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ABSTRACT

Success of construction projects depends on many factors; most important are
cost, quality, and time. Concerning cost, the cost estimate can lead the
construction firm to huge losses and the correction action cannot be taken. In
Yemen, the basic problem that construction firms face is how to make accurate
cost estimate for both preliminary and detailed estimates. There were two
objectives to conduct this study, which were: to identify the knowledge of cost
estimate in construction management, and to obtain mathematical (quantitative)
and frameworks (qualitative) models to estimate accurately construction cost in
Yemen. In order to achieve these objectives, five questions were asked. The
methodology of this study was to use both qualitative and quantitative methods.
As well, the adopted strategies were literature review, questionnaire survey,
structured interview, and case study. Comprehensive literature review has been
undertaken to gather the information about the knowledge of construction cost
estimate and both preliminary and detailed estimates. Nineteen hypotheses have
been proposed from the literature review and previous researches to construct the
theoretical model for qualitative model (detailed). The quantitative model
(preliminary) was also proposed depending on the literature review and previous
researches; so both the first and second objectives were achieved and the first and
second questions were answered. The field survey was conducted through a
questionnaire, which was reliable and valid based on statistical methods. The data
from field survey for 79 factors of scales and from cost form were used to test
both qualitative and quantitative models of this study. Then, the second objective
was confirmed and the third question was answered. The models development
were done by the structured interview from the point of views of interviewees.
Therefore, the fourth question for this study was answered. In addition, the case
study was undertaken to practice both preliminary and detailed models.
Consequently, the fifth question for this study was answered. One of the
conclusions reveals that the quantitative model can measure the qualitative
model’s output perfectly. Further, one of recommendations is recommended that
the firms should enhance the knowledge of cost estimate through several trainings

for their estimators.



ABSTRACT IN ARABIC (ualiiua)

Glay Ly (gl 5 Basall s AdSEl clgaal 58S Jalse o bl o jlie plad ading
Glela¥) OsSie leay Wsen il N andill 48 50 (a5 8 AalSill s b skl
a8 Jee 488 oo il S b an) g8 A Al ASE) (el By cdatae e Dspaalll
48 yrall 2aa3 1lea g Al Hall sda o) ja Y Glaaa elllia IS5 | duadll 5 ol 1o sl ST gaa
bl 5 () (Rl Zasall o Jpandl 5 capdall 3 )l b sl o ble (8
fued o dul ol Cadie) codagll cpda Gdiaily el 8 A8y apall A6 08 (L gll)
(8 Baainall Cilati) yiuY) CulS g ¢ aSl 5 i gl 1 lagiall Al Hall 038 dpmgia 8 addia) Al
ol cal Gua dllall 5y 5 dpasdl) AR LY «lual) dxal je 1 dagial o2
ctnadill 5 (Haall g a8l OIS 5 el RIS a5 448 prall Jsa Sl slaall s ) Gl
shasl gkl el el el el ally Gl cilual e dna i 19 s bl LS
Lyl 28l il jall s Canll bl e 2l (oS 23 sail) #1581 5 2l ¢ i)
gesall ¢l yal | S 5 OV ol sl (e Ay el gl jall D 5 35V Caagd) al) cllal
liany) ol a5 Al 5 daadl 5l Cun e b Jlial &3 S dslau) sk e Sl
DRy Sl 5 jlaiud iy @l 5 (e Liadl 5 Slale 79 3 3lasall sl by Cuadiiud a8
O ey Gyl jall AN Caagd) ias 2S5 Ul 5 ¢ aSU 5 i gl 1Al Al ad gad SIS
& Gl e )l dgay e Aadiiall ALEA YA e Al Zilai g 5 oal 38 D J)gad)
sl Al i 5 el 1) A8l Al ) o3gd a5l Jisadl (e DY) a5 cagililia
e ALY Gl luadilly Sl pafill A all s SIS Gudad 5 A jlas (s
Cla e (bl oSl 73 gaill 5508 jeday colaliiinY) aal of LS Al jall 028 (8 Gueladl J) gl
G e e Slhasill e ey dulpall Gl Gl e 0o 5 ddllady Aa ) #3sall

adaie Lan )X Ol g0 pgitlae) OMA (g Lgaal CallSl) (5 50ie 8 jaa 3y ja3 S,



Table of Content

Contents
DEDICATION ...ttt et e st e e st e e e sab e e e nna e e e ssaeeasseeeenseeeaneaeas I
ACKNOWLEDGEMENTS ... .ottt sttt srae e snae e nna e e nnneas I
A B ST RA T .t r e a e e na e e arreearen i
ABSTRACT IN ARABIC (GAlIa) ... esees e es e seeesee s iv
TabIE OF CONENT ...ttt st b sre e te et e s neenee s %
LISE OF FIQUIES ...ttt b ettt xi
LISE OF TADIES ...ttt sre et reeae s xii
LISt OF APPENAICES .....eeviiieiiieiee ettt bbbt Xiv
LISt OF SYMDOIS ... XV
1 CHAPTER I: INTRODUCTION ...ttt 1
1.1 BACKOIOUNG ....c.ooieiiiice ettt et sae e esre e e 1
1.2 Problem STatEMENT ........coiiiiiieieie e e 2
1.3 RESEAIrCN ODJECHIVES .....iiieieieie ettt ettt ste e sre e 2
1.4 ReSEarch QUESTIONS .....cc.eccviiiieeirieciecitee sttt e s te e e stre e nbe e s e s sbeesbeeesbeesaeesbeesbeesnreens 2
1.5 ReSearch HYPOthESES .......ccvciiiiiiiice et 3
1.6 RESEAICH LIMITS.....civiiiiiiiiiiiiiieieie ettt 3
1.7 RESEAICN SCOPE ....oeveiiieiie ittt ettt ettt et et be et e s e e saeeresnaesteeeeas 4
1.8 Research Methodology.........cccvciiiieieiiciee e 4
1.9 SErUCLUIE OF TRESIS ..oviiiiiiieiieiieiee et 4
2  CHAPTER Il: KNOWLEDGE OF CONSTRUCTION COST ESTIMATE............... 7
P20 A 11 0o 11 od £ o o SRS 7
2.2 CONSLrUCTION INAUSEIY ..ottt 7
2.2.1 Construction industry in developing COUNTIIES ..........coovrvvieieieieneseseeieeiae 8
2.2.2 Construction’s GDP and the level of per capita national income.................... 8
2.3 Yemen and conStruCtion INAUSTIY..........oceiiririnieieiese e 9
2.3.1 Features of Yemeni’s COMMUNILY .....ecverreriieiirireniieiesee et 11
2.3.2  The ECONOMY OF YEMEN ....ooiuiiiiiiiiiiiiieieeeee e 12
2.3.3  CONSLIUCLION COSES....euviiuieiiieieesiesieesieeie e steeeesreesseeee e sreesteeseesseesneeneesneeses 12
2.3.4  CoNStruction COSt BSTIMALE ........cceriiiiiiiiiee e 13
2.4 Project’s Life CYCle....ccoiiiiiiiiiiiiiie it 13
2.5 Construction Project’s Cost EStMALE..........ccoveiiriiiiiiiiieiieeceseene e 14
2.6  Classification of ConstruCtion COSES.........c.oiieiiriiiiiereeie e 16

\



2.6. 1 IMAIETIAL COST ...ttt e e e e e e e e e e e e e 17

2.6.2  LADOUN COSL ... e 18
2.6.3  EQUIPMENT COSES.....couiiiiiiiieiiesiesiesie st 18
2.6.4  OVEINEAUS ....oovviiiieiieeieee ettt sttt nne e e 18
2.6.5  MAATK-UD oo 18
2.7  Types of Construction CoSt EStIMALE..........ccceriririiiiiriiieeeee e 19
2.7.1 Conceptual and preliminary eStimate ............ccccoreririeiinieieiere e 19
2.7.2  ENQINEEIS ESTIMALE .....cuviiiiiiiiiteiti et 20
2.7.3  Detalled StIMALE. ........ccoveiieiiee e 20
2.7.4  DefiNitiVe ESTIMALES .......eeiieiieeeiiesiee e 21
2.8  Techniques Of COSt EStIMALE.........ccccuiiiiiiiieec e 22
2.8.1 Quantitative and qualitative teChNIQUE ........cccooeviiiiiiiie e 22
2.8.2  Preliminary and detailed teChNIQUES ...........cccoviieiieieic e 23
2.9 EStimator CharaCteriStiCS ........occiiviiiiiiieieierie ettt st 24
2.10  Project Delivery Systems and EStimating ..........cccccocvevveiiieiiiie e 25
2.10.1  Traditional (Design- Bid- Build) delivery..........ccccccooviviveiiciiciece e, 25
2.10.2  Design- build deliVery..........ccoiiiiiiiie e 26
2.10.3  Construction management deliVery.........cccocovviieiie i 26
2.11  Estimates for Different Types of CONtracts..........ccccceevveieeveiveiiie i 27
2.11.1  LUMP-SUM CONTIACES ... vvieiiiiieiiieeiiieesieeesiieeesitee e sibee e e sire e ssnee s snneesnnneeans 27
2.11.2  COSt- PIUS CONIACES .....ccuveieciccieecie et 27
2.11.3  UNit- PriCe CONLIACES.....cueeiiiieiiiiiccie ettt 28
2.12  The Factors Affecting Construction Cost EStimate.............cccccoeevevveiciicieennn, 28
220 I S o 11 a0 1 (| OSSPSR 32
2.14  Estimating and Construction Safety ...........cccoiriiiriniiinicieee e 33
0 L T o 11 [ T (=) SRR 34
2.16  SUMIMANY ....iiiiiiieiieiie ettt ettt b e bbb e e b e beene s 35
CHAPTER IlI: PRELIMINARY ESTIMATION METHOD.........ccoceeiiieiiieeeie, 35
20 A 11 0o 1 od 1 o o USROS 35
3.2 Accuracy Of COSt ESLIMALE..........ccceiiiiiiieiieieie et e 36
3.3 ESHIMALING PIOCESS .....oveuiiiieiiieitesie ittt 37
3.4 Preliminary Estimate and the PUIPOSE .........ccooeiiieiiiiniiieeee e 37
3.4.1 Traditional cost estimation methods and models.............cccccevviiniiiiinnnnnne 39
3.4.2 Modern cost estimation Models ..o 40
3.5  The Artificial Neural Network (ANN).....c.ccviiiiiie e 42

Vi



3.5.1 Biological of neural NEIWOIK .........cccoeveiiiiiiicic e 42

3.5.2  The artifiCial NEUION........cceii e 43
3.5.3  The artificial Nneural NEIWOIK..........cccueiiiiieiieecieseee e 44
3.5.4  NEUION ACHIVALION.....cviiiiiieie ettt es 45
3.5.5  Neuron transformation ..........ccoceiieienieiie e 45
3.5.6  Neural Networks arChiteCtUre .........cccoeueiieiieecie s 47
3.5.7  Learning Of NEIWOIK.........ccoiiiiiiieee s 49
3.5.8 Steps of building an artificial neural network...........cccoocoveiiiiiiiiicee, 50
3.5.9 Training of Neural NEIWOIK ............cooiiiiiiiiici e 51
3.5.10  Cross-validation of neural NEWOrK...........cccoovviiiiinin i, 53
3.5.11  Testing of Neural NEIWOIK ..........ccccviiiiiiiiiiiees e 54
3.5.12  Performance measures of ANN model ..........cccccevvniiiieiiininenee e 54
3.5.13  Sensitivity analysis of ANN mModel...........cccooeiieiieiiiiiecceceee e, 56
3.5.14  Artificial neural network and multiple regressions............ccccovvevveiiverieenne. 57
3.6 PreViOUS STUTIES .....cviuieiieieieie ittt ettt be b 58
3.7 CONSIIUCE MOGEIS ... et ere s 60
3.7.1 Quantitative estimate’s model (preliminary) .........ccccceveeeiieiieeiii e 60
3.8 SUIMIMAIY ...ttt sab e e s e e e ssb e e e bt e e e snbeeennneean 65
CHAPTER IV: DETAILED ESTIMATION METHODS .......ccooeiiiiiiiee e 66
A | o1 (oo (U o1 T o SRR 66
4.2 Detailed ESIMALES.......coiiiiieieie e 67
4.2.1  Detail Stimate PrOCESS .......ccvveivieieiieiie et ns 67
4.2.2 Bottom —up estimation method..............cccooveiiiiiiicc e 73
4.3 PreVIOUS STUAIES .....eeveiiieiieeie st eie ettt ee et ste e s e sreeneesreenseeneeas 74
4.4 CONSLIUCE MOUEIS ...t esreenee s 80
4.4.1 Qualitative estimate’s model (detailed) ...........cccooviriiiiiiniie 80
4.5  Study Operationalization (ProCEAUIES) ........couerierierieriririseeeeee s 87
4.6 Methodology and Analysis TECANIQUE.........cuiiiiiiiiiierieee s 88
00 R 101 10T 11 [ o OSSR 88
4.6.2 RESEAICH AESIGN ..oviiiiiiiiieee 89
4.6.3 RESEAICH StrAtEOY ....eiveiieeiiiieie e 89
4.6.4 ReSearch SamPIe .....oooiiiii 91
4.6.5  INStrument VAIUALION .........ccceeiveieiiece e 91
4.6.6  Analysis technique (Structure Equation Modelling) .........ccccoveviviieeiiieiiinns 94
O 101101 T 1Y PSP 97



5

CHAPTER V: RESEARCH METHODOLOGY .....cccciviiriiinienienieise e 98
5.1 INTOTUCTION ...ttt bttt sbe e b e sbe e e 98
5.2 RESEAICN STIALEQY .....eieeiiiieiieiteitest ettt 99

5.2.1  LITEIatUre FBVIBW ....ueeviiiieieieie ettt sttt nae e nnee e 99

5.2.2  QUESLIONNAIIE SUMNVEY ..c.vviiuieieeeiesieesteeiesieesieeeesseesteeae e steessesseesseessesneesseeses 99

5.2.3  SHUCIUIEd INTEIVIEWS .....eovvieiieiiieieeiie sttt stee et st see e 100

5.2.4  CASE STUAY ...veiiiieiieieee e 100
5.3 RESEArCN SAMPIE ..o 100
5.4 Data Collection TEChNIQUES ........cceiiiiiieiiieee e 101

5.4.1  QUESLIONNAIIE SUMNVEY ....veeiieiieiieeieasiesieesieeseesteestesseesseessesseesseessessessseeseesseens 101

5.4.2 A Brief description of the surveyed firm ... 105

5.4.3  SHUCIUIEd INTEIVIEWS .....eeviieiieiieeie et sie ettt sraesee e 107

544 CaSE SUAY ...vecveeiieiie ettt 108

5.4.5  COStFOIM SUINVEY .....iiuieieieie sttt 110
55 Instrument EVAIUBLION ........ccoiiiiiiiiiiice e 120

5.5.1  Rel@DIITY.....ociiiiicece e e 120

5.5.2  HEM ANAIYSIS ..ot 121

5.5.3  CoNnStruct ValIdity........cccociiiiieiieiece e 122
5.6 SUIMIMAIY ...oviiiiiiie ettt sttt e st e e st e e s e sn b e e e nrb e e e bt e e e nnb e e e nnees 131

CHAPTER VI: MODELS TESTING RESULTS .....ccooiiiiiiisecee e 132
6.1 INEFOTUCTION ...ttt are e 132
6.2 QUAlITAtIVE MOEL........ooovieiee et 133
6.3 Process Of ANAIYSIS .......ccviiiiieiie e 133
6.4 Knowledge of Cost Estimates’ Model ..........ccoceviiiiiiiiiiiiiiieeeec e 133
6.5 Results” INterpretation .........ccecveiieiiiiiiiieieeie s 141
6.6 Qualitative Cost Estimate’s Model .........cccoiiiiiiiiiiiinic e 150
6.7  Results” INterPretation .........coecveiieiieiiiieiieie e 159
6.8 Quantitative Model (ANN) Formulation .............cccooviiiiiiiiiii e 165

6.8.1 Constraints of model iN ANN .......ccooiiiiiiee e 166

6.8.2  Data BNCOAING ....veiviiiieiiiieie ettt 167

0.8.3  DALA SBL ..eiiiieiie et 169

6.8.4  ANN MOdel’s BUIlAING......coiviiiiiiiieiie e 169

6.8.5 ANN MOdel trainiNg .....ccooiiiiiiiiee s 170

6.8.6  ANN MOCEI FESUILS .....oviiiiiie e 170

6.8.7  SENSILIVILY @NAIYSIS ...ccvviiiiiiiiic e 173



6.9 HYPOLNESIS TEST.....iiiiiiieiiccie et ae e ns 174

6.10  Results’ INterpretation ..........occeeiiiiiiieiiiii s 175
B.11  SUMIMAIY ...ttt ettt a e b et e e be e nb e e sreeenbeeseeas 180

7 CHAPTER VII: MODEL DEVLOPEMENT AND CASE STUDY .....ccccccecveenen. 182
7% S 1 0o [ {1 o o PSPPSR 182
7.2 Basics of Model DeVEIOPMENT .......ccviiiiiiiieieee e 182
7.2.1  Knowledge of cost estimate (KCE) ........ccooviirieniieiieniecie e 183

7.2.2  BaSe BSHIMALE ......eoiviiieiieiieie ettt 192

7.2.3  IMBASUIEIMENTS ...ttt ettt e et e b e b e nbe e e 198

724 THE QUEIYING ...eiiiiiiieieeieeeie ettt bbbttt 216

7.2.5  TRE PIICING ..ttt bbb 217

7.2.6  MaNagEMENT FEVIEW......cviviiiiiitiriesiieieeie ettt 218

T.2.7  Bil SUMMAIY....cciiiiiiieiiece ettt re e e nee e 219

7.3 Evaluation the Estimation’s Capability of Firm..........cccccovviiiiinniniiiiecnne 219
7.3.1  IMpProvement WEaKNESS QraS .........c.cieerreeiveseerreaeeseesseeseseessesseesseessesseens 220

7.4 IMProvemMENt PIAN .....ocviiiicece e e 220
7.4.1 Formulation of improvement plan............cccooveviiie i 222

7.5 Case Study (field WOTK) ....ccooveiiiii e 224
7.5 1 INFOUUCTION . .....iiiiiiieiieieiee ettt 224

7.5.2  Steps of case Study ProCEAUIES .......c.ccveveeieireeie e s 224

7.5.3  FIrm deSCriPtioN .....ccveiieii et 225

7.5.4  Evaluation the current situation of firm............cccooiiiiniii, 226

7.5.5 Improvement plan formulation .............ccccoeiieiiiie i 228

7.6 SUMIMANY ..ottt bbbt e b e 234

8 CHAPTER VIII: CONCLUSIONS AND RECOMMENDATIONS...........ccveneee. 235
S J00 A 1 0o L1 od £ o o ST 235
ST o 0 Tod 11 1] o] ST 236
8.3  General ReCOMMENALIONS ......ccvveiieieiiieieeie et neas 238
8.4 Recommendations for Future RESEArChES..........ccoceviriiininiceee e 238
8.5  Limitations Of thiS STUAY ........cccciiiiiiiiiiice s 238
REFERENGCES ...ttt e e e sat e e st e e e nnaeeeaneeas 239
APPENDIX L.t e e e e e e e nnnes 255
APPENDIX 2. ettt e et e et e e e e anaa e e araee e 258
APPENDIX 3.ttt sttt b e et neenenns 272
APPENDIX 4.ttt ettt sttt e e bt neere e 274



APPENDIX 5. 277

APPENDIX B...eet e 280
APPEND X 7 288
APPENDIX 8. 292
APPENDIX ... 315
APPENDIX L0ttt s 318
APPENDIX L1 324



List of Figures

Figure 1.1 Flowchart of the research methodology, AUtNOr..........cccoeiiiiiiiiniiecee 6
Figure 2.1 Construction cost classification, Shehato (2013). .......cccccoveviieiiinieninnieee e, 17
Figure 2.2 The project level and proper estimation, AUthOr...........ccccccevvevieiiciiese e 24
Figure 2.3 Design-Bid-Construction delivery system, Pratt (2011b). .......ccccccevvvevviiiernenen. 25
Figure 2.4 Design- Build Delivery System, Pratt (20110)........ccccccoiviiiieiiiiiiieie e 26
Figure 2.5 Construction Management delivery system, Source, Pratt (2011b)................... 27
Figure 2.6 Elements of project’s cost, Lock (2009). ......ccooeiiiiriiiiiiinieieese e 33
Figure 3.1 The network biological, Fraser (1998). .........cccceivriiniieiiiie e 43
Figure 3.2 The human nervous system, Haykin (2009).........ccccoieiineiinninienieneee e 43
Figure 3.3 Perceptron model, McCulloch and Pitts (1943). ....cccoeiiiieiiniinieseeseee e 43
Figure 3.4 The typical neural processing, AShwood (2013)........ccccriviiriieieneneieseseeee 44
Figure 3.5 The neuron summing equation, AShwood (2013). .......ccccccevverreiesiieseerie e 45
Figure 3.6 Single-layer feed-forward networks, Ashwood (2013).........cccccveveivereerieseene. 48
Figure 3.7 Multilayer feed-forward networks, Haykin (2009) ...........ccccoevviieiieeiecie s, 48
Figure 3.8 Typical error graph for NN using cross validation, Weckman et al., (2010).....54
Figure 4.1 Project resources, Rad (2002)..........cccuririerienerieiiesii s 70
Figure 4.2 Detailed cost estimate model, Barrie and Paulson (1978).........cccccevvvininnnnne. 75
Figure 4.3 Detailed cost estimate model, Frank Harris and Ronald McCaffer (1995)........ 76
Figure 4.4 Detailed cost estimate model, Leng (2005).........cccccoriririniniieienene e 76
Figure 4.5 Detailed cost estimate model, WSDOT (2008).........cccccovevveiiereeieiiene e 78
Figure 4.6 Detailed cost estimate model, Pratt (2011). ......ccccoeiveiiiie i 79
Figure 4.7 Knowledge transfer in cost estimating model, Leng (2005). .......ccccccevvevvernnnee. 84
Figure 4.8 The theoretical model of Knowledge of cost estimate, Author.......................... 86
Figure 4.9 Theoretical model of detailed cost estimate, AUthOr............cccoecveveiieneiie s, 88
Figure 6.1 Theoretical model of Knowledge of cost estimate, AUthOr..............ccccevernnnne 135

Figure 6.2 Testing the theoretical model of Knowledge of cost estimate (M1), Author...139
Figure 6.3 Testing the theoretical model of Knowledge of cost estimate (M2), Author...140

Figure 6.4 Theoretical model of Qualitative cost estimate, Author.............cccccccevvevirnen. 152
Figure 6.5 Testing the theoretical model of Qualitative cost estimate model (M3), Author.

........................................................................................................................................... 157
Figure 6.6 Testing the theoretical model of Qualitative cost estimate model (M4), Author.

........................................................................................................................................... 158
Figure 6.7 Desired output and actual network output, AUthOr. .........cccceoeriiiiiiiiiiene 173
Figure 6.8 Sensitivity analysis about mean, AUthOr. ...........ccoociiiiininie e 175
Figure 7.1 KCE MOdel, AULNOT........oiiiieie e 184
Figure 7.2 Project Schedule (Graphically), PMI (2008)...........ccccvviiiniiiiniinene e 196
Figure 7.3 shows the plan of basement. ..........c.ccoe i 202
FIgure 7.4 SNOWS SECLION A A ...ttt e 202
Figure 7.5 ShOWS SECLION B B .....coioiiiiiiicic ettt 203
Figure 7.6 shows the typical drawing of steel members, Popescu et Al. (2003). ............. 206
Figure 7.7 Improvement plan possibilities, Zhang (2001).........cccccooviiiiiineienireree 222
Figure 7.8 Factors Affecting the formulation of Improvement Plan, Author.................... 222
Figure 7.9 Organisational structure of the firm. ... 226
Figure 7.10 Case study’s time plan, AUthOT ..........cooviiieiiiiinineecee e 230

Xi


file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336780
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336781
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336782
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336789
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336790
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336791
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336792
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336793
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336794
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336796
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336797
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336798
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336799
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336800
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336804
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336805
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336806
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336807
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336808
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336808
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336809
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336809
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336812
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336819
file:///D:/architecture/master%20study/Ph.D/Research/modifiy%20research/my%20Phd%20-%20Copy%20to%20modify%204.docx%23_Toc497336821

List of Tables

Table 2.1 shows Preliminary and detailed estimates characteristic..........c.cccocvvviiernnnnnne. 21
Table 3.1 shows Models of preliminary cost estimate at early stage. ..........cccccocevvrvrennnne 63
Table 5.1SNOWS FIMS TYPES.....ciiiiiieie et sie et reeste e sneens 105
Table 5.2 shows Respondents’ Education Level ........cccocovviiiiiieiiiie e 106
Table 5.3 shows Work’s SCOPe Of fIrMS .....cvviieieeiiiiieiicce e e 106
Table 5.4 shows Grade firms’ classifiCations ..........cccovvviiieiiieeiie e 106
Table 5.5 shows the parameters of COSt FOrM. ........cooiiiiiiiii 111
Table 5.6 Shows the types Of PrOJECES. ......c.oiiiiriiieieee s 113
Table 5.7 shows the degree of COMPIEX........ccoiiiiiiiiiiiee s 113
Table 5.8 SNOWS the areas range. ..........ccovveeiieiiee e e e 114
Table 5.9 shows the Projects’ POSItION. ........cceiiriiieieieiese s 114
Table 5.10 Shows the floOr rea. ........cooiiiiiiiiiie s 115
Table 5.11 ShOWS the STOrEYS NO. ....cc.ciiiiiciece e 115
Table 5.12 Shows floor heIght...........c.ooviiiie e 116
Table 5.13 shows type of fFoUNdAtioN. ..........ccccoveiieii i 116
Table 5.14 ShOWS SIAD TYPE. ....eeiiiiece s 117
Table 5.15 shows the interior deCOration. ..........cccervirriere e 117
Table 5.16 shows the type of external finishing. ........cccocovviieiiiniii e, 117
Table 5.17 shows the type OF HVAC. ..o s 118
Table 5.18 ShOWS the tHES TYPe. ...cveeiecee e 118
Table 5.19 shows the type of electricity WOIKS. .........cccocveviiiiiiicii e 119
Table 5.20 shows the type of mechanical WOrks. ..........cccoooveieiiiciiie i, 119
Table 5.21 Shows the DASEMENT. ......cvoiiiiii s 119
Table 5.22 shows Reliability OF INStrUMENT .........ccooviiiiiie s 120
Table 5.23 shows Item to scale correlation (Pearson correlation)...........ccccoceviieniinninnne. 121
Table 5.24 shows Results of exploratory factor analysis for 16 scales. ..........ccccceevvruennee. 123
Table 5.25 shows Rotated factor for Critical factors (scale 5). .......ccocevvveiiiiiniiinen 126
Table 5.26 shows Rotated factor for Preliminary estimate (scale 9) .......ccccccevvvevviieinnne. 129
Table 5.27 shows Rotated factor for Base estimate (scale 10). ........ccccovevveveieeieciecieenne. 131
Table 6.1 shows Summary of data normality of variables ..............cccooeviiiiiiiinccc i, 134
Table 6.2 shows Maximum likelihood estimates and Models fit indices for model M1 and

VL2 ettt bt bRt R ARt bRt Re Rt Rt e Rt Rt e Rt et et et ebenbenrenne e 137
Table 6.3 shows Covariance relationships in Model M2............c.ccooiiiiiinnin 138
Table 6.4 shows Knowledge of cost estimate’s parameters ............coovevvererenenenenenennns 138
Table 6.5 shows Summary of data normality of variables ..............ccooeviiiiiiiniiie, 151
Table 6.6 shows Maximum likelihood estimates and Models fit indices for model M3 and

IVIZ et bbb E Rt Rt R et bR R R e Rt e Rt e Rt e n e et et ntenbenrenrenne e 154
Table 6.7 shows Covariance relationships in Model M4..............coo i, 155
Table 6.8 shows Qualitative cost estimate model's parameters..........ccccccevivivivcvieciieennnn. 155
Table 6.9 shows the variable CONSIraINTS ..........c.ooieiiiiiiece s 167
Table 6.10 shows the data eNCOTING ......ccoiiiiiiiiiieee s 168
Table 6.11 shows the training and cross-validation process............ccooevevereneienesenene 170
Table 6.12 shows Results Of teSTING PrOCESS........uiiiiiiiirieie e 171
Table 6.13 shows ANN performance reSUILS .........cccvovvivereiienieese e 173
Table 6.14 shows Results of sensitivity analysis about mean. ...........cccccccevvviiiciiecvieennnn. 174

Xl



Table 6.15 shows Hg Pearson Correlation teSt.........oooeveee oo, 175

Table 7.1 shows Turner building cost index, 1976=100............cccccvrrurrerrerrenierneeee e 190
Table 7.2 shows Typical material price indexes, 1995 = 100.........c.ccccevvveviieiieevie e, 190
Table 7.3 shows Soil and SWell FaCLOrS ..........ccoiveiiiiiieece e 199
Table 7.4 shows Soil COmMPACtioN FACLOIS.........cccveiiiieiieiecc e 200
Table 7.5 shows Productivity Adjustment Factor for Different Soil Conditions .............. 200
Table 7.6 shows Quantities of dry materials for 1 m3 of concrete. ..........ccoccevvvevviiecinenen. 203
Table 7.7 shows Sizes, Weights, and Quantities of Concrete Blocks per m®and Required

1] - USRS ST PRPRPR 205
Table 7.8 shows Nominal and Dressed Sizes of LUMDET ..........ccooviieiiniiniienieneeie e 207
Table 7.9 shows Door and WIindow CheckIist. ..........ccooeiiiiriiiiniie e 208
Table 7.10 shows Plaster mix covering capacity of 1 m®in m?........cccccoceeviiercceencnnn, 210
Table 7.11 shows Marble and stone flooring quantity take off units. .............ccccovvnene. 211
Table 7.12 shows Accoustic materialS UNIt. ........ccocoveiiiiieiinenieee s 211
Table 7.13 shows Acoustical materials waste factors...........c.ccoovviininiiienenc s 212
Table 7.14 shows Wood Flooring Installation Waste. ...........c.cccevviieiieve s 212
Table 7.15 shows Painting waste factors based on method of application........................ 213
Table 7.16 shows Painting difficulty factors affecting productivity. ...........cc.ccocevvnvnnnne. 213
Table 7.17 shows Weakness areas of FIrM..........cccocvviiiiineiiesiee e 226
Table 7.18 Shows the results of ANN MOdel. .......cccooviieiiiieee e 233

Xiii



List of Appendices

Appendix 1 The factors (items) of operationalization for this

Appendix 4 Analysis for mean of factors and scales

Appendix 5 The Construction Specifications Institute and Construction

SPECITICALIONS. ...\t

Appendix 6 Example of scope
Statement.......o.oee
Appendix 7 Example for resource breakdown structure with WBS by

Appendix 8

MEASUIBMENTS. .. ...t
Appendix 9 Bid

SUMIMANY . ..ttt ettt e e e et e e e e
Appendix 10 English and Arabic versions of evaluation tool

Appendix 11 Results of evaluation

T0OL. . e,

Xiv

25

25

27

27

27

28

28

29

31

31

32



|
o x

List of Symbols

Inputs
Weight

Activation of the processing element ..................

