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A Study on Change Orders in Overseas Construction using Feature Selection
- Focus on Plant Construction in the Middle East -
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Abstract : This paper looks into how to enhance construction project management, focusing on the change order, which is
often considered one of the major causes for construction delays, disputes, and claims in the middle east construction. First,
this paper categorizes the major causes of change orders. It suggests a detailed classification standard for affecting factors
resulting from change orders based on a case study result of an on-going construction project in the Middle East. In particular,
this paper presents a method to apply a machine learning-based feature selection to quantify the importance of change order
triggers and affecting factors. As a result, the case study identifies six major change order triggers and eight affecting factors.
Also, a meaningful relationship between change order triggers and affecting factors by each category is presented. This paper
will contribute to setting a clear guideline for change order management for the international plant construction field while
helping prevent construction delays and cost run-ups by reducing the time required for change order resolution between
project owners and contractors.
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AL Change Order == VariationO]eh= 2015 ALY
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Table 1. Types and source of change orders

Type Description

Changes in scope Owner has requested to design change

Site conditions differ from the expected, requested by

Unforeseen conditions i
contractor or professional

Professional errors

o Requested by contractor or professional
and omissions

Professional has incorrectly drawn the construction

Errors design plans and specifications.

Professional has inadvertently omitted an item or

Omissions
element from the plans.
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HAG Aelo] =, SARAE AIAIA Q] 13389 HE A
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Table 2. Literature Review on Change Orders

Category Author Title
Heish et al. Statistical analysis of causes for change orders in
(2004) metropolitan public works
Causeof | Alnuaimiet al. ChCausez,) Ejﬁects, BPenbelflt.z, an(i Re{ped;)es pfct
Changer (2010) ange Orders on Public Construction Projects

Order in Oman

A comparative Study of Causes of Change
Orders in Public Construction Project in Nigeria
and Oman
Dynamic change management for construction
: Introducing the change cycle into model
-based project management
Jamal et al. Factors Affecting Change Orders In Public

(2015) Construction Projects
Fuzzy Cognitive Map Approach to Analyze

Causes of Change Orders in Construction
Projects

ljaola & lyagaba
(2012)

Park & Péna-Mora
(2003)

Change
Order
Process

Khanzadi et al.
(2018)
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HEO] ‘B7HE 7} THgH] AP e A|AISE A (Kim,
2018), sl ZHE EPC AFRIQl E BAOIA HIE =3t
g WXlol] Qe Asshe @R71EQ] Watson AIE & &
off Y18 QAE EA510] ITB 918 2] HE F5E AAIs
AL (Lee et al, 2019), ClOJENIOIHY] 57 7H & Q134!
A, A2EHEST, JAEEUR gaigjEe €80l
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EPC AIR1O] 8701 QIERIHHT| ot F+ i oS HE S
Wk HH(Choi, 2019) S CIESH U417t 5] =8l 1l
AACE.
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3.1.1 Machine Learning0i| CHZ! O[sH

HAlEde Q1ZA59 o Hofx, HolE JEjZ AR
= g0z RH E58c 53 FYo] tish H5E A7
= 489 IH o2 FoJEr thri9] 71&E QE8Als e
E2 MYE FEg 7HoZ 510] 22 K149 dyo ¢t
A7} Q= vhHo|, MAlelH e AFEZF o] tloJHZR
H 798 28 B AAE ME2 AAE EEsk= A
O] XS} ETHCho & Kang, 2016). HAlgld HHHEOCR
= A|&8l5(Supervised Learning), AF&8t5(Unsupervised
Learning), Hedd (Deep Learning)0] THEAO|TE A =sk5
£ FOI Y HIoJH=ZERE s gE |f50to] A2
& Aol thot HHAIE ol Sok= WHOICE =31X]9] JE
of met A5EQI Gre S ok= A S 31714 (Regression)
ole} ofal, Y HIOJE7F o HR79| ZIOIA] HAsH= A
& =R (Classification)ghal SICHE S, 2017). AHEsE2
o] R MEfe ] S5 FojR= SEHOE &
Z3HClustering), @ %=33 (Density Estimation) §0] T}

O] HtollA] EEo}aIA} 5H= WEKA= FARE Qto]7}
E h8tul(The University of Waikato)olA] 7ikst Blo]E
ntoly 27§ AZEL0Jo|Th AHHIAVA)Z A% 0] ofH
ZAFME A 7hsotal, A HIoHE ARSSH A&
gt = QU1 AFEAE 2V st R EoA] AL g 4= QICH
OJA} 23 U (Decision Making Tree), A1835] 7 (Linear
Regression) & CIFet BA171H S Al&shy Hoks) 71Hat
AT 5 59 75k 7HRAL ACHLee, 2014).

