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Abstract:

This study aimed to determine the effects of industrial architecture components on improving the architectural quality of mid-rise residential
buildings in Kerman and to identify the components exerting the strongest effects on architectural quality. This mixed-methods study
employed qualitative and quantitative approaches and was applied-developmental in purpose and descriptive-survey in data collection. In the
qualitative phase, the Delphi method was conducted with 50 architecture professors to identify the components and indicators of industrial
architecture and architectural quality. The quantitative population comprised 420 licensed professionals affiliated with the Kerman
Construction Engineering Organization; after questionnaire distribution and data screening, 328 valid cases were included in the analyses.
The instruments were a researcher-developed Industrial Architecture Questionnaire containing 53 items across nine components and an
Architectural Quality Questionnaire comprising 55 items across ten components. Face and content validity were confirmed by 15 architecture
professors, while construct validity was examined using exploratory factor analysis. Data were analyzed using SPSS version 23 and AMOS
version 22 through Pearson correlation analysis and structural equation modeling with maximum likelihood estimation. Pearson correlations
indicated significant positive relationships between all industrial architecture components and architectural quality (r=0.14-0.39, P<0.05).
The structural model demonstrated acceptable fit (y?/df=2.74, GFI=0.91, CFI=0.92, IF1=0.921, NFI=0.901, TLI=0.902, RMSEA=0.057).
Significant positive effects on architectural quality were found for computer-assisted optimization of design components and spaces (f=0.71,
t=7.47, P<0.001), construction-oriented design (p=0.31, t=5.40, P<0.001), controlled factory production ($=0.29, t=3.94, P<0.001),
disassembly and reassembly capability of the construction process (=0.31, t=5.16, P<0.001), flexibility in planning processes and semi-
finished component production (3=0.21, t=3.16, P=0.004), and environmental compatibility (§=0.27, t=3.54, P<0.001). In contrast, computer
data-based ideation, rationalistic component and spatial design, and standardized semi-finished components had no significant direct effects
(P>0.05). Architectural quality in mid-rise residential buildings appears to depend primarily on the integration of design and construction,
computer-assisted optimization, flexible production and assembly processes, controlled factory production, and environmental compatibility
rather than on standardization or computer-based ideation alone. Accordingly, systematic application of these industrial architecture
components may provide an effective framework for improving the architectural quality of mid-rise housing in Kerman.

Keywords: Industrial Architecture, Architectural Quality, Mid-Rise Residential Buildings, Structural Equation Modeling, Construction-
Oriented Design, Industrialized Construction.

Received: 10 May 2026

Revised: 08 August 2026

Accepted: 16 August 2026

Initial Publication: 19 August 2026
Final Publication: 22 December 2026

O

Copyright: © 2026 by the authors. Published under the terms and conditions of Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-1069-5761
https://orcid.org/0000-0003-2951-1763
https://orcid.org/0000-0003-2951-1763

gju/'wocv,,kd;;

Wl iy g (e gilowo) Coln Cuid (930 b 5 lono (ol
o9y b aipule Fofme sbladle ailjloaze Cuitss » o sl
&bl OYolao b Jo

Ol),ﬂ ‘C)l)’?f“ ‘Ol),ﬂ Caxiuo g wJ.c ol Rl ‘d}L.u)Je(i} 9 &olomo saSisly & loxs a5)§ d)';Sa dyui;j\.) b d-’ub)@ [P AY N
(Ugiuno 0w 99) il eyl 05 eyl Camino g wle ol ¢ g5l yod g (6 jlome 04Dy ¢ jloxe 09,5 bl 1% ypoldy Cpuzes ¥
Oyl elid oyl Caio g ple oK1 (g5l s g (6 )lome 0uSKul (g )loxe 09,5 bl 1 oMS] des] Y

dr.vafamehr@iau.ac.ir :J s el 5 S5 2 ot

2Ol g e b s s (o Golens) ol CoiS VL L (glane oad L(VF10) e (D] 5 iy ealis g (3L jual o 1 p skl 0 g2
N=YY (0¥ il gt 5 colomo 3 ia o okl SVobes Sbdde (2 b ad el 5 sSs (sla0lers b &l lane S

oS>

CoisS A op i ls sleailie olulid 5 Ol S g 4 m0be S sladlaitlu llans CokS L) 5 xio (6 lene (slaadlie 30 Olsee cpnd il SRl s
o 3 eslinal b A e 3 pladl ilen— o 5 Laeals Gs15,8 K 5l s Glanw 565 )8 o L 5l aS— oS amel 5,505, b sl Eash s 4l less
JUzal &l shls OLald )8 51,8 FYe Jald oS oy analr il 2l il alilans oS 5 s Sobons slaasls 5 baadljo (sslame Dokl 516 O &S L 5 s
o (S slame 4t LG dalitinyy Jals 2 Sl AS o 8 TYA oSl el (slaesls G 5 Wanaalidin s w355 51 s 45 390 Ol S e iige plli OlesL
A s LS Jole o b3l ols) 5 Aol Olskal 5800 Lo olsime 5 Sose alss S 4o Vo 5 4 00 b 6lilens kS asliie, 5 adl3e 4 5 48 OF L
EPWINEI CHUY el L s ety gldca s 3350 2 e oltle SVolee Ldie 5 Ogmpn Stemed Sl eslizel b 5 YY asend AMOS 5 YT a5 SPSS L Lesls
GFI=+ 4) ordf=yv¥) 555 5l 55 5 sllae 3515 50 55 g betla Jae ((P<e 0 ar=nf=0 ) diils (g lslas 5 Coite ol dilslane CodS L smis (olane slaad §o aan sl OLES
=0 B=er) Hmacle b (P d=2V¥Y B=ov)) (6 5 pelS sladde S 4 alas 5 1) ags > b (RMSEA=:..ov (TLI=-4:Y (NFI=+ 4.\ JFl=-avy CFl=. 4y
Laast b A 55 5 (50000 5 Aol b ks Ol d(P<eieny 07 B=er)) Ctle Aol b (g5lab p 5 (il DGl Py d=rat B=eva) odad 28 gl I8 4 55 d(P<eeny
(slably glaesls blow o sxe (g51s peal 1 flie 53 cinils Wllane CodS  (olsbae 5 Cute S (P<iin) d2¥0F B=r V) Sy daee &5l 5 (P=voof d=ris =2 x))
" pr RN O 400k G5 bl dlilane Sl S Ll das o OLES aasl (P>+00) 54 Slslas s luleal Sbealags 5 balad 5 12 Sl S b
e 85l 5 Gl 8 U S Glge 5 s Al g pboilanl (gl leang wwrtle 5 b (Ko LK 4 (sl anls libly (ls el b 1l g5l il
3l V.Aljé Ol S ed ) Qfd%ﬁ;&m»%i:sdwjij&x;wd)w anw s Sl Sse sl Ly e aad 3o Ol Ledda 6)5)5‘“. (ol by sol anals

o Sl e tle b ol OYoleo Lo i poile i3S slaglostla il jlono CodS (i (o olese S PRNCY

Ve 0 Cudgdyl Vo il ) o)l
VFe o1y VWY i 6,550 2o,
VE D olaye YO i b pdy fu )b

VFe0 slape YA 1)lisl ool

VD (o) i olys Hlasl

ooa®

sl 43,5 & j90 (CC BY-NC 4.0) 2165 b sollae 231 s yiwd & )ygots dlio o) Lisl sl odiungh 4 3laite dllin ol i) 5gis oolos VF+0 © 1pti 3> ¢ joomo


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-1069-5761
https://orcid.org/0000-0003-2951-1763
https://orcid.org/0000-0003-2951-1763

/

. 17 Juu
o b ) pilex 098
U//L’/’U//W”/‘Td{ ple o ko
N~
PURYYS

S bl sl (g5l o Shes « plis CatS OF 53 45 Sl (gl o 358 o o gmims OLl L3S op Sabin 31 SO aSST 2 053l ¢ Sms
5 omd Sl pn SR (b Cussdone (i (S 6 ed aner (Rl S e g GO SIS L Olejen o (S5 et 5 L
el el e s S L Ctle s b Gl slaplss (s GLOE & g S ey s sl bR i sl
23 5 DGl esdle il llae (S 5 il el Ll Sl 2l LIS SsSe ladol sl o B el 5 e
lalllae Al 51,55 slor 5 e sl S b (Sialan 5 ol LIS (GU CeblB cplss (s yilian] cwlslons S 3l anbio oo
3,5 oo S 553 Shes (55 Glaslns ) Gl semme 4l Ll Cle ) 5 5ol bl &S Wlesls 0L Jlezt e lagtes L3I L Jad
2 Soleme 3 pmaadS slas sy S5 e 3 (1) 38 iy OF sl 6w b sl o ol B 1 Olast bl S iSOl el s
S S 45 s dnkr bl Jol 1y @l oS 5 dils AST Olastle s Shoe 5 1l o1l (5mel s okS Olajen bl s,
LQ..:«(M@;LLN»’UJ.@AJJJ\MQ&JJ.:J).Tﬁdk.;\AJLM‘JE;»J\)'\.(2)Lﬁ&ﬁ&om}bé)bﬁaﬁjéﬁfg}ﬁbﬂlea);‘asxq'l;da
S 15 Jal alilens kS 5 e W 5 ol Wil oS Sl 68 53l 4 ol