Threshold value

Output value

Final (true) output values
Output of network

Total number of observations ............cccevvveeeee...

Mean-square error

Number of examples ..........ccoooiiiiiiiiiiiiann...
Network output ........c.oovviiiiiiiiii i
Desired output ..........oovviiiiiiiii e,
Number of output PEs ...,
Number of exemplars in the data set ..................

Denormalised network output for exemplar i at PE j

Denormalised desired output for exemplar i at PE j

Network output for exemplar i at PE j
Desired output for exemplar i at PE j
Correlation Coefficient

Mean value over all output of network
Mean value over all desired output

The total number of observations .......................
The number of the outputs in the sample ..............

standard deviation

Size of sample ........covviiiiiiiiiii

Standard variate at a given confidence level

Sample proportion ..........ccooevviiiiiiiiiii .

Acceptable error

Size of population ..o

Construction cost classification

Cost estimation methods and techniques
Types of contracts and delivery systems
Critical factors

Safety considerations

Cost index

Knowledge of Cost estimate ........................

Base estimate
Measurements
Querying

Pricing
Management review

XV

Eqg. (3-1)

Eq. (3-9)
Eqg. (3-10)
Eqg. (3-10)
Eg. (3-10)
Eqg. (3-11)
Eq. (3-11)

Eq. (3-14)
Eq. (3-15)

Eq. (5-1)
Eq. (5-1)

Eq. (5-1)

Eq. (6-1)



Knowledge of cost estimate

Final detailed cost ..............ccoiiiiiiiiiii,
Base estimate ............ccoviiiiiiiii,
Measurements .........covvveieeiiiiiiiieeeeaaan,
Pricing ......oooviriiiiii
Management TeVIEW ...........ceeevereeneennennennsn.
Bidsummary ...........oooiiiii
Gross domestic product

Least developed Countries

United Nations Development Programme

United nation

Human Development Reports

World Development Indicators

Royal Institute of British Architects

Association for the Advancement of Cost Engineering
Cost Estimation Relationships

Occupational Safety and Health Administration
Artificial Neural Network

Knowledge of cost estimate

Neural network

Standard Industrial Classification Manual
Multi-Layer Perceptron

General Feed Forward

Root mean square error

Mean Absolute Error

Regression analysis

Support vector machine techniques

Work Breakdown Structure

Resource breakdown structure

United Kingdom

XVi

Eqg. (6-2)
Eq. (6-3)
Eq. (6-4)
Eq. (6-5)
Eqg. (6-6)
Eq. (6-7)


http://www.undp.org/

CHAPTER I: INTRODUCTION

1.1 Background

Many factors that affect the construction project success, such as time, quality, and cost
which considering the most important variables that should be investigated. Thus, Cost
estimating is the most important activities during various project stages. Cost estimating may
be a challenge task when the limitation of availability of information and other factors are
happened. In the construction industry, a company’ s success can be directly related to its
ability to estimate a project accurately and to control costs and complete the project within
budget.

Thus, the role of the estimator is vital for organisation leading to the success of the
organisation. The estimator is also responsible for forecasting the costs for construction in a
way that is both clear and consistent. Lack of time and information, and complexity of the
building project allocated for cost estimating often lead to a poor performance in estimate.
An estimate depends on the experience of the estimator who may be the best and fastest

method to produce quality cost estimate, also is gained the knowledge embedded in his head.

Furthermore, the cost estimate can be classified according to the function of estimate with
regards to the various stages, design estimate, bid estimate, and control estimate. Design
estimate can be used in feasibility stage, and can be called an order of magnitude estimate,
conceptual estimate, or preliminary estimate. While, detailed estimate (bid estimate and
controlled estimate) is used when the scope of the project has been defined. However,
detailed estimate is always determined by the time and efforts, which align with the available
resources. The final account almost is greater than preliminary estimate of preconstruction

stage.

Therefore, many researches cover the early stage estimate (preliminary estimate) and a few
researchers cover the detailed estimate at tender stage. At preliminary estimate, the focusing

is on the modern techniques such as artificial neural network, multiple regression, and fuzzy.

Hunter studied the cost estimation in the preconstruction stage and developing framework

focusing on the type of estimation and factors affecting the cost estimation. The multiple

regression, decision tree, & neural network were used in his model. In addition, Kim et al

stated that the cost estimation in the early stage wasn’t accurate due to incomplete drawings.

Consequently, three various techniques had been applied and compared to the accuracy of

three estimating techniques, regression analysis, neural network (NN), and support vector
1



machine techniques to perform the cost estimate by using a historical data. As well, Shehatto
discussed the needs of estimation of high degree of accuracy and without the need for
detailed information or drawings to satisfy the parties of the project (Clients, Donors,
Consultant, and Contractors). The Artificial Neural Network (ANN) model was used as new

approach in cost estimation as preliminary estimate.

Furthermore, Leng developed his model to satisfy the contractor requirements in tender stage
has model which was aimed to detailed estimate to ensure high accurately estimate. As well,
Washington State and Pratt were used a detailed estimate model for tender stage. It was

supposed to get a highly accurate estimate.

1.2 Problem Statement

In Yemen, clients and contractors firms may get inaccurate estimation for their projects.
Consequently, they face such problems as disputes, projects delay, and cost overruns with
regards to cost estimate.

Moreover, Construction projects become more complex, size, and very huge demand. They
have to be success according to the way of correct budget due to the right estimation by the
estimators. The basic problem that facing the construction firms is how the firms can make
accurate cost estimate for their construction projects for both early stage and tender stage to

satisfy the involved parties.

1.3 Research Objectives
Based on the current situation of firms in Yemen, and the prediction’s experience in

Yemeni’s construction field, this study targets to achieve the following objectives:

1. To identify the knowledge of cost estimate in construction management; in order

to determine the variables that will be used in the models.

2. To obtain a mathematical (quantitative) and frameworks models (qualitative),

which may be used to estimate the accurate construction cost in Yemen.

1.4 Research Questions
Based on the objectives of this study, brainstorming, contacting with key personnel in
construction field in Yemen, the following questions have been suggested:

Q1: What is the knowledge of cost estimate in construction management?

Q2: What are the quantitative and qualitative models can be used to estimate the construction

cost?



Q3: What are the effects of qualitative and quantitative models’ implementation on

construction projects in Yemen?

Q4: What development kind of models should be applied in order to guide the construction

firms in Yemen?
Q5: How these models can be applied in practice?

1.5 Research Hypotheses
Many hypotheses have been proposed in order to construct the theoretical model to fit

with the structure equation modelling and can be summarised as the following:

- H:Independent variables (social and economic system of Yemen, understanding of
construction cost classification, construction cost estimation methods and
techniques, understanding the types of contracts and delivery systems, understanding
the critical factors, understanding the cost control process, understanding the safety
considerations, and cost index) have a positive effect on knowledge of cost estimate.

- H: Independent variables (base estimate, correct way of measurements, bid summary,
and knowledge of construction cost estimate) have a positive effect on final detailed
cost.

- H: Measurements and query list have a positive effect on pricing process.

- H: Pricing process has a positive effect on management review’s process.

- H: Management review’s process has a positive effect on bid summary.

- H: knowledge of construction cost estimate has a positive effect on base estimate,

measurements, and pricing.

Another one hypothesis was proposed to investigate the relationship between the preliminary
estimate and final detailed cost as the following:

- H: Preliminary estimate has a significant correlation with the final detailed cost

1.6 Research Limits

This study investigated both preliminary and detailed estimate models, which may help
to estimate the construction projects cost accurately in both early stage and tender stage in
Yemen from end of 2014 to the end of 2017. Therefore, the population of study was the
engineers of construction firms in Sana’a and Hodeida provinces in Yemen, and their

responses were collected.



1.7 Research Scope
The major scope of this study is to develop mathematical and frameworks models which
can be used for estimating the construction projects in Yemen for both preliminary estimate

and detailed estimate. These models may help the firms to make their estimate accurately.

1.8 Research Methodology

The study started with identifying the problem statement, study the extensive literature
review, data collection, analysis and discussion of results, develop the models, practice the
models, and conclusions and recommendations. One important way to strengthen a research
design is to use both qualitative and quantitative methods. Figure (1.1) shows a flowchart of
the research methodology in order to achieve the objectives of the study. The adopted
strategies in this research were the literature review, questionnaire, structured interview, and
case study. Comprehensive literature review had been conducted to gather the information
on both preliminary and detailed estimates. Questionnaire survey was designed based on
literature review. In addition, the structured interview was done in order to develop the
models. As well as the case study was performed producing the practicing for models in the
field.

1.9 Structure of Thesis

Chapter 1 presents a brief description about the thesis. As well, chapter 2 presents a wide
view of construction industry in developing countries and in Yemen especially. Project life
cycle is discussed and the knowledge of construction estimates is covered. Eight hypotheses

are proposed in order to construct the qualitative model of this study.

Chapter 3 focuses on the preliminary estimate techniques. One hypothesis is suggested
concerning quantitative model, ANN model is debated and formulated.

Chapter 4 discusses the detailed estimated as well as eleven hypotheses are proposed to share
into qualitative model construct. Therefore, the model of this study are constructed. In

addition, the research methodology and the analysis technique literatures are debated.

Chapter 5 appears the research methodology of this study; the adopted strategies of this study
which are literature review, questionnaire survey, structured interview, and case study. The
subjects of how to develop the research questionnaire and structured interviews, how to
design and develop the questionnaire survey and structured interviews, and how to perform
the case study are discussed. Furthermore, the instrument evaluation is conducted with

regards to reliability, and validity.



Chapter 6 presents the analysis of both qualitative and quantitative models and their
interpretations for the results. Therefore, the models test are done according to statistical

tests.

Chapter 7 provides the model developments in detail, as well as how to formulate the
improvement plan, which is used in case study. Furthermore, this chapter reveals the case
study firm’s details and its potential weakness that is the base of formulate the improvement
plan. Therefore, the improvement plan is applied into two stages for covering the eight
weakness areas of firm and to practice both qualitative and quantitative models.

Chapter 8 presents the conclusion of this study, general recommendation, future research’s

recommendation, and the limitation of this study.
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CHAPTER Il: KNOWLEDGE OF CONSTRUCTION COST ESTIMATE

2.1 Introduction

This chapter focuses on construction industry description as general and in Yemen in
specific, which includes features of society, the economy, construction cost, and cost
estimate practice. As well, explains the project’s life cycle with regards the cost estimate.
Furthermore, the literature review presents the knowledge of cost estimate. More accurately,
it describes the type of cost estimate and the type of cost as well as the construction project’s
adopted cost. In addition, techniques of cost estimate covers the techniques that are mostly
used in cost estimate.
Project delivery system and type of contract are discussed from estimate point of view, which
Is adopted in this study. In addition, the factors, which affect the construction estimate are
clearly defined and mentioned. Sections (2.13) and (2.14) cover cost control and safety
matters with regarding estimate respectively. As well, the cost index is described and

explained. Finally, the summary describes this chapter shortly.

2.2 Construction Industry

The construction industry is one the largest industries in the global world, helping to build
environment within which most other economic activities take place. Buildings and other
construction products have influenced on social activity in modern society. Thus, the
understanding of its nature is crucial at both macro and micro levels in the management of
the industry and its constituent organisations (Hakami, 2012, Akintoye, 1991), Behm (2008)
explained that the construction nature is a large, complex industry sector and dynamic, as
well as playing important role in united state economy. Its workers and employees have the
abilities to build our roads, houses, workplaces and repair, and maintain our nation’s physical
infrastructure. In addition, the construction industry employed 7% of the workforce in 2004,

and in 2008 accounted for 23% of all work-related fatalities in the United States.

Popescu et al. (2003) mentioned that the division of construction by the Standard Industrial
Classification Manual (SIC) in1987 was into three broad types: building construction, which
belongs to general contractors or operative builders; heavy construction, which is done by
general contractors and high specialty trade contractors; and construction done by special

contractors such as electricians, plumbers, and painters.

Furthermore, Jackson (2010) argued that the construction industry is varied and vast,
considering from homes to highways to hospitals, built political capitals, and great cities
bustling. Construction is also big business, totalling more than $3.9 trillion annually



worldwide, The industry employments are about million people who are directly (plumbers,
carpenters, welders, and so on) and hundreds of thousands more indirectly. It assists the
steel, lumber, carpet, furniture, paint, concrete, and paving industries, and so on. It expands
trucking, manufacturing, shipping, and mining industries. Architects, engineers,
draftspeople, building inspectors, code officials, and other professionals have familiarised in
this industry.

Construction industry includes many business including constructed buildings, set-up and
complete engineering projects, subdivide land for sale as potential building sites and site
preparing. In addition, this industry exposure for alterations, additions, new developments

or maintenance and repairs (An, 2004).

2.2.1 Construction industry in developing countries

Sultan (2005) explained the construction industry in developing countries might be
viewed as a sector of the economy, which is responsible for the planning, design,
construction, maintenance, and eventual demolition of buildings and works. It is essentially
a service industry, obtaining its inputs from various sectors of the economy with which it is
interrelated and interlinked in complex ways. The importance of construction to developing
countries derives from its role in the generation of constructed physical facilities and
employment, which, in turn, plays a critical and highly visible role in the process of
development. In developing countries, the difficulties and challenges in the construction
industries are present alongside a general situation of socio-economic stress, constant
resources shortages, and a general inability to deal with the main issues. Hakami (2012) also
specified that the development in the construction industry is increasing in size,
technological complexity, interdependencies, and variations in demand from the client. The
scope of construction industry is very wide, including residential construction, building
construction of commercial, irrigation, roads, tunnels, transportation, facility building, and
heavy engineering construction refer to infrastructure construction and industrial
construction that need specialist expertise and contributes substantially to the economic

growth of country.

2.2.2 Construction’s GDP and the level of per capita national income

The relation between the construction and economic development has been found a
positive effect between construction in GDP and the level of per capita national income.
Turin (1967) mentioned that there is value—added between in GDP and per capita GDP
regarding construction. In addition, Turin (1967) and Drewer (1980) subsidised that there is
a relation between construction activity and economic development, consequently, the

8



positive correlation between GDP per capita and construction output is indeed crucial matter.
Lopes (1998) discussed that a long-term leads to decrease growth in GDP per capita
according to construction volume. Consequently, when the GDP per capita increased in
countries, the volume of construction increased also. On the other hand, the countries that
the GDP per capita had decreased, the construction volume also decreased.

Some of researchers confirmed a relationship between GDP per capita and different
measures of construction industry activity such as (Turin, 1967, Wells, 1985), as well as,
Wells (1986) stated that the shared in construction GDP for national income per capita can
be found if this relationship occurs in a country at a given point in time. Thus, the direct
relationship between the construction sector and the economy development is more effective
than development pattern downturn. Also, Tse and Ganesan IV (1997) revealed that the
construction flow tends by the GDP not vice versa as well as an increase in income output
affected by the expansion of construction activity.

Sultan and Kajewski (2003a) pointed out the construction contribution within 3-5% to GDP
leads the construction industry grows faster than the economy as well as Han and Ofori
(2001) have also confirmed this. Moreover, Hillebrandt (1984) subsidised that the
purchasing reduction power might affect the construction industry from the output
perspective, so if the output is down the investment is down.

On this side, An (2004) revealed that the construction industry yielded 4.4 per cent of the
Gross Domestic Product (GDP) or $480 billion in 2003, as well as employing 28 per cent of
workers who worked in goods-producing industries, including manufacturing, natural
resources, and mining. In addition, 5.2% of the national workforce was employed by
construction industry. Consequently, the construction industry is estimated to be among the

economy’s top 10 largest sources of employment growth through the following decades.

2.3 Yemen and construction industry

Yemen, which situated along the south eastern edge of the Arabian Peninsula, has an area
of some 531,870 square kilometres and an increasing population of over 27447600 people.
Sultan (2005) mentioned that the construction industry in Yemen has played key role in the
economy which led to value-added in construction decreased from eight in 1975 and it
employed 6.6% of the total workforce; construction activities in 1993 were raised and were
down by 17% in 1994.

Moreover, Sultan and Alaghbari (2014) revealed that the construction industry in Yemen
has many development constraints which is becoming challenging in Yemen, such as the

inadequate implementation of appropriate building material and labour construction



technologies. Consequently, it leads to consumes up to 90% of the initial expenditure in the
overall process of a project. Further, construction activities have excessive waste and high
costs, as well as the contribution was low in 2003 on which was 3.4% of value added in
construction. In addition, construction industry in Yemen faces the shortage of adequately

professional and skilled personnel in many sectors of construction projects.

Sultan and Kajewski (2003b) explained that the Yemeni construction industry’s state which
consisted of uniform style of the traditional Yemeni architecture, unique building tradition
and townscape. In the past years, these building were successfully maintained by local skill
labours. In addition, the rapid change from the traditional towards the modern style is
controlling the mind of people. Of prime importance, SFD (2013) is a responsible about
many types of development projects in Yemen. One of those projects is the culture heritage
sector, which contributes to restore and save the country’s rich to preserve both tangible and
intangible assets, for instance, restoring project of the great mosques, paving streets of
ancient cities, and strengthening and restoration the historic schools. It is important to
mention that the approved projects since 1997-2013were 284 projects (20 in 2013) costing
US 62570600 (US 5752300 in 2013) as well as the workforce was 275158 employees in
2013. In addition, Sultan and Kajewski (2003b) stated that the inadequacies in building

materials, in design, and project management potential caused further hindrance.

Moreover, Crochet (2011) revealed that Yemen established a large primary road network
given its level of GDP and population size as well as the Yemen network road was appeared
better than any in most comparator countries, in addition, the annual allocation of funds of

roads was insufficient and far below comparing to other countries as the same in Yemen.

Many difficulties faced the construction industry development in Yemen, which were
administrative problems and red tape, the availability of materials, the availability of skilled
labour, informal sector, the availability of specifications, inadequate supply of affordable
land, lack of research and experimental projects, and lack of standardisation of local
materials. As well, the more difficulties were inadequate supply of infrastructure,
inappropriate law and legislation, poor utilization of local building technologies, inadequate
of finance system, and poor utilization of local building materials (Sultan and kajewski,
2004).

Sultan and Kajewski (2003a) summarised the difficulties associated with the Yemen
construction industry, which may be the unstable prices, high construction cost, inefficient

planning, and weak contribution to the socio-economic development.
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Industry characterises one of important of the national economy which contributes with the
ratio of (10 - 15) % in GDP excluding oil industries; food industries are ranked the first and
then construction industries which is in cement product, then tobacco and metals products
(Embassy of the republic of Yemen, 2014).

2.3.1 Features of Yemeni’s community

Sultan and Kajewski (2003b), Sultan (2005) and USAID (2014) explained the situation
of Yemen as the poorest countries in the world with low standards of facilities and high
growth rate of population. In addition, Yemen was ranked 154 of 182 countries in 2014 and
2015 on UNDP’s Human Development Index as well as the GDP per capita was 3.8 and
within the 44 LDC (Least developed Countries) in 2014. Before 1990, Yemen was divided
into two political systems, Communist People’s Democratic Republic of Yemen in the south,
and the conservative, tribal Yemen Arab Republic. After uniting and form the Republic of
Yemen, Sana’a in the north became its capital and Aden in the south as its economic centre.
Yemen’s GDP has been enhanced by remittances from Yemenis working in other countries
and by aid of foreign, but after the Gulf crisis, remittances dropped substantially. Therefore,
the need for the housing and other facilities projects remittances accordingly have dropped

substantially.

Recently, USAID (2014) pointed out that the Yemen is a country in transition as a fragile
state according to conflict-afflicted, impoverished, and in a critical post-revolutionary stage.
More than half population have suffered chronic hunger, no access to safe water and
sanitation, unemployment, and poverty regarding to political tension. The ownership and
exploitation of resources are controlled by elite segments of society.

The important feature of society in Yemen is the tribes, which are culturally homogenous
units not ethnically diverse. They are promoting the welfare of their members as well as have
a conflict management mechanisms and systems. After political instability that Yemen
skilled for the last periods of its history, tribes became functionally as states. Also, Yemenis
have relied on tribal traditions to control conflict and launch justice, in addition, tribal law

has effectively handled between tribes and extractive companies (Al-Dawsari, 2012).

Furthermore, that features of Yemeni communities have big influences on the construction
projects by accept or reject those projects due to their mentalities and loyalties to tribe, which
was clear from the author experience, for instance, small project was planned in 22 days;

unfortunately, it was executed for 180 days making losses in time, money and the benefits.
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However, the main problem was conflict between members of that tribal community which

had led to these losses.

In addition, Ministry of oil and minerals (2010) stated that the social matters can affect the
projects such as one case at Suth al-Zafim near Amran, the project’s waste stone was

prevented from depositing down slope into the valley (wadi) for their own reasons.

2.3.2 The Economy of Yemen

Engelke (2012) debated the economy of Yemen, in which; the events of 2011 were
multifaceted and complex and economy growth was slow and service delivery was generally
observed to be poor. On average of over the past decade, the economy was growing 4% a
year; on the other hand, was unable to produce significant positive per capita growth as well
as the Poverty raised from 35% in 2006 to 42% in 2011 and 54.4% in 2012. The private
sector was affected by 2011 events, which estimated to losses range between $8-17 billion.
In addition, the Public sector operations had severely disrupted with significant displacement

of employees in more insecure governorates.

In the past 1990, the economic was started to deteriorate due to many causes which was
mainly the Gulf Wars as well as the civil war in 1994 was also one of those causes to
deteriorate the economy. With returning to the UN Human Development Reports (HDR) and
the WB World Development Indicators (WDI) in the same period, there was no indication
of any significant development. On the contrary, the construction activities were
degeneration due to expulsion of over 1 million Yemenis by the gulf due to the war of
1991(Sultan and Kajewski, 2003a, Sultan and Kajewski, 2003b)

Recently, industry represents one of the key components of the national economy and
contributes with the ratio of (10 — 15) % excluding oil industries. As for the contribution of
these industries to the GDP, food industries are ranked the first and then construction
industries the main ones are: cement, then tobacco products and metals with the exception

of the oil industries (Embassy of the republic of Yemen, 2014).

2.3.3 Construction costs

A study conducted by Sultan and Kajewski (2003b) subsidised that the increase in rates
of building construction costs was much faster than the inflation in 1990 regarding to input
materials such as steel, brick, cement, and other materials of building which also led to
increase the labour cost around 20% to 25% annually even when inflation was low. Also,
Sultan (2005) mentioned that the effect of cost increase appeared in building quality and

housing size which were also indications to the rapid increase in cost of construction.
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Notwithstanding, the traditional construction in 1972 was more economical then in 1982 due
to materials’ expensive price and due to scarcity of skilled and semi-skilled labour to

neighbouring countries.

Alaghbari et al. (2012) discussed that the factors that affecting the housing cost in Yemen;
those factors were classified to factors related to land, factors related to materials used,
factors related to finishing works, factors related to construction methods used, and external
factors influencing cost of project construction. Therefore, the following ten factors were
ranked respectively due to their effects on the cost; cost of project land, cement, steel for
reinforced concretes, economic condition and incertitude cost of exchange, money, concrete
frames used, relation between projects location, services, and
transportation, materials available in local market, political condition, transportation and fuel

cost, and Tools and equipment’s available in local market.

2.3.4 Construction cost estimate

According to the author’s experience in the field of construction, estimate method in
Yemen uses the traditional methods for unit price as meter square, cubic meter as well as the
analogous estimate is used within the similarities between the projects. In the formal
construction projects, there are bill of quantity, which represents the costs of the project
components, but in contrast, the estimation also by the traditional method, which accounts

the determined unit cost ignoring other shared cost in the project and the systematic process.
Therefore, there was one hypothesis was proposed:

H1: The social and economic system of Yemen has a positive effect on knowledge of cost

estimate.

2.4  Project’s Life Cycle

Kerzner (2009) debated that the phases generally are found in certain industries are start-
up, main phase, definition, and the termination phase as well as the computer programming
industry uses the conceptual, planning, definition, and design and conversion phases.

It was mentioned that the Royal Institute of British Architects (RIBA) Plan of Work use a
number of key work phases that are almost suited for projects within the built environment
in order to organise the process of managing and designing building projects and
administering building. The phases are: preparation, design, pre-construction, construction
and use phase (Zulch, 2012).

13



Another concept was obtained by Burke and Barron (2014) who stated that the project’s life
cycle may be subdivided into four sequential phases, namely corporate strategy phases,
project phases and operation phases, as well as the project phases consist of feasibility study,
project definition, project execution, and project commissioning and handover. Furthermore,
PMI (2008) stated that project’s life cycle are the concept and initiation, design and

development, construction and implementation, and commissioning and hand over phases.

The first phase, which is the conceptual phase, includes the preliminary evaluation of the
idea. The second phase which is planning requires identifying the resources required and
establishing realistic time, cost and performance, as well as preparing documentation to
support the process (Kerzner, 2009). Also, Gido and Clements (2009) stated another division
of project life’s cycle which are the identification of a need, develop a proposed solution,
perform the project, and terminate the project.

Bennett (2003) enhanced that the phases of the project are the pre-project, planning and
design, contractor selection, project mobilisation, project operations, and project closeout

and termination phases.

It is very clear; there are many different divisions for the project’s life cycle, which is suited
to the subject and topics of the study by the researchers. Consequently, in this research?, the
phases which can be adopted are two phases in order to estimate the cost of the project at the
early stage (pre-project, concept and initiation or pre-bid) when there is no more enough
information about the project, and in the tender stage when the estimate have to be more

accurately than before.

2.5 Construction Project’s Cost Estimate
There are many definitions of cost estimate from many researchers regarding with their
field of study. Nevertheless, those definitions contribute in the same meaning with a little of

variance.

Firstly, the terminology of cost was defined by Stewart (1991) as “the total amount of all the
resources required to perform the activity”. So, the price is the total amount paid for that

activity. Mathematically, price equals the cost plus the desired profit (Price = Cost + Profit).

According to Shehatto (2013), there are two types of cost estimate can be used by researches.

Firstly is construction cost which was defined by the Association for the Advancement of

1 The author sometimes uses the term of "research™ or "study" when it means this research or study of this
PhD.
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Cost Engineering (AACE) International (2007) as ‘‘the sum of all costs, direct and indirect,
inherent in converting a design plan for material and equipment into a project ready for start-
up, but not necessarily in production operation; the sum of field labour, supervision,
administration, tools, field office expense, materials, equipment, taxes, and subcontracts’’.
Secondly, the cost engineering which is “a field of engineering practice to be judgment and
experienced by engineers in the application of scientific principles and techniques to solve
problems of estimation, cost control, business planning, management science, and

profitability analysis”.

The common type or terminology is cost estimate which is used by most of researchers in
most of fields; Pratt (2011b) presented definition for the cost estimate in its essence; ‘‘is an
assessment of the probable total cost of some future activity’’. Jackson (2010) also has
defined that the estimate is “a summary and an educated guess which was based on the best
information available of probable quantities and costs of materials, equipment, labour, and
subcontracts to complete a project which also contain taxes, overhead, and profit.

Consequently, they used to develop the project bid price”.

According to PMI (2008), the cost estimate is “‘to develop an approximation of the monetary
resources needed to complete project activities’’. In addition, Marjuki (2006) mentioned
that the (AACE) International has defined the cost estimation as to provide the basis for

project management, business planning, budget preparation and cost and schedule control.

Dysert (2006) defined a cost estimate as, “the predictive process used to quantify cost, and
price the resources required by the scope of an investment option, activity, or project”.
Moreover, a definition was given by Smith and Mason (1997) which is “Cost estimation is
a fundamental activity of many engineering and business decisions, and normally involve
estimating the quantity of labours, materials, utilities, floor space, sales, overhead, time and

other costs for sets series time of periods*.

Furthermore, Leng (2005) cited in his research two definitions for cost estimate; the first one
is “‘an evaluation of all costs of the elements of a project or effort as defined by an agreed
upon scope. It is an assessment based on facts and assumptions of the final cost of a project,
program, or process’’. The second one was defined by A.A. Kwakye, (1994), which is
“Estimating is a technical function undertaken to assess and predict the total cost of
executing an item of work in a given time using all available project information and

resources’.
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From the last discussion, the construction cost estimate is adopted in this study as
terminology and will be discussed wordiness.

2.6 Classification of Construction Costs

Construction cost is classified in most construction projects into direct cost and indirect
costs, which the estimator has to distinguish all the types of those two classifications.
According to Rad (2002), the direct costs are those costs which share directly in the project,
such as buying, travel, and salaries or renting equipment which is used in the project.
Consequently, the items that actually go into building facility are classified direct costs,

which make up the bulk of any construction estimate.

The following items are considered as direct costs:

e Material
e Labour
e Equipment

e Subcontractors

Furthermore, the indirect costs are the expenses incurred in order to manage and deliver
the materials, labour, equipment, and subcontracts employed on any given job. They are
much more than expected according to the given project but some of the common items

include the following but is not limited to:

e Supervision

e Job trailer expense

e building permits

e Temporary utilities

e Scaffolding

o freight charges

o sales tax

e Testing and inspections

e Job photographs

e Safety supplies

e Chemical toilets

e Security fencing and barricades
e Trash and debris removal

e Clean-up
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e Bonds and insurance

On the other hand, Rad (2002) discussed the indirect costs which include the costs of
infrastructure for human and physical resources, vacation, sick leave, training, portions of
the salary of supervisory personnel, retirement benefits for the employees, as well as any
resources that connected indirectly with the project. Other indirect costs can be portions of
service’s cost such as administrative support, computers, phone system, faxes, insurance,

rent, taxes, and utilities.

All the above mentioned must take into consideration by the estimators in which to verify

the cost accurate (Jackson, 2010).

According to Shehatto (2013) and Marjuki (2006), they stated that the construction costs can
be classified into five types as the following: material cost, labour cost, equipment cost,
overheads, and mark-up, see figure (2.1).

Direct labour
Labour cost . cost J
Indirect labour

Material cost ] \ cost J

[ Construction Site overhead
coat Overheads cost . J

Office overhead
Equipment cost ] \ J

Risk allowance
Mark- up cost \ J

Profit

Figure 2.1 Construction cost classification, Shehato (2013).

2.6.1 Material cost

Cost of material includes the direct cost of the material items and any other cost related to
the material as transportation, sales taxes and freight costs, delivery, storage, sales, and other
taxes and losses. The price of tender sheet should be lump-sum amount including all cost

related to the materials.
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2.6.2 Labour cost

Shehatto (2013) stated that the labour cost is one of component in cost of project which
often ranging from 30% to 50%, and can be as high as 60% of the overall project cost. It
includes direct and indirect labour cost according to their relationship to the project. Also,
Marjuki (2006) classified the cost into direct and indirect; the direct labour cost relates to the
project such as engineers, carpenters, foremen, etc. the indirect labour cost don’t related
directly to the project such as payroll, taxes, insurance and employee fringe benefits such as
health paid vacations and pension plans. Indirect labour cost normally accounts on a 35 to

50 per cent addition to the direct payroll costs.