3.1.2 Feature Selection 7|

Feature(58)= HE 9Jn|stal Feature Selection ¢
2 HoJHA ExHseo] Hbdo] & FUHSE 3=
H(Jain et al, 1997 OF 718 £2 Y52 BOE = 9
= H0]E Q] EEASH(Subset)S Ftopl= HHoIC) &, 7}
il e &Y & 4o 7H {88 Sdg Meiok= A
(Aurélien, 201902 ZSIT} Feature Selection®] XS B
7 52X 71 dRokA AEE EATE ARESo] g9
s 0] 7HssH, Aelg HlojE Q] o] 201501 Ael
S8 wEA it olof HlolE 24 ZutE Al 5o
&g A2 mjoll= Feature Selection0] £Q8F 18hE &1
Saurav Kaushik (2016)2 Feature SelectionS 2&5H 24
o8 g (Fig. 1)2F Z0] RAISHATE

— £

Set of All
Features

Selecting
the Best Subset

Learning
Algorithm

Fig. 1. Processing step using Feature Selection
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QILHWitten. L et al,, 2013).
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Table 3. Comparison on causes of change orders in the Middle East

Cause of Change Order | [1] [2] [3] [4] [5] [6]
SHSICH Fig. 2). Site Condition ° ° - [ °
Design Improvement [ J [} [ ] [ J [ J
Choose | CorrelationAttributeEval DESIQn Error . . .
Search Method Owner's Requirement [ ) [ ) [ [ J [
Choose |Ranker -T -1.7976931348623157E308 -N -
R External Factor ° ° ° ° °
‘Aulibnu Selection Mode ) Attribute selection output

=== Run information ===

r: weka.attributeSelection.CorrelationAttributeEval
weka.attributeSelection.Ranker T -1.7976931348623157E308 N -1
I

start Sto con

Fig. 2. Application of Feature Selection in WEKA Program
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AET ZE Q¥ QA (External Factor) 5€ 39 ZAME
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[1]: Abdulghafoor H.A.(2000) [2]: Alnuaimi et al. (2010)
[3]: Jamal & Ghaleb (2015)  [4]: Hashim et al. (2016)
[5]: Khanzadi et al. (2018) [6]: This research (2020)

E
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A29] ROl AEsIth 7 R QEOLE R W9l
tf A &0] oldf sigatH &2 AoAs AT Hel HE
(Scope Change)' @& E=25}01A} SHCL

RO ZWEL 1SO (International Organization for
Standardization), ASME (American Society of Mechanical
Engineers), IEEE (Institute of Electrical and Electronics
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Tl 24 A1 (Specification) 7} A EICE 2L EHE AE
S 7170 SAPIRE 8¢ 71 71%0] 857 % of
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A (Local Legislation or Regulation Change)' @2 T3}
A} Sk

ol9lof= ZLZAE F MA QF (Reschedule), A
off ZIE|o] YOLE UFEAL Z2HE F4: 0]F P& §
oA Al @F 89 ARE AAOLE AA] HOJH ZA}
HZAO] Hlof| SIESIK] LOoBF, o] ¢FLojA] =E8H 52
ZUE AHA 9] SAFRE |0l FelohH (Table 4)2}
Zrt

Table 4. Type of Change Order in Overseas Plant Construction

Type of Change Order | Code Description

Additional scope of work that are not stated in

Scope Change ¢ the contract, extension of works, and others

Change in design or structural system according

Owner’s Requirement | OR to Owner's preference

Site Specific SS | Unforseen site condition or natural phenomenon

Review various alternatives when the Owner

Feasibilfty Study FS plans to perform works out of the contract.