Golema .ol 0l lea.a Cotle i glse gl (slacus sdoms ki (gl arddS glaans b oS ol u"u@b ajjwjlu_(i;)m:'-b RN
o3 S Slinn 53 g sgie ul el tidls A 4 el Slkes 1 s QTG estla iy lakas 3 aslizal b sl 2o b o 015 ol |y s
e ol Ayl Sl olome b 03,5055 ol 3 3,15 5Ll kS IS 5 S ke S5 sm el 5 o b sl am LS asoleslu 4 s
b Slageai 53 o)l Sl 5 s (alal U S (ol kB Il sla St ok 5 Sl e b (6 IS T e eSSl e
Ol L;<~ALQ.A 5ol B s LS CJJM Olazstlus sl gxis Lol 3 b (golams Wgo ogmslr 53 1) s (solexe Vafamehr ss o 5505
bl Bl g e asolole Gib 3l WIS e $ile sme S das e 0L 35 Cotla g st oy .(3) 3l aST el 5 b
Slaztle b3t L3l e (4) LS bl Ol b Cnis 5 Shes 35 5l o3 slaciad Bl le byt slapine 3l o3lizal 5 J 28
LU e olers oplply (5) das o OLE 1) w63 Shas sla S35 5 olere Glixl sl Olojan ) s (s M55 e
sl wily 5 ol 5 b Slacanal Ole ploendl Ol s 42 ol Jpmame kS OF 3 oS Codls [ madinl 3 (63,505,

o a5 Llesls JLES K (Glo s Glaay i 358 0 OLLS i a5 w0le S sKan GOl 5o sil (K 655 53 e ol Coaal
sl Jpame 555 bl 5 Gllanil [2alS (o5 4 il on ¢l CokS 5 Ll Sl § 55 a5 O 5 5L SR s sl
Obe Jald 4y plaes (ol sla il 5l (S 8 das e 0L o~ Aol i Sle sl s dlis ) 350 2eis OS5
Sl sioliw 5 Slala Lgur.;wfﬂﬁwd)‘bw 6Laa)§\l (Jlie 53 (6) ool OLSLL e L;La)'l.g@&jf'cwl.;jdllﬁj S g bl

}:JAJ[;'-)ls)é aJ».ZA.T:-Laug..MJ.:J).T 6]_1)4&\;]: o) = )3 (7).)«.5;.,._5J5 L;lLC" J)M C}JL") .L:J)J .\.._:‘)_9 L;J,.i.\.l)bg] Ol .\J\n; JZWM



1.0 JWw

. & ‘ z le> 0,99
U”/Lz/)d/k‘”)/‘fdj{ ;;:l:-

(8) ol 035 w5 1y A5 4 lSe 5 ale S e ool (DUl Dledr 5 A5 Aul as0lsle (Sl el Oty slasbela 5 esliad
SLIL &S 55l e Ss SWS1 a0 LIS e Sl (55l &S il als LIS g (S sbml 6l 50 5550 Slagsosld wn) L3 ash raees
Glae 4 (0SS J gazs 05l W 50 Glane 1S (0 Sme (3l x5 pr s (35 0l 511(9) 35 5 Sanles oS (slajlns 5 oslinad Jaul o > b
ol (il Il e 5 503 1S "wf% A 5

@2 1, 0l | CAE 5 CAM (CAD slaste xS cil e S OS Ssly cale 5 olere Ol alaly Conle 0 Jlizes slagsld &b iy
Jos ool iyl 5 e DUl (s3latgs Dol 33l B alaesls a5 3, i1 bl 5 s Sl 5 B 1 b oMbl oS ol L
e abols G bl 5l S s L cotle J RS 5 A8 el edin (b Ol LU S e bl slaslnl by Solens 53 552
C))L,al 5 bl s gl esls asls 5 Slaalses el 8 5l eslatal b b Seazs s (g lere ‘QL»)'VA (10) was 2ol 1y elisle C\jlp Ol
Whilone 5,0 Gl lizs (g5l (s SudS Ll glas & s olame 3 61 5l eslizal (JU Sl LD el osls anw s b glaa S
31 el Ole 53 sy cmen 3138 13 A e Ole (Sanlen 5 ol kil il 3 sl (3l « b s | a3 6 S o Iy
St Kl o Solems 5o Jliams sl s oeeal 2ok A s 5 leaing Gl G selS Sladie 5l dadis eslinal 5 pedil) G,o
L bail IS plg do e S S el (b a5 et 5 S el Ll s s pdlae ol diml b o)l Olises (6 S e
il L b (68 IS adsl et 51 i

i g ae g s 5 sSs Olaztl ol Olaz o Gllail Sl 5 (6 dydllandl Oln «imis (Solame 2l50) 3 g Sloadl e 51 s (S
Gk Sl 5 i Ol oS (bl ol by 0550 0wl g 15l (2 2 23Sl b mend Sps 0 5 Wagysld i ( (S5 00t Jps ol slasls
il Bl LB Lol LT > b sl las gl s g 358 80 3 Shas b 5l 300 Sosb sae OLL Sl e ol o Saw il 4zl
30 06 phlanl sl by o sgie (12) Gl 0 AST b o o 53 o] S dd o iy Doa 5 15 3003 (SKes (Slome Slalllas s SV 5b
¢l >k 55 (13). Hashemian col a5 515 ax 5 5550 03 208 o 50 w0 Sl O ot Ol 055 aal b e L 558 byl )2
Sailaztla & by o Sladllas dbaly ad 53 .(14) ol 635 o) 1 0dia] Sl 4 Olatitlo 2y 0 Sy 6l 3,505 Olses 15 (5 Ul
b bl @ oSl lp Olerle b b Ll e Dol i DGl 5 s olie (50 So iy 4 loals 0L (o S5k 5 BLail LG
(g3l Gl ol o (16) Wls o sddatlis Taoms 51 S50 eslial 55 Shas o515 51 il s 1 Olaztle Gkl 33 (15). Douglas dss 5l
edls (olane el oS Sge bl Sl S S () Cape S Leia Ols e L Ol Gl b A5 et o S 2

bl AST L Sl ses LB 5 pdicillanil (mmis Olezstla (65518 ool 48l anmn 5 55 (3l BB 5 pTullanll s slags)std 3 2S5 0l
ilsen gla sy oS 5 o bl 5 Ve Slaptene 53 (17) &S e 155 Sl ol Tl b agiis BLSI 5 5l sdone eslinad 5 ($3laldor s
55 b i @l Sl eslizal L(18) 554 w213 o5sn Sl Shs 4 e Sl UG ole 5l ool s o Bis e KlS s S

gdjuwg@yéw\(ﬂ_x{;ﬁ,w\ub olizs pb ol 5 cwes J xS ol ce 351 &ug,i;jw,uf}tgcaf&uow}'u



/

. 1948 Jlu
o b ) Pale 0399
U//L’/’U//W”/‘Td{ ple o ko

N~

kS S 5 38 Wy (Sl OSGl oS ol sllan Glo (g3l Ml i nl 51L(19) ol wils OT 3 )18 sl b 5 s o> ]
LSS o) €lsleme kS 1 U1 s ge S0 ol (See 48 e ol Sl o by Sllanil g g5 038 ssdome 4 ST Ll sdas 5150,
33 35 S Jm s il U SRl Il Bl e Jal e BBl b (olers Jpuamms IS (g3les Il 5 () g3leslilah Ol opl ol
3l 3 gl | L;,LQMC,;J;Q_@S@IO_(MM”&,&:}JL&\Q)F

Ll g bl o lid e Olezs b b5l ol 0l s Olext b S ol (glajloms 31 (SO a0 ol slaans 53 55 e slaes Jn
s 3 Slas 53 (Sen S350 5 25 (3sb Geend (61 0 A5 e gl Sl 15 s OLES 1) el (glapitmns 315 glaboly,
Lol g g Pl it Sl 5 (b Slaanal o ez e DL o 20 Al B 5 SOLSL b b Ol s 4 adlllas 0l B Ol
53 D s Sl 5 Olaz b 5 Shas 250 5 3Ll (sl 5L (20) LBl anils Wlowy A5 5 mlie ez gl Jadildy glaely
sl a5 3 a5 5y 50 s e bl 5 L Olatle (50 Gl (solere ot slas gy 53 (21) AS o e o 1y s 4 = ulide
ol Dl bl 5 Jases Lol b el 3 Wl e (5 olens Gosly & Aas e Ol S 3so b sl el dile L Lad ged ooy 5 g0d (5l
- LI ML N R o e e S o e GOl 53.(22) 555 e sline s J>ol,
S esls bty aes o b Olastla Gl e o 5 e sk o(S3luldr Grand Sl llas A 5

