna OETAWUITHU U CBOPHU YEPTEX

DetannHn uepTtexu: [lpaBuna 3a un3paboTBaHe Ha AETAWNHU YEPTEXU;
MHdopmauums, cbabpiallia ce B AeTannHuTe Yeptexu; [NpeacraBsHe Ha pa3pesn,
narnegu, ceveHns; HaHacsaHe Ha pasmepu, 4OMNyCKW, rpanaBoCTy;

C6opHu YepTexu: MNpasuna 3a uspaboteaHe Ha cOOpHU YepTexu; Hdopmauus,
CuobpxaHve | CbAbpxawa ce B cO6opHuTe uyepTexw; lpencTaBsHe Ha paspesu, u3rmeaw,

Ha Kypca ceveHusi; OpasmepsiBaHe Ha COOpPHU YepTexu; M3roTBsiHe Ha CMUCHK Ha
cneumdukaumnTe;
6.1 O6yvaBawmuTte ce: MoraT ga uW3roTBAT AETalfIHU 4YepTexu Ha

MaLUMHHM eNeMEHTU C HeobXxoaAnMUTe U3rnean u paspesn.

3anosHaTtu ca ¢ nHdpopmaunsaTa, KoaTo TpsabBa Aa gaBa OeTaUNHUAT

PeaynTaty 6.2 yepTex, B TOBa YMCMO pasmMepu, [OOMYCKW, rpanaBoCcTM Ha
oT NMOBBbPXHUHUTE.

oby4eHuneTo

MoraT ga m3roTBaT COOpPEH YepTex Ha magenue c HeobxoaumuTe
6.3 n3rneamu, paspesun, pasmepu, crinobku; 3anos3HaTtu ca c npaBunarta 3a

nonbriBaHe Ha CNNCHK Ha cneundmrkaummTe.

e 60 MUHYTK

TenHoCT
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Pa3oen 4

4. PaspaborBaHe Ha lNpunoxeHusata Bp [ F

MpouecbT Ha paspaboTeaHe Ha BP / PP npunoxeHnsa B paMKute Ha NpoekTa BKMOYBa aHanm3 Ha
CbObpKaHMETO U pa3paboTBaHe Ha MaTepuanu B CbOTBETCTBUE C NPUOPUTETUTE, ONpPeaeneHn oT
aHanusa Ha HykguTe. LikbnbT 3a pa3paboTBaHe Ha NpUnoXeHus e nokasaH Ha durypa 4.1.

OnpepgensiHe Ha
CcbAbpXKaHue un
obxsat

dur. 4.1. PaboTa 3a
nogobpssaHe u
Mpouec Ha pa3paboTBaHe Ha passuTne
Pa3paboTka Ha
NPpUNoXeHneTo. npunoxeHus

OueHka n obpatHa
Bpb3Kka TecTBaHe Ha
NpUnoXeHnst

CueHapuunTe, onpegeneHn No BpeMe Ha eTana Ha pa3paboTBaHe Ha CbAbpXKaHWe U U3MON3BaHu
3a BP/PP npunoxeHusi, ca npegHasHaveHn aa obsicHAT TemaTa ,TeXHUYeCcKO YepTaHe” Mo SCEH U
pa3bupaem HauuH. 1o Bpeme Ha ¢hazaTa Ha NOAroTOBKa Ha cLeHapuu bsxa B3eTu nog BHMMaHue
Bb3MOXHOCTUTE Ha Ge3nnartHata obpasoBaTtenHa Bepcus Ha codtyepa Unity3D 1 Bb3MOXHOCTUTE
Ha 6ubnunotekata ARCore. Crieq ToBa TeKCToBeTE, KOUTO e 6baaT nsnonasaHn 3a gybnvpaHe Ha
npunoxexunaTa, 6saxa HanucaHu B nocrnefHata dasa Ha pa3paboTBaHETO Ha cueHapus. B npoueca
Ha pa3paboTBaHe Ha NPUINOXEHNSI MbPBO OsIXa NPOEKTMPaHM aHMMaLMK, a Cred ToBa Te3n aHMMauum
0s1xa NpeBbpHaTU B NPUIOXKEHNS Ype3 CbOnpaHeTo UM B MHTepdelc. B nocneaHus eTan CTPYKTYpHUTE
N normyecknTe Npobnemm n rpeLlkn 6sixa onpeaeneHn Ypes TeCTBaHE Ha NPUNoXeHueTo. B Toan
npouec bsixa pasrnegaHy OT3MBW, NOSYyYEHN OT eKCNepTUTE Mo 00y4YeHNE NO TEXHUYECKO YepTaHe,
3a aKTyanuaupaHe 1 nogobpsiBaHe Ha NPUIOXKeHNSTa.

4.1. PaspaborBaHe Ha PP npunoxeHus

Pa3pabomka Ha aHumauus: Pa3paboTteHun ca npubnuantenHo 30 aHumauum B 18 oTaenHu CueHu,
KOWUTO ce M3rnons3eaT B NpuroxeHneto PP, kato ce uanonsear NibTHU Mogenn. [lokaTo HsKou OT
NNbTHUTE Moaenu 6sixa NpeaocTaBeHN OT ObArapcknsi NAPTHBOP, HECHLUECTBYBALLMTE CrioMaraTesiHm
Mogenu 6sixa peKoHCTPYMpPaHn ¢ NoMoLLTa Ha codpTyepa 3a mogenvpaHe. Moaenute, NOAroTBEHN 3a
Temara ,Jlonycku Ha hopmara 1 pasnonoXeHNETO Ha NOBLPXHUHUTE®, ca Noka3aHu B Tabnuua 4.1.
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Ta6nuua 4.1. CnomarartenHm mogenu, n3nosnssaHu B aHnmaummte

Tebpa Moaen OnucaHue Tebpa Moaen OnucaHue

Q m Jonyck Ha A Honyck Ha
OTKIOHEHWe oT l O , 02 OTKIOHEHne oT
LMAMHAPUYHOCT nepneHanKynapHoCT

Q]
=
%
z

[onyck Ha Jonyck Ha
OTKINOHEHne oT NO3ULMOHHO
paBHUHHOCT OTKMOHEHNe

[onyck Ha 05 Jonyck Ha

OTKINOHEHne oT OTKINOHEHne oT
Kpbrnoct npaBoOfIMHENHOCT

[onyck Ha Jonyck Ha
OTKITOHEHUe oT OTKJTOHEHMe oT
HaKnoHa CYMETPUYHOCT
[onyck Ha
TKITOHEHU T
NMbNHO OneHe
/[0.080A
OnycK Ha
gTKnyOHeHme oT Ronyck Ha
OneHe
ycrnopeaHocT

MopgrotBeHnTe mogenu Gsixa 3anucaHn B obj / fbx dopmaT u Ham-nogxoasiarta CTpykTypa Ha
Mpexara, 3a Aa ce nsnonaeat B Unity3D 1 ga He ce Hamanu kadecTBoTo UM. Cnep npukntodBaHe Ha
¢hasara Ha noaroToBKa Ha Mofena 3anovHaxa Aa ce paspaborsaT aHMMauun. AHUMaLNOHHUAT GMOK,
konTo codptyepbT Unity3D npegnara Ha notpeduTenute, e A4oCTaTbYyeH 3a OCHOBHUTE AENCTBUS MO
OTHOLLUEHME Ha aHMMaumsaTa.