2.6.3 Equipment costs

Generally, Shehatto (2013) explained the equipment cost can be classified into two types;
the first one for specific equipment which is used for a specific construction operations and
is removed it from the site by finished work; the second type is for general use equipment
which is used by all the subcontractors on the site not for particular work. Marjuki (2006)
has stated another description for the equipment cost, which divides into owning cost and
operating cost as well as the equipment hourly cost should be determined. Moreover, the
following factors should be considered and studied carefully to cost the equipment; number
of hours per day, month and year, job conditions’ severity, the way of maintenance, and the

equipment’s demand for selling.

2.6.4 Overheads

An overhead cost is the cost doesn’t belong to the specific item of work and it is a
significant item of expense. It accounts about 5% to 15% of the total project cost such as
office activities (office rent, fuel, lights, telephone and stationery) and job overhead such as
(superintendent, temporary buildings, offices, utilities, protection, clean-up, permits, survey,
photographs, tools and equipment, insurance and benefits, sales taxes, surety bonds and
warranties) (Shehatto, 2013, Marjuki, 2006). Rad (2002) also debated the overhead items
that include the cost of preparing failure proposals, relation with general marketing and
public, and entering the innovative ventures. Unfortunately, the profit will not be achieved

when ignoring the overheads cost, then the project is unattractive.

2.6.5 Mark-up

According to Shehatto (2013) the mark-up’s definition as ‘‘as the amount added to the
estimated direct cost and estimated job into overhead cost to recover the firm’s main office
allocated overhead (general overhead) and desired profit”’.

In general, mark-up can be classified into two main categories as:
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a. Risk allowance (Contingency)
Ritz (1994) explained the contingency allowance as the factor which adds to the estimate in
order to cover the two important unknown presents of estimate; the error of inaccurate or
incomplete design data, and the error of omission and commission in estimating, Ahuja
(1994) also informed that the contingency is a specific provision which accounts on
unforeseen element of cost.

b. Profit
A profit is a percentage that is added to the contract or to each items, this profit can be
decided by the owner depending on the local market conditions, competition, and the
contractor’s need for new work (Shehatto, 2013, Marjuki, 2006).

Based on these empirical research findings, the following hypothesis was proposed:

H2: Understanding of construction cost classification has a positive effect on knowledge of
cost estimate.

2.7 Types of Construction Cost Estimate

The construction estimates have different types varying according to numerous factors,
which are but not limited to; estimate’s purpose, quality and quantity of information
availability, accuracy range desirable, techniques and methods of calculation, time chosen
to yield the estimate, project stage, and perspective of the estimator (Humphreys, 2004,
Westney, 1997).

The main common types of cost estimates were mostly taken by many researchers such as
(Shehatto, 2013, Marjuki, 2006, Leng, 2005) namely; conceptual and preliminary estimate,

engineering estimate, detailed estimate, and definitive estimate.

2.7.1 Conceptual and preliminary estimate

A top-down, order of magnitude, ballpark, feasibility, quickie, analogous, or preliminary
estimates are also defined as Conceptual estimate. In this stage, it is the first serious effort
made at trying to forecast the cost of the project with limited information on project scope
without detailed design and engineering data usually. The accuracy range is expected to be
+ 30% to 50%. It is also a pre-design estimate which usually done with limited or no design
and engineering information. The information availability in these early stages is usually
high-level information, such as number of building occupants, gross square footage area, or
building enclosed volume. Importantly, the historical information is used to predict future

cost of the new project (Leng, 2005).
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Also Shehatto (2013) discussed the preliminary estimate which can be approximately
based on the defined cost data to establish ground rules as well as to allow the owner to
review design before details. Further, the accuracy range in this stage is also £ 30% to 50%.
In addition, Jackson (2010) discussed the conceptual estimate which is often called ballpark
estimates when the project is an idea or in concept stage, in order to advice the owner to
accept the project economically and technically. Furthermore, the preliminary estimate
considers a higher level of accuracy and may be used to create initial budgets as well as
preliminary financing scenarios. Moreover, never be applied in a contract price because too
many factors can impact the reliability of the numbers.

Consequently, the conceptual and preliminary estimate has been considered for pretender
stage according to the accuracy of calculation. Thus, in this research, the preliminary
estimate will be adopted for pretender stage; this term contains the conceptual and
preliminary estimate, which is very important for the owner to accept the project from

marketing point of view.

2.7.2 Engineers estimate
Engineers estimate was explained by Shehatto (2013) in which based on detailed design
when all drawings are ready to guarantee design is within financial resources in order to

support bids evaluating. The accuracy in this stage is +15% to 30%".

2.7.3 Detailed estimate

Leng (2005) stated that after detail design work is complete and conceptual design has
been approved, approximate estimates are generally supplemented by detailed estimates.
There are also called a bottom-up, fair cost, bid estimate, or quantity take-off which can be
tabulated of all quantities for a project. A fair-cost estimate is carried out by owner for bid
evaluations, contract changes, legal claims, extra work, permits and government approvals.
Then, a bid estimate is prepared by contractor in order to be submitted as the proposed cost
to the owner for carrying out the construction work. Since the careful take-off can reduce or
eliminate the unknowns of the amount of work, which would be performed, the margin of
error is considerably reduced. Thus, the expected accuracy for a detailed estimate is within
a range of + 5% to 15%. Therefore, contingency requirements, which are for the cost of the

work, consider the major variable in order to be left to the estimator’s judgment.

! The author sees that estimation can be considered a detailed estimation, in which the difference in accuracy is slight.
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2.7.4 Definitive estimates

This type of estimation is also performed during the project’s construction phase, or after
the construction phase, or after the construction completion to evaluate the final actual cost.
This estimate is extension and updating to the detailed estimates regarding the actual rather
than projected construction (Leng, 2005).
Samphaongoen (2010) was also discussed the classification of the estimate types into three
main types which are conceptual (£10-20%), semi-detailed (+5-10%), and detailed cost
estimates (£2-4%).
In the first place, many researchers considered the estimation types into two types in which
conceptual and preliminary estimate into conceptual (Preliminary) estimates, and integrating
engineers; bid estimates into detailed estimates as (Clough, 1986, Shehatto, 2013), see table
(2.2).

In this research, the preliminary and detailed cost estimates have been adopted in pre tender

and in tender stages for cost estimate in Yemen.

Table 2.1 shows Preliminary and detailed estimates characteristic

Conceptual Estimate Detailed Estimate

The scope of work is clearly

At the beginning of the ) )
S o defined, and the detailed
project in feasibility stage S
When _ | design is identified and a
and no drawing and details

take-off of their quantities is

are available.
possible.
No details of design and | Detailed specifications,
Available of information | limited information on | drawings,  subcontractors
project scope are available. | are available.

Accuracy range +30% to 50% +5% to 15%

Determine the approximate _ )
) Determine the reliable cost
cost of a project before )
Purpose ) ] o of a project and make a
making a final decision to
contract.

construct it.

Requirements

Clear understanding of what
an owner wants and a good

"feel" for the probable costs.

Analysis of the method of
construction to be used,

quantities of work,
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Conceptual Estimate Detailed Estimate

production rate, and factors

that affect each sub-item.

Source: Shehatoo (2013).

2.8 Techniques of Cost Estimate
Cost estimate techniques can be called into two techniques namely as:

2.8.1 Quantitative and qualitative technique

Qualitative approaches depend on expert judgment or heuristic rules, and quantitative
approaches which are categorised into statistical models, analogous models, and generative-
analytical models (Caputo and Pelagagge, 2008). Quantitative approach has been classified
into three main techniques according to (Caputo and Pelagagge, 2008, Duran et al., 2009,
Cavalieri et al., 2004) which are analogy-Based, parametric model, and Analytical model

(Engineering approach).

2.8.1.1 Analogy-based techniques

Generally, this technique is used when there is significant similarity between the desired
project and those projects limited to in historical database. These models mostly tend to be
less complex, easier to use, and more inexact than parametric models. Normally, it is used
for early estimates that are called order of magnitude, conceptual, or ballpark estimates.
Many of the following deliverable indices as available can be used by project manager as
values such as type, functions, requirements, design characteristics, capacity, size, location,

cost constraints, and quality expectations (Rad, 2002).

In this technique, it is depending on analysis of the degree of similarity between the new
project and another one in order to obtain a rough but reliable estimation of the future costs.
The concept is to obtain the estimation from previous actual information, of course, there

are still many problems exist in the application of this approach, such as:

e The difficulties are in the measure of the concept of degree of similarity.
e The difficulty of incorporating in this parameter is the effect of technological

progress and of context factors.

2.8.1.2 Parametric models
In this model, the historical data are used as the basis of the model’s predictive features.
As well, the output of parametric models includes duration of project major phases, the cost

of major phases, total project cost, and resource requirements. In addition, it depends on one

22



or more independent variables to calculate the dependent variable of cost. Consequently,
these independent variables are quantitative indices lead to the performance such as desired
floor space, project type, exterior material, frame material, ground conditions, and roof type.
Nonetheless, the evaluated, validated, calibrated, and customised for accuracy and
appropriateness should be considered (Rad, 2002).

Generally, the cost is stated as an analytical function by set of variables which are some
features of the project (performances, type of materials used, etc.), in which can influence
mainly the final cost of the project (known also as cost drivers). In addition, the analytical

function can be named Cost Estimation Relationships (CER).

2.8.1.3 Analytical model

The detailed analysis and features of the project is the core of this estimation, which is
calculated in a very analytical way; as the sum of its elementary components comprising by
the resources’ value which are used in each step of the project process (raw materials, labour,
equipment, etc.). Therefore, when all the characteristics of the project process are well

defined, the analytical model can be used only.

2.8.2 Preliminary and detailed techniques

Generally, the preliminary methods are less numeric than detailed methods. Especially,
most of researchers look for perfect preliminary method with less prediction error. The
preliminary can be divided into two sets qualitative preliminary methods and quantitative
preliminary methods. Specifically, the qualitative methods can be opinion, conference, and
comparison similarity or analogy, and the quantitative method can be as unit method, unit
quantity, linear regression, artificial intelligent ...etc., figure (2.2) shows the level of the

project and the proper estimation methods.

Clearly, a detailed estimate based on computed quantities after design work is complete and
known by Bottom -up estimate. This computed quantities are then multiplied by unit costs,
as well as the sum represents the estimated direct cost of the facility. Further, the addition of
indirect costs, plant and equipment, office overhead, profit, escalation and contingency will
then add to the total estimate project cost (Leng, 2005).

Consequently, the following hypothesis was supposed:

H3: Construction cost estimation methods and techniques have a positive effect on

knowledge of cost estimate.
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Figure 2.2 The project level and proper estimation, Author.

2.9 Estimator Characteristics

Jackson (2010) stated that the estimator as a key of project who knows the project very
well than others, as well as the estimator thinks in terms of chunks of time and cost. The

following skills and characteristics are common among estimators:

e Reads contract documents well

e Is knowledgeable about construction techniques

e Is familiar with typical job conditions
e s familiar with construction products
e Has good visualization skills

e Follows instructions explicitly

e s creative, yet practical

e |s detail-oriented and thorough

e Can meet deadlines and work under pressure

e Is familiar with purchasing

e Is familiar with computer applications
e Works well with numbers and statistics
e s a perfectionist at the task level

e Has very good organization skills
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Generally, the reputations of the firms depend on the estimating process. Consequently, the

estimators must make judgment calls regarding techniques, pricing, and people.

2.10 Project Delivery Systems and Estimating

Different project delivery systems have been related to different types of estimates,
preliminary, and detailed at various stages. Pratt (2011b) discussed from a wide knowledge
of experience and science, in order to relate between the delivery system and estimate
depending on how well the scope of work is defined at that particular stage. Design-bid-
build delivery system is considered as traditional approach and is still used extensively.
Although, the preliminary estimate methods are importantly adopted for reasons, the
contractors and construction managers are hired before project design has been started in

which without more enough information about the project.

2.10.1 Traditional (Design- Bid- Build) delivery

Accordance to the methods of delivery system (Design- Bid- Build), see figure (2.3), the
projects have to be fully designed before work begins, in which bidden to the single
contractor who is responsible for constructing the entire project on the terms of a lump- sum
contract with the owner. The preliminarily estimate may help and manage the project cost
within the budget of owner in which the design will be appropriate (Pratt, 2011b).

Design
Contract I
. Cwner Slngle
Project Manager Construction
" Contrac} (Firm Price)
Muliiple
b
Prime Consultant General Contractor Subcontracts
Subcontract
Subconsultants Subcontractor Subcontractor Subcontractor
Sequential Delivery
[ pesisn |+ BD | CONSTRUCTION

Figure 2.3 Design-Bid-Construction delivery system, Pratt (2011b).

25



2.10.2 Design- build delivery

In essence, this approach, the owner deals with a single firm, which are the responsible
about both design and execution. It is known as turnkey and package forms that used in many
type of projects, especially, the public private partnership, or P3 such as infrastructure
projects. Furthermore, there may be some sketches were prepared by owner. Consequently,
the contractors have confidents to satisfy the owner’s needs together with a price for the
project. Indeed, the preliminary estimate has to be adequate and accurate, see figure (2.4)
(Pratt, 2011b).

Owner

Firm-Price Contract

Multiple

Design-Build Subcontracts

Contractor

Design
Consultants

Subcontractor Subcontractor

Fast-Track Delivery

DESIGN |
| SUBCONTRACTOR BIDS |
| CONSTRUCTION

Figure 2.4 Design- Build Delivery System, Pratt (2011b).

2.10.3 Construction management delivery

Construction management organisation is the one alternative traditional system of project
delivery in which to facilitate overlap between project stages using fast tracking technique,
figure (2.5). Consequently, it is achieved by dividing the project into a number of phases
when the design was begun for phase on and bids for this phase are then obtained. While the
work on this first phase proceeds, the design continues for phase two and so on. In this type,
the owner has to be carefully for its decision about the financial before long time depending

on the preliminary estimate, which provide little information. It is importantly to develop an
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accurate estimate model as well as the cost progress may be reviewed and updated for all
phases! (Pratt, 2011b).

Design

Contract Contract for Services
Owner/

Project Manager

) Multiple
Prime Consultant CR?;:: cg?n Construction
J Contracts

Subcontract !
Subconsultants Coniractor 1 Confractor 2 Confractor 3
Subcontractor Subcontractor Subcontractor
Fast-Track Delivery
| DEsiGN1 || BID1 | CONSTRUCTION 1 |
[ Desicn2 | BID2 [ CONSTRUCTION 2 |

| bpesiecn3: || BD3 | CONSTRUCTION 3 |

Figure 2.5 Construction Management delivery system, Source, Pratt (2011b).

2.11 Estimates for Different Types of Contracts

According to Pratt (2011b) there are three common types of contracts lump-sum contract,
cost- plus contract, and unit-price contract. In the most construction projects, lump-sum
contracts may be used, otherwise, owners may prefer a cost-plus alternative due to the scope
of work’s ambiguous to define or the time is not enough for documents of design to be finish
at exactly time. Furthermore, detailed estimates may still be required with a cost-plus

contract in which a guaranteed maximum price is involved.

2.11.1  Lump-sum contracts
In this type of the contract, the contractors estimate the projects by detail method to

determine the sum of the bid without separating into items.

2.11.2  Cost- plus contracts
Cost—plus contract is generally used in case, the work get underway quickly or the total

cost of construction uncertain when the work begins but also, the owner may not be able to

L In this type, the cost control must be perfectly done to ensure the derived cost parallel to the preliminary estimate cost
within the budget.
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avoid paying for mistakes or even inefficiencies. Furthermore, the difficulties of define the
work which leads to use this type such as extensive renovations to old buildings.
Consequently, there is little need for estimating with these types of contracts. In case, the
contractors have to offer their price to perform the work for a guaranteed maximum price in

which based on the allowances.

2.11.3  Unit- price contracts

The work breakdown structure is vital method, which is used in unit- price contracts as
schedule. Pricing each items of schedule in which enters a unit price against each of the
items and the total bid is determined from the aggregate of these prices multiplied by the
estimated quantity of each item. The chosen bidder often obtained according to competitive
prices in which the final quantity of work is difficult to predetermine. Therefore, the detailed
estimate approach mainly is used, but the price has implicitly included an overhead and profit

component.

From the experience of the author, the chosen bidder in Yemen is usually obtained for the
lowest price ignoring his professional abilities, risk registers, quality manual, and technology
advance. One important thing to refuse him or not, it is his financial ability. Thus, the most
construction projects in Yemen are executed by local contractors suffering from inaccurate
estimates in which lead to delays, inefficiencies, and overruns cost and time. Thus, an

additional hypothesis was proposed as follows:

H4: Understanding the types of contracts and delivery systems has a positive effect on

knowledge of cost estimate.

2.12 The Factors Affecting Construction Cost Estimate
Many various factors have been discussed by Jackson (2010) and Al-Shanti (2003) which
may affect the cost estimate according to:

a. Complexity of the Project: complexity can greatly increase the cost of the project.
These conditions may include rehabilitation and heavy loading. Furthermore, the
project details impact productivity due to the complexity, for instance, the worker
can build easily the first courses than higher-level courses of wall, which require
more skills and time. Considering also, the shape of the facility, height of the facility,
and unique materials or applications, which may change and adjust the estimate?.

1 Shape affects the price of all elements of the building, as well as heights, which require more equipment and tools, in
which is required, the unique material increase the price. The estimator must involve for all circumstances.
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b. The Site Location: sites may be difficult to access, either geographically or because
the space is used during business hours, requiring that the project be scheduled for
off hours. Jackson (2010) has believed that the location of the project impacts the
ease of procurement and delivery of materials, labour, and equipment, and then it
affects the overall pricing of the project as well as differs from city to city.

In essence of Yemen’s topography, there are sometimes types of topography which
determine the land of the projects (mountains, deserts, valley, and coasts), indeed,
must take into consideration estimate of the budget®.

c. Time of construction: the most building construction are seasonal, in which, there
are periods of the year when contractors are busy and also can barely keep up the
demand, and then periods of the year when they are likely to be looking for work. In
addition, there is always a period between when a project bids and when the
construction actually starts as well as when a project starts and when it is anticipated
to end. Consequently, the estimate process must be carefully taken into consideration
the fluctuations in prices and availability of labour during this time, not to be ignored

the influences of time on the processes of construction conditions.
Al-Shanti (2003) had also suggested another two factors from his point of view as following:

a. Project Type: the type of the project has an effect on estimating construction costs,
regarding with the degree of specialisation of the work to be done as well as the cost
of the materials.

b. Material Costs: The type and availability of a specific material can also impact the

cost estimate.

Furthermore, Jackson (2010) has believed into some other factors from his experience as

expert in estimate, which must be considered by estimators:

a. Quality of the Work: Quality clearly impacts project cost which can be set forth
in the specifications which determine the cost is less or high.

b. Market Conditions: Market conditions always have an impact on the estimate.
The willing of contractors to employee with little or no profit, which are
determined by very selective and competitive of market.

c. Management Factors: Management factors are those considerations that

include such things as knowing that a particular owner or architect is more

! The author has sometimes noticed that the some difficulties that facing the contractors in Yemen, access of the location
of their project which they often use animals as transportation for materials, tools, and people.
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difficult to deal with than other, i.e. management factors, in this paragraph

considering from point of view of the prediction.
Another important factor which was discussed by Washington (2008) was:

d. Geographic considerations: These considerations can affect the selection of
unit bid prices. Because of the project’s location may be in an urban, suburban,
or rural setting, so the project, which is in an urban, has to occur in more confined
workspaces with greater volumes of traffic, and limited hours of operations, night
time work, etc. Availability of local contractors, materials, equipment and
personnel may be offset some factors. On the other hand, Projects located in rural
may have affected the estimate of unit bid prices comparing to projects located
in urban. Furthermore, construction operations may have some constraints such
as restricted work areas, less traffic, and additional time to complete the work.
On the other vision, the costs of materials, equipment and personnel may increase

related to transportation, support, wage, per diem etc.

Moreover, Al-Hasan et al. (2006) concluded that the main causes of inaccurate cost
estimates are: Insufficient time for estimate development (rated the highest factor); followed
by inadequate specification; incomplete drawings; quality of project management; lack of

historical cost data; and then a lack of confidence in structured site feedback.

Some other factors considered by construction companies in cost estimating practice were
grouped into seven factors; complexity, technological requirements, project information,
project team requirement, contract requirement, project duration and, finally, market
requirement. This study was conducted by questionnaire survey which were 24 factors listed

and analysed to minimise and ranked them (Akintoye, 2000).

Enshassi et al. (2007) stated that the important factors, which were in the Gaza strip from
contractors’ perspective correlated to cost estimation of construction projects due to analyse
fifty-one factors. The main factors are listed; location of the project, segmentation of Gaza
strip and limitation of movements between areas, political situation and Gaza strip closure,
financial status of the owner, increase of unit cost of construction materials, tender currency,
experience of consultant engineer, number of competitors, clarity of information before

execution and clarity of project drawings . While these factors appear to be relevant to many

! The research was done from mechanical and electrical contractors’ point of view and focused also on the methods and
technique of accurate estimates.
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countries, three main factors (segmentation of the Gaza strip, limitation of movements

between areas and political situation) are considered to be relevant to the Gaza strip.

A study conducted by Khalafallah (2002) about the factors affecting cost estimate of
contingencies in which the important factors were the political and regulatory risks. These
factors were shared between the contractor and the owner; changes in laws and regulations,
wars and civil disorders, and problems with licenses and permits. Consequently, these factors
may lead to financial risks, which can affect the estimation from perspective of the inflation,
availability of foreign currency and exchange rate changes, and underestimation of direct

costs.

According to Rad (2002), an allowance which is a lump-sum estimate that is assigned to
certain project items, is a very important factor has affected the accuracy of estimate and
mostly ignored by inexperienced estimators. Therefore, Page (1996) discussed the categories
of allowances which affect the estimates and must be taken into consideration by estimators

in order to minimise the percentage of inaccuracy.

a) Quantity Allowance
The quantity allowance is an adjustment to the estimated construction activity take-
off quantities in details and is considered as a part of the direct base cost.

b) Escalation
The escalation is the percentage amount of cost, which is added to the estimated base
cost regarding to procurement at a future date later than the estimate. It is also
determined according to market conditions. Further, it is expected during the project,
all escalation money will be expended.

c) Contingencies
A percentage of amounts added to human calculation or judgment error in
accumulation of estimate scope. Importantly, it isn’t added any funds for scope
changes. Another description said by Rad (2002) that was “the term contingency is
used for the funds that are added to the estimate to compensate for those estimate
inaccuracies caused by uncertainties in project details.” In essence, it isn’t to carry
the cost of errors in design, implementation, omission, and miscalculation in
estimating. The contingency magnitude of funds is 10 per cent to 50 per cent
according to information available at the time of the estimate.
Furthermore, PMI (2008) referred that the contingency reserve can be used as a term.
It may mainly be a percentage of the estimated cost, a fixed number, or may be

developed by using quantitative analysis methods.
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d) Risk
In essence, risks, which can be either threats or opportunities and impact on both
activity and overall project costs (PMI, 2008). The financial impact of risk events
can determine a statistical monetary value for the risk in order to be into the project
estimate (Rad, 2002).
Furthermore, the risk may be amount of money or per cent of base cost plus lower
level additives (except fee) which is added to the base cost plus additives in order to
cover the probabilities of threads for the base cost estimate plus additives is not ample
for financing of the project. The risk percentage relies on the forecasting of the
circumstances enveloping the project to cover costs that might occur (Page, 1996).
e) Fees
The amount of money expected of non-project overhead and profit to be covered by
the contractor (Page, 1996). All last discussion factors would be called critical factors

in this study.
Therefore, one hypothesis was proposed as following:
H5: Understanding the critical factors has a positive effect on knowledge of cost estimate.

2.13 Cost Control

A definition of cost control was given by Lock (2009) “is to ensure that no preventable
wastage of money or unauthorised increase in expenditure is allowed to happen.” Generally,
the important principle of cost control is the element of cost, which relies on the nature of
the costs. Therefore, the project manager has to be deal with variable cost and fixed cost.
Variable cost, which is also called direct cost as well as fixed cost can be sometimes called

indirect cost and overhead as in figure (2.6).

Jackson (2010) explained that the cost code, which is assigned to budget, is used to track all
items of work contributing to the overall project costs by manager. That may include
equipment, subcontracts, material, labour, and overhead. Consequently, these codes are used
to compare the actual costs with the estimated costs throughout the construction process.
Furthermore, Bennett (2003) debated that the cost control’s outcomes are: (1) identification
of any work items whose actual costs are exceeding their budgeted costs, and (2) estimating
the total cost of the project at completion, based on the cost record so far and expectations

of the cost to complete unfinished items. In addition, the earned value technique and analysis
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may lead to an indication that is according to the estimated cost and schedule standpoint of
the project.

Based on these empirical research findings, the following hypothesis was proposed:

H6: Understanding the Cost control process has a positive effect on knowledge of cost

estimate.

P Direct materials and expenses ‘ |
+ Bought materials and equipment
+ Subcontracts
Variable |+ _Directexpenses_ __ _ _ _ _ _ _ ___ |

costs + Hired tools, plant and equipment

Costs committed when
orders are issued

Direct labour costs
+« Own personnel
+ Temporary hired labour Costs depend upon

h progress and time
Overhead costs

Fixed + Indirect purchases
costs + Indirect labour
+« Indirect expenses

> <

Figure 2.6 Elements of project’s cost, Lock (2009).

2.14 Estimating and Construction Safety

The Occupational Safety and Health Administration (OSHA) safety standards are the law
that the contractors should be complied the requirements of this legislation, or facing
possible fines or even imprisonment. Consequently, most of contractors respect this law very
seriously; then the estimate should be grantee the methods and materials that comply with
its provisions, further, the price of estimate has relation with this requirements. The risk cost
can be found in the direct cost of construction accidents, which are higher worker’s
compensation insurance and property insurance premiums as well as the hidden risk cost can

be included in:

Tool and equipment repair and maintenance costs
Production interruptions and delay costs
Legal expenses

Expenditure on emergency supplies and equipment

o &~ w0 D

Replacement equipment rentals
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Investigative and administrative expenses

6

7. Cost of hiring and training replacement personnel

8. Overtime payments and other costs incurred trying to catch up
9. Decreased output of injured workers on return

10. Damage to company reputation and subsequent loss of business

This cost can affect the competitiveness of an organization, which trends to show their safety
programs at their job sites, so this cost is accounted for in the general expenses section of an
estimate. Because these costs can be substantial and may have a significant impact on the
competitiveness of an organization, many construction companies have been encouraged to
introduce vigorous safety programs at their job sites. Such project safety programs do,
admittedly, have a cost, which is accounted for the general expenses section of an estimate
(Pratt, 2011b). Furthermore, one hypothesis was proposed as following:

H7: Understanding the safety considerations has a positive effect on knowledge of cost

estimate.

2.15 Cost Index

According to Humphreys (2004) explained that the typical problem face the engineer is
estimating the current or future cost of equipment, plants, or buildings. The important one
way for such estimate is to obtain costs of similar projects from an earlier or updating date
to the present time. This variation is accordance to market conditions and the general state
of inflation or deflation of a country’s currency and from one area of the country to another
area. Therefore, these differences in prices from time to another time and from place to
another place can be measured by cost indexes. A definition of cost index was given by
Humphreys (2004) is “the ratio of cost or price for a given commaodity or service or set of
commodities or services at a given time and place compared to the cost or price at a base or
standard time and place.” In essence, there are some cost indexes were published by many
organisations in particular area of engineer interest such as building construction, for wage
rates or for various industries and types of plants, and for various types of equipment,
material, or commodities. Implicitly, cost indexes are based on present costs compared with
cost history ignored the future escalation.
According to Popescu et al. (2003), the company’s success can be obtained from the ability
of accurate estimate for companies’ budgets, the use of construction cost indexes provide
valuable information to get the perfect success. Furthermore, there are several cost indexes,
which are but are not limited to materials index, skilled labour index, and common labour

index etc.
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Based on the findings, one hypothesis was proposed:
H8: Cost index has a positive effect on knowledge of cost estimate.

In addition, the first objective was obtained and the first question was anwered.

2.16 Summary

This chapter explained the construction industry from wide of view concentrating on
developing countries, Yemen construction industry, and Yemeni’s economics. As well,
Yemeni’s community features was debated showing the ideology of the society and its tribal
structure which formulate such mode of life. Economy of Yemen was also debated with
many indices that referred to poverty of country. Furthermore, the construction cost and
estimate practices in Yemen were represented the lack of materials and increase in rates of
building construction costs as well as using traditional method of estimate which is unit price
(meter square).
In addition, the project life’s cycle was discussed from estimate point of view. The most
important issue was the knowledge of cost estimate, which was classified into eight topics
in order to enhance the estimators’ knowledge. Classifications of cost and type of
construction cost was defined and debated. Further, the techniques of cost estimate showed
the most common techniques that used in construction cost estimate. From estimate point of
view, the project delivery systems and types of contract were clearly put and related to
estimate. There were factors could affect the process of estimate that were called critical
factors were also discussed wordiness. Thereupon, the cost control discussion was
undertaken. Alongside what mentioned last, the construction safety revealed its importance
in estimate process and in hidden cost that could affect the projects estimate and success.
The cost index was pointed out to the estimators with briefly discussion. Finally, the first
objective of this study was achieved and the first question was also answered.

CHAPTER I11: PRELIMINARY ESTIMATION METHOD

3.1 Introduction
This chapter presents a sight about the accuracy of the estimate as well as the process of
estimate. It also focuses on preliminary estimate at early stage passing through the traditional
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and modern methods, which can be used. Traditional methods use common methods such as
meter square, cubic meter, and unit method. As well, the modern technique, which is
represented by many techniques such as analogical technique, parameter technique, and
Artificial Neural Network (ANN) which is adopted in this study. ANN is the modern
technique and can simulate the human brain. Biological of neural network, neural network
architecture, neuron activation, neuron transformation, and network learning are debated
from researchers’ point of view. Furthermore, this chapter describes the training, cross-
validation, and testing process as well as the performance of ANN and sensitivity analysis.
Previous studies are discussed in the early stage to formulate the quantitative model of this
study. After that, the quantitative models is debated and adopted in this study. Finally, the
summary describes this chapter briefly.

3.2 Accuracy of Cost Estimate
To understand the method of cost estimate, the accuracy of estimate must be known.
Therefore, many definitions were done by specialists in this field and many factors may

affect this accuracy would be discussed.

Shehatto (2013) mentioned that the definition of accuracy according to Webster*s College
Dictionary (1999) as:

- The condition or quality of being true, correct, or exact; precision; exactness.

- The extent to which a given measurement agrees with the standard value for that

measurement.

Dysert (2006) also defined the accuracy as ‘‘the degree to which a measurement or
calculation varies to its actual value; so estimate accuracy is an indication of the degree to
which the final cost outcome of a project may vary from the single point value used as the
estimated cost for the project’’. Another definition was obtained by Rad (2002) as ‘‘the
expression of accuracy of the estimate is related to the expression of the probability that
project’s actual cost will match the prediction cost’’. So, the accuracy of estimates rely on
the availability information at the time of the estimate, in addition, the good practice of the

estimators add value positively or negatively on estimate accuracy (Shehatto, 2013).

