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Comparative Analysis of BIM Performance between Korea and China using IPA
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Abstract

Both Korea and China have designated BIM application compulsory targets to revitalize BIM in the construction industry and established a

BIM revitalization promotion plan. In order to obtain the expected effect of using BIM, it is necessary not only to purchase tools for BIM

use and to prepare related systems and organizations, but also to identify and reflect user requirements through periodic performance

evaluation from the user's point of view. Therefore, this study examines the strategies established for BIM activation in Korea and China,

evaluates each country's BIM utilization performance, checks the investment direction for each country's BIM activation, and derives key

improvement factors and improvement plans. The importance and performance of the expected effects of BIM are measured on a 7-point

scale for construction industry practitioners in Korea and China who have experience in using BIM. We verify whether there is a significant

difference in the importance and performance using t-test and derive priority improvement priorities for each country using IPA. According to

the results of the analysis, in Korea, the effects of high importance were also high in performance. This is judged to be the result of

relatively long-term investment based on a specific implementation plan for revitalizing BIM. On the other hand, unlike Korea, China does

not show a specific trend, and ‘Maintain relations with the client’ has the highest performance in both the design and construction stages. It

is judged that China is greatly influenced by external factors in the use of BIM. Through this, it is meaningful not only to identify

improvement plans for each country, but also to suggest the necessity of establishing a specific implementation plan while presenting the

characteristics of BIM utilization by adoption time.

Importance-Performance Analysis(IPA), Building Information Modeling(BIM), t-test, Korea and China
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Table 1. Design of questionnaires

Benefits

Importance

Performance

Higher design quality
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Table 2. Overview of the survey

o Korea China
Division Freq. Ratio Freq. Ratio
Organizational | Construction 61 56.0% 66 65.3%
type [ Architectural 35 32.1% 35 34.7%
Average work experience
related to construction 9.5 years 4.3 years
Average BIM-related
- 3.5 years 2 years
work experience
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Table 3. Implementation plan to activate BIM(PPS, 2010)

Short-term Mid-term Long-term
Div.
‘10 ‘ ‘11 ‘ ‘12 | ‘13 ‘ ‘14 ‘ ‘15 ‘16~
. . Budget reduction |Business innovation
Imprz\éllrilg %emgn through by expanding the
Goal ex qan di;y gIM development of 4D |application of BIM
g lic a%ion (Cost) design o the entire facility
PP management system business
A turnkey project
or a design public .
offering with a total Total construction
. | cost of 50 billion
Target | COnstruction cost ofiy " " ore amon All
8150 billion won or . 8
more among construction targeted
construction targeted| for total service
for total service
FPromotion of BIM Dedicated team to _lfg)trlhczggstrrlugéogm
orders through active| professionally manage management work
marketing BIM ordering nage W
- +Utilization of BIM
MethodrDevelopment of | business for construction
annual BIM ordering-Establishment of contract work
guidelines business management| g O BIM
FProvide incentives | system using 3D for total project cost
when applying BIM | model data . pro)
review
3D design improves | Improvement of
customer satisfaction Toltjal service cost/
rFacilitate the creation schedule emem-Reinforcement of
of BIM infrastructure -Eliminatenb]zundz get facility business
Benefit| in the private sector = innovation and

+Improvement of
design quality through
various reviews at
the design stage

waste factors by
minimizing design
changes in the
construction phase

financial execution
management
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Table 4. 2030 BIM activation roadmap (MOLIT, 2020)
Di Short-term Mid-term Long-term
v.
21 [ 2] 23 [ 24252 [27][28]29] 30
New New New
Apt. | public public public
(LH) |offering| offering offering
25% 50% 100%
PPS Customized Service Design
Management Project and Public Stage Scope
Public Construction Project Cost (KRW)
over 30 billion SD'DD/CD All
bldg. Archi/
20 billion to less than 30 billion | SDYDD/CD Structure
10 billion to less than 20 billion SD Archi.