UHnmepdbeliceH AusaliH: Tlpy NPOEKTUPAHETO Ha WMHTepdenca Ha NPUINOXKeHNeTo Osixa B3eTU
nog BHUMaHWE ecTeTukaTa, yaoOCcTBOTO 3a notpedbutens u edektuBHocTTa. [NpunoxeHneto belle
OMNPOCTEHO Ype3 NpeanoynTaHe Ha YeCTO M3MON3BaHN UKOHMU.
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®dur. 4.2. ViHTepdbenceH ansanH

Sketching Techniques and Dimensioning

@ Line Types

© coordinates

@ Title Block

@ Revision Table Dimensional, Shaft and Hole Tolerances

@ scale

Projections, Perspective and Sectioning

+ Sectioning

+ Shaft-Hole Tolerances
+ Projectioning & Perspectives
9 Dimensional Tolerances

Vi ;
© views Design for Manufacture

Geometric Dimensioning and Tolerancing . fsncing Surface Roughness

@ svacrvess [ Faress

@) Circulaiity W8 Cyiindricity

5 Select a chagher + Surface Roughness

oncentricity

Angularity
Paralelism Perpendicularity
Position Runout Assembly Drawings

& smen

+ /Surface Roughness Symbols

+ Assembly
+ " Assembly Drawings

®ur. 4.3. NpunoxeH nHtepdenc

NHTepdenchbT Ha NPUNOXEHNETO MMa LLUECT MEXANHHU MEHIOTa, Tbi KaTo TEMUTE B NPUIIOXKEHNETO
ca obxBaHaTV B LUECT OCHOBHW 3arnaBus. Purypa 4.3 nokassa Te3n MeXOMHHWU MeHtoTa. Benyku
CMMBOIMM Ha MHTepdelicMTe ca CBbpP3aHM KbM CbOTBETHMS yebcanT mnm Tema. o To3n HauuH
notpebutenute Morart ga nonyvaTt AOCTbN A0 No-nogpobHa nHdopmaums no Temara, kato otmaar
Obp30 Ha yebcanTa.

Mma camo 6yToHM ,,cTon®, ,pectapTupaHe” n ,MeHI0", pa3nonoXeHn oTrope Hagony B NnABaTta vyacT Ha
eKpaHa, [oKaTo rmeaaTte aHumaums, 3a ga obae NpunoXeHMeTo yaobHo 1 edekTneHo. OnuunTe ce
nosiBABaT Ype3 HaTuckaHe Ha BGyToHa ,MeHio“. Tyk OyTOHBT B JonHaTa fsiBa cCTpaHa 3aTBapsi ToBa
MEHI0, OKaTO BYTOHUTE B FOPHUSI AECEH BbIb U3MbIHABAT (PYHKUMUTE ,3aTBOpPETE NPUNOXKEHNETO",
,BbPHETE Ce B MEHIOTO Ha MPUNOXEHNETO®, ,MPOMEHETE pexnma Ha PP* n ,Bkntovete / n3knodete
3ByKa“ CbOTBETHO. W Hakpasd, ByToHBbT ,?“ nokasea yHKuMMTE Ha OYTOHUTE B MEHIOTO, KaKTo ce
BwXKaa Ha durypa 4.4. lombAHUTENHOTO MEHIO € Ch3[afeHo cneumanto 3a MeHroTarta Ha ,Jonycku
Ha cbopmaTta 1 pasnonoXeHUETO Ha NOBbPXHUHUTE® 1 ,[panaBoOCT Ha NOBbLPXHUHUTE".
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dur. 4.4. CvaobpxaHue Ha ByToHUTE OT MeHTO B ,JJonycku Ha hbopmaTta 1 pa3nonoXeHNeTo Ha NOBbPXHUHUTE"

Mpun paspaboTBaHETO Ha CLeHapuuTe U MaTepuanuTe ca M3nona3saHu codpTyepHu kogose n CAD
mMogenu Ha 6onuaa ot cepunte ,Popmyna CTOOBLHTY, NPoeKTMpaH B TeXHUYECKU YHUBEPCUTET-
Codhusa. Yactute n cnomaratenHute enemMeHTn Ha Gonvaga Osixa npeoOpasyBaHM BbB chopmar
obj n fbx ¢ nomowta Ha 3Ds MAX u Inventor codTyep 1 npexebpreHn B cpega Ha Unity3D kato
TPUM3MEPHM aHMMaLMK, 3a A Ce CbXMBST cueHapunte. KakTto ce Bmxaa ot courypa 4.5, 3a Bceku
TWN JOMNYCK € Cb3faZeHa pasnuyHa cueHa n bnbnuotekata Ha ARCore Ha Google e fobaBeHa KbM
UNITY3D.

Q) Unity 20182.12f1 Personal (64bit) - Paralellism.unity - Tolerances(28.11.2018) - Android* <DX11 on DX9 GPU>
File Edit Assets GameObject Component Window Help

2 + FEAER) rmem
# Scene © Inspector

- 5 - omos =) @Al e H—
Shaded 20 Q)| = Gz il 2 [Paralelism (JStatic v

Tag (Tolerance __¢] Layer [Defaut 3]
Position  X[0 v [0 12[136
Rotation X[0.73 |Y[3.79 |Z[4.52
Scale X[T Y[ J2[T

52 LJAnimator e,

M

Controller EParalellism o
e

Avatar None (Avatar) )

Apply Root Motion (]
Updiate Mode
Culing Mode

cl
c

(OF:

o

t: 0 Euler 1 Scale: 0
PPt
ta

__Add Component

© Animation 8
[previen | @ | 14| 14| > | M| M| 051 | 0:00 5:00 10:00 15:00 20:00 25100 30:00 35:00 140:00

e sl sarpis s B 1 Culu0]
3

@ENd panel : Game Object.1[] °
@Panel : Game Object.Is Ac W

\@StraightnessMessage1 : (J
#StraightnessMessage2 : []
@StraightnessMessage3 : ¥
{@Panel (2) : Game Object.Is]
@Parallelism : Game Object.ls /&4
| Dopesheet | Curves