Sl sSIoS tas o 0L o g ($lems Slalllas 5 S (i ynd SIS 5 el o Ko 3 ain 31 s Ol 5 el |y &l slems kS (55518 el 3525 L
23 e Solane s slapllss e Az SLjesed s Bl ol llas ( plas Oljle @ by e 2l bl Jols e 5 5006 R
el asllas [(23) Wias § IS5 558 slasli 5 ame ul o5 4 el 3 Olos Ik 53 o8 315 AST Sl 5 aadlje el r 5 (olors
o sl 53 .(24) Wl L8l i S g Glate 5 ol Olesle 3168 das e OLES 1y St golems sla S35 5m s 50 ) e Jlabl>
(25) ol (3lann 5L O3l 5 o pa 51 b gl S5 Sl 53 45 A o 0L St (a5 (olons Sl e Ol BUS,1 55 Sla p 53
4 by Sladllas 5 (26) 5,5 ST lailawe sla S5 Sk 53 bl lad Olosla (28 1 o3l Okl pliss silane Lol o 55 012l 3
Jols oz rimman (27) S o 7 lae (S sne 5 53 1) Jome Sid b a5 5,5 i Solens S Glis oty (Ses wnn s
bal 01 .(28) ol (S b 5 sLOlsLe 55 Gliges Jalse Contl ediasOlis OLdisle glisy (Ss (6,8 IS5 55 o st Soloms (> b 1 Ji5a
S s Ll i b Gkt b bl 6ok el 50 e Sia b5 O e Sy Sl 4 LS (Soleme 350 O aio &S L g o 530k
e

3550 58 by Sl sde eslizal 5 2 3L & bgrye Slalllas 53 5 o At SOl & 5 sk 1o skiant b Lama 53 S ph 5 kS
Sl Ol 03155 6l 3 2 el i Glags 20 4 (Sl glaolan b dudal (208 ks 5 S slaslas o5ls rags ool 4 S )3 4y
3l glel ile Jle pd ge (S sla Jin a5l et Sl ekl LS o iaeen ((29) AS e a2 ) L a g ge a0l 5 il (60 Ses

Ayls 513 ke eslanalil o5 53 Lo s (Dlallas 0 .(B0) sl esls S8 am 5 S e 3 1 oles lac b b Dbzl g 5 O S 5o (6 e



1.0 JWw

. & ‘ z le> 0,99
U”/Lz/)d/k‘”)/‘fdj{ ;;:l:-

Gl S5 5 Cosn e b lantle BLiolaS sl Sl g 5 iS5l Slos (5l 6,558 5 3 Shes i)l & tias Jol ol 3o (g 15 e S
o 2 Sl Ol g 03 S oo sl il Gl s L5 8003 ol Comal 5 s (53l s 5l 0 ol 350 Jad OF L
Sl 315 5 S sla S 5 Kan b o bl slize Sl

Sladllan -l ol ot (S35 s 5 (s s sibme ¢ Sn (ol 5 (S5 g b O man (5,505 Sl L a1l 6 e slacils s
5 Sl sS (sla ool 5l 515 A gl (Ses alies 4y iy o5 Wlesls OLE (5 gt 035m0 3 SAZIL 3 K el Slacaler 0)ly3 o]
sl s wlag el 3 S s, el 1 5 3l 6 e skt lacil 3 S lacbin o)bys (6503 sy (B1) colsdul OV o 4 x5
S ek (6 dyillanit 5 oS et |5 (ol Lgn BB inio Silone Sl b 53,5005 e -32) ol 03 5 AST (Kes ali (slas sl
Olee (il 3 5 4 pallee g pSimn (sladlazst b il ial gt ol Dl ok 4 g S ey (6 (5 b B Ll 5 VL (5L 5 codS J a8
Glacil 31 gyl 53 5 S 13 L dsles sl gl 3 J 28 Ol 5 SLasl lide e 3L 55 40 oS1Obe 55 e L3 sl 95 5 Gloss s el 3l
Al (Ks 5 sl e sl S e

53 a8 ol plaadle 85 Ctlid oyl Cuenl anl Lo Gllens CuhS Gl 0 diS el 353 (6355 W m s Slagsl sy Jl ol b
(S5 elS Sladie U 1) (g5latingy A5ble caadl 3o 5 1 ol SCan dins 15 30 o 1) ol Jpmame CodS Al 5 e bBls tmio (lere gl
Sl s il il CudS b asiie BLI1 55 6050l 1 s Gllanil L (5Ll 1 5 (s3luldr Sl s d 1S sl S W o smectle o b
oo & IS 5 55k b o Glaioms 5l spe Ssyd psdsn Gmd s SIS 1 ol il s b gledanly Jalse b S 5 00 s K3 Fp oS
ol (5568 it 1 dies nl 51 s S A o mge Dl LS e e | &lilane CokS 5 axis oleme slaad e Ols Lailsy o b5
2L e Slead e Jue B s addse ol (gilaam LSS Lol cles S s 1 s050 Soleme b Dl (g5lems ((65l0L ( smn A 55 (6 diillan]
Ol Lol QL«)'(,A e Sl bl OVslas Lde 51015 e Jde o s asls el Glames cas QLA S sadlet b diljlane oS
ChS 5 S Jolse oltle Lo a4 amio Sl osld ho 5 bl e 5 s 55 S ealitad Cilisie laad o s a5 atig Slaojle
s S

S Sl o cle s (Hlb e ) oS5 et Sk Gt (S WS o GRS 5 0L S e 0 ol s (ulal
Slosl s 511 5 pe0lke G sS sbadlaztlo Jaomacns s 5 oo (US55 (62 Shas (3 S 5 sl 4 o S el s 55 Ll
L;J.i.lig_éUa;dlgL’JUmASJSBJMWHA\:QLL}\)J\QJ}SJQ\JAJLG{JJLSL;\J{J}SL;LAW‘_g‘Yl{;,‘?éJEQm}bdud)jtéjd)‘bgwgkﬁf
5 O (553l Ole L) Lot ol 3 | Saies 5 s $olome Slalllas 5 L5l AT Olatle jos Jgb 53 5edd Clllb s, s s ndiGlbl
Sl Gl Ll 5 e cttﬂqdjf'cﬂlgn)ug_é&.«.}ljcﬂjcsn A3l gmeo) s o 3= dw Cpol Q:\:;\ﬁvﬁ)w.mywﬂ B @)&Lgu)ﬁ\
Copbe GV kS 4 bt Sl ol Olseas e Jos Ba Ol sioas & s (Slons ool (i 53 A4S ol 3 o (Solene L5 )

Db A Jaome Ll 2 5 01 Gl @ 505 o Sl s eddd 28 A5 OSG! (mle g



. 1948 Jlu
o 4 ) Pl 0199
U//L’/’U//W”/‘Td{ ple o ko

N~

Olsen s 5 Ola S e 4 pa0los 5 sSms galazs b €l slans kS G551 Linis (lans ol ge b s bl Ea55 Cods 5500 )
S ol S¥slee sbde 3 esbinad b baadljo onl 51 S5 a (g 1083
R D)

A5l Sl 553 218 olalan 505 53 s i 51 s cnl A8 plnil S 5 AS i 9 Juld il 5 S0 Sl eslinad b Sl ey
Js.;d;su,.u¢L>,u'\L;)L—,;Lwov;wf_gd.wmuwpwsu:sw;as;ﬁJ:d_uﬁ@;jnjg:iuj,,e‘wj;wum_g‘um@,h;af;
SO Jald il 53 oy 350t A b Sllons CokS 5 o Solons slagantls 5 baailge ol sl 5 Glalis G b rask
113 Olslial o5 4 ¢ oy dke s 5 oKl 5 O g5 oKl Lalﬁ\q,m}v.m\ixu Ole S b g oKl (glere (SlaodSiils (g lana axdy Olsliu!
olere b Jas o 0315 pa b (slaslSus 5 omslm 5 s slajta s oy Il ( AS Al o )3 35 (oloms (o5l 055 L3 e dilu 5 jawss
Ol e 25 9 OB ot oBs il (sl adsl el Jool s elil 5 A ) blons kS 5 Sl 5 Hb b s
L O o Dl s 5 L3 Al 3o S 13 OB s 51 a8 00 Sl s e maes 53 (5 S sed Sl eslinal b s sy ool s el
i gl a8 i Gl Sl 5 ek esee Jie s Sl L e ol laantli tulg s 5 3l sl (6 gLl 4 st
S 3 se g o Bl el Sl 35 Ol S e potige ol Olaslu Jnil &l s DLl 51,8 FY e Lals (gLl anale ¢ oS 2o 53
Pla s Sl 93 s34 ssr s w5 LS as § L s w;gﬁ\)gﬁéljw@;fj\a),‘;})gm (ol SV¥slae SlLdue s
A e Kl n e e 5 ol DV3lee e 3 Wsad e 05 il oS il SH Al nl b ds s 8 YAD S 35 pe 4 gel e
)L:.b'-\);ﬂjﬁduumﬁguumﬁfﬁwUlﬂJAUQMS)'L.JLA:;-\A{4:_-}7LgW;;ﬁg)\,ubﬂlé&é&\}él‘;u};ﬂ\)gs)flﬂgéa
laasliin b il 5 baesls ad sl oy 31 ey 5 A 0ils S50 Kl g5 a0 aslidin ;o YAO coliad ol 513 8 515 ol 5 ol g OLulis )8 51 a3 ¥V alas
.xmwuuﬁx,,;ﬂ}?gw;;,tj&@.u}.,;g\y‘g,ﬁrm4,.J,ﬁf6ua>\hwélﬂwuu;)\f}ww\J{uﬁa&u-@g‘ﬂ:ﬂu