Liu and Zhu (2007) debated that the accuracy of early estimation has dependent on the
historical cost data and level of professional expertise among other factors. Nonetheless, the
assumption about the design details of a project must be taken, which may not eventuate as
the design, planning, and construction evolve. Furthermore, Westney (1997) stated that the

four trades-offs were the availability of information, time, available resources (people,
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equipment, and money), and estimating methodology or algorithm, determine the classic
estimate as the following:

e The more accurate the estimate; the more information is required,

e The more information required; the more time is required to produce the estimate,

e Consequently, the more resources are required to develop the estimate,

e And, the more money it will cost to produce the estimate; the more money spent the

more pressure to reduce resources, time, information, and accuracy.

3.3 Estimating Process

Project management Institute, PMI (2008) discussed and mentioned that the estimate
process as process system (input, tools and techniques, and output), which implicitly, the
following parameters must be taken into consideration by estimators that are Scope baseline,
Project schedule, Human resource plan, Risk register, Enterprise environmental factors, and
Organisational process assets. Consequently, the tools and techniques must be used to
estimate the suppose final cost to determine the budget, these tools are, but are not limited
to, expert judgment Analogous estimating, Parametric estimating, bottom-up estimating, and
Three-point estimates. These tools can be used according to the type of cost estimate.

3.4 Preliminary Estimate and the Purpose

Early cost advice, which is the first step of the cost management process, is valuable in
completing the concept of the project information. It will affect the cost implications of
design decisions and answer the first question that is asked by the project client which is
“How much will the project cost me” in which helps in decision-making. Then, the client
can decide going on or not; i.e. it is important to convince the client rationally, thus, some
researchers were used the preliminary estimate such as (Arab, 2011, Serpell, 2004, Shehatto,
2013, Arafa and Algedra, 2011). Consequently, the cost estimation mission becomes
desirable and crucial, especially during the preliminary (conceptual) stage, in which the
project scope is not finalised and very limited information (Sonmez, 2004, Kirkham et al.,
2015).

In addition, Aibinu and Pasco (2008) examined the accuracy of pre-tender building cost
estimate which explored that it wasn’t improved over time and most of experts were not
satisfied with the accuracy of estimates. Further, there were factors affected the accuracy of
estimating process; the project information, client requirements, cost data and team
experience (Liu and Zhu, 2007). Moreover, Jagger et al. (2002) stated that the clients

determines the most important information which ensuring their project cost to be well; these
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factors are client needs and requirements, project parameters, size range, quality indicators,
site information, and the type of procurement. Furthermore, Oberlender and Trost (2001)
concluded that the people involved in estimate process, the way of estimate’s preparation,
the information of project, and the factors involving at the estimate were the main factors
affecting the accuracy of cost estimates. According to Arab (2011), the many difficulties
faced estimating at the preliminary (conceptual) stage. These included, but weren’t limited

to:

e Limited information available,

e Limited data and information resources,

e Some of the people who involved in this stage don’t know what they need,

e The lack of experience and knowledge of estimators,

e The estimator needs help at this stage (company-wide co-operation),

e The time pressure driving an estimator to estimate quickly something they don’t fully
understand,

e Clear, complete and reliable specifications are difficult to formulate at this stage,

e Characteristics of project and project development might make estimating difficult,
and

e The great number of factors that have an influence on the project or the components,
which affect building cost. These factors are called cost drivers, such as project size,

complexity, experience of development team.

From the last factors, which affect the accuracy of cost estimate, the cost estimate model is
better solution either functionally or professionally. The cost model should give the client
cost with confidence and provide the ability to analyse and test the factors of cost that
represent the building. Regardless of insufficient data in the early stages, a preliminary
estimate is necessary for making project decisions before project objectives are clarified,
before project scope is defined, before requirements are fully spelled out, before the
functions are clearly defined, and before the system architecture has been formulated. There
are some techniques can be used by project managers for making preliminary project
estimates include analogous, parametric, modular, ratio, and range estimating which depends
on organisational policies, the project manager’s experience, and the amount of information
available at the time of the estimate (Rad, 2002).

Kim et al. (2004) mentioned that the cost estimate is a critical factor in the success of the

project in order to make decision by the client according to the effective estimate in
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preliminary stage. Thus, the improved cost estimation techniques provide more effective

control of time and costs in construction projects.

Antohie (2009) stated that the purpose of an estimate is to provide the costs required with
highly prediction in order to fit the project in accordance with the contract plans and
specification. Westney (1997) and Jitendra et al. (2011) concluded that the importance and

purpose of estimate were:

e To assess the impact of changes and support re-planning,

e To classify and prioritize development projects with respect to an overall business
plan,

e To form the basis for planning and control by defining the scope of work and its
associated estimated cost,

e To determine what resources to commit to the project (hours, resources, tasks, and
durations) that is needed for preparing a schedule,

e To provide an assessment of capital cost for a specified piece of project,

e To provide a stimulus to assess productivity and risks,

e To be easier to manage and control when resources are better matched to real needs,

e To provide the financial input required to prepare a cash flow curve,

e To help Customers expecting actual development costs to be in line with estimated
costs, and

e s a catalyst for discussion, idea generation, team participation, clarity and buy-in, it

ties together much of the relevant project information within a simple document.

3.4.1 Traditional cost estimation methods and models

In traditional costing, there are two main estimates: a first sight estimate, which is
considered for early stage, and a detailed estimate, which is considered to calculate costs
precisely. In order to create these estimates, it is necessary to have an understanding of the
project (Roy, 2003). Further, the most traditional methods of early estimate can be
categorised into time referenced cost indices, cost capacity factors, component ratio, and
parameter costs (Shehatto, 2013).

Some researchers discussed the traditional methods from first sight estimate point, which
conducted to estimate the cost as single price rate methods such as the superficial area
method, the cube method, the unit method, and the storey enclosure method as the typical
methods. Some factors, which are determined by client are obtained by the estimator from

the client to find an appropriate historic analysis in order to determine the cost such as
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location, size, client needs, and time to deliver a project. The financial advisor’s mission is
to audit the cost of specifications to be within the budget (Arab, 2011).

Fortune and Cox (2005) stated that the size of the building in square meters and a single
price rate of cost estimate methods do not provide certainty in the final cost of the building.
In addition, when these methods are applied, several considerations must be taken which are
adjustments for time, location, specifications, building size, and number of storeys. The
suggest model of cost estimate depends widely on the strength of the estimator and
experience rather than developing a full understanding of the projects needs and
requirements.

The traditional methods don’t reflect the reality of the cost which is not considered the risk
and circumstances of social and economics that affect the estimate. However, these models
are used by contractors for preparing tenders and monitoring project execution, instead of

evaluating and auditing a project success (Arab, 2011, Akintoye and Fitzgerald, 2000).

3.4.2 Modern cost estimation models

Recently, new approaches have presented in the last years depending on the concept of
parametric models that based on computerised techniques such as artificial intelligence,
which attempt to simulate human intelligence, for instance, Fuzzy logic, and Atrtificial
Neural Network (ANN), etc., as well as it stills under research and development especially

in construction sector.

3.4.2.1 Analogical cost estimation techniques

This technique is defined as the similarity of projects that have the same parameters, so
the new projects have the similar costs. This is generally attained by the experience of
estimators or historical databases of projects (Mittas et al., 2008, Roy, 2003), Holm (2011)
also argued that the information from the similar cases, and reusing information from these

cases in order to predict the new probability cost.

3.4.2.2 Fuzzy logic systems

Cheng et al. (2009) cited that the Zadeh (1965) proposed that the fuzzy logic a tool, which
is used to define or describe uncertainty and imprecision. It simulates the human brain’s
orders to make decisions in the face of uncertainty or vagueness. As well, Cheng stated that
the Fuzzy Logic is consists of inference engine, defuzzifier, rule base, and fuzzifier. Cheng
et al. (2009) also mentioned that the fuzzy logic couldn’t overcome such problems such as
composition operator determination, and application specific fuzzy rule acquisition.

Although, the parameters are determined by experience and knowledge of experts.
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3.4.2.3 Parametric estimating models

Heemstra (1992) debated that these models are mostly used at preliminary (conceptual)
phase rather than other phases in which are composed of a function with most important
independent variables such as building type, location of the construction, construction year,
number of floors, etc. The parameters and the type of algorithms values connect between the
variables, which are rely on the database of previous historic completed projects.
Algorithmic models and tools can be broadly categorised as empirical models and analytical

models.

In essence, the data from the past projects, which are very important to evaluate the current
project and derives the basic function for the current project by analysing the particular
projects from the database. While analytical models uses formulae on global assumptions
like the rate at which developer solve a problem and the number of available problems (Kaur
et al., 2008).

According to Sonmez (2004) and Rush and Roy (2000) many techniques were categorised
under this type of models.
a- Cost estimating relationship (CER)
Arab (2011) stated that this model is to find the relationship between the drivers of
the project and the cost in the form of an algebraic equation, which might be either a
simple or complex equation according to the number of drivers related to the cost
figure.
Notwithstanding, Williams (2002) suggested that the regression model technique
which is fitted to CER for predicting the project cost especially at the conceptual

stage.

b- Linear and nonlinear regression model (parsimonious model)

These models based on CER equation in order to minimise the number of variables
in which to obtain the strongest variables affecting the project cost (Sonmez, 2004).
c- Feature based costing:

This model is an equation similar to CER to find the relationship between project
features and cost, so this model is used widely at design stage, because a broad

understanding of the features is required (Rush and Roy, 2000).
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3.4.2.4 Artificial neural network (ANN) model

Cook (2006) and Chen and Hartman (2000) used the technique of an artificial neural
network methodology, it was described as “an information processing technology that
simulates the human brain and nervous system,” Essentially, the ANN technique software
simulation has been used to replicate basic learning by using training to identify complex
non-linear relationships. The ANN methodology was selected to prove that the problems,
which involved complex nonlinear relationships, can be better solved by neural networks

than traditional methods.

3.5 The Artificial Neural Network (ANN)

In this research, the artificial neural network which is the most powerful modern
technique for forecasting was adopted in preliminary estimate; it is also more accurate than
the traditional methods.

3.5.1 Biological of neural network

This network simulates the biological human’s brains, which are comprised of large
numbers of cells called neurons through the vertebrate nervous system, which composed of
the peripheral nervous system and the central nervous system. The important part is the
neuron, in which several thousands of neurons are called network. The neuron structure is
composed of a cell body (the soma), the axon, and dendrites. The axon is a long thin structure
extend to small structures called terminal buttons, in addition, the dendrites are representing
the end hairs of the cell. The central part of neural is the soma, which contains the cell
nucleus. The dendrites of the neuron are responsible to receive the information by synapses,
which represent the small gaps between the dendrites for other neurons and the terminal
buttons. So the information technique of passing from cell to another via synapse, see figure
(3.1) (Kriesel, 2005).

Ashwood (2013) explained that the stimulus (input) is omitted from its network of dendrites
and received by the neuron in which to process producing electrical impulses through the
long thin axon. Therefore, the synapse function is to increase or decrease the connection
strength as well as the inhibition in connected neuron may be caused. Furthermore, the

learning way of brain happens through the effectiveness changing of the synapses.
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Figure 3.1 The network biological, Fraser (1998).

Generally, Haykin (2009) debated that the human nervous system consists of three stage
model receptors, neural net, and effectors, figure (3.2). The neural net is represent the human
brain, which is represented the human unit of the human nervous system and the input
information is received by the brain from the receptors to process the information and
making decision. Further, the receptor converts the stimulus into electrical impulses that
transport information to the brain in order to process the input stimulus, which gives a

message to effectors, which makes the system response.

Stimulus ==» Receptors Neural net Effectors |=—» Response

Figure 3.2 The human nervous system, Haykin (2009).

3.5.2 The artificial neuron

According to Ashwood (2013), the first artificial neuron was established by McCulloch
and Pitts (1943). They used the binary inputs (inputs 0 or 1 which represented false/off and
true/on) in their neuron model to create a binary threshold output. Thus, the neuron contains

a single output, which is also binary figure (3.3).

Inputl (0,1) _— Output (0,1)
Input2 (0,1) —_—

Figure 3.3 Perceptron model, McCulloch and Pitts (1943).



There are several constraints in this model:

Binary inputs providing binary outputs,
A fixed threshold.
Utilising identical input weights,

Inhibitory inputs had power of veto over excitatory inputs, and

a > w N oE

Updating the neuron by simultaneously updating the excitatory inputs and setting the

output to 1 if the sum meets the threshold level and there is no inhibitory input.

3.5.3 The artificial neural network
Mehrotra et al. (1997) confirmed that based on the first model was suggested, the process
of development includes mathematics, statistics, and computer processing power helped to

modify the model to be widely applied in subsequent work.

In this model, the structure of the neuron model, is similar to the early model and found in
the most neural networks today, figure (3.4). Several key characteristics feature of the typical

neuron are:

e A number of input signals (often including a bias input signal);
e A weight factor that is applied to each input signal;

e An activation and transformation function;

e An output signal; and,

e A learning algorithm.

Learning

Input
Activation &
Input transformation > Output
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Input

Figure 3.4 The typical neural processing, Ashwood (2013).



3.5.4 Neuron activation

Ashwood (2013) debated that the neuron activation is determined by calculation, which
represent the strength of the input stimulus into the neuron. The vector Xz to n and each input
are the raw inputs, which are assigned randomly to calculated weighting W1 to n. Then the
activation of the processing element (Y) is specified by the sum of the product of each input
(X) and its input weight (W) figure (3.5). The summation function for n inputs i into

processing element j is given by:

Y=X1W1+XoW2+X3W3+---+XnWn Eq. (3-1)

n
Y=ZXiWij Eq.(3-2)
=0
Wi
X —_—
Xz W2 %
W
X3 3 >

Figure 3.5 The neuron summing equation, Ashwood (2013).

3.5.5 Neuron transformation

Generally, the transformation function is applied after the neuron activation level in order
to determine the output of the processing element. The purpose of the transformation
function is to scale the output of the processing element into a useable form (generally
between -1 and +1 or between 0 and +1) and can be considered a measure of neuron
excitement (Ashwood, 2013).

3.5.,5.1 Transformation functions
According to desired operation, there are several type of transformation functions due to
the mathematical calculations underlying the back propagation algorithm, the transformation
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functions need to be bounded, differentiable functions (Patterson, 1998, Ashwood, 2013, Al-
Shanti, 2003, Attal, 2010).

The most common functions are based on the independent variable in the model regarding
to the expected output. Also, various forms of mathematical functions can be used as

activation functions as the following:
a. Threshold function

The important purpose for using this type is generally in situations where the desired output

is either O or 1. Therefore, it is useful in solving binary problems.
The Threshold function is given by the equation:

9 (v) = {3;}’:;’ i‘z Eq. (3-3)

Where the (0) is the threshold value and the (0) is the output value.
b. Linear function
This function is obtained by the following equation
V) =av+p Eq. (3-4)
Where « =1 the weighted sum of the inputs is added to the bias ()

The symmetrical linear function is given by the equation:

B v=1

« oO>v>1
= Eg. (3-5
o) =1 q. (3-5)

The linear function can be utilised as a symmetrical function using the following equation:

B v=>0
TR SFAL Eq. (3-6)

c. Sigmoid function

It is classified into two types of sigmoid functions. The first type, the hyperbolic tangent, is
used to create output values between -1 and 1 as well as, the second type which is used to
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create the output values between 0 and lis also called a logistic function. The hyperbolic
tangent sigmoid function is given by the following equation:

ev — e—U
(p(v) = tanh(v) ZW Eq (3 - 7)
The logistic sigmoid function is given by the equation:
p(v) = — Eq. (3-8)

1+e~?

3.5.6 Neural networks architecture

Generally, the individual artificial neuron receives input stimulus and converts this input
to output. Therefore, the ANN is a complex structure of highly interconnected processing
elements, which has ability to learn from set of inputs stimuli. Nonetheless, it comprises a
number of connected artificial neural processing elements. For each of the neural processing
elements receives inputs from either raw data or output of other connected processing
elements. In essence, the inputs are processed by the processing element to produce a signal
output, which can be the final output or can be an input for other processing elements. Then
the network structure uses the learning algorithm which will be used to train the network
(Haykin, 2009). Ashwood (2013) and Haykin (2009) determined and classified that the
artificial neural networks can be structured into several different ways (topologies) which

are three fundamental classes of architecture

1. Single-layer feed-forward networks-typically, a neural network is structured into
layers of processing neurons. In this type, the single layer feed-forward network has
input stimulus, which is received into the output layers of neuron figure (3.6). Feed-

forward networks do not contain feedback loops.

Input
Neuron Neuron Neuron Output &

Inputs Weights activation transformation learning

Learning

— Output




Figure 3.6 Single-layer feed-forward networks, Ashwood (2013).

2. Multilayer feed-forward networks- there are additional layers to the single layer

feed forward network produces a multilayer feed-forward network. They contain

neurons, which are between the input stimulus and the network output in order to

model higher-order statistics.

Precisely, the input layer feeds into the first hidden layers of neuron. This hidden

layer is responsible about computations and to provide an output which transfer to

the next hidden layer of neuron. This process continues until the output layer is the

desired final output signal, figure (3.7).

Layer of output
neurons

Layer of

hidden
Input layer neurons
(nodes)

Figure 3.7 Multilayer feed-forward networks, Haykin (2009)

It is clear from the above figure; the ANN is the typical 3-layer fully connected feed-forward

which each layer has three processing elements, in the input data, which is the first layer of

network processes the input information and yields an output. Then, the output is used as

input for each of the processing elements in the second layer. After that, each of the process

elements (PESs) in the second layer processes the input information to yield the output, which

is fed forward the third layer. Furthermore, the processing elements in the third layer use

these inputs and compute the output as the final output of ANN. According to Pawar (2007),
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the multilayer feed-forward network has been classified into several types as Multi-Layer
Preceptron (MLP), General Feed Forward (GFF), etc. The most common types are MLP and
GFF networks; Weckman et al. (2010) debated that the MLP is the most popular type of
network which uses currently, and in regression and classification problems which require a

large amount of time, nodes, and epochs.

3. Recurrent networks — Recurrent networks vary from feed-forward networks in
which including at least one feedback loop in order to deal with time varying or time-

lagged patterns (Nygren, 2004).

3.5.7 Learning of network

Al-Najjar (2005) stated that the learning is a systematic for adjusting the weights to
achieve a desired input/output relationship. Ashwood (2013) mentioned that Medsker &
Liebowitz (1994) stated that the ANN should be trained or taught the correct answer of a
problem. The process passes through saving the information and produces the new data in
order to provide an output. In addition, Jitendra et al. (2011) stated that the learning process

minimise the error between the desired output and the actual output in the network.

Consequently, there are some sequences of typical process, compute outputs; compare
outputs with desired answers; and adjust the weights and repeat the process (Ashwood,
2013). Furthermore, different learning methods are used in ANNSs that can be classified into

the following categories:

1- Supervised learning — the obtained data (historical) is used to train the ANN what is

the correct response (output) to the input. When the paradigm of supervised learning
is adopted, the ANN will find a set of weights that minimise the error between the
correct result and the computed result (Ashwood, 2013, Shehatto, 2013).
Generally, the network is contained with number of layers, the number of neurons
per layer of the network and the type of activation function used, and the synaptic
weights. Furthermore, supervised learning method has several learning algorithms as
Back-propagation Learning rule, Gradient Descent Learning, and Delta Rule
(Jitendra et al., 2011).

2- Unsupervised learning — the obtained data (historical) is not used to train the ANN.
When the paradigm is adopted, the ANN owns response to the input must be
determined. Thus, the network follows a self-supervised method and makes no use
of external influences for synaptic weight modification (Jitendra et al., 2011,
Ashwood, 2013).
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3- Reinforcement learning, in this paradigm, the ANN determines its own response to
the input (as the unsupervised learning), in order to rate this response as either good
(rewarding) or bad (punishable) by comparing its response to the target response. In
essence, the paradigm will be used, and then the weights are adjusted until an
equilibrium state occurs. The classification of this learning is analogous to the way
stimulus and response learning. Exactly, the network is informed if the output is a
good fit or not (Ashwood, 2013).

3.5.8 Steps of building an artificial neural network

According to Alhutmany (2013), the ANN is built by many steps, which are collect data;
pre-process the data; determine the structure of the network (number of hidden layers and
nodes); create the network; initialise weights and biases; train network; validate network;

and use network.

In which data collection can be collected from previous projects as well as data pre-
processing handles with identifying the noisy data which should be eliminated and then
normalising data which leads to convert all data values neural network to [0.1] or [-1.1] range
in order to improve the performance of the system. Furthermore, the number of hidden layers
and nodes in hidden layers can be determined according to some performance criteria such

as mean squared error and/or regression.

3.5.8.1 Normalisation

Giinaydin and Dogan (2004) argued that the data is implicitly normalised for
confidentiality and for effective training of the model being developed, where the input data
must be normalised between an upper and lower bound. Furthermore, Jayalakshmi and
Santhakumaran (2011) informed that the normalization of training data is recognised to
improve the performance of trained networks. Therefore, the training process for each data
on the same scale would help increasing the training speed. There are various ways to

normalise the data statistically such as min-max, median and sigmoid methods.!

3.5.8.2 Hidden layer selection

Number of hidden layers in neural network architecture is considered a very important to
develop a network. Therefore, the more complex problem the more hidden layers is required
as well as hidden layers nodes. Thus, the simple linearly problem isn’t required any hidden

layer. The adding hidden layer should be defined and taken into consideration in neural

Y In this thesis the normalisation would done directly by NeuroSolution programme application.
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network architecture’s design. Many typical performance criteria are used as the root mean
square error (RMSE) and the correlation factor (represented by R).

Generally, the root mean square error (RMSE) is a criterion, which is used to calculate the
ability of network by researchers to yields accurate predictions as the following equation:

2
N -9
N

RMSE = Eq. (3-9)

Where y; is the final (true) output values, "yiis the output of network and N the total number
of observations. Therefore, the lower value of RMSE leads to the more accurate prediction.
Also, the correlation factor (R) is a statistical range from 0 to 1 which indicates to a perfect
fit and 0 no fit (Dubuc et al., 1989). Alhutmany (2013) explained that the single layer with
minimum nodes could be satisfied for the performance of the network with its current
number of hidden layers and hidden layer nodes. If it isn’t satisfied the nodes would be

increased to satisfy the performance criteria in order to meet some determined set values.

3.5.9 Training of neural network

Before training, the data should be encoding, further, Kshirsagar and Rathod (2012) stated
that the ANN deals only with numerical inputs. Therefore, the raw data can be transformed
into numeric. Principe et al. (2010) explained that the data should be in numeric format or
transformed to numeric format which is used many ways; some ways are better than others
for neural network learning through training.
The training of a neural network is to adjust the neural network weights to bring the obtained
output closer to the desired output, as well as the weights after training become more
meaningful information than before training, when they are random and have no meaning.
In this process of changing the connection weights, suitable learning rule of the network

must be referred and adopted (Dogan, 2005).

Firstly, the training process is to initialise the weight of parameters, which assigned
randomly to the links between nodes. After that, the output of the neural network is compared
to desired values. Consequently, error must be calculated by learning algorithm, in which
the weights of each link are directly adjusted to minimise the network’s mean square error.
Then, the input values are run through the network with the adjusted weights in order to
restart the process from the beginning, so the process is repeated for the predetermined
number of epochs. Every one epoch represents one cycle of the training process. Dogan
(2005) stated that when the satisfactory level of training is reached; the network holds the

weights constant to use the trained network for making decisions, or to define associations
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in new input data sets, which are not used to train it. In essence, Ashwood (2013) and
Weckman et al. (2010) argued that the network training process occurs until either of the

following events occurs:

e A pre-defined, arbitrary error level has been achieved. Once this error level has been
achieved, training terminates and simulation can occur.

e The maximum number of calculations (epochs) has been reached.

e The cross validation error started increasing, or

e Very large numbers of epochs without improvement in error are reached.

A study conducted by Giinaydin and Dogan (2004) stated that there are several training
algorithms which are chosen for training process, one of them which the powerful algorithm
is “Back propagation” that belongs to the realm of supervised learning. Consequently, it is
adopted in this study to learn multilayer network which concerns with feed forward network
structure (Ashwood, 2013). Since, 1969*, the Back propagation was invented to improve the
performance of the neural network for a given set of input patterns by reducing the total error

through changing the weights along its gradient (Jitendra et al., 2011).

The artificial neural network, which is created to utilise back propagation must have a
minimum of three layers (input layer, output layer and at least one hidden layer). The
information passes only in the forward direction and there is no feedback loops (in this type
of process cannot be applied for recurrent network). Consequently, the back propagation
algorithm changes the weights of neuron input to improve the accuracy of the network, in
addition, the standard method of back propagation depends on the delta rule which is a
gradient descent learning rule used for updating weights which are applied to network

processing elements (neuron) (Ashwood, 2013).

The delta rule provides a method of calculating the gradient of the error function efficiently
by using the chain rule of differentiation (Rao and Srinivas, 2003). The back propagation
algorithm functions as follows:

1. Input weights are randomly applied to the network.

2. The network calculations occur and the network produces an output based
upon the neuron inputs, the input weights, and the transformation functions.

3. The calculated output is then compared to the target output.

4. The error of the output is calculated using the selected error function.

! Ashwood (2011), argued that the back propagation algorithm was discovered by Werbos (1974).
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5. The error is then back propagated through the network, thereby changing the
input weights in each layer.
6. The process (steps 2 — 5) then repeats until the error reaches the desired level

or the maximum number of epochs is reached.

The error can be expressed by the mean-square error (MSE), which is calculated by:

VEi (i — E@)?

n

MSE = Eq.(3 —10)

Where:

- nisthe number of examples to be evaluated in the training set,
- X;is the network output (target) related to the example (i=1,2,...,n),

- and E(i) is the desired output.

3.5.10 Cross-validation of neural network

Edara (2003) stated that the method to compare the performance of neural network is to
test the error by a separate validation / test data set. Generally, the available data is always
divided into three parts before training, which are respectively training data, cross-validation
data, and testing data. Consequently, the cross-validation data is used during the training
only for monitoring but not to train the network in order to check the learning of the network
in training process; and the testing data is used to validate the training network after finishing

training process.

Basically, cross validation has its own data set checking the networks’ ability to produce
generalised output. Normally, networks have many training on a training set and comparing
the errors of the network to the validation set. Then, the networks that performed best on the

validation data set are selected (Dindar, 2004).

The learning of networks is continued as the error for the cross validation as well as training
data set continue to decrease. When the error of the cross validation data set starts to increase,
the training stops, and the weight values which verify the lowest error for cross validation
data set are considered the best. The training set error values may still decrease once the
cross validation error values start to rise. Consequently, the network is over-fitting and
memorising the training data. If cross validation is not used, then a test data set is critical to
prove that memorisation and over-fitting is not occurring figure (3.8) (Weckman et al., 2010,
Dowler, 2008).
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Figure 3.8 Typical error graph for NN using cross validation, Weckman et al., (2010).

3.5.11 Testing of neural network

Essentially, the testing process is the same as the training (ElISawy et al., 2011), testing
set is used to confirmed that the network has been learned (Shehatto, 2013). Therefore, the
data of test can be used after the training has been finished in order to use for validation and
generalisation of the trained network. When the networks is capable to produce a precise
output for the testing data, then it refers that the prediction of networks is correctly regarding
to new data as well as the networks is validated. The availability of data controls the data
amount, which is used in training and testing. Generally, the training data is 2/3™ of all data
and the remaining is for testing. Although, the cross-validation data can be 1/10" of the
training data (Edara, 2003).

3.5.12 Performance measures of ANN model
For determine the accuracy of estimate in testing phase, some calculation test should be
performed such as:
- Mean Absolute Error (MAE)
- Mean Absolute Percentage Error
- Mean squared error
- Root mean squared error (RMSE)
- Correlation Coefficient (R)
a. Mean absolute error (MAE)
In order to quantify the difference between an estimated and the actual values, this
test can be used. Also, Willmott and Matsuura (2005) pointed out the importance of

the MAE which is simple, and can be obtained through summing the magnitudes
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(absolute values) of the errors in order to get the total error, after that dividing the
total error by the number of exemplars in data set; the following formula should
represent the MAE:

Yho Xteo|dyij — ddj|

MAE =
NP

Eq.(3 —11)

Where: P = number of output PEs.
N = number of exemplars in the data set.
dyij= denormalised network output for exemplar i at PE j.

ddij= denormalised desired output for exemplar i at PE j.

b. Mean absolute percentage error
According to Principe et al. (2010)}, it can measure the network prediction

performance as a percentage and can be defined as the following:

MAE (%) = @zp En M Eq.(3-12)
NP £ujoglmi=o  dd;;
Where: P = number of output PEs.
N = number of exemplars in the data set.
dyij= denormalised network output for exemplar i at PE j.
ddij= denormalised desired output for exemplar i at PE j.
c. Mean squared error
According to Principe et al. (2010), the Mean squared error is two times of average
cost and can be represented by the following formula:
_ Y7o Zieo(dij — ¥ij)?

MSE
NP

Eq.(3 —13)

Where:
P = number of output PEs.
N = number of exemplars in the data set.
yij= network output for exemplar i at PE j.

dij= desired output for exemplar i at PE j.

YIn Principe et al (2010), it is called percentage error, contractory, shehatto (2013) is called it Mean Absolute
Percentage Error which is considered in this study.
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So, the Network performance can be measured as the sum of squared errors (Ashwood,
2013).
d. Root mean squared error (RMSE)
it is the network performance of using the square root of the mean squared error in
order to provide errors as the output unit (Ashwood, 2013), Willmott and Matsuura
(2005) revealed that the MAE is better than MSE or RMSE in which is a more natural
measure of average error. The last equation Eq. (3-13) can take its root to achieve the
RMSE, or another equation was obtained in section (3.5.8.2) Eq. (3-9).
e. Correlation coefficient (R)
The mean squared error doesn’t give judgment how the network output fits the
desired output. For the last reason, the correlation coefficient reflects whether the
output and the desired output move in the same direction, then the correlation
coefficient (R) can be defined as a correlate between the output of network (x) and
the desired output (d) as the following formula (Principe et al., 2010, Shehatto, 2013):

Yi(x;=%)(d;=d)

R = N Eq. (3-14)

Ti(di-@)° [Six-0?
N N

Where:

~ X = mean value over all output of network.
~d = mean value over all desired output.

N = the total number of observations

So, the correlation coefficient is arange [-1,1]; the value of R =1 indicating a perfect positive
linear correlation and also means mean x and d vary by the same amount. Further, when the
R = -1, it indicates that there is a negative correlation between x and d leads to vary in
opposite ways increasing x decreasing d by the same amount and the same in contrast.
Furthermore, when the value of R = 0 indicating there is no correlation between x and d.
sometimes the correlation value can be considered as intermediate correlation or partial

correlation such as R = 0.80 which means the fit of model is good.

3.5.13 Sensitivity analysis of ANN model
After the model of neural network has been considered, the sensitivity analysis performs
on the best model in order to evaluate the effect of each input parameters to output variable;
providing a feedback in which the input parameters which are most significant. This test
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provides information about how the inputs affect the output as well as helps to remove the
less significant variable in order to reduce the size of the network and the complexity. It is
also for extracting the causes and effect relationship between the input variables and the
output variable (Gunaydin and Dogan, 2004, Principe et al., 2010), Arafa and Algedra (2011)
stated that the small effect of the parameter on the output may be excluded to improve the
learning process and to achieve a best output. Then, the concept of sensitivity analyses of
the inputs depends on determining the standard deviation of each input when the inputs are

fixed at their means by using the following formula:

_ Je-5
o = m Eq(3—15)

Where x: is the output value.
“x: is the mean of the output values.
n: is the number of the outputs in the sample.