000000

v
|

®dur. 4.5. PazpaboTteaHe Ha mogen B UNITY3D

3aBbplLUeHa cleHa e nokasaHa Ha curypa 4.6. o nogobeH HaunH B ApyruTe CUEHU ce U3Mnon3eat
pedepeHTHa MapkUpoBKa, Mofe 3a AOMyCK, CroMaraTefniHu PaBHWHU U CTPENKM 3a OnvcaHve Ha
Jonycka.
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®dur. 4.6. MobunHa cHMMKa Ha NPUINOXEHNETO

OT MOMeHTa, B KOMTO Ce nycka BbBEXAALLOTO BMAEO B HA4anoTo Ha aHMMauudaTta, kameparta Ha
MOBWIHOTO YCTPOMCTBO 3anoyBa Aa CKaHMpa NOBBbPXHOCTUTE B 3PUTENHOTO More 1 3a4aBa HsKou
pedepeHTHM ToukM Ha m3rmena. Cnen naeHTMduuupaHe Ha pedepeHTHUTE TOYKU BUPTYarHuTe
06eKTM ce NOCTaBAT B TPUM3MEPHO MPOCTPAHCTBO B CbOTBETCTBME C TE3N pedepeHumn. Tbi KaTto
BMPTYyarnHUTE 4YacTu ca AUHAMWUYHM N0 BpEME Ha aHMMauusi, KbM YacTuTe ce fobaBsi BbpTeHe. Taka
Te MoraT [a ce 3aBbpTaT C €4HO AOKOCBaHE C NPBLCT BbPXY eKpaHa Ha MOBUITHOTO YCTPONCTBO KaKTo
no BepTMKasnHa, Taka 1 rno XopmaoHTarnHa oc, Ype3 Nib3raHe BbB BEPTUKAIHO MM XOPU3OHTASTHO
NonoXxeHue.

®dur. 4.6. MobunHa cHMMKa Ha NPUNOXeHNETO

Mpy mn3nonseaHe Ha MPUMNOXEHUETO, BUPTyarnHWTE OOEKTM MoraT [a MW3rmexaar ronemu unm
MarkKu Ha ekpaHa Ha MOOUMHOTO YCTPOWMCTBO. 3a Aa NMOMOrHe Ha MOoTpeduTens B TakuMBa crny4au,
KbM NpUIoxeHWeTo e fobaBeHa Bb3MOXHOCT 3a MPOMsIHA Ha pasMepuTe Ha BUPTyarHu obektu
(yBenudeHne/HamansiBaHe). bnarogapeHve Ha pasBuBallaTa Cce TEXHOMOorusl, Beye MOoBeYeTo
npunoxeHus morat ga vetat QR kof, 3a Aa U3NbIHABAT onpedeneHn yHKUMU unm ga Hacousat
notpebutensa kem yebcant. CnepoBatenHo kbM paspaboteHoTo AR npunoxeHue ce pobaes
Bb3MOXHOCT 3a YeTeHe Ha QR kogose.
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MpumepHU CHUMKM Ha NpunoxeHusa Ha PP

B 103K pasgen ca nokasaHu HSIKOMKO NprMepa 3a NpUIoXeHne C OTBOPEH KOA, KOETO MOXe [a ce
N3Mnon3ea OT BCEKW, NpUTEXaBaLL, NOAXOAALLOTO MOOGUIHO ycTponcTBo. OTHOBO 0Gpa3oBaTenHoToO
CbObpXaHue, aHMMauuMn 1M Opyru nogkpensawm marepvanu v PP npunoxenus, paspaboTeHu
UM NPOM3BEAEHN B TO3M MPOEKT, KaKTo M MeToau 3a obydeHMe M npenogaBaHe 3a CTYAEHTU U
npenogasaTtenu, ca AOCTbNHM Ge3nnaTtHo Ha yebcanTta Ha npoekTa Ha agpec http://vrindesign.org /

(Bx ®urypa 4.8.).

o@urindesign.org

” ANASAVFA  PROJEHAKKINDA  HABERLER  CALER|  PROJEDOKUMANLARI  EGITM
VA IN

Ana Sayfa > EGITIM

VRinDesign APK

Pilot Eitim Son Test

®dwur. 4.9 panaBoCT Ha NOBbPXHUHUTE
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®dur. 4.10 MoHTaxeH YyepTex

®dur. 4.11 Paspesu

o ---1

S | T[] w1 4] D
ﬂnE A

EiHF B HHH

b
JHF.JEJEJEJUCJEA (SRS =] 2] TS

FIS TR R EEE B HRHE
’HEEE
e k
BEER
E

®dur. 4.12 [lonycTMK OTKIOHEHWSA Ha Bana v oTBopa
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Pa3spaboTtka Ha npunoxeHus 3a BUpTyanHa peanHoct (BP)

B pamknTe Ha npoekTa, BP npunoxenns 6sixa paspaboteHn oT TexHuveckn yHuBepcnutet-Codusi.
daszuTe Ha paspaboTtka Ha BP 1 PP npunoxeHunsTa 6sxa npoeegeHn cbBMecTHO. Ha durypa 4.13.
€ nokasaH CKpUMHLIOT Ha BP npunoxeHneto. To e paspaboTeHo Taka, Yye ga 6bae 13non3eaHo c
oumnata Ha Google Cardboard. Nopaan Tasu NnpuynHa, BMECTO KNMKBAHWS Ce U3MNon3Ba (yHKLMATa
GazeClick.

®wur. 4.13 CkpuHLWOT Ha BP Ha npunoxeHuneto

Mpwn paspaboTtBaHe Ha BP npunoxeHuneTo, 3a cueHaTa e nsbpaHa pabotunHuua. 3a ga ce yBenvum
BM3yariHOTO Bb3[ENCTBME Ha MPUNOXEHMETO, B paboTunHuLaTta e noctaBeH mogen Ha 6onuaa,
NpoekTupaH B TexHnveckn yHueepcutet-Codpms. 3a neceH 4OCTbM 4O TEMUTE MO BpEME Ha ynoTpebda,
€ BKIoYveHa 1 Tabnuua, cbabpkalla OCHOBHUTE y4eOHN MOZymu.