Changes according to the revision of international
IC | standard standards after the code cut-off date
agreed to in the contract

International Code &
Standard Change

Revision or suspension of laws or license agencies
by the government

Local Legislation or
Regulation or Change

7
i e SRR AP 5
= g9 7IRE UM, 222 SAFHEO] AJA[OIA FE A S
|

O|C}. (Table 5y= B4 T2 70| HOJE FYS LIst Al
B3} H ZARHZO] Jke nix]= Q01 B 7|Fo|Th

17

4.3 Feature Selection2 223+ ZAHHYA 21010t
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Feature Selectiong &-83t0] =& DAIE Q] SAMHA
I F8F QO AOIES] ERE 9IE HIush il Al 7HA]
LUE|BA SSHOE AA Hopt HE E 716 E R
Rl THeo2 = HE R 719 SQw7t =A LIEKITH
(Table 6).

Table 6. Ranking of importance between change orders and

4.2 BAIZHO| YL DIXE 70 Q01 28

H ALollA & ZARHZE |AQI0] Jekg Nkl Q9
£ Tha 710l weh AlEslket 5= Utk

(1) Fgs v AR 2ok= Q] SHE Ad Aox
(Engineering - Procurement - Construction - Commissioning)
of| whet A, T, A1, AlRRQ] 47FA] 2Ok THESITE

(2) HE 5 g4 7712 ZARAE g7 Z2A4 200 o}
ot ATAR 72 5 ACE A, LFEAVE @F HE
Abeel g3t Belst R HelE ARt slotal 2
Hol= HF W9l 59 712 =M, EFAE AR 5
olst HAAR o thell AR HA T A=A
(Implementation Plan)E A|&sHH, YFA} 018 Hotst

Table 5. Affecting factors by change order

Category Factor Code Detailed Classification
Engineering ENG
Affecting Field Procurement PRO | (1) Yes

of Work Construction CON | @No

Commissioning COMM

Agreement of work
scope

AGREE

(1) Low : Under 6 months
EVAL | (2) Med : Over 6 months,
Under 1 year
Final price agreement | FINAL | (3) High: Over 1 year

Duration per
Change Order
Process

Evaluation of
implementation plan

Entire process duration | TOTAL

affecting factors
Change OneR Attribute | Correlation Attribute |  ReliefF Attribute
Order |Rank Evaluator Evaluator Evaluator
Type Importance| Factors |Importance| Factors |Importance| Factors
1 51.02 ENG 0.29 ENG 0.15 ENG
2 46.94 EVAL 0.19 EVAL 0.10 EVAL
3 42.86 FINAL 0.17 FINAL 0.10 CON
I 4 4184 TOTAL 0.17 TOTAL 0.07 TOTAL
A 5 40.82 | COMM 0.11 COMM 0.03 PRO
6 37.76 CON 0.11 PRO 0.02 COMM
7 36.74 | AGREE 0.09 AGREE 0.012 | AGREE
8 33.67 PRO 0.07 CON 0.01 FINAL
1 59.46 TOTAL 0.34 PRO 0.04 TOTAL
2 51.35 | AGREE 0.19 ENG 0.03 PRO
3 5135 | COMM 0.18 TOTAL 0 FINAL
4 48.65 EVAL 0.12 CON -0.01 ENG
5 5 4595 ENG 0.11 EVAL -0.01 CON
6 4595 PRO 0.04 COMM -0.03 | AGREE
7 4595 FINAL 0.03 AGREE -0.04 EVAL
8 40.54 CON 0 FINAL -0.04 |COMM
1 56.52 COMM 0.58 PRO 0.1874 EVAL
2 47.83 AGREE 043 EVAL 0.13 PRO
3 4783 PRO 0.21 COMM 0.07 TOTAL
4 4348 TOTAL 0.20 AGREE 0.03 ENG
c 5 39.13 FINAL 0.16 TOTAL 0 AGREE
6 30.43 EVAL 0.10 FINAL -0.02 CON
7 21.74 ENG 0.09 CON -0.04 FINAL
8 17.39 CON 0.04 ENG -0.08 |COMM
1 47.06 ENG 0.37 CON 0.14 TOTAL
2 35.29 CON 0.35 FINAL 0.12 EVAL
3 29.41 PRO 0.34 TOTAL 0.08 ENG
4 23.53 TOTAL 0.25 PRO 0 AGREE
R 5 2353 | COMM 0.22 EVAL -0.05 PRO
6 23.53 FINAL 0.12 ENG -0.06 FINAL
7 23.53 EVAL 0.06 COMM -0.08 CON
8 5.88 AGREE 0 AGREE -0.12  |COMM