3.5.14 Artificial neural network and multiple regressions

The artificial neural network and multiple regression models are significantly different
and can be used to predict the relationship between independent variables and dependent
variable. In addition, the ANN is complex comparing to the multiple regression analysis and
the ANN outperform the multiple regression when the inputs data include nonlinearities
(Comrie, 1997).

Osborne and Waters (2002) debated that the multiple regression is a linear model makes a
relationship between independent and dependent variables but also can include some noise
data affecting the linearity. Then, the regression coefficient could be determined to minimise
the error. Ordinary, least squared is used and is considered as the simplest and efficient
method to minimise the sum of the squared error which is contained in each measurement.
As well, the assumption of linearity is considered the base of accuracy for multiple
regression model prediction. When the relationship isn’t linear, the regression analysis will

be under estimate the true relationship in order to turn carries two risks:

1. Increased probability of Type Il error (failing to reject the null hypothesis when it is

actually false) for each independent variable for which this assumption does not hold.

57



2. Increased probability of Type I error (incorrectly rejecting the null hypothesis) for
other independent variables that share variance with that independent variable.

Furthermore, the multiple regression is a Gaussian technique of analysis that suppose the
variables are normal distribution, so the model isn’t strong to where the variables have fat
tailed distributions which outlying data points leads to can distort relationships and

significance tests.

Tabachnick and Fidell (2012) debated that the regression model is assumed to be
homoscedasticity indicating that the variance of errors is constant for over the range of values
of independent variable. A little effect on significant test refers to slight heteroscedasticity.
Nonetheless, Osborne and Waters (2002) showed that higher levels of heteroscedasticity
significantly increase the Type | error possibility*. Therefore, Ashwood (2013) stated that
the limitation of multiple regression leads powerfully to use the ANNs. Otherwise, the ANNSs
can be formulated to be considered non-parametric, thus, no assumption about independent
variables, the dependent variable or the error can be made. Of prime importance,

theoretically, the ANNs may outperform multiple regression models to predict future cost.
Based on empirical findings, there was one hypothesis was proposed as following:
H9: Preliminary estimate has a significant correlation with the final detailed cost.

3.6 Previous Studies

In general, Giinaydin and Dogan (2004) and Emsley et al. (2002) adopted NNs and
regression techniques for estimating the early stage, but they used some parameters which
were not defined in the early stage. For this reason, difficulties may face the accurate
estimation to achieve the reality; some of these factors are the floor type of the building, stair
types, wall-to-floor ratio, the foundation system, and Air conditioning. As well, Sonmez
(2004) discussed the model using regression analysis and NNs techniques in which
construction year, location, total area, number of floor and structured parking per cent were
the cost attributes involved in this model. Another study was conducted by Chan and Park
(2005), which used a principle regression to build a new cost estimation model. It included
57 factors some of which were not to be available at the conceptual stage, such as good
bidding information, time given to owners/consultants to evaluate bids, bidding
environment, subcontractors’ experience and capability, and consultant’s staffing level to

attend to the contractor.

! Failing to reject the null hypothesis when it is actually false.
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Moreover, Lowe et al. (2006) debated the model from regression model point view to
estimate the cost at early stage relying on information such as mechanical installations,
ceiling finishing, height, function, stories below ground, and piling, also some of them not
available at the conceptual (preliminary) stage.

On the other hand, Cheng et al. (2009) estimated the house projects using the neural network
model and depending on quantitative and qualitative 10 variables for their model such as,
floors underground, floors aboveground, site area, total floor area, number of households,
households in adjacent buildings (quantitative factors), soil condition, interior decoration,
seismic zone, and electromechanical infrastructure (qualitative factors).

Also, Kim et al. (2008) choose his model for high way construction project according to
CER algorithm. The factors which were debated as independent variables are location,
project type (new, extension), contract type, construction period, total length of road, road
width, total length of bridge, and total length of tunnel.

Nonetheless, Hunter (2014) studied the cost estimation in the preconstruction stage and
developing framework focusing on the type of estimation and factors affecting the cost
estimation. Two types of estimates were found top-down and bottom-up estimates, the
difference in the estimate was dependent on the end user and the amount of data available.
Three factors which were complexity, project type and construction cost were found to be
the three factors that had a major influence on cost estimate. Multiple regression, decision
tree, and neural networks’ models were chosen to select the most appropriate model, which
would reliably estimate the preconstruction costs. The neural network model, was adopted
and applied with a top-down estimate, the final model providing estimates with error 1.4%
over 13 projects.

Furthermore, Kim et al. (2013) stated that the cost estimation in the early stage wasn’t
accurate due to incomplete drawings. Consequently , three various techniques had been
applied and compared to the accuracy of three estimating techniques (regression analysis
(RA), neural network (NN), and support vector machine techniques by performing
estimations of construction costs. Neural network model revealed more accurate estimation
results than the regression analysis and support vector machine techniques models.
Shehatto (2013) debated the estimation of high degree of accuracy without the need for
detailed information or drawings in order to fulfil the parties of the project. The Artificial
Neural Network (ANN) model was used as new approach in cost estimation, with
guantitative and qualitative techniques were utilised to define the variables for the building
project costs. The ANN model considered eleven variables as independent input affected
one dependent output variable "project cost". Furthermore, Neurosolution software was used
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to train the models. The average error of test dataset for the adapted model was largely

acceptable (less than 6%).

3.7 Construct Models

In many researches of cost estimate field, they have focused on the early stage estimate
to satisfy the client desires or the consultant decision as well as the contractors. To the best
of the author’s knowledge, there are not one research covering all estimates for all-important
stages, which are in construction projects the conceptual or preliminary and the tender stages,
which would be debated in the next chapter. The author has tried to verify all the
requirements of these stages in order to achieve more accurately estimates.
In this research, there are numerous methods and levels of accuracy for preparing cost
estimates for a construction project. In this chapter, the preliminary estimates is adopted for
the early stage in order to satisfy the client desires about his/her project.

3.7.1 Quantitative estimate’s model (preliminary)

Many researchers have investigated the early cost estimate for most types of construction
projects (houses, commercial buildings, roads, etc.).
Hunter (2014) examined the cost estimation variables in the preconstruction stage and
developing these variables for road project. Because these projects were roads, many
variables did not belong to this research’s objective. However, after he examined those 12
variables, only three independent variables were adopted as most important variables, which
are complexity, project type, and construction cost.
The construction cost term is similar to project cost term in the meaning which was
mentioned in Shehatto (2013) and other researchers as dependent variable. Thus, it is not a
good decision to consider as independent variables at early stage. Three models (multiple
regression, decision tree, & NN) were chosen to select the most appropriate model, which
would reliably estimate the preconstruction costs. The NN model was adopted and applied
with a top-down estimate, the final model provided estimates with a weighted error of 1.4%
over 13 projects.
In addition, Shehatto (2013) discussed the needs of estimation for high degree of accuracy
and without detailed information or drawings to satisfy the parties of the project (Clients,
Donors, Consultant and Contractors). The Artificial Neural Network (ANN) model was used
as new approach in cost estimation, were utilised to identify the significant parameters for
the building project costs. The ANN model considered eleven significant parameters as
independent input variables affected one dependent output variable “project cost”. These
variables were according to their significant area of typical floor, number of storeys, use of
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building, type of foundation, number of elevators, slab type (solid, ribbed...), type of
external finishing, presence of HVAC and false ceiling, tiles type, type of electricity works,
and type of mechanical works.

Furthermore, Kim et al. (2013) stated that the cost estimation in the carly stage wasn’t
accurate due to incomplete drawings. Consequently, ten variables were adopted to be
examined for school projects in UK in order to estimate the cost in the early stage. Those
variables were year, budget, school levels, land acquisition, class number, building area,
gross floor area, storey, basement floor, and floor height. Three various techniques had been
applied and compared to the accuracy of three estimating techniques (regression analysis
(RA), neural network (NN), and support vector machine techniques (SVM)) by performing
estimations of construction costs. By using a historical data, it was found that NN model
showed more accurate estimation results than the RA and SVM models.

Another study was conducted by Arab (2011) examined the variables which affect the school
estimation cost in the early stage in UK. He determined two most important variables design
and engineering requirements. Because of UK is not a developing country; the requirements
of schools controlled by highly specifications through authority’s agencies. Design and
engineering requirements content may be interpreted as above mentioned variables (area of
storey, number of floors, etc.). Multiple regression technique was used to analyse those
variables.

On the other hand, Cheng et al. (2009) used the neural network model to estimate the house
projects and relying on quantitative and qualitative 10 variables for their model which were
floors underground, total floor area, floors aboveground, site area, number of households,
households in adjacent buildings (quantitative factors), soil condition, seismic zone, interior
decoration, and electromechanical infrastructure (qualitative factors).

Other variables, which were investigated and examines for early stage estimate by Dogan
(2005) which were the total area of the building, the ratio of the typical floor area to the total
area of the building, the ratio of the footprint area to the total area of the building, the number
of floors, the type of overhang design, the foundation system, the type of floor structure, and
the location of the core. In that research, the machine learning techniques was used for
calculating the construction cost in the early stage of the project. The ANN model also used
to enhance the model by experiments. Cost data belonging to the superstructure of low-rise
residential buildings were used to test these models.

According to Arab (2011), some variable which were indicated in some researchers’ models
such as (Thalmann, 1998 and Lowe et al., 2006), those variable were not available at

conceptual stage and didn’t fit in the context of his research such as usable floor area,
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mechanical installations, ceiling finishing and year of construction as the input variables of
their model.

In addition, Emsley et al. (2002) investigated that the failure of these cost models in
expressing client needs and requirements which have difference between the early estimated
cost and the cost estimated after the design was set out. Therefore, the design would express
the others various client needs and requirements but does not fit and belong to the early cost
figure. It is very important to determine the independent variables at early estimate that
expresses client needs (the voice of client) rather than the design attributes (the voice of

design).

Some models contain both the voice of client and the voice of design; but the voice of design
can be determined by the voice of client, which is supported by the consultant (voice of
design) such as, type of foundation, presence of HVAC, and type of electricity works. These
variable may be determined by the experience of consultant that advice the client according

to his experience in order to enhance the accuracy of estimate.

From the last discussion by Arab (2011), and Emsley et al (2002), there are three factors,

which may be adopted in construct the model of this study as the following:

1- The variables must be at the early stages (preliminary) and fit to the context of this
study.

2- The independent variables must be reflecting the client requirements (the voice of
client rather than the voice of design).

3- The independents variables that reflect the both voices of client and design can be

adopted.

Based on the above last discussion, the model would have been adopted in this research
depends on the literature review of the last previous studies which controlled by the last three

factors in order to achieve the most important independent variables.

The author is almost used all variables which are implicitly sharing between studies and are
suitable for preliminary estimate in this research according to the following table (3.1).
Sometimes, some variables are repeated by different text content. In this case, the author has
chosen on of them. In addition, variables do not fit to the context of this study at the early
stage is ignored and criticised as well as the variable which don’t satisfy the voice of client

(client requirements).

The following variables, which are not adopted in this research don’t belong to the

preliminary (conceptual) stage. They don’t represent the voice of the client but most of them
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represent the design attributes such as Year, budget, school levels, land acquisition, class
number, number of households, households in adjacent buildings, seismic zone, the ratio of
the typical floor area to the total area of the building, the ratio of the footprint area to the

total area of the building, the type of overhang design, and the location of the core).

Seventeen variables were chosen as variables of model cost estimate at the early stage in
Yemen. These variables are complexity, project type, area of floors, number of storeys, type
of foundation, number of elevators, slab type, type of external finishing, interior decoration,
type of HVAC system, tiles type, type of electricity works, type of mechanical works,

basement floor, floor height, site area, and project location.

Table 3.1 shows Models of preliminary cost estimate at early stage.

Researcher Project type Technique Cost variables (drivers) *
Hunter (2014) roads NN - complexity
- project type
- construction cost
Shehatto (2013) -Prayer place ANN - Area of typical floor
-Residential - Number of storeys
-School extension - Use of building
-Schools - Type of foundation
-Public building - Number of elevators
-Mosques - Type of slab

- Type of external finishing
- Presence of HVAC and
false ceiling

- Type of tilling

- Type of electricity works
-Type of mechanical works

Kim et al (2013) schools - regression | - year

analysis - budget

- neural | - school levels

network (NN) | - land acquisition

- support vector | - class number

machine - building area

- gross floor area storey

- basement floor
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- floor height.

Arab (2011)

schools

Multiple

Regression

- design requirements

- engineering requirements

Cheng et al (2009)

Housing

NN

- floors underground

- total floor area

- floors aboveground

- Site area

- number of households
-households in adjacent
buildings

- soil condition

- seismic zone

- interior decoration

- electromechanical

infrastructure

Dogan (2005)

Buildings

machine

learning

- the total area of the
building

- the ratio of the typical
floor area to the total area
of the building

- the ratio of the footprint
area to the total area of the
building

- the number of floors

- the type of overhang
design

- the foundation system

- the type of floor structure

- the location of the core

Hakami (2015)

-Residential

-schools

ANN

-Complexity

- Project type

- Area of floors

- Storeys No.

-Type of foundation

- Number of elevators
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- Slab type

- Type of external finishing
- Interior decoration

- Type of HVAC system

- Tiles type

- Type of electricity works
-Type of mechanical works
- Basement floor

- Floor height.

- Site area

- Project location

Source: Author
“The italic words have chosen by the author to formulate this study model.

3.8  Summary

This chapter explained the term of accuracy from many points of view. The two
techniques in preliminary estimate were debated which were the traditional and modern
methods. It was clear, the most powerful technique was the modern techniques, which were
discussed and investigated by many researchers. The artificial neural network (ANN) was
adopted as a modern intelligence technique. As well, it was learned about its biological and
structure such as neuron activation, transformation, its architecture, and the learning rules.
Moreover, ANN appeared its ability to simulate the human brain in training, cross-
validation, and testing process, which were learned and the performance of model became
easy to handle as well as the sensitivity analysis.
In addition, the previous studies supported the theory of this study’s model formulation.
After that, the quantitative model was built for this study. Finally, the second objective of
this study was partially achieved and the second question was also answered with regards

the mathematical model.
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CHAPTER IV: DETAILED ESTIMATION METHODS

4.1 Introduction

This chapter presents the importance of detailed estimate method and debates the process
of estimate, which passes through many important steps. Firstly, decision to tender or not
belongs to senior management as well as some factors affect the decision are mentioned. For
more importance, base estimate refers to obtain and review the bid documents, which is
debated through many additional processes, should be also studied and reviewed such as
scope baseline, resource calendar, project schedule, human resource plan, risk register,
enterprise environment factors, and organizational process assets. Measurements are also
discussed as well as the site visit. Furthermore, pricing process, management review, and
close bid appear more complement to the whole process of estimate in tender stage. Bottom-—
up method is debated as a tool of detailed cost estimate. Previous studies are mentioned in
order to construct the theoretical model for this study. After that, the qualitative models are
debated and adopted in this study. Furthermore, the operationalization of this study reveals
how this study would be investigated. Methodology and analysis techniques are mentioned
to define the literature of methodology and the analysis technique, which would be used
later. Finally, the summary describes this chapter briefly.
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4.2 Detailed Estimates

The detailed estimate method is considered to yield a price that is an accurate forecast of
the actual costs of construction project rather than any of the other estimating methods
considered. In the detailed estimate, the form of a quantity take-off is the accurate assessment
of the work and can only be gained from the full design of the project. In addition, it
consumes time rather than the preliminary estimate which is prepared by other quicker but
less accurate (Pratt, 2011b).

Furthermore, Pratt (2011b) subsidised that the purpose of estimating according to:
1. Preparing construction cost estimates that will allow the contractor to gain profitable
work by the competitive bidding process,
2. Maximising the accuracy of the estimating process by containing procedures for
checking and verifying the precision of the work,
3. Maximising the productivity of the estimating department in terms of producing the
highest volume of estimating product with the resources available,
4. Using the estimating department in an effective method that commits these resources
to projects with the most likelihood of success, and
5. Fostering a company-wide cooperative approach to estimating and bidding that, in
recognition of the value of good estimating, commits all company personnel to
improving the quality of estimating.
Moreover, EISawy et al. (2011) stated that the detailed cost estimate is a great importance in
tendering phase as well as a key function for acquiring new contracts at right price in order
to provide gateway for long survival in the business. Therefore an accurate estimate of the
bid price for a construction project is important to secure the project contract and achieving
a reasonable profit, where in practice, the available bid-estimation time is often insufficient
(Akintoye and Fitzgerald, 2000).

4.2.1 Detail estimate process

According to Sha’at (1993), the beginning of cost estimate when the tender is decided by
the contractor to bid and study the documents as well as cost estimating for project begins,
practically, when the contractor decided to submit to the owner or her/his representative.
Nevertheless, after bid information is obtained, the decision to bid or not to bid on the
project, it is not final (Pratt, 2011b). Consequently, the process of estimate has many steps

to ensure the accurate estimation.
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4.2.1.1 Decision to tender

The decision to tender for a particular contract is mainly the responsibility of senior
management for both public and private projects after getting the information of the bidding,
as well as the ability of company to obtain information about projects that are out for bid as
part of the marketing effort (Pratt, 2011b, Shehatto, 2013) . In order to make decision to bid,
there are many factors must be taken into consideration, but are not limited to, type of
project, and size and (rough) estimate of contract value. As well, location of the project,
quality of drawings and specifications, reputation of owners and designers, specialised work,
anticipated construction problems, safety considerations, need for the work, and bonding

capacity are also the factors of making decision (Pratt, 2011b).

4.2.1.2 Obtaining and review bid documents (Base estimate)

When the contractor has decided to bid, the documents of bedding must be obtained and
reviewed, in which the contractor wishes to proceed or not.
Importantly, the reviewing for documents to verify the information necessary, in order to
complete the bid report and also to highlight the data that the estimator will need to refer to
later in the estimating process. Therefore, the team approach technique is a good manner to
achieve accurate high- quality. The bid documents mainly includes, but aren’t limited to,
drawings, specification, form of the contract, etc.
Ideally, some others documents must be prepared by contractor team and submitted to
estimators to help them in their calculation to ensure the accuracy of cost estimate as
following:

a. Scope baseline

It is important, the level of scope detail varies depending on the project phase, project

type, and project complexity which will influence costs and any change in scope has

caused the cost overrun in which will be faced (O'Conchuir, 2011, Washington, 2008).

According to PMI (2008) and O'Conchuir (2011), Scope Baseline includes:

1- Scope Statement: it mainly contains the product description, acceptance criteria, key
deliverables, project boundaries, assumptions, and constraints® about the project in
which to define the project deliverables and the work needed to produce them.
Washington (2008) stated also that the scope describes the project in words and
includes underlying assumptions cautionary notes, and exclusions.

2- WBS (Work Breakdown Structure): is a deliverable-oriented hierarchical
decomposition of the work to be executed, in order to fulfil the project objectives,

1 Assumption must be briefly precise. Some of constraints are delivery dates, available skilled resources, and
organisational policies.
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and determine the very important required deliverables by descending levels of the
WBS, which represent an increasingly detailed definition of the project work.
Furthermore, the lowest level of WBS is called a work package, in an important; the
basis is for estimating cost and durations as well as assigning project work. Rad
(2002) defined the WBS, which is a uniform, consistent, and logical method for
dividing the project into small, manageable components for purposes of planning,
estimating, and monitoring.

3- WBS Dictionary: very useful documents provide more detailed descriptions and
information about the components in the WBS and each work package. Information
in the WBS dictionary includes (PMI, 2008, O'Conchuir, 2011), but is not limited to:

e Code of account identifier

e Description of work

¢ Responsible organisation

e List of schedule milestones,

e Associated schedule activities,

e Resources required,

e Cost estimates,

e Quality requirements,

e Acceptance criteria,

e Technical references, and

e Contract information.

b. Resource calendars

In essence, PMI (2008) and O'Conchuir (2011) described that the resource calendar is
the availability of each significant human, material, and equipment resource which
include information on which resource (such as people, equipment, and material) are
available in planned activity period. Furthermore, this information considers also about
attribute such as resource experience and/or skill level, as well as various geographical
locations from. In addition, the time of each project team member can work including
vacation time and commitments to other projects. Another technique must be taken into
this calendar the resource breakdown structure which explained by Rad (2002) in which
has its analogue in the well-known work breakdown structure (WBS). However, the
project manager can also plan the project easily with greater assurance of the resource

data reliability including the amount of resources at-hand and their estimated cost in
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order to capitalise on organisational memory with respect to project resources as in figure
4.1).

Resources
|

| 1 1 1
Labour Materials Tools Fees
AE personnel Expendables Heavy machinery
GM personnel Assemblies Power tools
GC personnel Components Hand tools

PM team Ingredients

User team

Figure 4.1 Project resources, Rad (2002).

c. Project schedule

O'Conchuir (2011) debated that the precise schedule has big influences on project cost,

which is explicit in the next questions:

- How long will the team be active (and costing money)?

- Which skill levels will be used?

- How accurate is the schedule? Overruns will result in increased costs.

- What are the duration estimates for each activity and how accurate are they? If any

tasks take longer than planned, then their costs will rise.

- What will the material costs be when the project is implemented?

- What happens if we do not get good prices for supplies?

- What cost should be added for interest and other fees?

- How stable are exchange rates?

- Do any costs have seasonal variations?
Furthermore, PMI (2008) mentioned that the schedule has a planned start and finish dates
for each activity which must be included as well as resources (type and quantity) assignment.
In addition, target dates for every activity should be defined (O'Conchuir, 2011).

d. Human resource plan
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In order to accurate cost of the project, human resource plan* should be submitted, which
provides guidance for human resources definition, staffing, and controlling.

The human resource plan should include, but not be limited to, the following: roles and
responsibilities, project organisation charts, and staffing management plan.

e. Risk register

In essence, the risk register is used to mitigate the influences of risk on cost due to either
threats or opportunities (PMI, 2008, O'Conchuir, 2011). Washington (2008) reported that
the maximising the probability and consequences of positive risk events (opportunities)
and minimising the probability and consequences of negative risk events (threats) to the
project objectives should be defined.

f. Enterprise environmental factors

There are many enterprise environment factors, which affect the estimate cost process
such as market conditions, employment statistics, global exchange rates, government or
industry standards, and published commercial information (PMI, 2008, O'Conchuir,
2011, Washington, 2008).

g. Organizational process assets

It is a familiar as enterprise environment factors, in which, considered about internal
factors that influence the estimate costs process include but are not limited to: cost
estimating policies, cost estimating templates, historical information, and lessons learned
(PMI, 2008, O'Conchuir, 2011).

4.2.1.3 Measuring the quantities

According to Pratt (2011b), A quantity take-off is a process of measuring the work of the
project in which has to break down the design that is shown on the drawings and described
in the specifications into predefined activities (work items). The take-off has been preferred
to measure “net in place” for cost estimate not in “gross” for reasons:

1- Consistency: with the take-off which submit by the owner or consultant.

2- Objectivity: Measuring “net” quantities results in an objective appraisal of the
design. Add-ons for waste factors, swell factors, compaction factors, and the other
adjustments applied to quantities taken off are also all subjective assessments.
However, this adds a complication to the pricing of the work items, which is already

a difficult process.

1 This plan also shows where the people will come and go to work, and what happen to them when the
project is finished.
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3- Unit Price Contracts: the Measurement of work done should familiar to a unit price

contract, which is important to be calculated on a “net” quantity basis.

4.2.1.4 Site visit

After the bid documents have been reviewed, the good idea and specific questions has
been obtained about the project by the estimator who can really get to know the nature of the
job and may also be able to foresee possible construction problems that the project may face
later. The environment investigation may be occurred regarding environment issues to

consider the financial risk which can be added to the bid to cover this risk (Pratt, 2011b).

4.2.1.5 The query list
In the view of Pratt (2011b), after reviewing the drawings and the specification, some
uncovered details will be shown. Thus, the query list must be prepared and submitted to

designer to clarify those ambiguous matters.

4.2.1.6 Pricing the quantities
There are five pricing categories that need to be considered labour, equipment, materials,
subcontractors, and job overheads. The pricing should cover the following components of
construction projects, which are:
1. Pricing Construction Equipment
2. Pricing excavation and backfill
3. Pricing concrete work
4. Pricing masonry, carpentry, and finishes work
5. Pricing subcontractors’ work
6. Pricing general expenses
The general expenses (jobs overhead) can be listed, but are not limited to,
1- Site Personnel
2- Safety and First Aid
3- Travel and Accommodation
4- Temporary Site Offices
5- Temporary Site Services
6- Hoardings and Temporary Enclosures
7- Temporary Heating
8- Site Access and Storage Space
9- Site Security
10- Site Equipment
11- Trucking
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12- Dewatering

13- Site Clean-up

14- Miscellaneous Expenses
15- Labour Add-Ons

16- Bid Total Add-Ons

4.2.1.7 Management review

According to Pratt (2011b) and Washington (2008) mentioned that the management
review is important process to ensure the best results of estimate passing with experts of
estimating to enhance the comments of top management and to avoid many mistakes that

could lead to losses for firm.

4.2.1.8 Closing the Bid
According to Pratt (2011b) this period the estimate prices are summarised, all the
components of the bid and the bid documents are assembled and submitted to the place
designated for the bid closing for summary sheets.
Based on the literature review, there were seven hypotheses were proposed as following:
H10: Base estimate has a positive effect on final detailed cost.
H11: Correct way of measurements has a positive effect on final detailed cost.
H12: Measurements has a positive effect on pricing process.
H13: Query list has a positive effect on pricing process.
H14: Pricing process has a positive effect on management review’s process.
H15: Management review’s process has a positive effect on bid summary.

H16: Bid summary has a positive effect on final detailed cost.

4.2.2 Bottom —up estimation method

Younossi et al. (2002) argued that the bottoms-up costing is also called as process based
costing, relies on detailed engineering analysis and calculation.
Generally, bottom up cost estimate is a method to estimate cost depending on the overall
cost of processes that produce the desired finished budget.
Traditionally, bottoms-up costing techniques account for overhead in materials and
expenses, as well as expenses based on labour (Nachtmann and Needy, 2003), therefore, this
model of bottom-up is very good, and every process is accounted for, as well as is a very
powerful way to estimate cost. In addition, the design should be very detailed in order for
the input data to be precise (Toth, 2006).
In addition, Rad (2002) stated that the bottom-up estimate is the most accurate and most

reliable estimate for a project. Consequently, the elements of the work breakdown structure
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(WBS) should be identified with a reasonable degree of reliability and the resource
breakdown structure (RBS) should be also identified with the desired degree of certainty.
Detailed estimate is referred to as the bottom-up estimate and it is derived from detailed
information from WBS and RBS.

4.3 Previous Studies

Leng (2005) pointed out that the model, which was studied by Barrie and Paulson (1978)
in estimating process, which is displayed graphically in Figure (4.2), to support the
estimators in order to estimate the construction projects’ cost accurately. Firstly, the decision
of the top management to submit a bid if “not”, then they will not continue. Furthermore,
the estimators direct to gather the information about the specific project in order to measure
the quantities (quantities, plant & equipment, waste allowances, and other factors).
Consequently, the row cost will be then obtained and ready for make—up addition.
Also, Leng (2005) discussed another estimate model, which was belonged to Frank Harris
and Ronald McCaffer (1995), and is displayed in figure (4.3). Their model consisted of
decision to tender, programming the estimate, collecting & calculating of cost estimate,
project study, preparing the estimate, site overheads, and estimators’ report.
In addition, Leng (2005) conducted a study to develop his model according to the last two
models in which is displayed in figure (4.4). Therefore, the model component was top
managers’ decision, gathering necessary information, review tender document, refer
previous similar projects, prepare estimate, quantity take-off process to measure quantity,
plant, allowances and labour, price databank, request for quotation from the subcontractors
and suppliers, prepare row cost, add make-up per cent by top managers, prepare for bid

submission, and the documentation.

No
Top management’s decision to
submit a bid
Yes
\
Estimator gathers necessary
information
\
Quantity take-off process
\ 4
Measure Plant & Waste Other
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Figure 4.2 Detailed cost estimate model, Barrie and Paulson (1978).
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Figure 4.3 Detailed cost estimate model, Frank Harris and Ronald McCaffer (1995).
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Washington State (2008) adopted another model for estimating the WSDOT project, which
is displayed in figure (4.5), so their model was the following process: determine estimate
basis, prepare base estimate, review base estimate, determine risks and set contingency,
determine estimate communication approach, conduct independent review and obtain
management endorsement, and the final estimate.

On the other hand, Pratt (2011) discussed his model which was consisted of the following,
obtain bid information, decision to bid, obtain bid documents, review bid documents, notify
subcontractors, take-off quantities, site investigation, price the work and general expenses,
management review, price subcontractors, summarise and prepare bid, submit bid, and

complete bid report, figure (4.6).

77



Project information, Project
scope, project location &
site characteristics

7

Historical

Determine
estimate base

database

v

Prepare base

estimate Internal specialty
Market group
condition A 4
Review base
estimate <
\ \
Determine risks <
Inflation &set contingency
t External
rates \l/ specialists
Determine estimate
communication approach
Obtain management .
d ¢ Regional
endorsemen management

—

Estimate

Fiagure 4 5 Detailed cost estimate model WSDOT (2008)



D

Obtain Bid Information

\A

Decision to Bid

No

v

Yes

Obtain Bid Documents

\A

Review Bid Documents

Site Investigation

Price General Expenses

4 7 \2
Notify Subcontractors Takeoff Quantities
\I{ Y
Price Own Work
le ]

Price Subcontractors

w\

Management Review

2

Summarize Zr% Prepare
Bid




4.4  Construct Models

As it mention before in section (3.7) many researches focused on the early stage estimate
to satisfy the client desires or the consultant decision; there is not one research covering all
estimates for all-important stages, which are in construction projects the conceptual or
preliminary and the tender stages. The preliminary estimate was discussed in the previous
chapter; therefore, the detailed estimate would be discussed to unite the concept of this
research to cover both early and tender stage’s estimation.
The detailed cost estimate is adopted for the tender stage, which is to assist the contractors
to estimate the cost of the project accurately to avoid cost overruns and delays. From the last
discussion, the author has confident to satisfy the overall project’s estimation from the
conceptual stage until the tender stage in two models quantitative (preliminary estimate) for
early stage and qualitative (detailed estimate) for the tender stage. This structure of research
is considered the first attempt in construction management field to cover this range of stages
as well as value added to the science of construction management and a compass for
researchers to continue in the same way and idea. In addition, the two models may measure

each other in different stages to reach the maximum validation.

4.4.1 Qualitative estimate’s model (detailed)

Numerous studies have shown the process of detailed estimate as flow chart and model,
as well as these studies were not enough in construction field. Thus, the final construction
cost estimate is mostly suffering unreality estimate, which indicates that the projects may be
stopped, delayed or terminated. This detailed estimate in tender stage is very important for
contractors in order to offer bidding as success as they want. Therefore, the future disputes
would be overcome from the beginning. Furthermore, some factors have been affected the

estimate in this stage are not known by estimators. Therefore, many mistakes may be found
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through monitoring the cost when the corrective action is difficult and sometimes
impossible. From the last discussion, the losses would be happened for all parties. Thus,
successful firms prepare the estimation of their bids and finish their project according to the
estimate.