e LS o 9 4l Gl Slaaslidin gt (Giash Jde Glaasli gl sl 5 AS Al e oSS Sl ey Laesls Gosls S slajlsl
JAL.':}JW\SL}S Laul;&l;dkgt.,aj;‘d)'\;ﬁ.a_h_lw}» M@J&Jw}‘:ﬂ ;_JLE);a.ufOY')'I Q;lmja‘«S;ﬁwww anliion ool 5l
,,mg;;'-ufl,b‘ﬂ;vquéjsmlsdw.u&“se_@bL;uuzj\ﬁ-\%J,ljb@;vyuckéuLAJIF\d\;;;.@.bb@;?
5 St b hd Ol SV ol ol syl 3 5Ll s (3Ll OGSV ol sl 2 Sl A SV el b sl
35 lome oS aoliiin s cpss Il g g5 Y ol s o b (5l 5 S Y Juld Il slanitlags S 0 ol baatlueg A 5
el e sS VLSS Gl bk el S VL e ol Slbas el Joli bl g ol ad s adlfe Ve B s 48 00 el S
Gl g @ S 7 Ll glaslas 4 x5 @ SO L catlo wups Al W SV L cale co e Rl S8 L gl ol glaslas

..\}:‘,{q}f\‘l{dla.?ujai\riﬂlﬂﬁ&lilijﬁjsjqu\‘Qu)ﬁgwwb&ﬁb‘q}foL{M}Lfmdu)gug@jmwffl{vb?m



1.0 JWw

o 4 s Pole 0399
U”/Lz/)d/k‘”)/‘fdj{ m:eeu::-‘v

sl ol Olo3l Jlisl il (lols DLWt 18 sl s Ll 5 A planil o S glaz 3y oliie olal oty 93 o (slaar 8 0 (o Sl
3 5 S8 3 oleme o5 Dbl 18 V0 et s baaaliion el and (ol 5 oo 2las o sbes A S 13 0l S el
oslized b 55 ol gl ok Aol Lyl alsims 5 )50 sy dae S lsimn 5 Ol s 53 5550 DDl Jlasl 5 OUT sl Sl i il 5
53 ol sl Sl alul ol SL slaa 58 5 wad Gl ol ele 5L gbls slaa S ol b ol s s S ey SLEST Jele o
Lol alhlene cudS anlidin 6l 5t ATA L ol axis (lams asliin s 6l KMO (6515 5 505 oS o ls s ey S by e slaad) 5o
Jolos ol 5 (Stan o 5l 03 il sl oY Aalpd 48 s slslime v e a3 Il 03 s (sl ALl s S Dpesl s el s 4+ AR
Bl o (lons slaadl i (sl 5l S GUIT al o s o 315555 ST o 51 szl L ball s Sloas 5 ol oS ol |y hale
slade KaS o lea slalad 5l ag > b o A lea slalad 5 1l 6l S5 5 =1 b AP 5 5alS b g aesls Jos sl 5 (s51s et
et Ol o VPl a5 3l s s3laldr OISl o A s 28 glblS A e VA 2 b Gl el b o AV (6 5 S
Sloadse #lis S GUT ul 5 pmma 35 ¢ VA gy Jams b (5l550a 5+ 570 5510kl (slaasslugd oo SPF Laast L A 55 5 Sl il 3
ol e Gl AV sl ol slasls el o VAY IS Loy laslns sl 0 AD e ol slaslns el ol Gl lens kS
eslie STs AT G o Glaslre a5 AV e Slajlas a5 Ve (Gl Glaslas 4 a5 o AT Ca bl a e JalS e VEe
A IS AV Jase Ll ol 53 oL s eles 5 0 AQD ey S 4 s
Jebomi 4 525 5550 YY a5l AMOS i3l 5 5 VY a5eus SPSS 13l 53 5l eslina L Golwoslal 5 23l 5513 5 5 L brasliiw ;51 Lol (glaosls
O35 oy ol gl sy r goltle OVsles L 51eslinad (gl p‘ﬁ Sleas s ae b 5l aesls o Lol la Jos (gl ol 51 oy s S5 3
Sy s S J s (53t onl gl SV Ol seas L ke (g olslae a5 A esliial b g ey S alS O gl 1 e e e i s
3 R nsetn Jde O gn3l 5 skens (s 138 bl O gy (Kian o b 3l Shlars CokS 5 o (olane slaadljo Ol ad sl Lal s e
550 S b ol SVsles ldie w00k 5K sailatle Shlans CokS 5 gneo Golone laadlie | S o i il Oljs e
b eelS Ja i aesls Llow slie o (6313 el slaadle 5 150555 ekt Olgeas 6lilans S (golirle e 53 A3 Ll ad pledn s
wdad 55 Il W5 b Sl el (b 8 sl sladde SaS @ b slalas 5 1l angr (b o b slalias 5 1l sl S5 5
Oyt s lams b (5850 5 2plilil slaasrlogs daaistlugd A5 5 (ol ol b i DG ol Aol (5l 5 (g5l OIS
53 38 s Jali 351 sl asla 5l (glas semme coddodaliv laesls b die L3510 o5bys oslias (gl Ls b S 15 55 1505, sl ki
Slaye 5ls 42 5 G IS5 ARl el (Bl Ga L el 1 pa L lanlie (35l atlE Bl 55 et ool
0l Lkl s ol il lans CokS L inis (olens (baadl jo 51T g 5 Sl e (gl e 5 S 13 aslinad 5550 5551 5 (gllast

A a8 55 (el (6 S el Do Dlgieas 100 rhaw 5 A ilons s 8 4 by e (gol3be i 5 oLl 3kl (lat



/_

" 1F.0 Jw

o b ) pilex 098

d/b//,djc'//’/‘cf £le> ol
Lail

35 3,0 CIVA/EY) L8 XYY 505 (AYAOV) L&AV ¢ 288 513 s 5,30 45 Olo S gl wdigs e Oleslos sz OLLLELS 518 YYA oy S
00 B YO oo (/Y /XY ) e Il YO B YO o (OF/AA) « Sl YO B YO o (VYY) S 5ls 0L Ol )5 ol Cmazr e Sy s o mizeesd
CIXINY ) 5 el Gsp amsd S slls CLYYIVA) ¢ il lassd Sode shils (7 VV/A0) pizmans L3 g L 0O 51 2y (14/¥0) 5 Lo
ekt il b CIFYY) Jlo Ve B0 St aiils L (VV/0F) ¢ I 0 51 5 S Condst adlr b QL2 (£ /10) s g 185 s Ske (51l
g Jle Yo 5l s Caedst 4l U (VYA ) 5 Jle Yo BY0 Cosdts 4l L (ZY0/8Y ) e JL VO b Y s

G 3 S b asls G 4 e Ole (sla Olatla s llene oS ) nio (olome LT &S g5 Dl s 1 5 sbate 40 45 ol S5 0LL
bl S¥slen 3l oslinal (sla 155 St s 2 sk 4 e Sl ke 3 O3 dlo S adgsde s site i eslizul (ol SVe ol Jta
s Sle it eled (5lslan o das (o DL (1) o jled sk b o (238 15 ) 1 2550 (KS) G madl 58 50l o1 51 sl L
el 513 e esls 03 Jbo 5 b opl by el +/00 51 VL

R3Sl e B g el Sy £ galS 0 g03T uls N g

&olsbas lis Z i ) 5o Ut
ANG \/YY Sl b b osls o slie 1 (315 5 0k
¥e s o slalas 5l 618 s 5 b
A /YN Sl sl de s 4 - b glaliad 5 Ll g~ b
A \/Y Cb Sl e sl b
VYY VoY okl J 28 sl Al Al 5

oA \/Y0 el anl 3 bl s sl Ol o (S olans
XY V¥ b atlo o a5 s (S el T i OIS
s VY skl gl el o
Yia +/AY G e L (6,8 500
e /0 > 2l slaslas b
A A S bl leobae b
Yiks VoY ol ol sla sl s
o/Y /+4A el Co il

V¥ VAR cole aysa ials Whlans 2etS
Y Y ol laobas 4 a5
“/\OA ATV T
AREN VYA Gy s Glaslns 4 a5
Y VA L 5 4 e ol 2ST5

AT Y/40Y e Ll bl 5o oL s plse




1.0 JWw

T C £lex 0590
S s§hers i i

sz 31 ol ol mio (lans sla 4l se alaily oS 513 0L (V) olad Jador 55 a5 055 (Sla ite o O gty (Simrad 03051 =k
SaS 4 b glalas 5 il gy (1B (= /YT (P<e/00) # b (slalias 5 1l ol 80 2 b (= /YT (P<e/e0) 55nalS s s esls oS
OGl = +/YO (P<e/00) odd J 28 i)l W55 o= 0 /Y0 (P<e/00)p b (sl ) some b~ b o= 2/ (P</00) (65 5slS sls Juts
Gl astle o = NY CP< 0N wtle o5 WS 5 s wel Al s Ol (= XY CP<00) ol anT B bl s bl
Ol L aS me cpds sl el sdalin lalias 5 e dhlens CuhS L (= VY (P<e/00) s oos L (LBl (= 1/VA (P</00)5 1k
S 5 XS o ey il 5 il slens CodS (ms (golens (o adlgo Sl S