68 s=AMmRIse] =28 X223 H2S 20211 3

T



SAHAZEO] dsk= 4% A 2ol 7He w2

|

S sdsty] Qlsl7] fleiM A 2okl 7IsAre B B
e Aok AEVH FRLE OF O|FOjKof SHttal g 4=
UCEL TR OE SRVt =7 AEE HE fF 7Pk
BPE AWML HIET HE aA=lo] tieh Bt 4
E = SR @718t B8 SAF 7R AIK Ths
JO] =The QnI= oA & o UCh metk] SARE =22
Az o] Qo] Z2RE He] A2 JF 7 A&
olF W9 sl4l 7Rte SR or #efstal, siVIkE
O] &715t d 8% dFAMl 34| A US55 Sl 37
RHE ALofe 5lojof St SR 619 QY0 == HE
P SAVII0] SSEOE LIRS ZIO=E HO}, O] JA
W fe] SRVt A oR Wkl g = QI

432 SMHAZ EAE FF 2 58 2Y

SARRZO] 7 vivish) sk R B9 HE0A
= 7 2ot 2E wid AR 7k SQET Tl
HOZ =7 UERATKTable 6). Ol 71& Aol gl
RV 7P e REY &8 QFo| Bo] dsk=
Zolgtal olsiet = QICh Wta] ZZHE ] Z=A|0)A]
= 97 EHel Haol titt RF8s Be 4% 7 2okl A

LFRQLS] A Ot A RS ZEAbeat AlCFAR
o] 2RI7H HHSHA] Fes A At B Ve HYot
= RAEY 7150 ges Sl SAHIEE HElE oo
OIT]. 5 25 g &5 7RO SQ%7 52 20 |
Of AEQ AFO| RALIR] s SARHE Z2=A|lAE
A Ags NEH oz HUEY sfof & FQ7 QAT i
HE 29 o7 HE g SV AIRE 2ok S
= of? Qelor =EE 2107 HopHE A 7
ItiE oz A AL 5 Jeol HiwA FX] &

—

=Al #5F IE B V%0 mE HPolk = 8719 g
Q01 Z AR &of, 7o 2of, HE g 7Pk £
= =97F HlnA A eI Ol Z2AE S8y
S AR EHEN AR|EE 717 | Al 2
H =A 3529 71 B WA ARol AISAOR BS 2
1, g BRI WE QF 7hsde =7 Hot olof tiH]
£ Sl{ok Sttt T=ol, sie AT UAsto] AR}e] HE ¢
TAARIA ] 27RO KA ETEAL B AR Al
oF AARIM] tiet BERtel E7pIRto] @718t E E
S5 R meAA B FRAQ SEAA ggke 1l
- ke Zle ¥E Aele] SEAgeR Fojop g A
= HOIT} O]9 tiAA O = A7 {#0F, A& 20k HE &
O] EQE= MU O & UTH /M QT O]9t &

)

12 |0 mt 4o my 0

2 A date Hots ), =&l 35 IE B 7IE Wl
met dilichs SARHZS] 8] Qlojkes ¥ 2
9] dF HNHTH=, SAHET HAE =A I B 7|E

@)

s

o] WZAET olo] me} Qlgke W R Kol %7
31 W 49 B BRIE sob Skl & 5 Ak

IR MY T Q157 @A HE0AE AA Bol, AlZ
2ol 55 g4 g5 7179 £k o7t =
ENSATE Ol = AAS AlS BEopt IA] ¥t Q157 QA
of| TIZoHA RIS ote Y5 Boketal & 4 Qlal, =5 T
E SARHE golut vjudle o SApHZAo] &7ist € 7t
580] =l B 4= QIU) wheta], A4-dske =71 2 K99
A4 Q57 QI S HE Wlsh=E A9 E2% &
QAo Exst JSFQQIEs ¥e] 550 & FQ7t Qrh
TR 2 Al2A 2o} A5 319l 5971719 £Q %= thAlA
o W Aoz e mEd, sie 89 HEo QU
OAE= AR Boko] ZAMHE 7hsdo] Wil ¢F HQ
SY7I0] AHH O &2 BV AQE = A0 & 4= QUUh