For more specific, Pratt (2011) discussed his model from his point of view which was
consisted of the following activities obtain bid information, decision to bid, obtain bid
documents, review bid documents, notify subcontractors, take-off quantities, site
investigation, price the works and general expenses, management review, price
subcontractors, summarise and prepare bid, submit bid, and complete bid report, figure (4.6).
This Pratt’s model can be used by the skilled estimators. Thus, the knowledge, which can
assist the estimators to be professional, is not available and the most important factors, which
affect the estimate, are not shown. To achieve more accurate estimation, the construction
cost estimate’s knowledge have to be known to ensure the highly degree of accurate estimate
by estimators. This addition of knowledge of construction cost is considered the first time in
this study’s model than others models of others researches. Thus, most researchers who
investigated the cost estimate did not examine the effect of this knowledge on the process of
estimate or even measured it.

Another model was developed by Washington (2008) for estimating the WSDOT projects is
displayed in figure (4.5), so their model was the following process: determine estimate basis,
prepare base estimate, review base estimate, determine risks and set contingency, determine
estimate communication approach, conduct independent review and obtain management
endorsement, and the final estimate.

From this model, it is clear there is different texts content than the last model, but they are
still have the same meaning as those mentioned in Pratt’s model such as determine estimate
basis, prepare base estimate, and review base estimate which have the same meaning to
obtaining bid documents and review bid documents. In this research, those terms were
collected in one sentence (obtaining and review bid documents) as well as can be called
“Base estimate”. In addition, determine risks and set contingency, and inflation rates, they
are two factors may affect the cost estimate as well as there are many factors may affect the
cost estimate must be known and put them in front of estimators’ eyes. About determine
estimate communication approach, conduct independent review, and obtain management
endorsement, all of them referred to management review, which was mentioned above.

Therefore, the management review is adopted in this research model.

Leng (2005) conducted a study to develop his model according to Frank Harris and Ronald
McCaffer (1995) and Barrie and Paulson (1978) models. Furthermore, he had added another
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activity in his model, which was called knowledge transfer. This transfer for knowledge had
also three activities (identify the knowledge, capture the knowledge, store the knowledge)
which displayed in figure (4.7). These activities are implicitly done in any work or activity
managed by correct way such as documentation. Therefore, it is not important in detailed
cost estimate than the reality of construction cost’s knowledge, which must be known for

everyone involved in estimation process.

Leng’s model components were top managers’ decision, gathering necessary information,
review tender document, refer previous similar projects, prepare estimate, quantity take-off
process to measure quantity, plant, allowances and labour, price databank, request for
quotation from the subcontractors and suppliers, prepare row cost, add make-up per cent by
top managers, prepare for bid submission, and the documentation. From the last brief, it is
known these parameters have almost the same meaning, which is included in last two

models.

Also, Leng (2005) wrote about another estimate model which was belonged to Frank Harris
and Ronald McCaffer (1995), and is displayed in figure (4.3). That model had the same
inputs of the last other models and was simple.

Furthermore, Leng (2005) mentioned that in (1978), Barrie and Paulson introduced their
model of estimate process which is displayed graphically in Figure (4.2), to support the
estimators to estimate the construction projects accurately. Firstly, the decision of the top
management to submit a bid if “not”, then they will not continue. Furthermore, the estimators
direct to gather the information about the specific project in order to measure the quantities
(quantities, plant & equipment, waste allowances, and other factors). Consequently, the row
cost will be then obtained and ready for make—up addition. As we said before about Frank
Harris and Ronald McCaffer (1995) model, there are no effective variables, which can be

taken and this model was from the last decade.

The Model of this study relays on the structure of Pratt’s model as reference model which
was the newer one and included the basic variables which were examined by the others
researchers; Washington State (2008), Leng (2005), Harris and Ronald McCaffer (1995),
and Barrie and Paulson (1978). These basic variables, which were introduced in flow chart
as estimate process, were developed in literature review. By the best of author’s knowledge,
there was no one examined the knowledge of cost estimate in separate model as well as the

effect of this knowledge on the detailed cost estimate model.

82



The study’s model would be formulated from two models; one model would examine the
knowledge of construction cost estimate, and the second would examine the effect of this
knowledge on some dependent variables, which may be also independent variables as well

as would develop the basic concept of the main variables that showed in the last models.

Based on the last discussion and literature review, four new hypotheses were supposed to
integrate with other hypotheses in the detailed estimate model (qualitative model) as

following:

H17: knowledge of construction cost estimate has a positive effect on final detailed cost.

H18: knowledge of construction cost estimate has a positive effect on base estimate.
H19: knowledge of construction cost estimate has a positive effect on measurements.

H20: knowledge of construction cost estimate has a positive effect on pricing.
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4.4.1.1 Knowledge of construction cost estimate’s model formulation

Based on the literature review and first eight hypotheses, which were deduced and
proposed from the literature and are mentioned below. A theoretical model of knowledge of
cost estimate (KCE) was constructed by links between KCE, social and economic system,
construction cost classification, cost estimation methods and techniques, types of contracts
and delivery systems, critical factors, cost control process, safety considerations, and cost
index. Therefore, the KCE is a dependent variable and the others eight variables are
independent. The relationships between the independent variables and dependent variable
(KCE) are studied. To the best of the author’s knowledge, no researchers have empirically
examined the relationships between the knowledge of construction cost estimate and the
others eight variables, which constructed in this study. This model is displayed in figure
(4.8). Based on the literature review, the following hypotheses constructed the Knowledge

of cost estimate’s model:

H1: The social and economic system of Yemen has a positive effect on knowledge of cost

estimate.

H2: Understanding of construction cost classification has a positive effect on knowledge of
cost estimate.

H3: Construction cost estimation methods and techniques have a positive effect on
knowledge of cost estimate.

H4: Understanding the types of contracts and delivery systems has a positive effect on
knowledge of cost estimate.

H5: Understanding the critical factors has a positive effect on knowledge of cost estimate.

H6: Understanding the Cost control process has a positive effect on knowledge of cost

estimate.

H7: Understanding the safety considerations has a positive effect on knowledge of cost

estimate.

H8: Cost index has a positive effect on knowledge of cost estimate.
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Figure 4.8 The theoretical model of Knowledge of cost estimate, Author.

4.4.1.2 Detailed estimation model formulation

Based on the KCE model, the literature review of detailed estimate process and the eleven
hypotheses which were supposed from the literature and mentioned below, the detailed
estimate’s model which was mentioned by Pratt (2011b) which is almost satisfy the objective
of this research; the detailed estimate model was constructed based on the Pratt’s model. In
addition, the KCE was formulated to examine the effect of the KCE as independent variable
on some other important dependent variables (Base estimate, measurements, pricing, and the
final detailed cost estimate) which affect the detailed estimate figure (4.9). As well, the basic
variables’ content were developed in the literature review by integrating most effect factors
in one related common variable, for instance, base estimate variable concerned about collect
documents and review them as well as contained effective factors such as scope baseline,
resource calendar, project schedule, etc.). It can be seen, these variable were developed from
many point of views of researches. Therefore, this study model is developed than any of

other models.

Therefore, the variables, which are adopted in this study, are base estimate, measurements,
querying, pricing, management review, bid summary, KCE, and final detailed cost. The final

detailed cost is absolute dependent variable, and the other variables are independent
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variables, except base estimate, measurements, and pricing are also considered dependent
variables, which are casually affected by other variable according to the proposed
hypotheses, figure (4.9).

It should be noted that there might be some causal relationships between the detailed estimate
process model and KCE eight constructs. Therefore, these relationships may be investigated
and examined in another study. This model was formulated from the following hypotheses,

which were assumed according to the theory of this study as the following:

H10: Base estimate has a positive effect on final detailed cost.

H11: Correct way of measurements has a positive effect on final detailed cost.

H12: Measurements has a positive effect on pricing process.

H13: Query list has a positive effect on pricing process.

H14: Pricing process has a positive effect on management review’s process.

H15: Management review’s process has a positive effect on bid summary.

H16: Bid summary has a positive effect on final detailed cost.

H17: knowledge of construction cost estimate has a positive effect on final detailed cost.

H18: knowledge of construction cost estimate has a positive effect on base estimate.
H19: knowledge of construction cost estimate has a positive effect on measurements.
H20: knowledge of construction cost estimate has a positive effect on pricing.

4.5 Study Operationalization (Procedures)

Generally, the test of these quantitative and qualitative models that hypothesised in this
study depended on the operationalization these constructs from the literature review in order
to investigate empirically. Therefore, set of factors (items) which were used to measure both
quantitative and qualitative models’ variables, which were KCE variables, preliminary
estimate variables, and detailed estimate variables were adopted. Thus, factors (items) were
educed from the literature review by the author by manner to be comprehensively for this
study’s theory and dominated the both quantitative and qualitative models variables,

appendix (1) shows the factors, which are adopted in this study.
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4.6 Methodology and Analysis Technique

4.6.1 Introduction

This section is to give a large sight about the literature of the methodology, which would
be used in the next chapter in order to be understood its methods and importance in research
methodology. Furthermore, the analysis technique, which is structure equation modelling
(SEM) which would be used for analysing the qualitative model, is also debated to make a
good whole picture about this technique. SEM technique recently becomes more powerful

than other prediction methods such as multiple regression technique and analysis of variance.
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4.6.2 Research design

Flick (2007) defined a research design as a plan for collecting and analysing evidence
that will make it possible for the investigator to answer questions posed to the target
population. In more specific details, it is to connect the questions to data using tools and
procedures in answering them. It is also the basic plan for a piece of empirical research
including main ideas such as strategy, sample, the tools and procedures in order to collect
and analyse the empirical data (Punch, 2000).

4.6.3 Research strategy

Naoum (2007) defined the research strategy is the way in which the research objectives
can be questioned. Furthermore, Punch (2000) explained that the strategy is the centre of the
design of a study which is its internal logic or rationale. In other words, the set of ideas in a
study intends to proceed in order to answer its research questions.

There are two types of research strategies, which are qualitative research and quantitative
research. In empirical research, these methods have their strengths and weaknesses.
According to Naoum (2007), the Qualitative research is a subjective in nature in which to
concentrate on the meaning, description, and experience. Cooper and Schindler (2014) and
Patton (1990) stated that the qualitative research leads the selected issues to be studied and

achieved in-depth understanding and details.

In other side, quantitative research method depends on the use of standardised instruments
so; the experience and perspectives of people can fit a limited number of predetermined
response categories according to numbers, which are assigned. Advantage of this method is
a possibility of measuring the reactions of a great many people to a limited set of questions
so; this presents succinctly and parsimoniously generalizable set of findings. The qualitative
research method has also advantage which is to present a wealth of detailed information
about a much smaller number of people and cases in order to lead to concentrate the
understanding the studied situation of the cases but reduces the generalization (Patton,
1990).

In order to strength the research design, the both qualitative and quantitative research method
may be used appropriately with any research paradigm (Denzin and Lincoln, 2007). A
number of research strategies are used for conducting social sciences: Surveys, experiments,
histories, case studies, and the analysis of any archival data. In this field, the strategies which
is adopted depends on three conditions: The type of research questions, the control an

investigator has over actual behavioural events, and the focus on contemporary (Zhang,
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2001). For more emphasis, the most important condition for research strategies is to identify
the type of research questions being asked (Yin, 2009). This research was based on five
research questions, which were suggested, so that the research strategy covered a literature
review, a questionnaire survey, structured interviews, and a case study. These strategies are

explaining in the following subsections.

4.6.3.1 Literature review

Punch (2000) stated that a descriptive study is to collect, organise, and summarise
information about the issues being studied. Furthermore, Naoum (2007) emphasis on the
concentrating the meaning; this strategy is the best to answer the questions which have a

descriptive nature.

4.6.3.2 Questionnaire

In Punch (2000) explanations, A theory verification study may be quantitative or
qualitative or both; but have more often been quantitative. In other words, the theory
verification is to test a theory or test hypotheses, which derived from the theory. It is a
common in the social science research to emphasise the quantitative research when the study
begins with a theory, conclude hypotheses from it, and proceeds to examine these
hypotheses.
There are some advantages by using questionnaire, which are economy compared to other
methods, a quick method of conducting a survey, and cover a wide range within a sample
population (Linda and Eve, 2003, Naoum, 2007). Many researches in construction
management have used a questionnaire surveys to collect the information such as (Al-e the
shanti, 2003; Shehatto, 2013; and Hunter, 2014). They used the questionnaires to collect
information about cost estimation in construction management and determine the important

variables as well as to test their studies’ hypotheses.

4.6.3.3 Structured interview

According to Kothari (2004), this method use a set of predetermined questions in order to
ask questions in a form and order prescribed. In addition, Naoum (2007) informed that the
structured interview has the same questions in their same order and
with the same wording to all interviewees; the controlled on the questionnaire throughout
the entire process can be easily by the interviewees. There are also some advantages from

this strategy:

1- The answers can be more accurate.
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2- The response rate is relatively high (approximately 60—70 per cent), especially if
interviewees are contacted directly.

3- The answers can be explored with finding out ‘Why’ the particular answers are given.

4.6.3.4 Case study

Yin (2009) explained that the questions with “how” or “why” are the explanatory in their
nature, and referred to the case study. Addition, Kothari (2004) stated the case study
concentrates on the full analysis of a limited number of events and their interrelations in
order to understand the factors, which account about that events.
Generally, the case study in the research design is the logical sequence to connect the
empirical data with a study’s initial research questions and, ultimately, to its conclusions. In
addition, another way of thinking about a case design is as a “blueprint” of research which
concentrating on issues of study, for instance, study questions and study objectives. Thus,
the case study design before starts in, is to get a highly performance of desired results (Yin,
2009).

4.6.4 Research sample

Theory of sample is to estimate the properties of the population from those of the sample.
The sample design achieves the purpose of statistical estimation, testing of hypotheses, and
statistical inference. Two methods determine the size of sample; the first one is to determine
the precision of estimation desired and then to specify the sample size; the second one is to
use the Bayesian statistics to weigh the cost of the information. Thus, the second method is
difficult to do in practice without using computerised program, so it would be neglected. In
the first methods, there are also two techniques; the first technique uses mean to determine
the sample and the second technique uses a percentage or proportion to determine the
sample. Thus, the mean wasn’t known in this research; and the percentages of successes or
failure were known from the pilot study (Kothari, 2004). For this reason, the second
technique was adopted in this study to determine the size of sample.

4.6.5 Instrument evaluation
In order to test the models, the instrument should be reliable and valid according to the

statistical methods.

4.6.5.1 Reliability

Naoum (2007) defined the reliability as consistency of performance as well as
dependability with low risk of errors. So, the researchers can either undertake the same
methods themselves or produce the same results (Greener, 2008). In other words, reliability
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deals with the extent to which an experiment, test, or any measuring procedure which yields
the same results in repeated trials (Carmines and Zeller, 1979). According to Drost (2011),
the typical methods to measure the reliability are: test-retest reliability, alternative forms,
split-halves, and internal consistency. Moreover, the limitations of the other methods are to
overcome by the internal consistency method, for instance, requiring repeating the test or
either splitting the items. Instead, it is only a single test administration, which provides a
unique estimation of reliability.

The Internal consistency measures consistency within the instrument and questions which
refers to how well a set of items measures a particular behaviour in the test. This method is
based on the average intercorrelations among all the single items within a test (Drost, 2011).
The internal consistency is measured by coefficient alpha which is considered the most
popular of testing for internal consistency in the behavioural sciences (Bollen, 1989).
According to Hair et al. (2014), the reliabilities shouldn’t be the Cronbach’s alpha below the
0.70 for widely used scales in general, except for exploratory research can’t allow

Cronbach’s alpha below the 0.60 which is the same in this study (exploratory research).

4.6.5.2 Item analysis

According to Nunnally and Bernstein (1994), item analysis is a statistical test regarding
to how subjects respond to each item as well as how each item relates to overall performance
(scale), but content validity importantly rests on rational rather than empirical grounds. By
other words, an item analysis should describe how each item relates to scale and thereby
provide discrimination indices. Importantly, the correlations of item-score to scale-score,
which are used to determine if the item belongs to the scale; or some other scale; or should
be eliminated. So, the values of item to scale correlations should be good when those higher
than 0.30; those which are lower than 0.30 do not share enough variance with the other items
in that scale (Ferketich, 1991). Although, the lower correlation’s value indicates that the item

doesn’t share enough variance, but the content validity should be checked if necessary.

4.6.5.3 Validity

Validity is more of theoretical oriented issue as well as it is an indicator of how well
instrument measures what it is intend to measure. Furthermore, there are several different
types of validity, which are criterion-related validity, content validity, and construct validity.
In general, criterion-related validity is used when the purpose to use an instrument to
measure some form of behaviours that is external to measuring instrument itself, therefore,

most of researchers don’t use this type of validity due to their instruments’ purpose
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(Carmines and Zeller, 1979). Consequently, the content validity and the construct validity
were adopted in this study.

4.6.5.3.1 Content validity

Bollen (1989) defined the content validity is “a qualitative type of validity where the
domain of a concept is made clear and the analyst judges whether the measures fully
represent the domain”. Also, Carmines and Zeller (1979) debated that the content validity
depends on the extent to which an empirical measurements specify a specific domain of
content. Furthermore, it cannot be measured numerically, but it is a subjective measure of
how appropriate the items to various reviewers with some knowledge of the subject matter.
The evaluation of content validity typically reflects an organised review of the survey’s
contents in order to ensure that the instrument includes everything designed for it, and does
not include anything not necessary. In addition, it isn’t a scientific measure for a survey

instrument’s accuracy (Zhang, 2001).

4.6.5.4 Construct validity

According to Carmines and Zeller (1979), the construct validity is concerned with the
extent to which a specific measure related to other measures consist with theoretically
derived hypothesis concerning the concepts which can be measured. Strictly speaking,
construct validity should measure the extent to which items of scale measure the same
construct (Flynn et al., 1994), further, it is extent to which a set of measured items which
actually represent the theoretical latent construct they are designed to measure. It can be also
evaluated by the factor analysis, which states that the issue of analysing the interrelationships
among a large number of items and then explaining these items in terms of their common
underlying dimensions (factors?). In order to condensing the information contained in a
number of original items into a smaller set of dimensions (factors) by losing minimal
information. In specific, there are two factors analysis techniques, namely, exploratory factor
analysis and confirmatory factor analysis. Most of researchers consider the exploratory is
useful in searching for structure among a set of variables or as a data reduction method (Hair
etal., 2014).

After all, this study adopted exploratory factor analysis, for reason, the instrument was used
for the first time and it was exploratory in nature. In contrast, the confirmatory factor analysis

is used when the instrument has used from before for another research.

! These factors don’t mean the factors (items) of study, but the underlying dimensions.
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Hair et al. (2014) stated that the exploratory factor has also two techniques, namely, Principal
component analysis and common factor analysis. Specifically, principal component analysis
is proper in researches which researchers are primarily concerned about the minimum
number of factors, which needed to account for the maximum portion of the variance denoted
in the original set of items. Further, the common factor analysis is also proper when the
primary objective should identify the latent dimensions or constructs denoted in the original
items. Consequently, the purpose of conducting the factor analysis in which it can determine
how and to what extent items are linked to their underlying factors; the Principal component

analysis was adopted in this study (Byrne, 2010).

As mentioned by Hair et al. (2014), Principal component analysis can support to identify
whether selected items group on one or more than one factor. So, the loading can be assessed
as the following:

e Rang of factor loadings of £0.30 to £0.40 are considered to meet the minimal level
for interpretation of structure.

e Factor loadings +0.50 or greater are considered practically significant.

e Factor loadings exceeding 1.70 are considered indicative of well-defined structure

and are the aim of any factor analysis.

In general, factor loading signifies the correlation between an original variable and its factor.
In addition, the sample size is considered key parameter for determining the factor loading
value in order to be considered significant. Furthermore, the most usually used method of
defining whether items are loading on one factor is the latent root criterion. Therefore, the
factors having only latent roots (eigenvalues) greater than 1 are measured significant; in
contrast, all factors having eigenvalues less than 1 are measured insignificant and are

disregarded.

4.6.6 Analysis technique (Structure Equation Modelling)

Hair et al. (2014) discussed that multiple regression; factor analysis; multivariate analysis
of variance; discriminant analysis; and other techniques can provide powerful tools for
addressing a wide range of managerial and theoretical questions. They also have their
limitation for examining only a single relationship at a time as well as represent only a single
relationship between the dependent and independent variables. In order to overcoming these
issues, Structural equation modelling (SEM) can test a series of dependence relationships at
the same time. Therefore, SEM can examine theories that contain multiple equations
involving dependence relationships. Also, Ho (2014) defined SEM as “(SEM) is a
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multivariate technique that can best be described as a combination of both factor analysis
and path analysis. It is a statistical technique that allows the analyst to examine a series of

dependence relationships between exogenous and endogenous® variables simultaneously”.

There are many names for SEM, which are covariance structure analysis, latent variable
analysis, as well as names of software package, for instance, a LISREL or AMOS model.
The most general form of SEM composed of two parts, first part is path of measurement
model, and the second part is structural model. Path of measurement model aims to relate
several observed variables (indicators) for a single independent or dependent latent variable
(construct), which are obtained by factor analysis model (EFA or CFA?). Furthermore,
structural model represents the proposed hypothesis between latent variables, in order to
examine the direction (path) of the relationships of variables (exogenous and endogenous),
which are as hypothesised and the strength of hypothesised links. Further, the variance of
endogenous should be explained by R? for the equations of structure (Vieira, 2011, Byrne,
2010, Bollen, 1989, Hair et al., 2014, Ho, 2014).

The path analysis is one of component of SEM in order to relate simple bivariate correlations
or covariance to parameters by equations for seeking the relationship in SEM, and also
provides a means to determine direct, indirect, and total effects of one parameter on another
(Bollen, 1989, Hair et al., 2014). Further, SEM has many causal process under study which
consist of a series of structural (regressions) equations, so that the structures relations can be
formulated the model which enables a clearer conceptualisation of the theory under study
(Byrne, 2010). There are two involved variables independent (cause or exogenous) variables

X1, X2, Xs,... Xn, and dependent (effect or endogenous) variables Y1, Y2, Y3, ..., Yn.
4.6.6.1 Method of SEM estimate

There are many different methods for estimating the structure equation models solutions,
some of them are the maximum likelihood (ML), the generalised least squares (GLS), and

the generally weighted least squares (WLS), especially, are used in most SEM program.

According to Hair et al. (2014) stated that the maximum likelihood (ML) is more efficient
and unbiased when the postulation of multivariate normality is met. Furthermore, it is a
flexible approach in order to estimate parameter in which the “Most likely” parameter values
to attain the best model fit. Therefore, the (ML) was adopted as method of SEM estimation

in this study, in which the normality is met to produce the best estimation. According to Hair

! Endogenous means the dependent variable, as well as exogenous means the independent variables.
2 EFA means exploratory factor analysis and CFA means confirmatory factor analysis.

95



et al. (2014) which was cited by Zhang (2001) that the skewness and kurtosis should not
exceed the absolute value of 1 for the normality of the data of SEM estimate.

4.6.6.2 Hypotheses test

AMOS programme, which was adopted to analyse the SEM in this study, can estimate
the regression estimates, standard error, critical value, precept, and the correlations. Further,
the hypothesis can confirmed if the critical value is > + 1.96 and considered significant for
the estimated path coefficient (Arbuckle, 2014, Byrne, 2010).

4.6.6.3 Models fit

In the first place, the reality of the theoretical models testing has the priority is whether
there is conflict with reality as observed in the sample; strictly speaking, how the models fit
the data (Zhang, 2001). There are many indicators or techniques are used to test the fitting
of model, most common, which can be used in this study to evaluate the global model-fit,
which can be used to evaluate the global model-fit. Five common measures for judging
goodness-of-fit are the Chi-square (x?), Normed Fit Index (NFI), Comparative Fit Index
(CFI), the root mean square error of approximation (RMSEA), and Akaike’s Information

Criterion (AIC) (Hair et al., 2014, Byrne, 2010).

In SEM, the chi-square statistics is a likelihood ratio, which used to measure the overall fit
of models in order to get a relatively small (%) value and P-value > 0.05 to be accepted. In
contrast, when the P-value less than 0.05, the hypothesised model is not entirely adequate
(Hair et al., 2014), in addition, most of findings of good-fitting for hypothesised models, in
which the ¢ value estimates the degrees of freedom, it is proven to be unrealistic in most

SEM empirical research (Byrne, 2010).

Normed Fit Index (NFI), it is a ratio of the difference in the 2 value and considering one of
the original incremental fit indices?, further, also, has a tendency to underestimate fit in small
samples. Although, (NFI) takes the sample size into accounts and suggested the Comparative
Fit Index (CFI). Its value is from 0 to 1 as well as the value > 0.90 considering representative
of a well-fitting model (Hair et al., 2014, Byrne, 2010, Arbuckle, 2014).

Another important index, which is Comparative Fit Index (CFI) is also belonged to the
incremental fit indices as well as considering the improvement for (NFI). Moreover, the
same concept of values as NFI to judge the model fit is > 0.90 (Hair et al., 2014, Byrne,
2010, Arbuckle, 2014).

1 Incremental fit indices differ from absolute fit indices in which to assess the model relative to some alternative baseline
model assuming all the observed variables are uncorrelated in order to represent the improvement in fit.
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The forth indicator is the root mean square error of approximation (RMSEA), which is
important to represent how well a model fits a population. Also, it is one of the most widely
indices that attempt to correct for the tendency of the x> GOF test statistic in order to correct
for both model complexity and sample size. Moreover, it takes the error of approximation in
the population into account as well as it sensitive to the number of estimated parameters in
the model. The value of measuring to assess the model fit are value < 0.05 indicates good
fit; 0.05 < value < 0.08 indicates represent reasonable errors of approximation in the
population (fair fit); 0.08 < value < 0.10 indicates mediocre fit; and value > 0.10 indicates
poor fit (Hair et al., 2014, Byrne, 2010).

Furthermore, Akaike’s Information Criterion (AIC) indicator takes into account statistical
goodness of-fit and the number of estimated parameters, so it addresses the issue of
parsimony in model fit assessment. It generally used in comparison of two or more models
through smaller values which is representing a better fit of the hypothesized model (Byrne,
2010).

4.6.6.4 Model modification

The best model doesn’t mean that the model is fit only, but also indicates the model has
passed through several improvements when it fitted. Therefore, a possible actual model
modification should be taken into account in order to improve the theoretical explanations
or the goodness-of-fit of the model. As well as the misfit can be developed to be fit and best.
Consequently, modification is a powerful tool in SEM to develop or modify the model in
order to provide insights into its respecification. This modification must always be with
theoretical support rather than just empirical justification (Hair et al., 2014, Byrne, 2010),
so, the AMOS program provides a service of model modification in order to improve the

model fit indicators and regression estimation (Byrne, 2010).

4.7 Summary

This chapter explained the detailed estimate technique. Firstly, the processes of estimate
were debated wordiness leading to discover the most important variables in detailed
estimate. Decision to tender was the beginning of choice for the senior management. As
well, base estimate appeared its importance to formulate the foundation of estimate through
obtaining and reviewing the bid documents. Additional documents should be attained in the
base estimate due to their importance as scope baseling, risk register, etc. measurements were
cooperated with the process of estimate as important variable in the detailed estimate as well

as site visit, pricing, management reviews, and close the bid.
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Secondly, bottom-up was the magic tool to perform the detailed estimate. The previous
studies also supported the constructed model. The qualitative model was built for this study
and constructed from two models. One about KCE, which integrated in the final model of
detailed estimate affecting some independent variables according to the hypotheses. The
operationalization of this study was debated and determined as procedures. Furthermore,
section (4.6) discussed the methodology techniques, which would be used in next chapter
based on the design of this research, the objectives, and the research’s questions. In addition,
the analysis technique of structure equation modelling took its part in discussion showing its
importance, procedures, etc. Finally, the second objective of this study was achieved and the

second question was also answered.

CHAPTER V: RESEARCH METHODOLOGY

5.1 Introduction

This chapter is considered the core of this study; it presents the research design, which
contains the research strategy and research sample. In order to strength the research, both
qualitative and quantitative strategies are adopted. Literature review, questionnaire,
structured interview, and case study are the qualitative and quantitative research strategies.
The sample of this study is determined according to statistical methods. After that, the data
collection discusses how to collect data according to type of adopted strategy. In order to
perform the tests for this study; the instrument of this study should be reliable and valid.
Thus, the reliability test use test-retest reliability, alternative forms, split-halves, and internal
consistency which is adopted in this study. In addition, item analysis uses the Pearson
correlation test to perform the test. Furthermore, construct validation are debated wordiness
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and factor analysis and content validity are adopted in this study to check validity. Finally,
the summary explains briefly this chapter.

5.2 Research Strategy

The qualitative and quantitative research strategy was adopted in this study to strength
the study. Thus, this research was based on five research questions, which were suggested,
so that the research strategy covered a literature review, a questionnaire survey, structured

interviews, and a case study.

5.2.1 Literature review

The first and the second research questions “What is the knowledge of cost estimation in
construction management?”, “Q2: What are the quantitative and qualitative models can be
used to estimate the construction cost?” are a descriptive in their nature. Consequently, to
answer these two questions, the literature review was the best strategy to collect, organises,
and summarise the information about the knowledge of cost estimate. The literature review
debated the knowledge of cost estimate, methods, and techniques, which are used in
construction field, in order to obtain deep understanding these methods and techniques as
well as the terms that are mostly used in cost science. Further, the cost classifications were
discussed to establish a ground base for understanding the cost estimate from engineers’
point of view. Factors, which should affect the cost estimate, were mentioned from
researchers’ point of view. Furthermore, delivery systems and type of contract, cost control,
safety consideration, and cost index were deeply debated from point of construction cost’s

science. Consequently, the first question was answered.

On the other hand, the most important methods and techniques to estimate the construction
cost were discussed. Preliminary and detailed estimates are used in construction cost
estimation in the conceptual stage and in the tender stage respectively. These two methods
were discussed explicitly in the literature review in which to answer the second question.

Then, the second question was answered.

5.2.2 Questionnaire survey

In this section, the third question “What are the effects of qualitative and quantitative
models’ implementation on construction projects in Yemen?” is to test the effects of
qualitative and quantitative models’ implementation on construction projects in Yemen.

Furthermore, the existing theories, which were debated in the literature review, the two
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qualitative models, and the quantitative model, which were done. To answer the third
question, the questionnaire was the best strategy.

In this study, the questionnaire survey was used to collect data on a wide large sample from
construction firms about their projects’ estimation to obtain the major effect of cost
estimation technique implementation on construction projects in Yemen. In addition, the

hypotheses, which were proposed, were also tested to verify these models.

5.2.3 Structured interviews

In order to answer the fourth question, “What development kind of models should be
applied in order to guide the construction firms in Yemen?”” The structured interview is the
best strategy to answer it and make it practicable. Therefore, the current practices of cost
estimate, success cost estimation experience, problems facing the Yemeni engineers,
difficulties facing the Yemeni engineers in estimation process, and the effect of cost estimate
on construction project in Yemen should be studied. This strategy gave a wide sight about
the cost estimate implementation in Yemen and the situation as well as the information was
obtained according to the areas identified for the research. The information which couldn’t
mostly obtain from the questionnaire survey; they was more dynamic and detailed
information as well as these information explained the results, which were get from the
questionnaire findings. Furthermore, these results from the structured interview helped the

author to understand the whole situation of cost estimate in construction projects in Yemen.