B T03M acnekt Ha npoekTta 6sixa 06paboTeHun LWecT OCHOBHM TeMu. Bcsaka Tema e npeacrtaBeHa
kato moayn. MogynuTte ca npukpeneHn kbM paboTHaTta maca kato 6yToHu. Korato e nsbpaH moayn,
3D Bmsyanusauum Ha YacTuTe, CBbpP3aHN C Temara, KoATo TpsbBa Aa ce obsICHW, ce MOCTaBAT Ha
macara. 1o To3u Ha4mH, KoraTto ca n3bpaHun BCSIKAKBM YacTu, BUOEOKNTUMBLT HA CBbp3aHaTa Tema ce
Bb3Npoun3Bexaa oT ekpaHa Ha macarta. Tl KaTo pa3paboTeHoTo npunoxeHve 3a PP e no-edpekTnBHO
oT BP npunoxeHneTo, npunoxeHnsita ca paspaboteHn Han-Beye kato PP,



4.2. PaspaboTBaHe Ha aHUMauuaTa

AR/ VR IN DESIGN
Strategic Partnership Project Report

AHumaumaTa e edhekTUBEH HOCUTESN 3a KOMYHMKALMSA Nnopaan M3non3BaHeTO Ha pasnmyHu CTUIOBE
TEKCT, LBEeTOBe, ayaMo M BUOEO, KOUTO MoraT Aa 6baaTr nokasaHu Ha ydeHuumute. Mcmaun u ap.
(2017) 3asBsaBaT, Ye M3MNOM3BaHETO Ha aHMMaLUWs B NpenogaBaHeTo 1 obyveHneTo (T&L) yBennyasa
cTeneHTa Ha pasbupaHe ¢ noeeye oT 30% B CpaBHEHUE C TPAOULMOHHUTE METOAM Ha NpenogaBaHe.
M3non3BaHeTo Ha BUAEO aHMMaLMK MOXe Aa NOMOrHe Ha y4eHuKa ga cv npeacTaBu U Budyanuanpa
no-gobpe, KaTo CbLUEBPEMEHHO MOBULLIM MOTMBALMATA W aHraxupaHoctta My. ®daszata Ha
pa3paboTBaHe Ha aHumauusa n BP / PP 3ano4yHa ¢ pa3paboTBaHETO Ha CHOXKETW 3a BCeKu OT 6-Te
mogyna. durypa 4.14 nokasea asata Ha nnaHupaHe Ha Mogyn 5 n kak pabotata moxe aa 6bae

M3BbpLUeHa OT CbOTBETHUTE MAPTHLOPW.

®dur. 4.14 CueHapuin 3a mogyn 5.

Mo Bpeme Ha Tasn pasa ekunbT, paboTel No NPoekTa,
npoBexaalle peaoBHU BUOSOKOHMDEPEHTHU CpeLun, Ha
KOUTO BCEKM MapTHbOP AEMOHCTpMpa CBOS Hanpenbk
W rnoryyaBalle KOHCTPYKTMBHa oOpaTHa Bpb3Ka.
CnopgensiHeTo Ha ekpaHa Oelle NpUeTo KaTo MoreseH
WHCTPYMEHT 3a [eMOHCTpMpaHe Ha CcBbplleHaTa
pabota. Cpewute, OTYMTaLLM HaNpeabKa, NPOBEXOAHN
Ha BCSAKO Tpumeceudne, Osixa OT peluaBallo 3HadYeHue
3a YCMeLIHOTO U3MbIIHEHWE Ha NMPOeKTa, B YMSATO MbpBa
(rasa TpsibBalle ga 6baaT cna3eHn KOHKPETHM CPOKOBE
n uenu.

®urypa 4.15 nokassa npoLeca, U3norns3BaH 3a Cb3gaBaHe
Ha aHuMauuu, Npyu KOUTO pPa3paboTBaHETO Ha CHOXKET
e BaxHa 4acT OT npoueca. Tol npegoctaBs sicHa
nocrnegoBaTenHoCT OT AEUCTBUA 1 MOCOYBa eNeMEHTUTE,
Heobxoammu 3a Bcekn mogyn. Creg ToBa ce nposexaat
aHanu3n Ha pa3paboTBaHOTO TEXHUYECKO CbObpXKaHue,
3a fa ce pasbepat M3MCKBaHUSATA Ha MoAyna, KbAeTo ce
Cb3a4aBaT CKPUMNTOBE. |_|pl/l aHnMauuna CKpUnTbT MOXe Oa
Obe KopurnpaH B 3aBUCUMOCT OT BPEMETO, OnpeaeneHo
3a CbAbpXXaHWeTo, HeobXO0AMMOTO HUMBO Ha YMEHMUS U
Ba)KHOCTTa Ha CbabpxaHueTo. [locTtosiHHata obparHa
Bpb3ka OT CbOTBETHWUTE YNIEHOBE Ha €eKuna € BaXKeH
enemMeHT B TO3M UTepaTuBeH npolec Ha paspaboTBaHe.

’ Storyboard
!

‘ Research
!
Script
l

{ Animation

l

‘ Render ‘
I

\ Editing }—
I

\ Publish \

s o

®dur. 4.15
PaspaboTBaHe Ha aHumauusa n BP / PP
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EkvnbT Ha npoekTa pewu ga usnona3ea 6onug ot cepunte ®opmyna CTIOOBHT Kato OCHOBAa 3a
paspaboTBaHuTe NpunoxeHunsa (Purypa 4.16). Tosan aBTomobun e npoektupaH 4pe3s CAD codTyep
N e npousBeneH PU3NYECKN OT CTyaeHTUTE OT TexHudeckus yHusepcutet - Codms. MogensT Ha
bonuaa npegocTass LWMPOKa rama OT pasfMyHyM KOMMOHEHTW, KOMTO MoraT Aa ObaaT 1M3nonssaHu B

BP / PP n aHnmauums.

St

dur. 4.16 3D mogenvpaHe Ha cbeTe3ateneH asTomobun ®opmyna CTHOALHT

Environments. o x 5. 05

G Pt
"

oD = W s

Lbrary Project Scene
S B & W S E B Q g \ ©
Mat.. Colors Text.. Envi.. Back.. Fav. nges: 5,409,500 Scene  Materid Envion.. Llightng  Camera
1269714
BwO al Length: 435 «q £ [ show v| | R se
Model Sets ftem
Dowioads & Models
Environments + ® & First Angle New
Interio & Defaut (5 Cameras
Outdoor (3] Free Camera
studio Comerat01
Sun &Sty
m \ S e
2 Panels Stright 4K .
| Scene Information
Name:  First Ange Keyshot.bp
Units: Inches
2panels Tited 4k Pats 48M
anels Tie
Triangles: 5,409,500
Materk: 94
Cameras: 1
Model Sets: 1
3Panels Straight 4K
3 Panels Tited 4K
—
S »—e » @H
Animaton Tineline: * | animaton Properties
Select an animation node to edit
& pimationwizrd (s: [0 <] [ AP DPPG T » 2
00:06:199 /Frame 187§ & 2 = & = e
¥ foc animation
 Tox_animation