ShE BrEx) QF Al §F 2, tiet & ot &
AFAZE QA thet Peks Hh= QOIE TSt 244k
TZ0] 0JHYLE O]= WEKA ZE2J2H0] 7|EA- o2 1070
9] Hloje] HRI2 Shgot=] Bhoto] sy SAMHE AIE
£ Y HolE7}E 1071 =201 AU = 1 Olete ik
Q71 whZofl, Machine Learning®] sk5 Tg§0] O 2H A

of si7lofl m=AE0] 3l
. olo] & GiolA FHe)
SUE 7140] 20 BARHZ Q) s s3ls
T A EE BEst0] EEE QIS0 Ju BAS
o Alarel ZAAZ BEIOH mRAIA S0l Z1olshAt
Sl O 4] 0 S Qofsi The 2rk

5, 71 704 ZRHE RIS 18] B9l S
0] HS FHs3 BARMAS UOIS A WYl W, 2
A BF IC 9 7)E W, B4 MY E st a7l ¥
2, R QAN S8 £ WA, ot AR 6782
S 4 Uk

S, SAHZ0] et Jge B Qs Ud AN
200 wEk A, A, i, AlRe] 471 i 2Ok, HE
o] 2220 miEt o 91 59, HE 4R 871 31

stmolemefsiE] =2 H22w H2S 2021932 H9

f12a]



ofot
rx

2
02
I
for

HIE 819, 2|5 S4 59 44 ¢l 7|7H0] & 82 712
g = Itk

AR, Feature Selection 7|HE 8510 ZAMHZAT}
Q HBFQQIE9] SQE T9IE Hlwst A1}, AAMEQl SA
HA A= A Fotof 7Fe B g0l ARl Theo=
= HE gF gUt 7RICE LEROH, 5Q% F6ie] @
CloE&= HE AR S97RI0] =EEUCE FAKAE A9l
HE W R He] HEFoA= Tl 2okt FE g4k &
TR SR =% HE F oo H HE R &
717 ZERL = AHHORE W ZOF LIERITE =Al
#F A H VE HE A= AlA 2Oof, il £2of, WA
AR HI7PRRIY SQ%7t AUt og =@kl AA Hof,
Al F2of, HE ZH |7 IRe] o27F WAt SIA] WY
T = Q57 QA WA M= A Bol AlS 2ok 25 &
A AETRRIO] EQE7F =11, AIRA 2of, g5 Hel 59
71210 EQE7} A LIEFKITE.

Ol9t &2 BA Z1E Sdfl ofle &
£ &Y of=tl Ao WRAOoZ = Halst ZAMHE 2
Hgks ok, QRA O 2= WFEA- AR FHAY Al
& 50] A AN " 701 Hlg B g WX|oh=s 9
0] 7ksg Z10|etal TetELE.

oHH, 0] Ot BSAMY B A SAE tide=
Atsto] TRIAQL dile] Ad SARZY] tiRde 27l
oL}, E=ol, AR SAMHE AlQ] 49= 24 TIolE7}
FESI0] Al g 8150] E7kscto] 2iE EEGIHA]
ZEH SAZE QIC g% F71EQ] SARHE AlQF Hal
tfde &% HlojE 245 Sot0] o9l 14 Z=AEQ)
SARHZO] Tieh gdch it Bl e et thet =97}
O]Fofd 4= A71E 7Itielt.

References

Abdulghafoor H.A. (2000). “Change Orders in Construct
ion Projects In Saudi Arabia.” MS thesis, King Fahd
University of Petroleum & Minerals.