) Buildings subject to|Buildings subject| More
Private cooperation with to resident than_
(design - related experts supervision | 500m
support) (TFA of 10,000n | (TFA of 2,000nt | in

or more, etc.) or more, etc.) TFA

SD: Schematic Design/ DD: Design Development/ CD:Construction Document
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Table 5. China's BIM application plan

Division Contents

- Improving the productivity and management level
of companies by disseminating BIM and 4D project
management technology

2011-2015 - BIM-based 3D design technology development
SIS ML | and research promotion

BIENFEE | - Research on the development of BIM-based 4D
(L5, 2011) | project management information system in
large-scale projects
- Complementing the information standard system
throughout the entire construction process

1) Informatization of design
Realize accumulation and sharing of specialized
information (such as architecture, structure, water
supply and heating, etc) by dissemination of
BIM-based integrated design and R&D of
BIM-based integrated design system and
2016-2020 cooperative work system
RS EME | 2) Informatization of construction
R - Spread the project management information
(FEEETT, 2016) | system and apply BIM in the construction stage
3) Informatization of construction supervision and
licensing
- BIM-based digitization performance grant,
examination and storage system research promotion
- BIM-based construction completion management
information system research promotion
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Table 6. BIM benefits of construction

Division Benefits

D1 | Higher design quality

D2 | Efficient clash detection

D3 | Cooperative design

D4 | Efficient design changes

Design | D5 | Time saving

stage D6 | BIM design reuse

D7 | Enhanced communication of the design intent

D8 | Efficient information sharing

D9 | Support of design bidding

D10| Maintain working relations with the client

C1 | Reduce change orders

C2 | Efficient and/or reduced shop drawings/documentation
C3 | Effectiveness of Safety management

C4 | Effectiveness of Material supply management

C5 | Increased construction quality

C6 | Installation support/instruction

C7 | Rework reduced

C8 | Effectiveness of environment management

Constructio -
stage C9 | Effectiveness of cost management

c1o Construction planning and construct-ability
assessment

C11| Facilitate scheduling/work sequencing improved
C12| Spatial coordination
C13| Reduced request for information

C14| Efficient construction tendering

C15| Maintain relations with the client

C16| Effectiveness of collaboration with sub-contractor
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Figure 1. The original IPA framework
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Table 7. The importance of benefits in the design stage

t-test Rank
Benefits ]\}[{(%lje]::i) N?(lél.n];.) t Korea | China
D1 5.97(0.98) | 5.37(1.09) -2.42%* 2 2
D2 6.29(0.75) | 4.86(1.96) -4.03%** 1 9
D3 5.26(1.04) | 4.97(1.15) -1.09 5 5
D4 4.97(1.32) | 5.49(1.44) 1.56 7 1
D5 4.29(1.69) | 5.09(1.46) 2.12%* 9 3
D6 5.00(1.46) | 4.71(1.41) -0.84 6 10
D7 5.69(0.90) | 4.91(1.40) -2.74%* 3 8
D8 5.66(1.03) | 4.97(1.44) -2.29%* 4 5
D9 4.20(1.80) | 4.94(1.37) 1.95* 10 7
D10 4.60(1.58) | 5.00(1.55) 1.07 8 4
Average 5.19 5.03

#% p<(.01 ** p<0.05 * p<0.l
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Table 8. The performance of benefits in the design stage

t-test Rank
Benefits NI{((%%) N?(}él'n];) t Korea China
D1 5.82(1.21) | 5.37(1.06) -1.62 2 1
D2 6.21(0.82) | 5.06(1.64) | -3.70*** 1 5
D3 5.03(1.05) | 4.94(1.21) -0.32 5 8
D4 4.45(1.58) | 4.63(1.88) 041 8 10
D5 3.45(1.58) | 5.00(1.33) | 4.37*** 10 6
D6 4.91(1.16) | 5.29(1.15) 1.35 6 2
D7 5.45(0.94) | 4.86(1.42) -2.04* 3 9
D8 5.36(1.17) | 5.09(1.31) -0.92 4 4
D9 3.97(1.65) | 5.00(1.46) 2.74%** 9 6
D10 4.55(1.48) | 5.20(1.16) 2.04* 7 3
Average 4.92 5.04