®dur. 4.17 CAD mogenupaHe 1 cb3gaBaHe Ha aHMMauus
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Cnepg ToBa aHMMaumsATa ce ekcnopTtupa B codhtyepa Keyshot 3a gobaBsiHe Ha nogxogdaLum matepuanm
KbM NPean peHAepuUpaHeTo, KakTo € nokasaHo Ha durypa 4.17. Hakonko codptyepHun naketa bsxa
M3Mon3BaHn 3a MOCTUraHe Ha Heobxoaumus pesynTart, BknountenHo Adobe Suite (Photoshop,
lllustrator n InDesign) 3a cb3gaBaHe Ha ClOXeTU M rpaduki. 3a npoekTupaHeTo Ha Gonupa e
n3nonaeaH codptyepHuaT npoaykt SolidWorks. Cneg toBa 3D mogenute ca mmnopTupanu B 3D
Studio Max 3a cTtapTMpaHe Ha aHUMaUWOHHMSA npouec. KbM Mogena 6sixa NpunoXxeHn nogxoasiim
TEKCTYpKU 1 Osixa U3NOM3BaHN pPasfUYHN METOOM 3a aHUMaLMS 3a Cb3[aBaHEe Ha CbAbPXXAHWETO,
BKITHOUMTENHO OBWKEHMETO Ha kamepaTa un obekTa (Huerta et al., 2019).

4.3. MNopgrotoBka Ha WEB cTpaHuua 3a oHnanH oby4yeHue

Yeb6cantwT http://vrindesign.org/ ocurypsia cBo604eH AOCTHMN A0 NPUNOXKEHNS 3a BUPTYyarnHa
1 pasnpeHa peariHocT, aHUMaumm 1 Apyr NoMOLLHM Matepuanu, paspaboTeHn B pamkuTe
Ha npoekTa. OT To3un canTt (Bux Purypa 4.18) moxe ga ce nosyyn JocTbn A0:

. CbAabpkaHue Ha 0By4eHNETo;
. MeToam 3a 0Gy4yeHure 1 NpenogasaHe 3a CTYAEHTU U npernogaBaTeny;
. Bpb3ku 3a NpynoxeHns 3a BUpTyanHa unv gobaeseHa pearnHocT;

. AHUMaUUM 1 OpYyrv MOMOLLHW MaTepuany,
pa3paboTeHn B paMKUTE Ha NpoekKTa.

Ana Sayfa > EGITIM

TR1 GizIM TEKNIKLERI VE OLGULENDIRME m
TR3| BOYUT, ML VE DELIK TOLERANSLARI
e

TRS| YUZEY PORUZLULUGU Pilot Egitim Son Test

IRG! MONTAJ RESIMLERI

Tasanimda Sanal Gergeklik" proje dokiimanlari

ORTAKLAR

> Bizpark Teknoloji Laboratuvarlan

COMANLARI  EGITIM  BIZE ULASIN

dur. 4.18 V3o6paxeHne Ha ekpaHa Ha yeb caiT Ha nNpoekTa
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Pa3oenn 5

5. MunotHo Oby4yeHue N AHanus3 Ha P

B pamkuTe Ha TO3M npoekT Gelle pas3paboTeHO NpunoXxeHue, KOETo Aa ce W3Mon3ea B
I'IpOd.)eCI/IOHaJ'IHOTO N TEXHNYECKOTO 06y\4eH|/|e, rMmaBHO 4pe3 n3non3BaHe Ha TeEXHOoNnorna 3a
nobaBeHa peanHocT. B ToBa npunoxeHue ce obsicHABAT NpaBunaTta 3a pasyntaHe u n3pabuteaHe
Ha TEXHUYECKM YepTexu B TOBA YMCMO [OOMYCKM M rpanaBocTu. B paMkuTe Ha npoy4dBaHusTa
Osixa pa3paboTeHn HOBM CbObPXKaHME U MaTepuanu, 3a Aa ce ocurypu obyveHne 3a TEXHUYECKO
yepTaHe B cpega Ha BupTyanHa W pobaBeHa peanHocT. PaspaboTteHuTe martepuanu ce
nyGrnyKyBaT KaTo OTBOPEH Kof Ha LMdpoBa nnatgopma. 1o To3n Ha4ynH KbM ABYMEPHUTE 06EKTU
C paslwupeHa peanHoCT MoXxe aa ce 4obaBu TPeTo U3MepeHne; AeTannnTe Ha OTAEeNHUTE YacTu
morat ga 6baaT pasbpaHu 3a No-KpaTko BpeME OT CTYAEeHTa M HedopasyMeHunsaTa morat ga obaar
CBeAEeHM A0 MUHMMYM. ToBa NO3BONsiBa TeMaTa 3a TEeXHUYECKOTO YepTaHe, KOSiTO 0GUKHOBEHO
ce npenogasa 3a OrpaHU4YeHO Bpeme 1 ¢ TpaauuMoHHM MeToau, Aa 6bae pasbpaHa necHo.

Martin et al. (2015) nscneasat Bpb3kata Mexay o6pa3oBaHUETO U Bb3NPUATUETO, KaTo U3MON3Ba
KOHLIeNTyanHn 3HaHus C nabopaTopHM NpakTukK, noaabpxaHu oT AR. Te ycraHOBsBaT,
ye CTyOeHTUTEe ce 4yBCTBaT KOMAOPTHO npu B3ammogenctsme B AR cpega u cmsarart, ye
NPOEKTUPaHETO Ha CbOPBXEHUA U MaLUMHU € NOAXOAAL0 KaTo TeMa U CbabpXaHue 3a TaxHaTa
uen. Mo nogobeH Ha4yMH Te cnomeHaBaT 1 3a u3non3esaHe Ha AR npunoxeHus 3a nogobpsiBaHe
Ha NPOCTPaHCTBEHUTE BBL3NPUATUS Ha CTyAeHTUTe no wuHxeHepcTtBo. Martin et al. (2010)
ca paspabotunu 3D BupTyanHuM mMogenu, 3a ga NOMOrHaT Ha CTYAEHTUTe MO MHXEHepCTBO
Ja M3NbrHABAT 3ajadnte CU, CBbp3aHM C HeobxoauMmocTTa OT Bu3yanu3auusi, Kakto 1 ga
NnoAnOMOrHaT pasBUTUETO Ha TEXHUTE MPOCTPAHCTBEHM CMOCOOHOCTU. PesynTtatute OT Taka
NPUOXEHNA NOAXOA Ca NONOXUTENHN..