S g S it e (Kheed Sl Y Jgd

\E 4 A v ? 0 ¥ Y Y \ b 48 50
\ Sils el

\ e OY 15 5,5 b

\ e YF e OV ol g 1LY

\ s FY s YV #0.Y) e ctle LY

\ s YA 0 XY ETRRY AT BV g (O WA

sds J xS

\ EXALY ETALY w0 OF w0 VY #YA 5 lelis OKls

S$3bebn

\ #0 XY TV #VY #e.Y) #YV #0) Al olly

S waly

\ #0 VY #2050 w0 VY #e XY #0VY 0 VY #IV gl amle SA

3l

\ #e Y0 #e.Y4 e VP 0 YA #0 V¥ 0 YV CIAN #¥ boews Lo E5LA

)

\ 0 YY #o VA s )Y #0 XY #4050 #+ Y0 ETAR #0 VY #0 VY Lhlars S Ve

M}du}l%&@ CM.«)JJ)j\julj)béjbbg)y}bud.hul}))\ ml)wgﬁsw)lfwd)wéuwfjguw),')}la,.u..

A bzl S5l gls astls 3l el b S S0l 0350 colin pens | 5hiate

4.:3'}& QL:.A 6\.& b\.a.‘.'"\.a): Asi)kmg:,.,&.zsw,lﬂ‘_;w‘_;)w‘_;u wy,;l: d'hd’z).‘l" 6\.& u.a:'-LJ A d}J’.

Jvo:ys SHe C)lj',:a Jde JL‘J.lJ.' P
ks 5l 5 MR RFARHH OVO/NY x?
ke A5 Y5l S L sl YVE X
af

st 251y LAl R A (GFD) 351, o555 Larls

obls 251 LA A «AY (CFD) ey (gl amlin 350 jastld

ol 51 LA A AN (FD) sl Sl Lasls




/_

w 1940 J

oy ) pilex 098

J/L’//,djc“/’/‘,"f £le> ol
e 25 LA R A (NFDoss jbma (33, als
st 251 LAl R AnY (TLD s} S5 ja=ls
st 25 L0l s oy (RSMEA) 5,51 sllas Slay o :Kilio a5

s=tls NFI= 0/80) ols s 351 asls GFl= Q) 5l oS0 asls « WAF=YVE aalllan ol 3 ols LS (F) o)l Jsdr ol

sty sl Slaye Sl aiyy 5 IFI= AYY il S5, sasls TLI= &Y Lod S5 Lasls CFl= VAY Loy o) alis L35,
sdaline gla pine 4y Olgy sla e Ll O 5o Tt sl odls s JKs g Sl llae (551 51 Je sl by ol RMSEA=+ /v 0V
Cins e 53 01 oy 3L A 51 5 S e el 5 ool 5 5 ks o (538 U ol L ol Sl s 30kl ole 5Lk Ol ot
) ol e L 5 415 S 5 e ) i 5l B e 8 6 Yy e 538 e Gy 35 e S
A3l o sllee Cuny s Whlene iS5 e (Golane sla aie sdaline LB ol il g eled ) ojlad S5 53 ale L pislie 4 as 5 L (YY)
wdl 5 6 lens Sk it 5 s (Solame Sl 4l e Sia a3 nl 53 ol ol i [ 355 Olgy (sls ke Ll wdl i g DISET (gl ke ol ol

S T plels 1) azig gl Jole Collas o 4

x?
x2
o5
o=
xz -
7 Seasua
21 1
T Yorm: bezaut
a2 V= Syar Boves
Dozt
conastrciont 3
> =o'
1 = V5 Corstactio P
3 e s
22y F WO ]
2 Fovrar Ice 3
Py £
x5 S =7 vioar et
7,
> e viosr emtal
Yo
= T
=,
2rd dura i,
e
2y
X7
x=
X9

d|)k~s%5ﬁdwg)w6hwyﬁud.h.\ JS.’-'«



1.0 JWw

o 4 C pilez 0290
U//L///)U//c"‘/)/‘fd{ n:eeu::&

X, X, Xy X, X, X X, X X,
Lol gbhasle s o O OGl abls s cole (A e S b e Sl el
G § Jaes sl Wb, awls 5 slellr sl J S s gblas sl Il gl Sa 2 Ll gl
Wy Gl Jdhe S 4 b la ool

be alos oo cole wgl b

A e it ok 5 Ikl Sl 1.0 Jgu

Slie -P t e Sl glast s llkad byl s fazyls
+.Y4 AR vy ' 0 Sl w5 s osls o sl 5 (g30s el 51 Alers iS5
L) L Yas Cay Y Cb slalad 5 1l 1S s 2 b 5l ahleas kS
AR v.fv v A3 Sl sl e s 4 - b glaliad 5 Ll gy A1 5l alsless CiS
eV 0¥ Cay o T sl s ol b 5l Kllens S
eV Ta¥ Cay ALY ol J =S ol b8 5 51 6l lene S
o 0% oy X catle T @leb 5 @olelder Ol 51 6l lars St
RS £ AALZ co¥ “ Y b atlo o A5 s S0y el T i OISl 31 &l leme i

C¥Y CAY oy 0 3kl (sla ale o ) Wil iS5
CERAE S Y.of oy YV G 3 dames b (68500 51 &l jlans kS

Sl ke s 1503 OLE gl Jaa 51 ol mls (0) o)led Jadr 53 inio (Solame (sba adlsn 058 (sl e ol D 15l e
P<ei0) 2k sl s ctle (b B =Y ESVIFY P <0/00) (g5 peelS gls e S s o b slalas s Il e b Gl 050
t=08 (P <) cxle ol el s gsleldr oKl c(B=e/Ya (E =AY (P <e/0) sad J S gl S8 W5 (B ot =0/t
=YV =YY (P <e/i0) s e L5 (B =YY =X P P <0/00) s sl o S s s by Aol b ks Ol e (B =2/
A sdalie lslae 5 Cote dllons CiS e (B
SrSamt 5 Loy

3 ol ol 15 plonil Do S a5 4 po0n 5 pSmn a0 Wiilams Sk Ly inis (Ssbems laalie B ) ot L bl s,
Cald 53 (Stod ol o 5 513 (Solslian 5 oo alaily 4l jlens CodS Lo itess gl 03 o Solane Slaadl e alel 4 sl OLS Sar
Waail 3o sl 1 0lasen 0SS 51 g o 315 0L 558 Wl il 51 (55083 s (o5l SVslae plidibe el ool las S 5150 ¥ L e N Y
OBGl i 25 Gl W5 b sl el A1k (65 50lS Gladile SaS @ b laliad 5 1l wp (Hb Jold adlje 2l LS

CokS bl 5 Cote et Sl ey Jae b 5L 5 st lad A5 5 el Aol 3 i Ol b dul b lel s 5Ll



. 1F+0 Jw
o b ) il 0399
U//L’/’U//W”/‘Td{ ple o ko

N~

23kl slaast s 5 b slalias 5 1l 61,555 b 5palS s Laasls oo (sbon 1 (5315 oyl paims 3 ¢ blin L3 0l 46l Less
A NFL e avy b ol IFT QY L oty CFT e 8 L ol GFLOYVE L xdE ol (e 351 gl e ls e 1350 lsline 6l jlens kS
b X ol el Sl plan 5 Jg BB 35ln Sl Ba s e sie e o sl OLES 0OV L 1 RMSEA 5+ 40X Ly TLL ¢80y L
3l S LS 4 dil (g3l il b (g5 Sl g s salinal 31 515 oS s Wil |y allene CkS W5 e Sloj gmio (solane oS das e OLES
S5l e e SLII g (6 pdiClanl (ol ) 5 o b Ol

3l g 5 b al 3o cal 351 Wil CohS (85 seelS Sladide S 4 b slalas 5 1l g b S0 4 by e a4l o Seee
Whlans L33 o iie oy daws g5k 3,08 48 ol OF Sl (gm0l 0L 1305 2 sla uite _osled Ol o (PPN AT RNG
35S 3 eslizad 355e ol Sk 55 Sles oolal laas Lol dimd adls (latigr Gl s 45 15 o b iled e 5145 S e sl
ol il e Sl 5 b Ol W g 3wl 53 CAE 5 CAM (CAD (slacs sl [id 5 Jlaes (ssless o5l 50 a.L.f:CJlgA sleelSs b oasl
S Sl OF r Seaz s S (solorn 5S35 e (10) 458 ol b 1 A 5 Al by (| b (laesls JUasl 5 ool ¢ sl silad e OISl Las ;5L
S35 o lane Sl S1L(LT) 555 4 3 )15 @ g slaay S 0 olaes 5 b sitate sl e Olejes )2 6l LTS e Sl O 5
il B) 3550 eals 1 Lzl 5 b 538 IS Ol 55,8 3 (silens 5 ol Saalen Cadst 53 o8 S o Iy (6 20 el S
slean S bl astle w8l glacussdzs 5 b sl Dliead Ole dlsl 2alS 55 (55 alS sade ColiB 51 50 Ol 8 a1y adlse opl (VL
edls Olazle Calises ol Ol Salen (o5l 5 0 Kl