#% 0.0l ** p<0.05 * p<0.1
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Table 9. Comparison of importance-performance in Korea

t-test Importance-Performance
Benefits | Importance |Performance ¢ G Rank
M(S.D.) | M(S.D.) ap an
Dl 5.97(0.98) | 5.82(1.21) | 0.57 -0.15 7
D2 6.29(0.75) | 6.21(0.82) | 0.39 -0.07 9
D3 5.26(1.04) | 5.03(1.05) | 0.90 -0.23 6
D4 4.97(1.32) | 4.45(1.58) | 1.47 -0.52 2
D5 4.29(1.69) | 3.45(1.58) |2.09** -0.83 1
D6 5.00(1.46) | 491(1.16) | 0.28 -0.09 8
D7 5.69(0.90) | 5.45(0.94) | 1.04 -0.23 4
D8 5.66(1.03) | 5.36(1.17) | 1.10 -0.29 3
D9 4.20(1.80) | 3.97(1.65) | 0.55 -0.23 5
D10 4.60(1.58) | 4.55(1.48) | 0.15 -0.05 10
Average 5.19 4.92

*** p<0.01 ** p<0.05 * p<0.1
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Figure 2. IPA of benefits in the design stage (Korea)
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Table 10. Comparison of importance-performance in China

t-test Importance-Performance

Benefits | Importance |Performance
M@SD) | MSD) | ¢ Gap Rank

D8 4.97(1.44) | 5.091.31) | -0.35 0.11
D9 4.94(1.37) | 5.00(1.46) | -0.17 0.06
D10 5.00(1.55) | 5.20(1.16) | -0.61 0.20
Average 5.03 5.04
*** p<0.01 ** p<0.05 * p<0.1

DI | 5.37(1.09) | 5.37(1.06) | 0.00 0.00 5
D2 | 4.86(1.96) | 5.06(1.64) | -0.46 0.20 8
D3 | 4.97(1.15) | 4.94(1.21) | 0.10 -0.03 4
D4 | 5.49(1.44) | 4.63(1.88) | 2.14%* | 0.86 1
D5 | 5.09(1.46) | 5.00(1.33) | 0.26 -0.09 2
D6 | 4.71(1.41) | 5.29(1.15) | -1.86* | 0.57 10
D7 | 4.91(1.40) | 4.86(1.42) | 0.17 -0.06 3
7
6
8
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Figure 3. IPA of benefits in the design stage (China)
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Table 11. Comparison of IPA in Korea and China
Benefits in design stage Korea | China
D1 Higher design quality Q2 Q2
D2 Efficient clash detection Q2 Q4
D3 Cooperative design Q2 Q3
D4 Efficient design changes Q3 Ql
D5 Time saving Q3 Ql
D6 BIM design reuse Q3 Q4
D7 Enhanced communication of the design intent | Q2 Q3
D8 Efficient information sharing Q2 Q4
D9 Support of design bidding Q3 Q3
D10 Maintain working relations with the client Q3 Q4

QI: Priority improvement, Q2: Maintenance and reinforcement,
Q3: Progressive improvement, Q4: Continuous maintenance
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e 'Y FHCH, LTHAEN e a3 FY
(CY’ <=oldth o] F “HAAY 2 A8 HE a3