lMpoy4BaHus 3a n3cnefBaHe Ha Bb3AENCTBUETO Ha y4ebHUTE MaTepmanu unm ydebHnte nporpamu
BbpPXY KOMMNETEHTHOCTTa W pe3yntatute OT fafeHo obydvyeHme nokassar, ye OOGUKHOBEHO ce
n3non3BaT eKkCnepuMMeHTarnHM METOAM C efHa rpyna UM KOHTPOSHa rpyna ¢ npeaBapuTenHo
TecTBaHe u nocnegBawo TectBaHe. Hanpumep, Akgayir n gp. (2016) nscnegsat egektute oT
npunoxeHneto Ha AR Bbpxy nabopaTtopHUTE YMEHUS Ha CTyOEeHTUTE M OTHOLUEHWETO UM KbM
naboparopunTte. N3anonsea ce KBasmekCcnepuMeHTanHUAT An3ariH Ha KOHTPOIHa rpyna npeam Tect
/ cnep TecT. Pesyntatnte nokassar, 4e AR TexHonorusita s3HauuTenHo passuBa nabopatopHute
ymeHuda Ha ctyaeHTute. GCepnietal. (2006), oT apyra cTpaHa, nscneasa eeKkTnTe Ha KOMMITbPHO
noanomaraHmTe y4ebHu matepuanu BbpXy KOrHUTUBHOTO pa3BUTUE HA YYEHUUUTE, NOrpeLuHnTe
CcXBalWaHusa 1 Harnacute. MNpunoxeH e ekcnepumMeHTaneH n3cnenoBaTenckn AusarnH ¢ npeau u
cnepg TecT Ypes agMUHUCTPUPAHE Ha TECT 3a NMOCTUNKEHUS, TECT 3a KOHLIENUMS 1 cKarna 3a Hay4YHo
OTHoLeHne. Cnea M3non3BaHeTo Ha KOMMKTBLPHO nognomaraHy marepuanu, B obLims TecT 3a
NnocTmxeHusa e HabnogasaHo yeenu4yeHune ¢ 10% B non3a Ha eKkcnepumMeHTanHaTa rpyna.
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5.1. Marepunanu un metogm

3a ga ce oueHdat edektute Ha BP/PP, pa3paboTeHn 3a obyyeHue no TEXHUYECKO YepTaHe,
felle npoBegeHO NUIOTHO NPOYyYBaHe, BKOYBALLO 00y4YeHME N OLiEHKA B PaMKUTE Ha NpoekTa,
Hape4yeH ,,BMpTyanHa n /J,o6aBeHa peanHoCT B MNMPOEKTUPAHETO C OTYHUTAHE Ha TexXHOoJ1IormnTe
3a npom3BoACTBO“, KOMTO e nogkpeneH oT [lporpama 3a cTpaTermyecko MapTHLOPCTBO 3a
npodecmnoHanHo obyvyeHne Ha EC ERASMUS +.

MunoTtHo oby4yeHue

lMMnoTHOTO MpoyyBaHe € MpPoBeAeHO C M3Mnon3BaHeTo Ha PP npunoxeHus B KypcoBeTe 3a
TEXHUYECKO pUCyBaHe, AafeHV ByHUBepcuTeTa. HaTosmetan npunoxeHneTto PP 6elle n3nonssaHo
npu oby4eHMeTo Ha CTYAeHTM, U3bpaHu KaTo M3Bagka oT uacrenBaHeTo. EkcnepumMeHTanHaTa
rpyna Ha uacrnieaBaHeTto ce cbcTtom OoT 30 CcTygeHTa, KOMTO yyaT B aBTOMOOMMHA TexHUKa.
MpoaobMKUTENHOCTTA Ha NUITOTHOTO 00yYeHmne Gelle eamH Meceu, 1 obxBalLalle obLo 12 nekumm.
B To31 npouec metoauTe Ha obyyeHne 1 NnpenogasaHe, onpeaeneHn B paMKUTe Ha NpoekTa, bsxa
N3ron3BaHn BMECTO TPaAULMOHHOTO 0DyYeHMe, KOeTO € OpMEeHTMPaHO KbM MpenogasaTtens u
ce nogabpXka OT ABYU3MEPHU Npe3eHTaumm. TeMuTenTo WwecTTe naeHTuduumpaHn mogyna 6saxa
npenogaeaHn ¢ nomowita Ha PP 1 B CbLOTO BpeMe CTyaeHTUTe Bsixa NoMOrneHn ga usternart
NPUNOXEHNETO Ha CBOUTE MOBUITHK TenedoHM 1 Aa ro U3nonssaT UHANBUAOYaITHO.

Tbn kaTo NpunoxeHMeTo paboTn camo Ha MOBMNHKM YCTPOKCTBA C onepaunoHHa cuctema Android
7.0, 3a CTyAEeHTUTe, KOUTO He pasnonarar C Te3n yCTPOWNCTBa, beLle ocurypeH npoeKkTop, CBbp3aH
C eauH ot TenedoHuTe. To3m nogxod oboratn yyebHaTa cpega, A00aBAKM BM3yanu3aumm KaTto
aHumaumm 1 B3ammogencTteus B 3D npocTpaHCTBOTO, BMECTO TPaAMUMOHHO MpernofaBaHe,
6asunpaHo Ha npeseHTaums. OTHOBO CbLLOTO CbAbpXaHue belle NnpenofafeHo OT ChLUUSA NEKTop
3a CbLOTO BpeMe Ha 20 CTyaeHTU OT CblyMs Kypc, HO To3n nNbT 6e3 ga 6vaart nanonssHu PP
matepuanm.

OueHka Ha pe3ynrtaTtuTe

3a ga ce oueHM ycrnexa Ha NpUnoXeHNeTo U HeroBUsa MPMHOC KbM KOMMETEHUNN HA OTAENHUTE
obyyaBawm ce, Oelle NpoBedeH CpaBHUTENEH aHanua Mexay pesyntaTtute Ha rpynute
CTYOEHTW, KOMTO m3nonseat u He manonssat PP npunoxenue. 3a Tasu uen ¢ nomoluta Ha
cTatucTudeckn codpTyep Gelle aHannanpaHa NbpBO CcKanara, KoaTo € pa3paboTeHa 3a oueHka
Ha aAMWHUCTPUpPaHUTE pe3ynTaTu.