Goloms CoiS oS S o Al s pl 3ls wllens CukS 5 (g bl 5 e S cb Sl el b oS sl 0l rags s sl
3365 I d ot s lesle piamn (WLl (s 4 by o Slosaal el b 53 0,8 IS W OdSant b o o Sl s il 5 oo
S o Iy 2alS ol Ll golene slaaid Ols (o5l sl ezl a3 5 g oo a8 S a5 53 b adl >l e 5l 5 glacas s
Gl ) se 0 adsl e Oles 5Ll ctle O 53 68 Wl e ol 1y lamtle s gmio 5 2505 AT dse cpl 5 58 imio (Solems Sl
LS ol Ll alin (g5l milin (6,8 80 5 bt 4 Wilesls 0L 55 ol op 5 glag,skd & by e ldllas (5 ,3) 558 bds > b
a5 b Bl Sl a5 Bl s Ve Cotle s L la s pames (4) AL Sales Slens sl 5 5l (b e
Ol plres slml 5 iz i I3 (6300l (2ol ! Sl (5l L el b S Ol ol il (18) Wles S ST a5
LS o @alE | ahlens CodS GBS e A5 6ol 5 Solena o

@l sl 51 (Sl s OIS e 1wl ol el dllens SudS n (ollae 5 Site JI Sass e 3 50 eddd 1S gl W) g
i bl 3585 J a8 QG Gl )8 A 5 5 S e ol 0 di 1S s 4 o858 aie Lo 5l Cotlo Dldas 51 i JWEl e (3l sxis
oz Gl alg Jpame CodS Lls e W5 Aul B pdimnd SR Gk Sl sile e qal B ) Dl SLkil 5 Jlail gladyl b las

) L o g LS SU1 e Saadl e ) Slem b St ool 5 A5 Ayl 3 S S el el OLE 5 s Sl slagtee



1.0 JWw

. & ‘ z le> 0,99
U”/Lz/)d/k‘”)/‘fdj{ ;;:l:-

AT el W b gl 65,5 SUKel e asilole 5 a5 dul b el Cnatl 35 inio (S W55 4 by e Slalllas (5
Wl r 355 ) S sdme JUS 53 o ol 45 Ans o OLES 5o (slaDlo b 5 atstlo iy Slald Sl eslinal a2 (piomas (8) Wlels
& Gl ins S Cl O e ol Eash e ol ol (19) 1S sll g 5 LB sllse cotle as0lejle 5 s watS J xS L
Sl kS 5 (SKoalen (035 e (s I 55k 4 4l 03555 3 5bme 3 il 4 By LIS A5 oS 35 e el (olens oS
B fds Sl

Sge sl el qrn QLIS 4 adle pl a5 R g5 ege GLaal 5l 50 dllans oS el dul b (lal 5 (ilulir Ol e
L o5 o 0553 Jsb U3 G sSKme DLzl 305 (lofa s el Ozl el CokS Jlaie 515 3505 o5Lal 1) gy Sl 5 a5l «s3balir
Al anil B Gllanil Y o ) ol 5o Sl (S k8 BB Slaptes 5 250 0 sins) 62 8 kes il d 5 bags, sl Olsl el i
Ol 5 (s yoillan (sl (b Slallls (12) 3415 AST b Al b 55 Sy oedd i Sose 2 S Sladle GU LB OLSLLT o sgde
sladlastla 4 by o Oladlas 53 pmman (14 ,13) das (i3580 15 Ly 63 Shas s Ll o Olazsla lil 5 5Las Olsla 53 i85 OISl oS Wlesls
5 ploilbal ( gmis Olatle (5,58 L(15) Ll lem Ol e slasls 4 =y Sl eblnl Olsea g S5l 5 e S iy Skl LG
3 U Ol e el ot L3 el il (17 )7) S o 18 Sl ol s e Gillanil L ses bl Ols et dlail; 55 3leli LG
5 el el (IS Ol 5 LS o JidS kS BB et & Sl Jpame 511 Olantle dme Sl se 5 (3Ll B &S il O
s e 5l o Gl

Sl [ﬂ); asly pl Coenl syl dhlene CdS  (gslslae 5 te LM:;‘-LN{..:J A5 5 Smomel gl 3 s Ol oS sls OLES pioman @L"
Sllanl 5 Aol b (g3l Il Olbe Bl b as iy (gle inio ¢ blis 55 . (5l il Bl 5 ol olS i (slins 4 LISl imio A5
Ui Sble 31 3lizal e LS o 5 5ls AST ales e Tl o (Sn 53 jers (S3luitolin gk S 135 Jala J puame
S5 3l 35 sm e3lizal 45 Wlosls OLES 55 agy Smn b o e slatia sy (7) S Lo |y 01,8 slajl uld s oslize Y somme @511 0l (s 5
s 45 Wlosls DL 33 Ol b Gl 4 by e Sallae L(9) il 555 a3l sla3l 5 xSkl 4 s a5 5l Olezl
Sy o n 5 (Sl s Sllanil Glite nl 51(16,15) w8 o fee 5385m ol Ll 3 a0 Sl 53 s (52t 2 T5L s i OISl &S
S gr b e 5 OIS 03 S S s b it (Soalan OGN 6 558 5 olad LB (i & SIS 5 S e S it

Jles Golas (Silane oS aliisl 53 € ol 0T by ame ol 303 0L alhlone CodS (bl 5 oo 1 55 oy Laes L 5850
4 Wlosls QLS Olazl jos a1 Sldllas b gd o g Olele S e 1 ooy aSl i oS b g Slire SO S0 s Jams
slaglisl (20) il wdls Olatle jae sl 55 g 55 JB eddas Gladaly Wl 50 S3L5L 5 o 5 (b (Alas b Lad e SOleeas
(21) das rals s oebie 2 1 e D Wl e canlie glas Sy bl a5 das e OLES 50 Oleztlu s Sles s 5 ileib b ks e

jﬁj&ud)w Soladlas cz)b.a Q.L\)L'S)J (22) £Lols @EWW.@\;&MQW@ &chwlﬂf'ﬂﬂ-’%lﬂ Solexs 4.?‘)‘51)3 L§LA.>J§4_‘5J



w 1948 Jlu
o b ) pilex 098
U//L’/’U//W”/‘Td{ ple o ko

N~

55 0al 53 (23-25) les 8 IS8 S5 Ll 5 oy s Bl U e s5 (55 i 5 oKn b 5SS ) 5l oS dins e 0L
Llos S AST i S s oS (68 IS 53 e Sba s 5 sl ol alse 25 iy (K ot (Solons 05 ekdplil gla yia g
A3l olere gl Saney Ghaie 5 op g (o5l Ol Il dil Ll 5 e gms (oleme o oo (8500 (ol Ly (26-28)

("‘""’""’f‘ Golerla e s cuils St ddaly MlJLwcﬁ:iﬁl{Mbeu‘): 4;__-/5\ S aeelS a5 baesls Lot gloe 5 (508 el ¢ las s
s el Gasw 5 (3ladng sl (sosbd 3 eslanab 5 telsl A58 (gl (558 Sl eslaul) Ol Dosl& Slus v Olg5 o 1y aily (pul 3l OLES (g lsbus
gl & Olomad 5 G 0313 3315 5 U gamen B (6 lans S Ll S 5505 0 1y b slaaiy 55 5 Waasls 51 amns 48 gazms Ll 55 o 5 goalS 303
230kl 5 a5 gl glos 1S slacd b Sy, S (golome sl s Lzl BB Sl ol bids g 5 01l 5l e sl b
b s o) (10) &8 Ty L3I ) 5 55 sladiyl 5 L 68 558 o e il kS a Sl s (5365 Lol (1) &S s 0l 3 )b (slaaey 58
Lol cdas o3 il |y cois LUJ\ slobly glaesls oo g ol WS o sz- 3 0l sl 8L o glably a1 b eylys ash 58 anl
AL axls GlodiS s Sl e ctle aBls slacassdzs L 0T 05 SSialen 5 o) (g3ludgs

S0l 5 it o123 oS 5 S ot i 1y 4t el O 5 gn (S Wlons CokS s (Solsline s ) 5 o b slaliad 5 1l (1 S5 5 1L
o e 45 sl (hmdin o pgie Golons CodS ans SIS Whlans Sk bl gl olgSa s smime (b Gl 505 8 b 4 ST
S Llesls GLIS 55 g s e Gl Oldlas (2) 35 0 Jold 5 1) Glases S b g,y ams (b olos slel o Sles 5 ghie
CelS 55 1l s a30lesl 0 Bpo 1y OF Ol g5 e 5 el (S35 (65801 5 Sim b e ol Jaul b el laie 51 oS 5 ol 350 o lsd Olojlas
O (sl 5300 5 e iy pn b blol Lo o lis Lad oS oS dins o Olis ke sslinnl3l 5 1 Sas) golera b Lo e Olalllas cpioman (26 ,25)
5 s (Gletng Gmisle b Gaman Ko il g L oS dil HIIE N cusS 5 Sl 15 5 bl (Ses )b (30 ,29) e
D3 S 5Ol slasls