5.2.4 Case study

The case study strategy was the best strategy to answer the fifth question “How these
models can be applied in practice?” This strategy aimed to provide practical assistance to
help the construction firms to implement the proper cost estimate in their projects. In

addition, a case study added value for understanding the models in practice.

5.3 Research Sample
According to section (4.6.4), and because the population of study was known, the
following equation was adopted in this study:

_ z2XpxqxN
T e2(N-1)+z2xpxq

Eq.(5-1)
Where:
n=size of sample;

z= standard variate at a given confidence level;
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p= sample proportion;

q=1-p;

e= acceptable error;

N=size of population.

Then, the parameters from the pilot study section (5.4.1.1) were:
The success of the desired study was = 0.85 (Approximately)
Then the failure is = 1- 0.85=0.15

e=0.05

z= from the table of z-test; and the confidence level was 0.95;
z=1.96

According to the ministry of public works and highways, the population of study was 206
firms which registered in construction field in building sector as well as they belongs to

grade from 1 to 4.
Therefore, the sample size was:

1.962 x 0.85 X 0.15 x 206
0.052(206 — 1) + 1.962 x 0.85 x 0.15

=100

5.4 Data Collection Techniques

5.4.1 Questionnaire survey

Most of researchers have used the questionnaire survey to collect the data such as, Al-
shanti (2003); Shehatto (2013); Hunter (2014); and Azzam (2015). Those questionnaires
were designed according to their researches aims as well as they were different from each
other in order to cover the topics of their researches. After the questionnaires were studied
and examined, they didn’t fully meet the requirements of this research. Thus, the new
questionnaire had to develop regarding this research purpose. Based on the last discussion,
the questionnaire design was depended on the theoretical constructs and the

operationalization of the theoretical constructs. Furthermore, it was necessary to achieve the
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best measurement questions, which the respondents could answer them. According to
Naoum (2007), this research questionnaire were based on the following issues :

Your questions/questionnaire should be short but comprehensive;
Avoid leading questions;

Avoid double questions;

Avoid presuming questions;

Avoid hypothetical questions;

The questions must not be ambiguous;

The questions should be logical in their sequence;

O N o g B~ w DB

The questionnaire must be attractive in appearance.

It should be noted that the questionnaire aimed to study the knowledge of cost estimate
gained by Yemeni engineers as well as the preliminary and detailed cost estimates and their
effects on the construction projects in Yemen. In other words, the questionnaire covered
these three areas which were 16 constructs (social and economic system, construction cost
classification, cost estimation methods and techniques, types of contracts and delivery
systems, critical factors, cost control process, safety considerations, cost index, preliminary
estimate, base estimate, quantity measurement, querying, pricing, management review, bid
summary and final detailed cost). All items of questionnaire were built up according to the
factors (items) of these 16 constructs in chapter two, three, and four. Furthermore, Zhang
(2001) examined the questions words according to another two questions to give sufficient
attention when the measurement items were built up. Thus, the questionnaire of this research

was also examined regarding those two questions were:

- Is the question wording stated in terms of a shared vocabulary?

- Is there biased wording?

5.4.1.1 Pilot study

Most of researchers advise to conduct a pilot study or pilot survey for testing the wording
of the question, identifying ambiguous questions, and testing the technique. In the first, this
research was in English language, thus the questionnaire was also prepared in English
language version as the language of study. Moreover, the study was conducted in Yemen
which its formal language is Arabic as well as most of local engineers are talking Arabic.
Therefore, the questionnaire was translated into Arabic version. Thus, the author who has
relevant with site and academic fields in Yemen did the translation. This translation might
bias to the original design of the questionnaire. A number of cost estimate terms such as
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qualitative, analogy, and cost plus, might not be precisely translated into Arabic. To
overcome this weakness in questionnaire design, the pilot study was the best method. After
the Arabic version was done, the questionnaires were distributed to five experts into

construction field in Yemen, and they have been asked whether:

1) The items were stated in a shared vocabulary;

2) The items were precise and unambiguous;

3) There were biased wordings;

4) The questions were logical in their sequence;

5) The questions were presuming, hypothetical, and leading questions;

6) They could answer these questions.

After all, their comments were returned with the questionnaires and some modifications were
made according to the comments. In this stage the questionnaire almost ready for distributing
to the respondents, but for more confidence, the questionnaires have been also distributed to
small group of participants who involve in the construction cost estimate and academic fields
in Yemen as well as they represented part of sample of study population. This method was
formally pre-tested. At the same time, the author interviewed and asked them to give their
feedbacks and comments about ease of comprehension, clarity of the specific items, possible
change if necessary, and additional items if necessary, etc. the respondents gave their
suggestions and feedbacks which were carefully evaluated by the author. Then, the Arabic

version was more capable to be used for the large-scale survey.

Consequently, the author had more confidence about the questionnaire efficiency and the
final Arabic version consisted of 52 items to measure the knowledge of cost estimates, which
are the ground of this science for the engineers. Moreover, 22 items were used to measure
the preliminary estimate as well as 20 items were also used to measure the detailed estimate.
The final Arabic version was retranslated back into English. Appendix (2) lists the two

English and Arabic instruments, which used in this research to collect the data.

5.4.1.2 Survey sample

According to the sections (4.6.4) and (5.3), the research sample was determined according
to the technique that using a percentage or proportion to determine the sample. From the
pilot study, which was early conducted and the results gave some indication to the author to
demonstrate some of characteristics of the population sample, which was used to determine
the sample size in section (5.3). Furthermore, the population of study of construction firms

was more than 200 firms, which implemented the cost estimate methods by any way and
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most of them were in Sana’a. In particular, the investigated firms were from Sana’a and
Hodeida provinces. These firms were large and medium sized construction firms as well as
the sample size was 100 firms. These firms might reflect the whole situation of construction

firms in Yemen.

Another key point, this research results might be generalised for all construction firms in
Yemen. The sample firms were randomly selected to investigate the cost estimate models in
Yemen. The questionnaires sent to the selected firms with their respective official document.
This document namely was (cover letters) which drafted by the author and register, which
described the aim of the questionnaire survey and its importance for construction firms in
Yemen. The questionnaires were distributed to the respondents to their places by the author
and his assistances. The questionnaires were returned with the respondents’ answers. In

addition, the response rate was 70%, which referred to the high response for such researches.

5.4.1.3 Obstacles of survey in Yemen

Firstly, the author would mention about what called “the revolutions of Arab spring”
which made some differences in the ideologies of the parties in the political sector. These
alterations have affected all sectors of economy, unfortunately, the crisis of Yemeni political
hasn’t solved. Moreover, the war was started after this study has begun; strictly, all facilities
of the country couldn’t run as well as the life was difficult. Secondly, the construction firms
suspend their projects and activities for a long time, then, some of them have slightly started
to work according to situation as well as they had stopped and sometimes continued. In the
questionnaires survey, some firms were indefinitely closed, but their subordinates existed in
the society and could found them according to the relation between the author and his friends

who have worked in the academic or site field or both.

There were a number of additional issues regarding the questionnaires survey, the names of
author and the college of Architectural and Planning at Sudan University of science and
Technology were mentioned in the questionnaires in order to give motivation to answer for

academic field only.

The situation of dealing with questionnaires were different from each other, some firms
registered the questionnaires according to their system and gave the author appointment.
Some other firms were closed due to force majeure of the war, thereupon, the author tried to
contact their engineers by his friends’ relationship as well as money and time lost in order
to contact them was paid by author. Furthermore, some respondents gave their promise to

fill the questionnaires, and the contacting with them was continuing many times, but
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according to their perceptions about the questionnaires’ importance; there were no
responses. In addition, the author contacted some respondents by telephone and got their
admission to send the questionnaires by E-mail to fill, unfortunately, most of them didn’t fill
them. Consequently, the low response rate was belonged to the last reasons, which have

mentioned above.
5.4.2 A Brief description of the surveyed firm

5.4.2.1 Respondents

In the table (5.1) shows that 35.7% were public sector firms, 48.6% were private sector
firms and 15.7% were semi-private firms, which indicate that the variation of experiences

could be obtained in preliminary estimate and in the detailed estimate due to their practices.

In addition, the experience years of respondents were from 5 to more than 30, and the average
was 12.9 year with standard deviation was 7.73 year. The respondents highly had
experiences which indicates that they could answer the questions of questionnaires with
more accurate according to their experience in the field. Therefore, this gave the author

highly confidence about the results of the study survey.

Table 5.1shows Firms types

Description Frequency Percentage (%)
Public sector 25 35.7
Private sector 34 48.6
Semi-private 11 15.7

Source: field survey

In the table (5-2), the educational level of respondents were 70% graduate, 25.7% post
graduate, and 4.3% diploma which mean the most of respondents had a qualification of

knowledge to answer the questionnaires perfectly.
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Table 5.2 shows Respondents’ Education Level

Description Frequency Percentage (%)
Graduate 31 70

Post - graduate 27 25.7

Diploma 12 4.3

Source: field survey

5.4.2.2 Respondent firms

In the table (5.3), shows the scope of works that were 44.3% consultant, 38.6% contractor,
and 17.1% both (consultant and contractors). These gave wide sight, which highly covered
the qualitative and quantitative models matters of this study. Furthermore, the table (5.4)
shows the classification of firms according to their fixed assets that were; 27.1% the first
grade; 64.3% the second grade; 4.3% the third grade; and 4.3% the fourth grade. This

indicates that the degree of respondents’ interest regarding the questionnaires.

Table 5.3 shows Work’s scope of firms

Description Frequency Percentage (%)
consultants 31 443
contractors 27 38.6
Both 12 171

Source: field survey

Table 5.4 shows Grade firms’ classifications

Grade Frequency Percentage (%) Fixed assets ($)

1% 19 27.1 >500000
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2" 45 64.3 100000-500000

3 3 4.3 50000- 100000

4th 3 4.3 < 50000

Source: field survey

5.4.3 Structured interviews

The importance of the structured review is to cover the major points, which the
questionnaires couldn’t cover. Therefore, in order to design the perfect structured interview,
the structured interview was mainly depended on the research objectives, research questions,
the literature review, and the theoretical models. Before the structured interview process, the
pre-tested was done by participants and academician experts. Some alterations were done to
the questions according to their advices. Further, the structured interview was divided into
four categories, which were general information, major cost estimate knowledge,

preliminary cost estimate practices, and detailed estimate practices.

5.4.3.1 Sample of study

In order to choose the sample of structured interview, it was necessary to determine whom
interviewees, their abilities, and range of benefits might be got from them. Thus, there were

some criteria for choosing the interviewees as following:

- The interviewees should have experience more than 10 years and worked in the
construction firms.

- The interviewees should be excited toward the research to obtain much information
required for the research.

- At least, one interviewee should belong to business and cost accounts sciences in
order to establish the terms and vocabularies according to cost accountant and

management.

After that, the number of interviewees was determined according the required information
against the cost, the time of conducting the interviews and the situation of war. Thus, the

five interviewees were selected as sufficient for this study.
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5.4.3.2 Process of structured interview

The structured interview was done in November 2015. It was hard time to conduct the
interview because the rockets of the war were spreading throughout Sana’a and Hodeida
provinces as well as no predicting time for bombing. Under those circumstances, the author
tried hardly to contact the interviewees to finish this stage quickly. The questions were sent
to them in advance to prepare the interview effectively and efficiently. During the interview,
the interviewees were active and they gave the author the major points regarding the cost
estimate knowledge, which should be obtained by the engineers. In addition, they presented
the important issues in cost estimate from their experience. Furthermore, some interviewees
supported their opinions by documents about their practices to the author. The time of the
interview was within 2 to 4 hours as well as the author had some times to travel in which
interviewee was living, in fact, in that time, the author was fighting the fate circumstances.

Sometimes, several visits were required to satisfy all information required.

5.4.4 Case study

In this study, the question was “How these models can be applied in practice?”, therefore,
after the models were developed based on the literature review and knowledge of cost
estimate, the questionnaires survey, and the structures interview in Yemen. The case study
was done for providing a practical case to use these models in practice,. Explicitly, one
construction firm was chosen to conduct the case study with limitation in permission to the
author as well as some constraints formed the relation between the author and the top

management of this firm.

In addition, the data about the firms was also limited, for reasons, the security situation was
bad and there weren’t confidence by the top management toward the author. Thus, the
author’s friends who were working in this firm had supported him to the top management
on their responsibilities. However, the limitation and constraints weren’t removed at once.
Another issue was faced the author, the temporary closing of firm regarding the war, so the
author tried to meet the relevant persons in other places to conduct the procedures of case
study. This led the author to lose a lot of money to prepare the planned requirements to
discuss and apply the improvement plan, which would verify the theoretical models in

practice.

Firstly, there were a template, which designed to evaluate the strengths and weaknesses of

the firm with regarding the cost estimate knowledge and the practices in preliminary and

detailed estimate. The weak areas were used as improvement possibilities, so these
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possibilities would lead to an improvement plan, which could be formulated. Consequently,
three questions should be answered through conducting this case study, which are as follows:

1- What are the strengths of the firm’s cost estimate practices and knowledge?

This question is a descriptive in natural, which deals with the strength of the firm’s
current cost estimate implementation, compared to the practices in the models of this
study. So the strength of the firms should be identified.

2- What are the weaknesses of the firm’s cost estimate practices and knowledge?

This question is also a descriptive in natural, which deals with the weaknesses of the
firm’s current cost estimate implementation, compared to the practices in the models of
this study. After the weaknesses were identified, these weaknesses could be used as

opportunities to seek improvement actions and develop an improvement plan.

3- What the improvement plan can be used in order to improve the firm’s cost estimate

implementation?

The firm’s current situation (knowledge, skills, resources, and employee) and the potential
improvement possibilities would be formulated into improvement plan. Thus, the
improvement possibilities should be carefully examined and analysed. There were some

questions asking by the key personal of the firm as following:

What the fund could be paid by the firm related to the improvements possibilities? Which
improvement possibilities could be effective? Which improvement possibilities could be
implemented? As a matter of fact, the improvement plan was based on the identified
improvement possibilities and according to the firm’s resources without affecting loses of

money.

5.4.4.1 Data collection

The data sources were mainly documents, archival records, interviews, and observations.
Therefore, they offered a more comprehensive insight into the subject matter than the single
data source. The interviews were done with the relevant persons of cost estimate in the firm’s
departments, which had strong relations with the cost estimate (Contracting sectors,

department of technical and economic studies, design department, etc.).
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5.4.4.2 Process of case study

The case study was done between December 2015 to May 2016. To conduct the case
study, the recommendation letter from the post-graduated college’s register, which was
approved by the cultural consular in Embassy of Yemen in Sudan, was sent to the top
management in order to take the permission to conduct this case study. As the discussion
earlier, the top management had their fears from the author and his intention, whilst, the
author’s friends had supported him to raise the strong relation between the top management
and author which led finally to success. The author had met with the most important persons
who had been participating in the cost estimate process so that he took a brief about all
departments, which practice the cost estimate process, for instance, number of employees,
processes of estimate, hierarchy of firm, and policies of the firm.

To satisfy the requirements of this case study, the author asked the relevant departments to
support him by the relevant documents about current processes of cost estimate. After that,
plan of interview according to the template, which was designed to evaluate the current
situation as well as to know their suggestion about the situation and the way of improvement.
Therefore, the current strengths and weaknesses were identified, thus, the improvement plan
was formulated based on the weaknesses regarding the cost estimate. For more accuracy, the
improvement plan had passed through several stages in order to raise their knowledge, then,
concentrating on the methods and techniques, which were proper to cost estimate processes.

The full description of case study is presented in chapter seven.

5.4.5 Cost form survey

In order to construct the quantitative prediction’s model by ANN, the historical projects’
data should be collected. Many researchers hadn’t referred to such form when they collected
the historical projects’ data, so in this study, this form was designed according to the obtained

literature review in chapter three in order to make it easy to distribution and got them quickly.

5.45.1 Pilot study

The cost form was in English language version as the language of study. Moreover, the
study was conducted in Yemen, thus the formal language is Arabic. Therefore, the cost form

was translated into Arabic version. After the Arabic version was done, the cost forms were
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distributed to five experts® into construction field in Yemen, and they have been asked

whether:

1) The terms were stated in a shared vocabulary;

2) The terms were precise and unambiguous;

3) There were biased wordings;

4) The project component were satisfy to the construction field;

5) The Skeleton types and material finishing which are used in Yemenis’ construction

field;

6) The terms of construction in this form were professionally.

7) They could fill these cost form.

The comments of experts were returned and some modifications were made according to the

comments. Then the Arabic version was translated into English. The Arabic version was

almost ready for distributing to collect the data about the parameters that affecting cost of

building projects in Yemen from the implemented projects, see appendix (3). In the

following table (5.5), the parameters of cost form were adopted in this study after expert’s

comments to develop the neural network model (Quantitative model).

Table 5.5 shows the parameters of cost form.

No. parameters Range
. Project type Administration, commercial, educational,
residential, mosques, and health centre.
2 Projects’ complex degree Complex, normal
3 Site area Less than 13000m?
4 Project position Mountain, coastal, desert,
5 Floor area Less than 700m?
6 Storeys No. (1-4) storey

1 The same persons in questionnaire’s pilot study.
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7 Floor height From 3m to 4m

8 Type of foundation Pad, strip, raft, piles

9 Slab type Drop beams, hollow block, flat
10 No. of elevators 0,1,2

11 Interior decoration Basic - Luxury

12 Type of external finishing None, normal plaster, stones, aluminium cladding
13 Type of HVAC None, window, split, central

14 Tiles type Ceramic, terrazzo, Porcelain, granite
15 Type of electricity works Basic - Luxury

16 Type of mechanical works Basic - Luxury

17 Basement Exist, not exist

18 The final cost In Dollars ($)

Source: Author

5.45.2 Data collection

There were some basic conditions that controlled the distribution of cost form in order to
overcome any defects in collected data, which were defined as:

- The implementations of the projects were from 2011 to 2015.
- The projects should be finished and in the use (Arafa and Algedra, 2011).
- Unifying the prices of projects’ currency (Shehatto, 2013).

- The maximum project No. in one category doesn’t exceed 95% (Islam et al., 2009).

The data collected from 136 projects from the past four years 2011 to 2015; which were used
in ANN model (Quantitative model). The data collected were classified into the following:

e Project type
The following table (5.6) shows the types of projects, which collected from the

survey.
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Table 5.6 shows the types of projects.

Project type No. of projects Percentage (%)
Administration 8 5.8
Commercial 16 11.7
Educational 24 17.7
Residential 48 353

Mosques 0 0

Health centre 40 29.5
Total 136 100

Source: cost form survey

e Projects’ complex degree

In table (5.7), the degree of complex is shown after collecting the data from the survey.

Table 5.7 shows the degree of complex.

Projects’ complex degree

No. of projects

Percentage (%0)

Complex 8 5.8
Normal 128 94.2
Total 136 100

Source: cost form survey

e Site area

After the data had collected, the area was classified into ranges in order to involve in ANN

model (Quantitative model) as the following in table (5.8).
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Table 5.8 shows the areas range.

Site area No. of projects Percentage (%0)
200-300 32 235
301-400 24 17.6
401-850 24 17.6
851-1200 8 5.9
1201-1350 8 5.9
1351-1600 8 5.9
1601-2050 8 5.9
2051-2300 8 5.9
2301-2750 8 5.9
2751-11700 8 5.9
Total 136 100

Source: cost form survey

e Project position

In table (5.9), the collected data results are shown as the following:

Table 5.9 shows the projects’ position.

Project position

No. of projects

Percentage (%0)

Mountain 40 29.5
Coastal 96 70.5
Desert 0 0

Total 136 100

Source: cost form survey

e Floor area
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The floor areas were classified into ranges in order to encode for ANN analysis to predict

Quantitative model as the following table (5.10).

Table 5.10 shows the floor area.

Floor area No. of projects Percentage (%0)
100-200 16 11.8
201-250 24 17.6
251-300 48 353
301-350 8 5.9
351-400 0 0
401-450 24 17.6
451-500 0 0
501-550 8 5.9
>550 8 5.9
Total 136 100

Source: cost form survey

e Storeys No.

The following table (5.11), Storeys No. are shown according to the survey:

Table 5.11 shows the storeys No.

Storeys No. No. of projects Percentage (%)
1 32 23.6

2 72 52.9

3 8 5.9

4 24 17.6

Total 136 100

Source: cost form survey
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e Floor height

After the survey was done, the collected data is presented in the table (5.12).

Table 5.12 shows floor height.

Floor height No. of projects Percentage (%)
3.1 16 11.8

3.2 24 17.6

33 8 5.9

3.4 40 29.4

3.5 48 35.3

Total 136 100

Source: cost form survey

e Type of foundation

In the following table (5.13), the collected data is summarised as:

Table 5.13 shows type of foundation.

Type of foundation No. of projects Percentage (%)
Pad 136 100

Strip 0 0

Raft 0 0

Piles 0 0

Total 136 100

Source: cost form survey

e Slab type

The collected data is presented in the following table (5.14).
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Table 5.14 shows slab type.

Slab type No. of projects Percentage (%)
Drop beams 96 70.5
Hollow block 24 17.7
Flat 16 11.8
Total 136 100

Source: cost form survey

e No. of elevators

The collected data showed that there wasn’t any elevator recorded.

e Interior decoration

In the following table (5.15), the data is presented as:

Table 5.15 shows the interior decoration.

Interior decoration

No. of projects

Percentage (%)

Luxury 0 0
Basic 136 100
Total 136 100

Source: cost form survey

e Type of external finishing

The data which was collected from the survey is presented in table (5.16) as following:

Table 5.16 shows the type of external finishing.

Type of external finishing

No. of projects

Percentage (%)

None 0 0
Normal plaster 48 35.3
Stones 88 64.7
Aluminium cladding 0 0
Total 136 100

Source: cost form survey
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e Type of air condition

There were three types of AC as collected data, which is presented in table (5.17):

Table 5.17 shows the type of HVAC.

Type of HVAC No. of projects Percentage (%)
None 80 58.9

Window 32 23.5

Split 24 17.6

Central 0 0

Total 136 100

Source: cost form survey

e Tiles type

The data of survey is presented in the following table (5.18):

Table 5.18 shows the tiles type.

Tiles type No. of projects Percentage (%0)
Ceramic 128 941

Terrazzo 0 0

Porcelain 0 0

Granite 8 59

Total 136 100

Source: cost form survey

e Type of electricity works

In table (5.19), the collected data is shown as the following:
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Table 5.19 shows the type of electricity works.

Type of electricity works

No. of projects

Percentage (%0)

Luxury 0 0
Basic 136 100
Total 136 100

Source: cost form survey

e Type of mechanical works

The data of survey is presented in the following table (5.20).

Table 5.20 shows the type of mechanical works.

Type of mechanical works

No. of projects

Percentage (%)

Luxury 0 0
Basic 136 100
Total 136 100

Source: cost form survey

e Basement

The collected data is presented in the following table (5.21).

Table 5.21 shows the basement.

Basement No. of projects Percentage (%)
Exist 0 0

Not exist 136 100

Total 136 100

Source: cost form survey
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5.5 Instrument Evaluation

For specific, the questionnaire was developed to get the empirical data from construction
firms in Yemen so that to test the quantitative model and a theoretical models which
hypothesised in this study. This questionnaire designed to measure the cost estimate
knowledge of Yemenis’ engineer as well as to measure the both preliminarily and detailed
estimate implementation in construction field in Yemen. The instrument had 16 scales (see
appendix 2). In order to test the quantitative and qualitative models, the instrument should
firstly be evaluated by the reliability and validity so that the hypothesis testing would

conduct. The following sections provide the results of the reliability and validity testing.

5.5.1 Reliability

In the instrument of this study, there were 16 scales in order to measure the cost estimate
knowledge, and preliminary and detailed estimate implementation in Yemen. In each Scale,
there were items what were intended for measuring. The SPSS 19 IBM was used to calculate
the reliability for the items of each scale. In table (5.22), the Cronbach’s alpha was assigned
for each scale which was more than (0.60) (see section 4.6.5.1). The scales’ reliability
coefficients ranged from 0.63 to 0.90, which indicating that some scales were reliable than
other. In addition, scales 7, 8, 14, 15, and 16 had only one question, therefore, they weren’t
necessary to conduct internal consistency reliability analysis, item analysis, and factor
analysis for these five scales; they were supposed to be reliable and valid. Furthermore, the
instrument, which was developed for this study and deleting some items, which didn’t

necessary according to reliability test; judged to be reliable.

Table 5.22 shows Reliability of instrument

Scale No. of items Cronbach’s alpha Deleted items
1 3 0.78

2 2 0.68 Q.3

3 2 0.78 Q.2,0.4,Q5,Q.6
4 3 0.63 Q.2,Q5,Q.6
5 30 0.80

6 2 0.90

7 1 reliable

8 1 reliable

9 21 0.80 Q.19

10 7 0.84
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11 3 0.71 Q.4
12 2 0.89

13 4 0.69

14 1 reliable

15 1 reliable

16 1 reliable

Note: Q. means Question or item
Source: field study

5.5.2 Item analysis

The SPSS IBM 19 was used to perform the calculation for statistical correlation by
Pearson test. In table (5.23), the correlation matrix for the 16 scales of cost estimate models
and their items. In this table, some of items’ correlations were less than 0.30, which means
that the item wasn’t appropriately assigned to its scale as well as should be deleted. In
addition, there is exception, if the content validity of the item is rational to be used, and then
this item shouldn’t delete. After the contents validity was checked for those were less than
0.30, the following items weren’t accepted according to their contents which had been
understood in some other items, were: in scale five were item 1 (complexity of the project);
item 12 (quality of project management); item 13 (lack of historical cost data); and item 17
(project team requirement). Further, in scale nine was item 22 (project location).

In contrast, others items, which were less than 0.30 and were bold and italic values, were
accepted according to their content validity. For instance, in scale five, item No. 4 (Material
costs), which is important variable should be known in cost estimate process, as well as item
No.1 in scale nine (Traditional Cost Estimation) which also was important in the preliminary
estimate. Consequently, it was concluded that all items were accepted according to item

analysis were appropriately assigned to their scales.

Table 5.23 shows Item to scale correlation (Pearson correlation)

scales
Item

1 2 3 4 5 6 9 10 11 12 13
1 086089 (086 |0.76 |0.25 |095 |0.25 |0.73 |0.68 |0.94 |0.79
2 0.880.86 |... 051 |095 (037 |0.76 |[0.82 |0.96 | 0.69
3 0.75 | ... 095 |0.78 |0.30 0.50 |0.68 |0.89 0.66
4 0.75 |0.22 0.63 |0.82 0.78
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S) 0.51 0.27 |0.72
6 0.52 0.37 | 0.76
7 0.50 0.55 | 0.67
8 0.37 0.61

9 0.56 0.61

10 0.51 0.65

11 0.54 0.61

12 -0.10 0.62

13 -0.05 0.62

14 0.50 0.38

15 0.60 0.62

16 0.66 0.51

17 0.26 0.54

18 0.38 0.24

19 0.50

20 0.50 0.16

21 0.16 0.50

22 0.50 0.20

23 0.14

24 0.50

25 0.53

26 0.74

27 0.38

28 0.52

29 0.24

30 0.30

Note: the item number in this table is the same in the instrument as well as the bold number

and italic indicating that it was accepted not deleted.
The symbol (...) indicates the item was deleted in reliability test.
Source: field study

5.5.3 Construct validity
In this study, the sample size was 70 and the factor loading should be 0.65, which was

used as the usual cut-off point according to (Hair et al, 2014). The factor analysis was
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performed by SPSS IBM 19 to test each scale separately. In the table (5.24), the results of
exploratory factor analysis for 16 scales were listed according to No. of factors, Eigen-value,
and percentage of variance, in which scales 1, 2, 3, 4, 6, 11, 12 and 13 were loading on factor
1. As well, scales No. 7, 8, 14, 15, and 16 had only one question indicating they were valid.
Further, scales 5 (Critical factors), 9 (Preliminary estimate), and 10 (Base estimate) were
loading on more than one factor, the rotated varimax, or quartimax were necessary to be
examined. The Eigen-vales were greater than 1 according to the latent root criterion
(eigenvalue), which is the most commonly used method of judging whether items are loading
on one factor. Also, in principal component analysis, the factors have Eigen-values greater
than one is considered significant, or less than one is considered insignificant and
disregarded. The usual cut-off point in this study was 0.65 (see section 4.6.5.3) factor loading
which used to judge in the rotated varimax or quartimax. Correspondingly, if any item is

loaded on two factors, then the content validity should be checked in order to delete it or not.

Table (5.25) shows the rotated factor for scale 5 (Critical factors). In this table, the items 9,
10, 11, 16, and 18 established underlying latent factor! which is 1, it can be interpreted as
(lack related to time, and specification), as well as the items 6, 7, 25, and 26 which were on
factor 2, can be collected in interpretation of (Management risk). Further, items 2, 3, and 19
also constituted underlying latent factor which is 3, in which can be interpreted that of (Type
of project and the duration), whilst, the underlying latent factors 4 belonged to items 23, 29,
and 30. This underlying dimension can be interpreted as (Consultant advice regarding risk
and fees). In addition, items 27, and 28 also formed that of (Handling materials) on latent
factor 5, as well as the latent factor 6 belonged to items 4, and 21, in which to interpret that
of (Client’s financial status). The item 22 was on factor 7 in which to interpret what it
designed to do. There were other items (5, 8, 14, 15, 20, 22, and 24) didn’t constitute factors

due to their low factor loading less than 0.65.

Table 5.24 shows Results of exploratory factor analysis for 16 scales.