ARCADIS (2019). Global Construction Disputes Report —
Laying the Foundation for Success, pp. 12-26.

Alnuaimi, A., Taha, R.A,, Mohammed A.M., and Al-Harthi,
AS. (2010). “Causes, Effects, Benefits, and Remedies
of Change Orders on Public Construction Projects
in Oman.” Journal of Construction Engineering and
Management, 136(5), pp. 615-622.

Aurélien, Géron (2019). Hands-On Machine Learning with
Scikit-Learn, Keras, and Tensorflow, 2nd Ed., O'Reilly
Media.

Bae, Y.H. (2020). “Analysis of Low Oil Price due to

70 s=2A4mee] =28 &223 H2g 20214 39

COVID-19 and Major Oil Refineries in the Middle East.”
Journal of CEO and Management Studies, 23(1), pp.
167-187.

Chung, H.S. (2016). “Contract Interpretation of Scope of
Works in Case of Employer’s Exercise of its Right
to Variations in International Construction Contract
focusing on England Cases.” Korea Lawyers Association,
65(2), pp. 66-110.

Cho, S.J., and Kang, S.H.(2016). “Industrial Application of
Machine Learning(Artificial Intelligence).” Industrial
Engineering Magazine, Korea Institute of Industrial
Engineers, 23(2), pp. 34-38.

Choi, SW. (2019). “Forecasting Construction Manage -ment
Staffing Requirements for Petrochemical Plants with
Data Mining Models.” MS thesis, University of Seoul.

FIDIC (2017). Conditions of Contract for Construction,
Conditions of Contract for Plant & Design Build,
Conditions of Contract for EPC/Turnkey Projects.

Hanna, A.S., Camlic, R., Peterson, P.A., and Nordheim, E.V.
(2002). “Quantitative Definition of projects Impacted by
Change Orders.” Journal of Construction Engineering
and Management, 128(1), pp. 57-64.

Hashim H., Muhammad B.K., Soren M.L., and Zuhaib A.
(2016). “Impact of Variation Orders on Time and Cost
in Mega Hydropower Projects of Pakistan.” Journal of
Construction in Developing Countries, 21(2), pp. 37-53.

Heish, T, Lu, S.,, and Wu, C. (2004). “Statistical analysis of
causes for change orders in metropolitan public works.”
International Journal of Project Management, 22(8), pp.
679-686.

Hinze. J. (2001). Construction Contracts, 3rd Ed., Mc Graw -
Hill. New York, USA.

Tjaola, LA, and Iyagba, R.O. (2012). “A comparative Study of
Causes of Change Orders in Public Construction Project
in Nigeria and Oman.” Journal of Emerging Trends in
Economics and Manage. Sciences, 3(5), pp. 495-501.

Jain, A., and Zongker, D. (1997). “Feature Selection
. Evaluation, Application, and Small Sample
Performance.” [EEE Transactions on Pattern Analysis
and Machine Intelligence, 19(2), pp. 153-158.

Jamal, M.A., and Ghaleb, I.S. (2015). “Factors Affecting
Change Orders In Public Construction Projects.”
International Journal of Applied Science and
Technology, 5(6), pp. 56-63.

Jeong, D.G. (2017). “Trend on Artificial Intelligence
Technology and Its Related Industry.” Korea Institute
of Information Technology Magazine, 15(2), pp. 21-28.

Kang, S.B. (2016). “A Study of the Effects of Integrated
Project Management Maturity on the Project
Performance : Focus on Overseas Plant Construction
Project.” Doctoral dissertation, Hanyang University.



Feature Selectiong 283t 82| 449

Khanzadi, M., Nasirzadeh, F., and Dashti. M.S. (2018).
“Fuzzy Cognitive Map Approach to Analyze Causes of
Change Orders in Construction Projects.” Journal of
Construction Engineering and Management, 144(2),
01017111.

Kim, G.Y. (2016). “The Legal Study on the Resolution of
Dispute Aries due to Buyer’s Unilateral Variation in the
Plant Contract.” MS thesis, Korea University.

Kim, K.A. (2018). “An Estimation Model for the Additional
Overhead Cost of Extended Duration of Construction
by using the Case Based Reasoning (CBR) method.” MS
thesis, University of Seoul.