S s o OLE dmt ) AR Wlane oSy ololin odie il o (SKiped las 53 Ste bl (2305 5 sl 351l (glaait o meas
53 Szl & ST Ll das il 1 sslal Koalan 5 sl [y a5 55 o 1yl 05 S5 bl (Conss Sk oS el 3 5565 3554y (3Ll
S Llosls DL 5 Sme (3l imins Dl Ll gp SRS oS OF aditn 36 333 e wins 4 2 sl b Gl CoblB b pld 5
e pdome A 5 035 02 28 (Sh1se 0 3L e 2 (Sl g Sllllae (7 6) sl 035 55 5 (520 S5 Olon Jald sl o150 ol 2L
Ol 5 355515 & ppdyillanil 5 5L e o B 3 8 ol Cllan Sloy (g3lun il oyl (19) Wlosls 13 a5 3550 b alapbues i
St 5 3l BB slaolezslo (510 (Bl bbb Las o (glaail b s cpl 33le ool 3 1) Cilies sl @0 o Sl 5 i (S5
(18 17) ol Kalan 35 Vs

Al syl s bgysbe SOl s e eslatad @U ST ) o smee Solere 53 dllene LS A4S das e DL g glaansl § e O3



1.0 JWw

. & ‘ z le> 0,99
U”/Lz/)d/k‘”)/‘fdj{ ;;:l:-

LBl andls o Sl Sl ol 5 (65 Shas (3latl (amar Slpi gl 53 8 ol plaptns p skt o] (S gl S0l 15
355 il aS 558 e Sl kS a4 Wl e Loy g slacsosls Sl Se e 4S Las o 0L | Sl (olene o5 5 Slallle e (32 ,31)
ol y3 &8 LS o ulem o Solare 4 2550 ol ey Jeol- S s 53 .30 29) &S Lis 018 lasls 5 e (s L)
S e el L LSl 5 J xS LB iOlanl (Salen cxle 5 bl p Soa ol Gl @olpl L olg G & (g5l
Slogis Comal cdins by ames Sl Sy 5 SIS SokS (S 5 DLl 4 Olees Ll S Ol S g a5 p0ks sladletle sl il
RETIPERI

Wl L1 Ol IS & anlllan oS i (oS 5,8 13 5 3550 Ll Bl s 5 ool 53 65 331 0 eh plaiu s b ol i
OB L3l Ol ahexr 51 Olexsler (6013 po a0 5 M5 Anl b 55 855 Slaey Sl oBs 5 5 dsdoms Ol S e wige ol Olosle Jlizdl
ol S slaaaliinn s b 5l WS i sleesls 33 AL ey s Dot o Glagtecns OBLSU 5 5 0is,m Ol pde OLSCley
p 5 Sl 3 5m s gxs slag,sle L oB s s lis d..\;..i‘l Ole 2 A:J)LE;}.CMIL_': S g (83 2 L;Laac,.i\:ﬂﬁfl: Jla| by 5 s 6)}“Jj§
QUMW.;;;ﬁl)bwéuwc)uméumﬁ&\Q)\}6)l>ﬂajé{w>)>ou:;:u¢¢aﬁsm;:w)ﬁot{w\u;ﬁjﬁ&hbgfau
Llsy N5 e bl ple glasle Ll 5 (Sin b solail addl Lyl b Suls 5 A pladl 0l S g jasiie Glasle s gl i ey
3l 3 Slas e L3l 5 A edamis gl 5 (Sl Glaala G b Sl s cnl 55 whlens oSl 5o 3L S S s e Ol
A5 a5l e )3 OSLL ol 5 1l Ole e a8 (6551 O me Jile slaaie 55 el 2 slaglez L

Sl 5ot Ll Lty (oIl Ol e B dns 513 0 ga3l 550 osline saddl Ghlis 5 s gd 53 1) Lol iass Jie edol Sladllas 355 e slgnin
3 o Slakad QS 5 OBl Oladige Ohlams ol as St slaaised 31 ST Slidos 3 sl Cslin (piomas 555 o) Jle oS
Al o 51 0T sl s il saolastle s Jsb Slalllae plol 1338 asiiie dhlons CakS o)l Olakicsd sBis sl b 358 ealinad OLSL
Ol e ile pue (sla a5l 5 04 e slgdy S vﬁ‘)ﬁw Soleme Ddads Ol S oyl (65585 dalgd Llg o ()15 e e s F Ll b &b
Je 355 (Shal glapasli JUS 53 55 O1lS b, Olpee 5 Liad i Sl (eSS w3 (5551 B e llias &y Olioe  olg w3 oL
O o oo (b o5 les 055 03100 (sl (s £ Jlizms (5L § 5k Ol ez 1S L 5 il sl pite B e s
Sl Sodas ly CudS  gxe olers sad 3o (6108 3 8 55k Wl e 5 adlBl Ll i

S G 5 o 51 Dl (slags 3 51 ealital s o0l 5 sSms slaed s Olpike 5 Ol b 358 o sy ¢ Jtiasy slaasly Ll
T e 5l s a5 Sl ol (555, S sl b gy b b Sialen 5 ol ol (s3loings (1 65 00elS sladibe 51 503
wdid 1S gl 8 laptas dra s A2l D135 (6 e 5 o MSUS S eige Gloms Ol pates LLI1 5 53 3505 Golers (6 S el 53 (b
Wl e 3 S S baolestlo Bl Cobls 5 kS il 4 Ll g5 dcilanl )5 sladnl b b 5 3lulir 5 31 5e LB (sl 51 eslina

DS S 4 S mly Ol 0 3 me 5 plab o155 4 353 plol 5l slagioes B o 5 pdyoilan] O oy il lalss (55 lled



. 1948 Jlu
o 4 ) Pl 0199
U//L’/’U//W”/d"d{ ple o ko

N~

)‘)54"}:3)3“;—*"’6“&“"’:‘"uw‘)"f‘ﬂ&d)l"}jrwj‘-’é"lé‘g‘fdw‘gﬂﬂ)#"“ﬁ‘éu)k*‘;ﬁjALM;}:M5}":“’)"""“

S5 e a4l w0le S sSKs L;LaQLg:;LLﬂaj\)LWg;,é.*SJUU_QL;LEJ)Iga&p‘&uwﬂviﬂ\ylg@ya;&juwbx,ﬁ

s S Ll JL&J&U@MJJ oled e ol UL)KJ);

@‘:J.G K} ’Snnd:'.

338 g lapds 5 Si5 Wil b bear Liasn cal e b s oS LS eles

c%l:.a oo

21 3 gy adlie slaS aﬁ@ﬁ ol asllas =il 53

u.“.a Q'a.l.q.'»

G| u.,\.i:; C,.in) ué‘)’b—l d}""ﬁuﬁ)\}" &L&: ;}“‘A})—i k.)-,-‘ rbu‘ BE

Extended Abstract

Housing quality is a multidimensional concept shaped by the interaction of architectural design, construction technology,
environmental responsiveness, economic efficiency, functional performance, adaptability, and the social and cultural
characteristics of users. The increasing demand for housing, rapid urbanization, resource constraints, rising construction costs,
and the need for accelerated delivery have intensified interest in industrialized approaches to residential construction. However,
increasing construction speed or adopting prefabricated systems does not necessarily guarantee architectural quality.
Construction systems must be evaluated according to their technical, functional, economic, environmental, and architectural
performance (1, 2). From this perspective, industrial architecture represents more than the use of standardized components or
factory-produced elements; it constitutes an integrated design—production—construction process in which technological
capabilities are incorporated into architectural decision-making from the earliest stages (3-5).

The development of digital technologies has substantially transformed the relationship between architectural design and

construction. CAD, CAM, and CAE technologies facilitate computer-based modeling, optimization, fabrication planning, and
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information exchange between designers and production systems, thereby reducing the traditional separation between
architectural conception and physical realization (10). Algorithmic approaches have further expanded the capacity to analyze
multiple parameters, generate design alternatives, and optimize spatial and construction-related decisions (11). Nevertheless,
digitalization becomes architecturally meaningful only when it contributes to constructability, optimization, coordination, and
performance rather than remaining limited to computerized representation or formal experimentation.

Industrialized housing has historically faced the challenge of reconciling mass production with diversity, user needs, spatial
quality, and architectural identity. Earlier studies on mass housing demonstrated that technologically efficient production could
still fail to provide satisfactory architectural outcomes when flexibility, aesthetics, and user expectations were insufficiently
considered (6). Consequently, more advanced industrialization approaches emphasize continuous customization, adaptable
building systems, flexible production, and the integration of standardized processes with differentiated final products (7-9).
Modular and panelized systems likewise demonstrate the importance of coordinating production technology with the specific
architectural and structural requirements of individual projects (18, 19).