Factor _ )
Scales Eigen-value % of variance
number
1 1 2.08 69.38
2 1 1.52 75.95

1 Underlying latent factor means factor, latent factor, underlying latent construct, or underlying dimension as well as they
were used in this study,
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3 1 1.69 84.81
4 1 1.75 58.59
5.58 21.49
5.41 20.81
3.20 12.31
231 8.89
5 8
1.57 6.04
1.44 9.55
1.29 4.97
1.06 4.10
6 1 1.81 90.59
7 Only one question
8 Only one question
6.03 30.17
4.79 23.94
1.91 9.57
9 6
1.71 8.58
1.22 6.13
1.07 5.37
3.48 54.97
10 2
1.20 17.24
11 1 1.92 64.10
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1.81 90.87
12 1
13 1 2.16 54.13
14 Only one question
15 Only one question
16 Only one question

Source: field study
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Table 5.25 shows Rotated factor for Critical factors (scale 5).
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Rotated factor (Varimax)

Component (factor loading)

Items
1 2 3 4 5 6 7 8

2 0.039 [0.221 |0.938 |0.068 |0.019 |0.056 |-0.012-|0.005
3 -0.200 [-0.096 [0.650 |0.440 |0.034 |0.055 |0.168 |.000

4 0.389 |[-0.209 (0.043 |0.027 |-0.172 |0.761 |-0.023 |0.033
5 0.227 |-0.048 |0.547 |0.599 |-0.031 [0.320 |-0.227 |-0.200
6 0.290 [0.771 |0.207 |0.048 |-0.099 |-0.277 |-.127 |.290

7 0.034 |0.876 |0.317 |0.030 |0.024 |-0.085 |-0.201 |0.113
8 0.155 |0.061 |0.451 |0.499 |0.104 |-0.238 |0.042 |-0.529
9 0.686 [0.416 |-0.097 |-0.167 |-0.091 [0.030 |0.426 |0.084
10 0.695 |[-0.126 |0.331 |-0.222 |-0.096 |-0.171 |0.350 |0.223
11 0.795 |[-0.056 [0.029 |0.075 |0.237 |-0.119 |-0.008-|0.168
14 0.596 [0.146 |-0.248 |-0.293-]0.149 |0.190 |-0.129-|0.206
15 0.349 |0.441 (0.473 |0.043 |-0.132-|-0.066-|0.327 |0.025
16 0.820 [0.357 |0.086 |-0.088-|-0.060-|0.171 |0.219 |-0.215
18 0.807 [0.032 |-0.115 |-0.339-|0.149 |0.034 |-0.090 |-0.035
19 -0.186 |0.329 |0.697 |0.066 [0.081 |0.267 |.301 |-.048
20 0477 |-0.207 |-0.177 |.069 |0.614 |0.261 |-0.111 |0.183
21 -0.305 [-0.022 (0.294 |0.083 |-0.024-|0.737 |0.283 |0.053
22 0.192 |-0.099 [0.194 |0.159 |0.002 |0.158 |0.867 |0.065
23 -0.196 |0.284 |-0.014 |0.796 |-0.213 |.140 |0.010 |-0.092
24 0.239 |0.256 |.011 |-0.031 [.176 |0.008 |0.097 |0.824
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25 0.096 [0.922 |-0.041 |0.131 |0.212 |0.004 |0.053 |0.022
26 -0.232 |0.656 |0.068 |0.410 |0.247 |0.037 |0.385 |-0.112
27 0.083 |0.373 |-0.036 |-0.053 |0.763 |-0.288 |-0.094 |0.085
28 0.088 [0.055 |0.124 |-0.055 |0.921 |[-0.024 |0.087 |-0.011
29 -0.248 |-0.006 |0.068 |0.650 |0.488 |-0.331 |0.018 |0.265
30 -0.296 |{0.109 |0.255 |0.845 |0.005 |0.038 |0.190 |-0.027

Source: field study

In table (5.26) presents the rotated factor for scale 9 (Preliminary estimate). In this table, the
items 13, 14, 15, 16, and 17 established a factor which is 1, it can be interpreted as (Building
services and finishing), as well as the items 3, 4, and 5 which were on latent factor 2, can
be collected in interpretation of (Modern estimate’s techniques). Further, items 9, and 10
also constituted a latent factor which is 3, in which can be interpreted that of (Mass of
building), whilst, the latent factors 4 belonged to items 6, 7, and 8. This underlying
dimension can be interpreted as (Substantive factors). In addition, items 18, and 20 also
formed that of (Mechanical installation) on latent factor 5. Moreover, the latent factor 6
belonged to item 1, in which to interpret what it designed to do. There were also other items
(2, 11, 12, and 21) didn’t constitute latent factors due to their low factor loading less than
0.65.
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Table 5.26 shows Rotated factor for Preliminary estimate (scale 9)
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Rotated factor (Varimax)

Component (factor loading)

Items
1 2 3 4 5 6

1 -0.111 |0.031 0.138 0.259 -0.225 0.858
2 -0.109 |0 .601 |0.239 0.180 -0.499 |-0.053-
3 0.002 0.859 -0.005 ]0.260 0-.105- |0.083
4 0.122 0.781 0.164 0.297 -0.232- |0.038
5 -0.226  |0.793 -0.139 |0.218 0.332 -0.037
6 -0.147 |0.389 -0.154 ]0.829 0.072 0.042
7 -0.011 |0.216 0.183 0.912 -0.154 ]0.148
8 -.078 0.397 0.312 0.799 -0.122 |0.050
9 0.154 0.093 0.940 0.111 0.055 0.033
10 0.293 0.031 0.806 0.160 0.078 0.241
11 0.460 0.062 0.482 -0.044- |0.062 0.633
12 0.484 -0.030 |0.565 -0.049- |0.206 0.438
13 0.764 -0.103 |0.423 0.026 0.083 0.056
14 0.690 -0.384 |0.374 0.084 -0.079 |-0.315
15 0.823 0.035 0.241 0.022 -0.017 |0.115
16 0.933 -0.090 |-0.021 |-0.086 |0.090 0.062
17 0.952 -0.037 |-0.023 |-0.075 |0.159 0.035
18 0.381 -0.126- |-0.026 |0.043 0.733 -0.286-
20 -0.088- |-0.018- |0.316 -0.150- |0.845 0.025
21 0.635 0.193 0.238 -0.318- |-0.106- |-0.168-

Source: field study
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Table (5.27) displays the rotated factor for scale 10 (Base estimate). The items 2, 3, 4, and 6
constituted the latent factor which is 1, it can be interpreted as (Project resources
availability), as well as the items 1, 5, and 7 which were also on the latent factor 2, can be

collected in interpretation of (Initial requirements and documents).

Table 5.27 shows Rotated factor for Base estimate (scale 10).

Rotated factor (Varimax)

Component (factor loading)
item

1 2
1 0.196 0.827
2 0.722 0.307
3 0.910 0.050
4 0.860 0.312
5 0.291 0.754
6 0.812 0.282
7 0.153 0.795

Source: field study

On the positive side, there weren’t any items had been loaded on two factors in the same
time according to the varimax rotated test, and the content validity were also checked for all
the items, which sharing the same underlying dimension (factor). Therefore, items weren’t

deleted and the instrument was valid.

5.6 Summary

Research design of this study discussed the strategy that adopted in this study; it was both
quantitative and qualitative research methods in order to strength the research. Literature
review, questionnaire, structured interview, and case study were represented the adopted
strategies and each one of them were responsible about answering one of questions of study.
After that, the process of conducting questionnaire, structured interview, and case study were

discussed through pilot study, survey sample, and process of conducting the strategy.
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Therefore, the whole strategies were understood and became the map for this study as well
as becoming a guide for collecting the data.

Furthermore, the instrument of this study, which was tested for both reliability and validity,
were 94 items. In reliable test, internal consistency was used; items, which had score less
than 0.60, were deleted; 10 items were deleted in order to be reliable the instrument.
Therefore, the instrument was reliable. Item analysis tested the correlation between the items
and its scale by Pearson correlation’s test. The items which had value less than 0.30 were
deleted after checking their content; 5 items were deleted. It was reflected that accepted items

were appropriately assigned to their scales.

Because this study was exploratory, the exploratory factor analysis and the Principal
component analysis were adopted. After performing the test, there was no item had been
loaded on two factors; therefore, the instrument was valid. Then, the instrument became 79

items. Thus, the instrument can be used to test the both quantitative and qualitative models.

CHAPTER VI: MODELS TESTING RESULTS

6.1 Introduction

In this chapter, the qualitative model introduces the process of analysis using structural
equation modelling (SEM) technique, which is performed by the IBM SPSS AMOS 23
programme. The first qualitative model, KCE model is tested by the SEM and developed to
be fit according to some covariance relationships which are supposed by AMOS and don’t
conflict with the theory of this study and reality. Hypotheses test, model fit indices, and
model modification results are revealed. In addition, the results’ interpretations are discussed
from wide view of the author and structured interview. Furthermore, the qualitative model
is also tested by the SEM by the IBM SPSS AMOS 23 programme. The results of test reveals
the hypotheses tests, model fit indices, and model modifications. As well, the results’
interpretations of model M4 are stated according to the author’s point of view supporting by
the structured interview and other research’s findings. Of prime importance, the quantitative
model is also discussed and used ANN technique. The ANN model formulation reveals the

model constraints, data encoding, data set, model building, model results, and sensitivity
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analysis. Further, the hypothesis test is done by the SPSS programme, and the results of both
ANN model test and the hypothesis test are discussed. Finally, the summary explains briefly

this chapter.

6.2 Qualitative Model

In this study, the path of measurement model was done to construct the variables based
on the factor analysis, which was analysed in chapter five in order to test the validity of the
instrument as well as was used in the measurement model. Therefore, in this chapter, the
only structural model would use to estimate and test the theoretical models. The IBM SPSS
AMOS! 23 was used to test the SEM models. In this research, the qualitative models was
composed of two models, the first one was to test the Knowledge of cost estimate (dependent
variable) which consist of 8 constructs as independents variables. And the second one was
to test the implementation of detailed estimate (dependent variable) combined with the first
model (Knowledge of cost estimate) as independent as well as other six constructs were also

belonged to the detailed estimate as independent variables.

6.3 Process of Analysis

The IBM SPSS AMOS 23 was used to analysis the qualitative models according to SEM,
in which to determine the regression equations of the paths from independent variables to
dependent variables. AMOS graphical, which also works directly from a path diagram is
used within Microsoft Windows interface, therefore; it is easy to draw the model paths or
relations between the variables by easy way. AMOS analyses the model as a series of
regression equations and estimates all the structural coefficients directly. The path
coefficients (regression estimate?) and intercept (o) were obtained by AMOS. Also, the data
was got from SPSS file and treated as observed variable (both dependent and independent

variables), which were actually latent variables. These data was assumed continuous.

6.4 Knowledge of Cost Estimates’ Model

This hypothesised model consists of eight independent variables: Social and economic
system (X1), Construction cost classification (X2), Cost estimation methods and techniques
(X3), Types of contracts and delivery systems (Xs), Critical factors (Xs), Cost control process
(Xe), Safety considerations (X7), Cost index (Xs), and the knowledge of cost estimate (KCE)
is the dependent variable (Y1). Therefore, the mean of each constructs were used in the

1 AMOS which is also known (Analysis of Moment Structures), is famous program in SEM in order to quickly specify,
view, and modify the model graphically using simple drawing tools.
2 Regression estimate in AMOS refers to the regression coefficient B of independent variable.

133



analysis. In order to perform the analysis, the data normality should be checked, therefore,
AMOS provides skewness and kurtosis values to check normality. In table (6.1), the
skewness and kurtosis values don’t exceed the value 1 which indicates that the variables
have a relatively normal distribution and can be used to estimate the knowledge of cost
estimate model. Figure (6.1) shows the theoretical model of knowledge of cost estimate and
the parameters, which should be estimated to test the model.

Table 6.1 shows Summary of data normality of variables

Variable Mean Min Max Skew C.R. Kurtosis C.R.
Social and

economic  system 3.49 1.000 5.000 -.753 -2.572 -.704 -1.202
(X1)

Construction  cost
o 3.57 2.000 4.500 -.801 -2.736 -.520 -.887
classification (Xz)

Cost estimation
methods and 3.92 2.000 5.000 -.692 -2.365 -.845 -1.443
techniques (Xs)

Types of contracts
and delivery 3.56 2.000 4.667 -.460 -1.572 -.594 -1.015
systems (X4)

Critical factors (Xs) 3.69 2.923 4.846 .643 2.198 .285 487

Cost control
3.46 1.500 5.000 -.157 -.535 -.066 -.113
process (Xs)

Safety
) ) 2.37 1.000 5.000 .395 1.350 -.764 -1.305
considerations (X7)
Cost index (Xs) 2.51 1.000 4.000 -.104 -.355 -735 -1.256
Knowledge of Cost
4.05 2.868 4.851 -517 -1.766 -.331 -.566

estimate (Y1)

Source: data analysis by Author

In addition, table (6-2) shows the theoretical model parameters estimate and the hypothesis
test, in which model consists of eight hypothesis that would be tested simultaneously. Model

M1 that represents the original model, which has been assumed in the literature review study
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as well as every path also represent the hypothesis, which has hypothesised to formulate the
model according to the theory of study. In order to test the hypotheses of theoretical model,
the critical values (C.R.) were obtained from IBM SPSS AMOS 23 should be greater than +
1.96 to be significant and confirmed. Only two hypotheses weren’t confirmed H1 which was
(The social and economic system of Yemen has a positive effect on Knowledge of cost
estimate) and H6 which was (Understanding the Cost control process has a positive effect
on Knowledge of cost estimate) in which their C.R. values were less the + 1.96.

Social and economic
system (X;)

Construction cost
classification (X)

Cost estimation methods
and techniques (Xs)

Types of contracts and

delivery systems (X) Knowledge of cost

estimate (Y1)

Critical factors (Xs)

Cost control process (Xe)

Safety considerations
(X7)

Cost index (Xs)

Figure 6.1 Theoretical model of Knowledge of cost estimate, Author.
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Notes:
Hypotheses No. are in parentheses.
Bn is the regression estimate.

As well as, the model fit indices were Chi-square (%) = 195.135, with 28 degrees of freedom
and P-value was = 0.0001 which indicates that the model is bad fit; and the Normed Fit Index
(NFI =0.263) which was less than the cut-off point 0.90 indicates the model is also poor fit.
The value of Comparative Fit Index (CF1=0.269) also indicates poor model fit as the same
NFI estimate. Furthermore, the root mean square error of approximation (RMSEA = 0.294)
indicator had value greater than 0.10 which indicates that the model is poor fit.
Consequently, the modification was done by AMOS in order to add another variable or
relation between the observed variable to improve the model fitting. After the modification
was performed, the model M2 was suggested by AMOS, so, the new values of the best model
fit indicators and regression estimate value () were generated. Some constraints were
supposed by AMOS to improve the model M1 to model M2, which were the two independent
variables X1 and Xs should be deleted, and covariance relationship between some other

variables should be undertaken in the model as in table (6.3).

In model M2, the Chi-square (¥?) = 9.516, with 7 degrees of freedom and P-value was =
0.218 which indicates that the model is good fit. The Normed Fit Index (NFI =0.95) value
which was greater than the cut-off point 0.90 indicating a better model fit. Further, the value
of Comparative Fit Index (CFI=0.98) also indicates a better model fit as the same in NFI
estimate. The value of the root mean square error of approximation (RMSEA = 0.072) was
below the value of 0.08, which indicates a fair model fit. The final indicator Akaike’s
Information Criterion (AIC), which is used to compare two models which the model is better
to fit data through comparing their two AIC values which is smaller than other should be
better. In this study the model M1 had AIC value = 247.135, and the model M2 had value =
65.516, therefore, the model M2 had the smaller value which indicates it better to fit data.

In this study, the model M1 was used as a benchmarking model, and improved by AMOS to
model M2 by deleting two parameters and adding some relations between variables which
were led to improve the model fit as shown in the analysis and model fit indicators according
to the theory of study. Therefore, the model M2 has a better model-fit compared with model

M1 as shown in figure (6.2) and figure (6.3) respectively.

In table (6.4), the parameters of knowledge of cost estimate’s model M2 was listed according

to AMOS analysis, so the equation of predicting the model M2 is:
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0.372X, — 0.195X5 — 0.168X, + 0.691Xs — 0.267X, + 0.123X; + 1.861 =Y, Eq.(6 — 1)

Table 6.2 shows Maximum likelihood estimates and Models fit indices for model M1 and

M2
Model M1 Model M2
Estimate Estimate
Model’s path CR. P Model’s path CR. P
B) ®)
KCE <--- X: | .030 .920 358 |[KCE <--- Xz | 0.372 [5.663 [000
KCE <--- Xz | .325 7.078 | 000 |[[KCE <--- X3 | -0.195 |-3.643/000
KCE <--- Xz | -.186 -5.200 | 000 |[KCE <--- X4 | -0.168 |-2.488(0.013
KCE <--- X4 | -.155 -3.133 | .002 |[KCE <--- Xs | 0.691 |6.864 |000
KCE <--- Xs | .639 7553 | 000 |[[KCE <--- X7 | -0.267 |-6.744/000
KCE <--- Xe | .060 1.381 | .167 ||[KCE <--- Xs | 0.123 |2.148 |0.032
KCE <--- X7 | -.257 -8.123 | 000
KCE <--- Xg | .143 3.452 | 000
Chi-square (x?) 195.135 9.516
Degree of
freedom 28 !
P-values 0.0001 0.218
NFI 0.263 0.95
CFI 0.269 0.98
RMSEA 0.294 0.072
AIC 247.135 65.516

Source: data analysis by Author
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Table 6.3 shows Covariance relationships in Model M2

Variables Covariance relationships Variables
X> <--> X3
X4 <--> X7
X7 <--> Xs
X3 <--> Xg
X2 <--> X4
Xq <--> Xs
X3 <--> Xs
Xq <--> Xs

Source: data analysis by Author

Table 6.4 shows Knowledge of cost estimate’s parameters

Independent Regression Dependent
) Intercept (o) R? )
variables (Xn) estimates (Pn) variable (Y1)
Constructi t
ons_ r_uc |_on cos 0.372
classification (Xz)
Cost estimation
methods and | -0.195
techniques (Xs) 1.861 0.59

Types of contracts
and delivery systems | -0.168
(Xa)
Critical factors (Xs) | 0.691

Knowledge of cost estimate
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Safety considerations

-0.267
(X7)
Cost index (Xs) 0.123

Source: data analysis by Author

Social and economic
system (X1)

Construction cost
classification (Xz)

Cost estimation methods
and techniaues (X-)

Types of contracts and
delivery systems (X,)

Knowledge of cost
estimate (VY1)

Critical factors (Xs)

Cost control process (Xg)

Safety considerations
(X2)

Cost index (Xs)

Figure 6.2 Testing the theoretical model of Knowledge of cost estimate (M1), Author

Notes:

Critical ratios (C.R.) are in parentheses.
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A hypothesis was confirmed ~———>

A hypothesis wasn’t confirmed --------- >

Construction cost
classification (X)

Cost estimation methods
and techniques (X3)

Types of contracts and

delivery systems (X2) Knowledge of cost

estimate (Y1)

Critical factors (Xs)

Safety considerations
(X7)

Cost index (Xg)

Figure 6.3 Testing the theoretical model of Knowledge of cost estimate (M2), Author.
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6.5 Results’ Interpretation
In appendix (4), the results of analysis the factors of scales were set for this section of
KCE that contains eight scales as well as the result of KCE model test.

In scale one, Social and economic system, there were three questions that respondents were
asked according to:

1. With respect to the question of ‘“GDP’’, the respondents were asked ‘‘GDP has
strongly effects on our projects and construction industry’’, from their answers, the
analysis shows the mean was 3.70, which is higher than the mean average (3), which
indicates that the respondents may have a partially knowledge about the GDP and its
relation to the economic.

2. With respect to the question of “*National income per Capita’’, the respondents were
asked ‘‘our project performance is affected by National income per capita’’, from
their answers, the analysis shows the mean was 3.52. The mean is slightly higher
than the mean average (3), which concludes that the respondents may not deal with
this terminology in their business life or in the firm. As well, the structured interviews
had appeared not care about this concepts and its relation with the demand of projects
or its effects on the performance.

3. With respect to the question of ““Tribal system’’, the respondents were asked ‘‘the
project progress is affected by the tribal system”’, from their answers, the analysis
shows the mean was 3.25. The mean is slightly higher than the mean average (3),
which refers that respondents thought that the tribal system affected the projects due
to their suffering of delay or also to their believes and affiliations to the tribe. In
addition, the Yemeni society is controlled by this system mostly; tribal culture has

forced into society from decades.

From last discussion, the mean of scale “‘social and economic system’’ was 3.49, which is
slightly higher than the mean average (3). As well, questionnaire survey had provided no
significant statistical support for the hypothesis ‘‘the social and economic system of Yemen
has a positive effect on knowledge of cost estimate’’ that wasn’t confirmed which concludes

that the most matters of economics and social with regards Yemeni engineers weren’t taken
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into account. Especially, those two economic and social didn’t interrupt directly with
knowledge of cost estimate. Therefore, it didn’t affect the process of estimate itself.

In scale two, Construction cost classification, there were two questions that respondents
were asked according to:

1. With respect to the question of ‘‘variable cost’’, the respondents were asked ‘‘we
know all variable cost (direct cost) of construction’’, from their answers, the analysis
shows the mean was 3.36, which is slightly higher than the mean average (3), which
concludes that the respondents mightn’t know this terminology correctly. As well,
the structured interview confirmed that the respondents didn’t know how to
determine the direct cost or variable cost.

2. With respect to the question of ‘‘fixed cost”’, the respondents were asked ‘‘we know
all fixed cost (indirect cost) of construction’’, from their answers, the analysis shows
the mean was 3.78, which is slightly higher than the mean average (3). It is concluded
that the respondents need more knowledge in cost classification, which might affect

the progress of estimate towards success or failure.

Of prime importance, the mean of scale ““Construction cost classification’” was 3.57, which
is slightly higher than the mean average (3). Furthermore, the hypothesis ‘understanding of
construction cost classification has a positive effect on knowledge of cost estimate’” was
confirmed which indicates that more understanding of cost classification more powerful of

estimate ability.

In scale three, Cost estimation methods and techniques, there were two questions that

respondents were asked according to:

1. With respect to the question of ‘‘Conceptual and preliminary estimate’’, the
respondents were asked ‘‘Conceptual and Preliminary estimate is used to estimate
projects at the early stage’’, from their answers, the analysis shows the mean was
4.14, which is higher than the mean average (3). It is deduced that the respondents
were familiar with preliminary estimate in their practices as well as the structured
interviews referred to the traditional method that was used in this stage. The
traditional method, exactly, unit price of squared meter is the most practically used
in Yemen.

2. With respect to the question of ‘‘Definitive estimate’’, the respondents were asked
““in the end of the project, the definitive estimate is used’’, from their answers, the

analysis shows the mean was 3.71, which is slightly higher than the mean average
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(3). It means that the final real cost is defined after the project has finished comparing
to the detailed estimation cost. Moreover, the respondents had a little attention about.

Thus, more knowledge is more achievable.

After being finished discussion, the mean of scale ‘‘Cost estimation methods and
techniques’” was 3.92, which is higher than the mean average (3). Furthermore, the
hypothesis ‘‘Construction cost estimation methods and techniques have a positive effect on
knowledge of cost estimate’ was confirmed which deduces that those methods and
techniques lead definitely to enhance the estimate process and they considers one of the
ground base of KCE. Furthermore, the respondents might have need updating their methods

and techniques aligned with sophistication.

In scale four, Types of contracts and delivery systems, there were three questions that

respondents were asked according to:

1. With respect to the question of ‘‘Design- Bid- Build’’, the respondents were asked
“‘Projects are obtained by design-bid-build traditional delivery system’’, from their
answers, the analysis shows the mean was 3.81, which is higher than the mean
average (3), which concludes that the respondents had a normal knowledge and
practice with this type. Although, it is a common type in construction projects, but
the terminology might be unknown perfectly.

2. With respect to the question of ‘‘Design- Build Delivery’’, the respondents were
asked ‘“We design our projects and execute them’’, from their answers, the analysis
shows the mean was 3.36, which is slightly higher than the mean average (3). It is
concluded that the respondents didn’t understand or might have confused about this
terminology despite of the structured interviews which had confirmed their
knowledge for this type.

3. With respect to the question of “‘Lump-Sum Contracts’’, the respondents were asked
““Lump-sum contract is used in our projects’’, from their answers, the analysis shows
the mean was 3.53, which is slightly higher than the mean average (3). It means that
the respondents agreed about this type of contract; likewise, the other types might be

used either.

Therefore, the mean of scale ‘“Types of contracts and delivery systems’” was 3.92, which is
greater than the mean average (3). As well, the hypothesis ‘‘Understanding the types of
contracts and delivery systems has a positive effect on knowledge of cost estimate’” was

confirmed that means to perform accurate estimate should know the types of delivery
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systems and types of contract in order to fulfil the requirements of every type. Moreover,
this knowledge should be taken into account and should be understood perfectly.

Then scale five, which is Critical factors, there were twenty-six questions that respondents
were asked according to:

1. With respect to the question of ““Time of construction’’, the respondents were asked ‘‘we
put in our mind the time of construction when estimate our projects’’, from their answers,
the analysis shows the mean was 4.48, which is greater than the mean average (3). It is
concluded that the respondents had aware about the construction time aligned with their
estimation as a crucial factor.

2. With respect to the question of ‘‘Project type’’, the respondents were asked ‘‘Project
type has important effect on estimate process’’, from their answers, the analysis shows
the mean was 4.38, which is greater than the mean average (3). It means that the most
respondents knew the importance of the project type with respect to the project estimate
and what complicated matters that concerning with the type.

3. With respect to the question of ‘“Material costs change’’, the respondents were asked
“‘we suffer from material cost changes in and after estimating process’’, from their
answers, the analysis shows the mean was 4.28, which is greater than the mean average
(3). It refers to that material cost which was forced by the escalation affect the estimate
process leading to many errors would appear in the estimation. Thus, the respondents
took into account this factor seriously. Exactly, when, the tender currency was in Rials.

4. With respect to the question of ‘‘Quality of the work’’, the respondents were asked ‘the
cost estimate is affected by quality of the work’’, from their answers, the analysis shows
the mean was 4.47, which is greater than the mean average (3). It indicates that the
respondents believed in their mind and hearts about this meaning. It is a rational logic in
construction industry and in Yemeni construction field especially.

5. With respect to the question of ‘‘Market condition”, the respondents were asked ‘the
market conditions is taken into consideration when estimate projects’’, from their
answers, the analysis shows the mean was 4.00, which is greater than the mean average
(3). It refers that the respondents involved in the market and their estimate had contained
a well knowledge about the market.

6. With respect to the question of ‘‘Management factors”, the respondents were asked
‘‘Management factors are considered into our projects’ cost estimate’’, from their
answers, the analysis shows the mean was 3.61, which is greater than the mean average

(3). It is deduced that the respondents might not know what the management factors or
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10.

11.

12

might not have management contact that reveal the management factors confirming that
structured interviews.

With respect to the question of ‘‘Geographic considerations”, the respondents were
asked ‘‘the geographical considerations have the priority when estimate projects’ cost”’,
from their answers, the analysis shows the mean was 4.61, which is greater than the mean
average (3), which deduces that the respondents focused on the geographic
considerations which differs in Yemen (coast, mountains, deserts). It might negatively
affect the estimate output.

With respect to the question of ‘‘Insufficient time for estimate development”, the
respondents were asked ‘“We don’t have enough time for estimating our projects’’, from
their answers, the analysis shows the mean was 3.31, which is slightly higher than the
mean average (3), which means that the respondents mightn’t have enough time for
estimating their projects. It would lead to rapid the process of estimate resulting
miscalculation and forgotten data; then, it would unfortunately be failure.

With respect to the question of ‘‘Inadequate specification”, the respondents were asked
“We suffer from inadequate specification at the cost estimate process’’, from their
answers, the analysis shows the mean was 3.08, which is close to the mean average (3),
which indicates that the respondents might face inadequate specification. Further, the
most specifications were available according to the structured interviews declared.
With respect to the question of “‘Incomplete drawings”, the respondents were asked ‘“We
suffer from incomplete drawings at the cost estimate process’’, from their answers, the
analysis shows the mean was 3.08, which is close to the mean average (3), which means
that the respondents might face inadequate drawings. As well, the most of projects don’t
begin with complete drawings in Yemen.

With respect to the question of “‘lack of site feedback”, the respondents were asked “We
don’t suffer from lack of site feedback’’, from their answers, the analysis shows the mean
was 1.98, which is less than the mean average (3), which indicates that the respondents
mightn’t have the feedback from the site to improve their estimate. Feedback may help

to develop the knowledge of cost estimate in future.

. With respect to the question of ‘‘Technological requirements”, the respondents were

asked ‘‘Technological requirements are very important factor in cost estimate process’’,
from their answers, the analysis shows the mean was 3.91, which is higher than the mean
average (3), which indicates that the some respondents preferred the technology than the
traditional. Thus, they tried to fulfil the requirements of technology in order to be

innovators.
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13.

14.

15.

16.

17.

18.

19.

With respect to the question of ‘‘Project information”, the respondents were asked ‘‘we
have sufficient project information at cost estimate process’’, from their answers, the
analysis shows the mean was 2.80, which is slightly less than the mean average (3). It
indicates that the respondents might not understand the required information; another
important issue that revealed due to structured interview was some projects had lack
information; this could affect the process of estimate.

With respect to the question of ‘“Contract requirements”, the respondents were asked
““Contract requirements are available at cost estimate process’’, from their answers, the
analysis shows the mean was 2.15, which is less than the mean average (3), which
concludes that the respondents had definitely lack of contract requirements; thus, they
might have enough knowledge about it.

With respect to the question of “‘Project duration”, the respondents were asked ‘‘We take
into consideration the project duration at cost estimate process’’, from their answers, the
analysis shows the mean was 4.22, which is greater than the mean average (3), which
indicates that the respondents knew the importance of project duration to be key factor
at estimate process.

With respect to the question of “‘Political situation”, the respondents were asked ‘“We
suffer from political situation in and after estimate’’, from their answers, the analysis
shows the mean was 4.12, which is greater than the mean average (3), which indicates
that the respondents might understand carefully the impact of the political situation.
With respect to the question of “‘financial status of the owner”, the respondents were
asked ‘‘our firm puts in its eyes the owner’s financial status at cost estimate process’’,
from their answers, the analysis shows the mean was 3.77, which is slightly higher than
the mean average (3). It means that the respondents might focus on the client’s financial
status to balance the estimation with the client capability.

With respect to the question of ‘“Tender currency”, the respondents were asked
“Tender’s currency is very important factors at cost estimate process’’, from their
answers, the analysis shows the mean was 4.01, which is greater than the mean average
(3), which deduces that most the respondents preferred the currency should be
determined to avoid ambiguous matters. Most of the projects in Yemen are in Dollar
currency that decreases any potential inflation in prices.

With respect to the question of ‘‘Experience of consultant engineer”, the respondents
were asked ‘“We have a good feedback from the consultant in estimate process’’, from

their answers, the analysis shows the mean was 3.95, which is greater than the mean

146



20.

21.

22.

23.

24.

25.

average (3), which indicates that the respondents had faced many qualified consultants
who might give them a good answers.

With respect to the question of ‘‘Number of competitors”, the respondents were asked
““Competitors give us a promotion to improve our cost estimate’’, from their answers,
the analysis shows the mean was 3.51, which is slightly higher than the mean average
(3), which refers that the respondents mightn’t active with the competition of the market.
Somehow, the corruption may affect the selection of contractor in Yemen.

With respect to the question of ‘‘Evaluate political risks”, the respondents were asked
““We suggest and evaluate the political risks at cost estimate process’’, from their
answers, the analysis shows the mean was 3.38, which is slightly higher than the mean
average (3), which indicates that the respondents didn’t understand carefully how to
evaluate the political risks.

With respect to the question of ‘‘Evaluate regulatory risks”, the respondents were asked
““We suggest and evaluate the regulatory risks at cost estimate process’’, from their
answers, the analysis shows the mean was 3.34, which is slightly higher than the mean
average (3), which indicates that the respondents mightn’t contact with regulatory
matters that could affect the estimate. It might be delegated to the administration; thus,
the estimators didn’t know it well.

With respect to the question of ‘‘Quantity Allowance”, the respondents were asked ““Our
firm adds the quantity allowances when measuring our project quantities’’, from their
answers, the analysis shows the mean was 3.54, which is slightly higher than the mean
average (3), which indicates that the respondents mightn’t add this quantities. It was led
them to losses according to the error of knowle