A GAHCL0° B AT Bl EI FHCY ol
F23} F3o] FEOE FaHThL YZehE Gl

t-test Rank
Benefits A/Iﬁ%fg) N([:(}él_nﬁ) t Korea | China
C1 5.02(1.42) | 5.48(1.13) 2.01* 10 1
2 531(1.21) | 431(1.58) | -3.91%*** 6 16
C3 4.47(1.41) | 4.73(1.51) 0.95 15 12
Cc4 4.76(1.24) | 5.03(1.71) 1.00 14 4
C5 4.81(1.32) | 4.85(1.62) 0.15 12 9
Co6 5.12(1.15) | 4.73(1.68) -1.51 8 12
Cc7 5.36(1.31) | 4.95(1.45) -1.60 4 7
C8 4.39(1.53) | 5.06(1.49) 2.45%* 16 3
c9 5.36(1.05) | 5.02(1.56) -1.41 4 5
C10 5.66(1.06) | 5.13(1.54) -2.22%* 1 2
Cl1 5.58(1.13) | 4.74(1.61) | -3.31%*** 2 11
C12 5.42(1.10) | 4.89(1.51) -2.23%* 3 8
Cl13 4.80(1.23) | 4.68(1.71) -0.44 13 14
Cl4 5.00(1.31) | 4.48(1.55) -1.98* 11 15
Cl5 5.08(1.24) | 4.81(1.45) -1.14 9 10
Cl6 5.17(1.05) | 5.02(1.50) -0.65 7 5
Average 5.08 4.87
*kk p<0.01 ** p<0.05 * p<0.1
4.2 ANFEA 1 EFe] i3 A A
ANZGA Z1HEaHe] Aol ds =34 F= 119
zlol & AW EY] 3 =¥ t-testE AAIG AIN(Table
13 ), ‘AANF 8F TACT, ‘DAAE Z A

F= &
A HE B FHCL0)° , ‘shop drawings 4 Ha
2 EEA FHC o FoHIF AolE BFoH, BT
o] FHET 5L AHE EATh

FTAEY A9 599 Bt ol dsiAe =
< HEAY 9 ANFA HE ZARY FHCL0), A
AlFA#E7T B FHCLD’ , AlF @32 THA
go & FHCL2 , ‘AANF 2F ZA&CH, ‘4

7} IAFEH] #E] &34 FHCI)’ oA, e ub
Farete] Qv dF #A FA(C15), ‘LA/[TABE
b &34 4ClD)’ , EAAY adAg F4ChH’, A

B} FFo] o AW} wrhn AZeE 5ol

Table 13. The performance of benefits in construction stage

C5 4.56(1.28) | 4.95(1.56) 1.48 14 3
Co6 4.95(1.25) | 4.94(1.35) -0.05 9 4
Cc7 5.11(1.14) | 4.58(1.72) -1.97* 4 15
C8 4.33(1.38) | 4.76(1.70) 1.49 16 12
c9 5.04(1.27) | 4.73(1.62) -1.15 5 13
C10 5.46(1.09) | 4.66(1.79) | -2.95%** 1 14
Cl1 5.26(1.22) | 5.05(1.38) -0.90 2 2
Ci12 5.18(1.21) | 4.82(1.60) -1.36 3 10
C13 4.72(1.24) | 4.94(1.71) 0.80 11 4
Cl4 4.72(1.41) | 4.81(1.60) 0.31 11 11
Cl15 5.00(1.22) | 5.13(1.42) 0.53 8 1
Cl6 5.04(0.98) | 4.92(1.53) -0.50 5 6
Average 4.90 4.84

t-test Rank
Benefits Korea China .
M(S.D.) M(S.D.) t Korea China
Cl 4.89(1.30) | 4.89(1.42) -0.03 10 8
Cc2 5.02(1.14) | 4.45(1.61) | -2.23** 7 16
C3 4.46(1.34) | 4.92(1.71) 1.64 15 6
Cc4 4.61(1.33) | 4.84(1.56) 0.84 13 9

*¥** p<0.01 ** p<0.05 * p<0.1
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Table 14. Comparison of importance-performance in Korea