Adaptability constitutes another major dimension of contemporary architectural quality. Residential buildings are expected
to respond to changing household structures, technologies, lifestyles, and functional requirements throughout their service life.
Research on adaptable apartments, design for flexibility, and reconfigurable buildings has therefore emphasized the importance
of designing systems that permit modification, replacement, disassembly, and reassembly without extensive demolition (12-
16). Industrial, flexible, and dismantlable building technologies extend this logic by linking adaptability with sustainability and
resource efficiency (17). Environmental performance is similarly inseparable from architectural quality because material
selection, production methods, maintenance, demolition, and recycling influence the life-cycle consequences of buildings (20,
21). Contemporary sustainable solutions further underline the importance of designing buildings capable of responding to
environmental and climatic conditions (22).

At the same time, industrialization should not eliminate contextual identity. Vernacular and traditional architecture
demonstrates how spatial organization, construction systems, climate, materials, culture, and patterns of habitation can become
integrated into coherent residential environments (23-25). Iranian studies have likewise emphasized the importance of
vernacular patterns and contextual factors in the formation of residential architecture (26-28). Research on adaptive reuse and
the revitalization of historical buildings also indicates that technological and functional transformation should remain
compatible with place identity and existing architectural values (29, 30). Moreover, future-oriented housing studies in
deteriorated urban fabrics emphasize the need for flexible strategies capable of addressing changing urban conditions and future
housing demands (31, 32). Accordingly, industrial architecture should be understood as an integrated framework in which
optimization, constructability, controlled production, adaptability, environmental compatibility, and contextual responsiveness
collectively contribute to architectural quality. The present study therefore aimed to examine the effects of industrial
architecture components on the architectural quality of mid-rise residential buildings in Kerman using structural equation
modeling.

Methods and Materials

The study employed a mixed-methods design comprising qualitative and quantitative phases. In terms of purpose, it was an
applied-developmental study, while in terms of data collection it followed a descriptive, non-experimental, survey-based
design. The qualitative phase was conducted to identify and refine the components and indicators of industrial architecture and

architectural quality. The qualitative population consisted of 50 architecture professors affiliated with Shahid Bahonar
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University of Kerman, Iran University of Science and Technology, University of Tehran, and Tarbiat Modares University,
particularly those with expertise in architectural technology. Following a review of theoretical and empirical literature, an
expert questionnaire was developed and administered through a Delphi process. Expert consultation continued until theoretical
saturation was achieved, after which the indicators required for constructing the research model and quantitative instruments
were finalized.

The quantitative population consisted of 420 licensed professionals affiliated with the Kerman Construction Engineering
Organization. Based on the requirement of approximately 15 participants per model parameter and the presence of 19
components across the study instruments, a minimum sample of 285 participants was estimated. To increase the accuracy of
parameter estimation and compensate for incomplete or unusable questionnaires, all 420 eligible professionals were invited to
participate. A total of 385 questionnaires were returned. Following data screening and removal of invalid or unsuitable cases,
328 questionnaires were retained for final analysis.

Two researcher-developed instruments were used. The Industrial Architecture Questionnaire initially contained 53 items
across nine components: computer data-based ideation, rationalistic design of components and spaces, computer-assisted
optimization of components and spaces, construction-oriented design, controlled factory production, disassembly and
reassembly capability of the construction process, flexibility in planning and semi-finished component production, standardized
semi-finished components, and environmental compatibility. The Architectural Quality Questionnaire contained 55 items
across ten components covering sensory, formal, and symbolic aesthetics; construction speed; construction cost reduction;
behavioral criteria; environmental criteria; ecological criteria; structural response to forces; and durability under environmental
conditions. Both questionnaires used five-point Likert scales. Face and content validity were evaluated by 15 architecture
professors. Construct validity was assessed through exploratory factor analysis. The KMO values were 0.839 for industrial
architecture and 0.849 for architectural quality, while Bartlett’s test was significant at 0.001 for both measures. Internal
consistency was evaluated using Cronbach’s alpha. Data were analyzed using SPSS version 23 and AMOS version 22. Pearson
correlations were calculated, and structural equation modeling with maximum likelihood estimation was used to test the
hypothesized direct effects.

Findings

The preliminary analysis indicated that the assumption of normality was satisfied because the significance levels of the
Kolmogorov—Smirnov tests for all study variables exceeded 0.05. Pearson correlation analysis showed that all nine industrial
architecture components were positively and significantly correlated with architectural quality. The correlation coefficients
ranged from 0.14 to 0.39. Specifically, architectural quality correlated with computer data-based ideation at r = 0.22,
rationalistic component and spatial design at r = 0.22, computer-assisted optimization of components and spaces at r = 0.39,
construction-oriented design at r = 0.25, controlled factory production at r = 0.25, disassembly and reassembly capability at r
= 0.34, flexibility in planning and semi-finished component production at r = 0.14, standardized semi-finished components at
r = 0.18, and environmental compatibility at r = 0.24.

The structural equation model demonstrated an acceptable overall fit to the observed data. The chi-square to degrees-of-
freedom ratio was 2.74, while GFI was 0.91, CFI was 0.92, IFI was 0.921, NFI was 0.901, TLI was 0.902, and RMSEA was
0.057. These indices supported the adequacy of the proposed model for explaining the relationships between industrial
architecture components and architectural quality.

Analysis of standardized direct effects revealed that computer-assisted optimization of design components and spaces had

the strongest positive effect on architectural quality, with f =0.71, t = 7.47, and P < 0.001. Construction-oriented design also
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had a significant positive effect, with = 0.31, t = 5.40, and P < 0.001. Controlled factory production significantly predicted
architectural quality, with B = 0.29, t = 3.94, and P < 0.001. The disassembly and reassembly capability of the construction
process had a positive significant effect, with B = 0.31, t = 5.16, and P < 0.001. Flexibility in planning and semi-finished
component production was also significant, with B = 0.21, t = 3.16, and P = 0.004. Environmental compatibility significantly
enhanced architectural quality, with f = 0.27, t = 3.54, and P < 0.001.

In contrast, three components did not demonstrate statistically significant direct effects after the simultaneous contribution
of other predictors was controlled. Computer data-based ideation had a non-significant effect with p = 0.05 and t = 1.07.
Rationalistic component and spatial design also showed no significant direct effect, with p = 0.02 and t = 0.396. Likewise,
standardized semi-finished components had a non-significant direct effect, with § = 0.05 and t = 0.802.

Discussion and Conclusion

The findings indicate that architectural quality in industrialized mid-rise housing depends primarily on the integration of
design decisions with optimization, production, construction, adaptability, and environmental performance. The strongest
predictor was computer-assisted optimization of components and spaces, suggesting that digital technologies provide their
greatest architectural value when they are employed to improve actual design performance rather than merely generate ideas
or representations. Computer modeling can facilitate the simultaneous evaluation of spatial arrangements, component
dimensions, construction constraints, and production requirements, thereby reducing inconsistencies between design intent and
physical implementation.

The significant effect of construction-oriented design further demonstrates that architectural quality is strengthened when
construction requirements are incorporated from the beginning of the design process. This reduces the separation between
architectural conception and execution and enables materials, connections, fabrication procedures, and assembly sequences to
become integral parts of architectural decision-making. Similarly, the positive effect of controlled factory production suggests
that industrialization can enhance quality through improved dimensional accuracy, process control, component consistency,
and reduced variability in construction conditions.

Adaptability also emerged as an important mechanism. The effects of disassembly and reassembly capability and flexible
production planning indicate that successful industrial architecture should not be based on rigid repetition. Instead, it should
combine standardized processes with the ability to modify, replace, rearrange, or customize components. Such systems can
respond more effectively to changing user requirements and can potentially extend the functional life of residential buildings.

Environmental compatibility also contributed significantly to architectural quality, indicating that ecological considerations
should be treated as an inherent dimension of contemporary residential quality rather than as an additional technical criterion.
Industrial systems that allow careful material selection, efficient production, adaptability, repair, replacement, and reduced
waste may create more sustainable architectural outcomes.

The absence of significant direct effects for computer-based ideation, rationalistic design, and standardized semi-finished
components is equally informative. These results suggest that these characteristics alone are insufficient to improve
architectural quality. Digital ideation does not necessarily create better architecture unless it contributes to optimization and
constructability. Similarly, rational organization does not independently guarantee aesthetic, behavioral, environmental, or
contextual quality. Standardization may facilitate production, but excessive reliance on standardized components may restrict
diversity and adaptability if it is not embedded within a flexible building system.

Overall, the findings support a process-oriented interpretation of industrial architecture. High-quality industrialized housing

should not be equated with prefabrication or standardization alone. Rather, architectural quality appears to emerge from a
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coordinated system integrating computer-assisted optimization, construction-oriented design, controlled production, flexible
assembly, adaptable production processes, and environmental compatibility. For mid-rise residential development in Kerman,
adopting such an integrated approach can provide a more effective framework for combining construction efficiency with

functional, environmental, and architectural quality.
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