Korea Eximbank (KEXIM Bank) (2020). 2020 Semiannual
Report for Trend in Overseas Construction Industry.
Lee, D.H., Yoon, G.H., and Kim, J.J. (2019). “Development
of ITB Risk Mgt. Model Based on Al in Bidding Phase
for Oversea EPC Projects.” The Journal of Institute of
Internet, Broadcasting and Communication, 19(4), pp.

151-160.

Lee, J.S. (2014). “A Study on the Data Mining Preprocessing
Tool for Efficient Database Marketing.” Journal of
Digital Convergence, 12(11), pp. 257-2609.

Loch, C.H., and Terwiesch, C. (1999). “Accelerating the
process engineering change orders: Capacity and
congestion effects.” Journal of Product Innovation
Management, 16(2), pp. 145-159.

Moselhi, O., Assem, 1., and El-Rayes, K. (2005). “Change
orders impact on labor productivity.” Journal of
Construction Engineering and Management, 131(3), pp.
354-359.

Park, H., and Han, J. (2018). “Development of Overseas
Construction Big Issues based on Analysis of Big
Data.” Korean Journal of Construction Engineering and
Management, KICEM, 19(3), pp. 89-96.

Park, M., and Péna-Mora, F. (2003). “Dynamic change
management for construction : Introducing the change
cycle into model - based project management.” System
Dynamics Review, 19(3), pp. 213-242.

ok
>
T

X
po)
o
2
e
&
’—O
-+
ofM
ofn
L

i
|m
Y
nx
|H
Hu

2
|m
i
ofy
o0z
|o
hu

Saurav Kaushik (2016). Introduction to Feature Selection
methods with an example (or how to select the right
variables?), <http://www.Analytics Vidhya.com.) (Dec.
1, 2016).

Serag, E., Oloufa, A., Malone, L., and Radwan, E. (2010).
“Model for quantifying the impact of change orders on
project cost for U.S. roadwork construction.” Journal of
Construction Engineering and Management, 136(9), pp.
1015-1027.

Witten, Ian H., Frank, Eibe, Hall Mark A., and Lee, S.H.
(2013). Data mining : practical machine learning tools
and techniques with Java implementations, 3rd Edition,
Acorn Publishing Co.

Yeom, C.H., Shim, B.J,, and Lee, S. (2018). “A Study on the
Overseas New Town Project Development Strategy for
Korean Urban Engineering Firms Using AHP Analysis.”
Journal of CEO and Management Studies, 21(3), pp. 19-
317.

Yoon. J. (2017). “A Study on Derive Delay Factors based
on International Standard Contract at Building
Construction in the South-East Asia.” MS thesis,
University of Seoul.

20 3} 71919] sh9] 78 7= REHOR Hasha GHERS ORI, 20119 S7HHE0] 0lof 2 COVID-199] &
715t 5 THOIBIAQ) B 0] AHAIM sH9] 714 Aako] F7E AR olo] 47 AjsliEe] wHiEl V1S B8 17 ZXY

Blo|EIS GTSHIE, 812 sio] ANl TRl ol 1l AR

71& 4= A& ZoIth mtA] o] AFtoE S5 AEAIZ0IA

SR AN 39 9] AROT thFE 1 Qe SAMHEY] Aekd Z2AE fe] Wots MAISHIAL SIAICE 41 AA) el SH
E AEAARIE 84610 671K] £ SARHE |ole EEGIRIL ol met gaks He Qe 87IIE BRI 58] il

d 7|5t9] Th¥GH Feature Selection 7[HE &6 SQLE AR TAIS 7o 2M SAHIZN g8 Q01 ALo]9] Fojn|gh
HAIE T} SIRILE 018 Sofl Z2AE | ZHoIA WRA O Z= SARAZC] Heleh wo) dek 80 7ksotal, tielsezs
g 7R dE0z FHEQl 37] XS EXlstal HISAIE del7t 7hEse Z01etal THELL

7|9 E 1 ZAHZ, MAIHY, Feature Selection, 319 714, ZZAE e

stmolamefais] =2 H22w H2s 2021432 7]

it