t-test Importance-Performance
Benefits |Importance|Performance
MSD) | MSDy t Gap Rank
Cl 5.02(1.42)| 4.89(1.30) | 0.48 -0.12 12
C2 531(1.21)] 5.02(1.14) | 1.32 -0.29 3
C3 447(141)| 446(1.34) | 0.07 -0.02 16
C4 4.76(1.24)| 4.61(1.33) | 0.62 -0.15 10
C5 4.81(1.32)| 4.56(1.28) | 1.04 -0.25 5
C6 5.12(1.15)| 4.95(1.25) | 0.77 -0.17 9
Cc7 5.36(1.31)| 5.11(1.14) | 1.10 -0.25 6
C8 4.39(1.53) | 4.33(1.38) | 0.21 -0.06 15
c9 5.36(1.05)| 5.04(1.27) 1.49 -0.32 1
C10 5.66(1.06) | 5.46(1.09) | 1.03 -0.20 8
Cl1 5.58(1.13)| 5.26(1.22) 1.43 -0.31 2
Cl12 5.42(1.10)| 5.18(1.21) 1.16 -0.25 7
C13 4.80(1.23)| 4.72(1.24) | 0.34 -0.08 14
Cl4 5.00(1.31)| 4.72(1.41) | 1.11 -0.28 4
Cl15 5.08(1.24)| 5.00(1.22) | 0.37 -0.08 13
Cl6 5.17(1.05)| 5.04(0.98) | 0.71 -0.13 11
Average 5.08 4.90

#*% p<(.01 ** p<0.05 * p<0.1
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Figure 4. IPA of benefits in the Construction stage (Korea)

2) &=

AFaA ZEHe] Faset A 21 zolE A
HH17] 93l 58 t-test& g A3 (Table 15 =),
‘WA 8 ZACD’ o tEiARE fojHgk xfol&
dor, Fo=7 AR E9th

Table 15. Comparison of importance-performance in China

t-test Importance-Performance

Benefits | Importance | Performance
M(S.D.) M(S.D.) t Gap Rank

Cl 5.48(1.13) | 4.89(1.42) | 2.60** -0.60 1
Cc2 4.31(1.58) | 4.45(1.61) | -0.51 0.15 10
C3 4.73(1.51) | 4.92(1.71) | -0.67 0.19 11
Cc4 5.03(1.71) | 4.84(1.56) | 0.66 -0.19 6
Cs5 4.85(1.62) | 4.95(1.56) | -0.34 0.10 9
Co 4.73(1.68) | 4.94(1.35) | -0.77 0.21 12
Cc7 4.95(1.45) | 4.58(1.72) 1.30 -0.37 3
C8 5.06(1.49) | 4.76(1.70) 1.07 -0.31 4
c9 5.02(1.56) | 4.73(1.62) 1.02 -0.29 5
C10 | 5.13(1.54) | 4.66(1.79) 1.56 -0.47 2
Cl1 4.74(1.61) | 5.05(1.38) | -1.14 0.31 14
Cl12 | 4.89(1.51) | 4.82(1.60) | 0.23 -0.06 8
C13 | 4.68(1.71) | 4.94(1.71) | -0.84 0.26 13
Cl4 | 4.48(1.55) | 4.81(1.60) | -1.14 0.32 16
Cl5 | 4.81(1.45) | 5.13(1.42) | -1.25 0.32 15
Cl6 | 5.02(1.50) | 4.92(1.53) | 0.36 -0.10 7
Average 4.87 4.84

##% p<0.01 ** p<0.05 * p<0.1
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Figure 5. IPA of benefits in the Construction stage (China)
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Table 16. Comparison of IPA in Korea and China

Benefits in construction stage Korea|China
C1 Reduce change orders Q4 | Q2
C2 Efficient and/or reduced shop drawings/documentation | Q2 | Q3
C3 Effectiveness of safety management Q4 | Q2
C4 Effectiveness of material supply management Q4 | Q4
C5 Increased construction quality Q4 | Q4
C6 Installation support/instruction Q2 | Q4
C7 Rework reduced Q2 | QI
C15 Effectiveness of environment management Q4 | QI
C16 Effectiveness of cost management Q2 | Q1

C8 Construction planning and construct-ability assessment| Q2 | QI

C9 Facilitate scheduling/ work sequencing improved Q2 | Q4

C10 Spatial coordination Q2 | Q2
C11 Reduced request for information Q4 | Q4
C12 Efficient construction tendering Q4 | Q3
C13 Maintain relations with the client Q2 | Q4

C14 Effectiveness of collaboration with sub-contractor | Q2 | Q2

QI: Priority improvement, Q2: Maintenance and reinforcement,
Q3: Progressive improvement, Q4: Continuous maintenance
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