3a ga ce oueHn oby4yeHneTo, pa3paboTeHO B pamKuTe Ha u3cneaBaHeTo, Gelue paspaboTeH
eKcrnepuMeHTarneH cLeHapuii ¢ KOHTPOMHa rpyna, KoaTo npoeede TpaauUMOHHOTO obyyeHune ¢
nogobHo cbabpXaHue. B pamkuTe Ha TO3M MeTof KaTo npeasBapuTeneH TecT U 3a ABeTe rpynu
6s1xa agMUHUCTpUpaHu Ype3 Google Forms TpaauUMOHEH U3NUT U BbNPOCHMK, CbCTosL ce oT 20
Bbnpoca. MNpes Tpetata ceamuLa oT 06y4eHneTo o610 WeCT CTyAeHTH OT M3cneaBaHara rpyna c
pasnn4yHM HMBA Ha KOMMNETEHTHOCT, onpeaneHn Ha 6a3a OTroBOpPUTE UM Ha NpeaBapUTENHUA TECT,
Osixa UHTepBIOMpPaHK, KaTo kKaTo UM Gsixa 3agadaneHun aecet Bbrnpoca. Ha kpas Ha obyyeHneTo
npeaBapuUTENHUAT TECT M BbMNPOCHWKLT BsXxa OTHOBO MpunoxeHu. Crned ToBa gaHHWTE Gsxa
aHanuaunpaHu.
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5.2. Pesynrtatu

PesyntaTtute oT CpaBHEHMETO MexOy OTFOBOPWUTE Ha KOHTPOSiHata M uacregBaHarta rpynu
npegun v creq nposeaeHoTo obyyeHne ca gageHn Ha curypa 5.1. B npegBaputenHiTe TecToBe,
NnocTaBsALN NO4 BbMNPOC OCHOBHWUTE MO3HAHWUS HA ydacTHUUUTE B obnactra Ha TEeXHUYeCKo
yepTaHe, aHanM3bT NoOKasBa, Ye WM [BeTe FPpynM ca Ha eOgHO M Cblio HMBO. Bbnpeku ToBa,
na3crniegsaHara rpyna nosuwasa ycnexa cu ¢ 480%, a koHTponHaTta rpyna - 360% B Tecta cneq
Kpasi Ha 00yyeHuneTo. Teaun pe3yntaTtu nokassarT, Ye u3cneaBaHaTta rpyna e noBuLimmna no3HaHusaTa
cu ¢ noyTtn 30% noBedve B CpaBHEHUE C KOHTPOIMHaTa rpyna.

Teorik Sinav On-Son Test Karsilastirmalar
100

90

80

70

60

50

40

Puanlar (100 tabaninda)

30

20

0 ~ :
On Test Son Test

@Deney Grubu 12,67 73,8
- Kontrol Grubu» 12,37 _ 57,3

®dur. 5.1. TeopeTnyeH N3NUT 1 CpaBHEHVE MexXay NpeaBapuTerneH 1 nocneasaly U3nuT

CTaTucTUYeCcKku aHanus

O6wo 50 yyacTtHuum, ot kouto 30 B M3cnegBaHaTa U 20 B KOHTponHaTa rpyna, nonbiHuxa
BbnpocHuka Tun Likert, cbcTosw, ce or 20 TOYKKU, KOUTO Ce OTHACAT OO Bb3NpMEMaAHETO Ha
TEXHUYeCKnTe KoHuenuuun (8 ToukM), ymeHuaTa (7 TOYKM) U noBedeHue-motusaumsa (5 Toukn).
BbnpocHMKBLT, M3Mon3BaH 3a aHanu3a, ce OcHOBaBa Ha ckanaTa Ha JlukepT, Bapupaiia oT 1
(oTpuuatenHa) 0o 5 (nonoxuTtenHa).

3a cpaBHsBaHe Ha pe3ynTatuTe Ha yyacTHUUUTE B M3credBaHata M KOHTpofHarta rpyna
bele npoBeneH n HesaBucuMm t-TecT cbe codpTyepa SPSS.23. O6wmte pesyntatu oT t-TecTa
Ha ua3cnegBaHaTa rpyna ca -8.079 (p ctomHoct ot .000). O6wmTte pesyntatm oT t-Tecta Ha
KOHTposnHaTa rpyna ca -3.437 (p ctonHocT oT .001). Te3n pedyntaTu ca Ba)kHM 3a OLEeHKa U Ha
Opyrv getamnu ot aHanmsa.
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Ortalamalar

5,00

4,00

3,00
2,00
1,00
0,00

On Test Son Test

[=3

o

m Deney Grubu  m Kontrol Grubu

®ur. 5.2. PesyntaTn oT aHanu3a Ha nNpeacTaBsHETO

Pesyntatnte ot npeactaBaHETO Ha u3cnegsaHuTe rpynu ca gageHu Ha durypa 5.2. CpegHuat
pe3ynTtaT Npean TecTta Ha uacrniegBaHarta rpyna e 2,92, a Ha KOHTponHaTta rpyna - 2,91 ot 5.
Te3n MHOro Gnm3kmM pesynrtatv npegu TecTa O3Hayaeart, Ye M OBeTe rpynu ca MManun CXOLHU
no3HaHusa npean obydeHneto. CpegHuaT pesynTtaT cref TecTa Ha uscnenBaHaTa rpyna e 4.08,
a Ha KoHTponHarta rpyna - 3.41 oT 5. YBenuyeHneTo B pesyntaT Ha oby4veHneto € 39.7% B
n3crnegBaHara rpyna u 17.2% B kOHTponHara rpyna. Tesu pesyntartu nokaseat 19,6% no-smcoka
edeKTMBHOCT B M3CrieABaHaTa rpyna B CpaBHEHMWE C KOHTporiHaTa. Te ca MHOro BaXKHW 1 nokaseat
edekTa oT npunaraHeto Ha AR Bbpxy NpnaobmnBaHETo OT CTpaHa Ha y4aCTHUUWUTE Ha 3HaHWUS U
YMEHUSA MO TEXHNYECKO YepTaHe

AHanus Ha cbAbpXKaHNETO

MoTtuBauusa: CTygeHTuTe, yyacTBanm B MHTEPBIOTO, HE ca uanonssanu BP/PP npunoxeHus
npean. BP/PP c TpumsmepHaTa cuM npupoga ynecHsiBa (hoKycupaHeTo u pasbupaHeTo Ha
yYEHNUUTE, KaKTO M NOBMLLABa MOTMBALMSATA 33 yYEHe.

MocTmxeHnss 1 cnocobHocTu: [NpUNoXKeHNMEeTo MNoBMLIABaA MNOCTMXKEHUSTA Ha CTYAEHTUTE B
obnacTtta Ha TEXHMYECKOTO YepTaHe, Tbil KaTo pasBMBa CNocobHocTUTE UM Aa npeHecst 2-D
yepTexu B 3-D cpepa. CTygeHTUTE OLEHUXa NPUNOXKEHNETO KaTo YCMNELLHO.

HeobxogumocTt: CTygeHTMTE cuuTaT, Ye € HeobXxoaumM YYeOHMK MO TEXHUYECKO 4epTaHe,
nogkpeneH ot PP npunoxeHune, 3a 3agoBonsBaHe Ha HeobxoaMMOCTTa OT No3HaHus B obnacTtTa.
Ta3n HeoBXoQMMOCT HapacTBa Olle NnoBeye C pasnpocTpaHeHneTo Ha pasnunyHute CAD-CAM
cobTyepu. 3a ga oTroBopun 0Oy4HEHMETO NO TEXHUYECKO YepTaHe Ha HapacTBalMTe NOTpPebHOCTH
OT 3HaHus, € HeoDX04MMO MHTErPUPAHETO Ha NOBEYe BU3yanHN UOCTPaLUn B TEMUTE, KOUTO Ce
Bb3Npuemar KaTto Han-npobnemHuUTe NpeameTn cped CTyAeHTUTe, a UMEHHO TeMUTE 3a JOMYCKN
1 crnobku, rpanaBocT Ha NOBbLPXHUHUTE, U3rNeaun, paspesn N CeYeHus.

MpepnountaHme: YctaHoBeHo Oelle, 4e yvacTHUMUUTE MpegnoynmTaT MOOWMHM YCTPOMCTBA
(TenedboHn 1 Tabnetn,) nopaan TaxHaTa JOCTBAHOCT M NPaKTUYHOCT. HAKONKO cTyaeHTn obadye
3asaBuxa, 4e PP ounnara cbLLo MoraT ja ce u3nonssaT akTMBHO. KaTo usino cTyaeHTuTe n3pasmxa
MHeHMWe, Ye NpunoxeHneTo TpsibBa Aa 6bae MHTerpMpaHo B camMmuTe Nekuun, a He Aa ce U3nonsea
OTAEnHo, Npu KoeTo 6u ce Hamanun nHave NoNOXUTENHUA My edekT.
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5.3. 3aknrouyeHue U npearioXeHus

B TOBa mpoyyBaHe ce oueHsBaT BCUYKW acrnekTu Ha paspaboTeHoTo opurumHanHo PP
npunoxeHue, Koeto e 6e3nnaTtHo M JOCTBMHO 3a BCUYkM M GBU MOrmo ga ce m3nonasa
3a no-gobpo pasbupaHe Ha npegmMeTUTe, U3yYaBaHU B paMKUTE Ha NPodeCcMoHanHOTO
obpasoBaHne. QOuakBa ce paspabotreHoto PP npunoxeHne pga oOTroBopu Ha
nHAMBMAOYyanHUTe NoTpebHOCTM OT OoByyeHMe Ha BCUYKM HUBA, OT NpodecroHanHuTe
rTMMHa3nMM OO YHUBEPCUTETUTE U Aa MOBULUM KOMMNETEHUMUTE Ha y4yawuTe B obnacTTa
Ha TEXHUYECKOTO YepTaHe. AHanNU3bT Ha JaHHUTE 3a pe3ynTaTtuTe U MPUHOCUTE KbM
KOHLEeNTyanHOoTO, KaKTO U KOTHUTMBHOTO HMBO Ha 00y4YeHne nokaseart, Yye pa3paboTeHoTo
NPUNOXeHNe MMa 3Ha4YnTENEH NPUHOC 3a NoBULLABAHE Ha y4eBHM NOCTMXKEHUS.

Opyrn BaxkHW pesyntatu OT aHanusa paskpuBaT HeobXoouMMOCTTa OT Cb3faBaHe Ha
NHTEPaKTUBHU Y4€BHULM NO TEXHNYECKO YepTaHe, UHTerpMpaHn ¢ MobunHu ycTponcTea
n paspaboTBaHe Ha cneumanHu NpUNoXeHus 3a Te3nm MobunHu yctponctea (Emreli et
al, 2019).
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Pa30desn 6

3aKkno4vyeHue

Bcnukm paboTHM nakeTun, NnpeaBnaeHn B pamkuTe Ha npoekTa, ctaptupaxa Ha 01.10.2017
r. n ycnewHo npuknodmxa Ha 01.10.2019 r. OyakBaHUTe pe3ynTaTu OT NPOEeKTa, KOUTO
ca nogpobHO onucaHu B TO3M Aoknag, 6sxa nocturHatn n paspaboteHuTe NnpoaykTuTe
Bs1xa HanpaBeHW NyBNMYHO JOCTBNHU. BAxa npoBeAeHU YeTupu MexayHapoaHu cpeLuu,
nnaHMpaHu B paMKUTe Ha NpOeKTa, a pe3ynraTute OT TSaX 3anucaHn. YebcanTbT, KOUTo
TpsbBalwe aa 6baaT 3aBbpLUEH B paMKUTE Ha NbpBUTE LLECT Mecela OT NpoekTa, belle
nybnvkyBaH Ha Tpu e3nka B gomeriHa http://www.vrindesign.org/ ¢ uHgpacTpykTypa,
KOATO no3BorisiBa paspaboTeHuTe obpasoBaTernHu matepuanu ga 6baat UsTernsgHu
6esnnatHo. MatepuanuTe, pa3paboTeHn NO Bpeme Ha MNpoekTa, KakTo U MHOXEeCTBO
MeXAyHapoaHM Hay4YHU Nybnukaumu, 4oknaaun, pbKoBoACTBO 3a ynotpeba n paspaboTeHun
y4yebHn nporpamu 6axa nybnukyBaHu Ha yebGcaWTa B paMKMTE Ha OEWHOCTUTE Mo
pasnpocTpaHeHue. B gonbnHeHne KbM Te3n gerHOCTU B6axa nyObrnvkyBaHW U HOBUHU B
HAKOWN Meauu.

B TO31 npouec BCWUYKM MapTHbOPM MOCTUrHaxa 3HauyuTenHu ycnexu, paboTelle ce B
YCNOBUS HA MHOMO AMHAMUYHO MeXAYHapoaHO CbTPYAHNYECTBO, 0cOOEHO Ha eTana Ha
hopMynMpaHeTo Ha O4YaKkBaHUTE akageMUYHIN Pe3ynTaTn U Npu caMoTo pa3paboTBaHe Ha
npunoxexusita. O4yakea ce pesyntatuTe OT NPOEKTa Aa OCUTYPSIT NON3N 3a CTyAEHTUTE,
B YnsiTO yyebHa nporpama npucbcTBa AUCUMNMHaTa ,TEXHUYECKO YepTaHe”, KakTo 1 3a
BCUYKM XOpa, paboTeLin B cekTopa Ha MallMHOCTPOEHETO.
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