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Factors Affecting the BIM Acceptance of Construction Managers

Chung, Yongche!, Chin, Sangyoon®

"Department of Convergence Engineering for Future City, Sungkyunkwan University

Abstract : Construction Management(CM) and Building Information Management(BIM) have a lot in common that they
need to establish a cooperation system among different disciplines and promote smooth communication among project
stakeholders throughout the project life—cycle. BIM can be an effective information management tool for CM’s business
and improve their service value, However, BIM uses by Construction Managers(CMr) are very limited, The objective of
this study is to analyze the intention of CMrs to adopt BIM and establish effective BIM use strategy in the CMr’s point of
view. This study utilizes Technology Acceptance Model(TAM) as a research method, and the results show that 1) CMrs
think it is more important whether BIM is required to be adopted in their business process at the social or industry
level than that BIM can improve their personal competence, recognition, and impressions through their voluntary BIM
adoption; 2) that CMrs think it is important to figure out business processes where BIM can be smoothly incorporated:
and 3) that CMrs hesitate the use and trial of BIM in their realworld business although they agree that BIM needs to
be eventually adopted in their business in the future, Based on these results, directions for establish a strategy for BIM
adoption were proposed at the CMr’s point of view.,
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«  Overview of BIM acceptance & CM'’s BIM application

Literature review
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«  Overview of TAM's definition and features

Derivation of Derivation of BIM acceptance variable

BIM acceptance
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Survey &
Numerical study
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Structural equation &
Analysis of BIM acceptance
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Derivation of BIM acceptance measure

«  Conducted a survey of the domestic CMr
«  Validity and analysis of the measured variable

Hypothesis verification of research model
«  Analysis of BIM acceptance

Conclusion

Fig. 1. Research procedure
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Table 1. Independent variable

Classification Independent variable

Social influence |Subject norm, Image

Job influence  |Job relevance, Output quality, Result demonstrability

Personal influence |Self efficacy, Personal innovativeness
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Fig. 4. Research model
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Table 2. Measurement items derivation in this study
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Classification Variable Definition Measurement item Source
U1 Positive utilization
Dependent Variable | 1U | intention to Use Level of intention to use BIM | U2 Active utilization Venkatesh and Davis(2000), Kim
P or plan to use U3 Active promotion et al.(2009), Park(2014)
U4 Continuous connection
Level of balieving use of PU1 Performance improvements
U Perceived BIM is bro ort\ong\ to work PU2 Productivity improvements Venkatesh and Davis(2000), Kim
Usefulness proport PU3 Job satisfaction et al.(2009), Park(2014)
performance improvement
Parameter Variable PU4 Job usefulness
PE1 | Understanding the interaction of technology
e Perceived Ease | Level of believing BIM could |PE2 Convenience of technical use Venkatesh and Davis(2000), Kim
of use be easily used PE3 Degree of technical utilization et al.(2009), Park(2014)
PE4 Acquire the desired result
. ) SN1 Influence by surrounding people )
o Level of Social or Industrial — : Venkatesh and Davis(2000), Lee
SN | Subjective Norm Accentance SN2 |Recognition of the important people to me and Lee(2006). Kim et al.(2009)
Social P SN3 Role of CM A ) ’
influence Level qf perceiving use of | IM1 Awareness improvemgnts Venkatesh and Davis(2000), Lee
IM Image BIM will probably improve IM2 Strengthening of ability .
. - and Lee(2006), Kim et al.(2009),
one's image and competency | IM3 Strengthening of competency
JR1 Importance in the current work
Level of believing BIM can be | JR2 Associated with the current work Venkatesh and Davis(2000),
JR | Job Relevance |. ) s - -
incoporated into one’ s work | JR3 | Easily accommodated in the current work Park(2014)
JR4 Utilization in the current work
) Job ) Level of believing BIM helps oa Quality of the resultljg Venkatesh and Davis(2000),
Independent| influence |OQ| Output Quality one with a better performance 0Q2 Accuracy of the resulting Park(2014)
Variable P 0Q3 Adequacy of the information
Level of believing the BIM— |RD th icati
Result evel of believing the ! Smoo commumcg on Venkatesh and Davis(2000),
RD Demonstrabilit based results can be clear, |RD2 Easy of result delivery Park(2014)
Y observed, and acceptable |RD3 Clarity of using the results
E Vol | i
Level of confidence that use ZE; T;l\r/l]t:;yuceaatrizl:g Lee and Lee(2006), Kim et
SE | Self Efficacy |of BIM can lead to successful —— al.(2009), Park and Kim(2013),
¢ SE3 Time investment Bac(2013)
Personal periormance SE4 BIM procedures ae
influence PI1 Reception of BIM
P Personal Level of initiative of using BIM| PI2 Use of BIM Kim et al.(2009), Park and
Innovativeness earlier than others PI3 Awareness of BIM Kim(2013)
Pl4 Try of BIM
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Table 3. Acceptance analysis through based surveys

Classification BIM Interest BIM Necessity
Average 419 4.41

£, @A) BIMO| A8 OMIRAEC KA, 2|2
A B)oll Holsisrol Bl 13] ol Hofat vigo) 579
o], 48] oA} Holdh ML 20 Lrehtom, 24/
BIMI} T QFAAAE LR HEH(E4%) O o] ol

B zero
m Not applicable
B 1time RE
m Some partially applied
B 2time .
m Most application
B 3time e
m Full application
B 4 more time

a) BIM project participation b) Establishment of BIM work procedures

Fig. 5. BIM application project participation and procedure
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gk 2lxo] 7P VA Urebde,

Lack of BIM recognition of the contractor 31

Lack of BIM recognition of the architect 278

Lack of BIM recognition of the CM 298

Lack of BIM recognition of the owner 3.68
o 1 2 3 4

Fig. 6. lack of BIM recognition of construction participants
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BIM advantage labor shortages

Lack of BIM education

BIM process to build links incomplete

Lack of role for the BIM

Lack of scope and guidelines of BIM

Difficult of combination or mixture
in the existing CM works

0o . 2 3 4

Fig. 7. BIM advantage impediments in CM
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Fig. 9. The advantage of step-by-step work of CM
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131 9) 0 H(Joo and Kim 2013, Lee and Joo 2014), A=<
71e EQlt TRE w2 Aol A8 QtHKim et al,
2009, Kim et al, 2013, Bae 2013),

5.4 EIEE 2 ME|E 2AM

B Lol ARESE PLS 21§ o] e}l Alx A
2 ¢8| =HEF=(Convergent validity)} HHHENG =
(Discriminant validity)S 2FQ1sk3ich

Arr g o] A AeHE (Overall model fit)2] 2L ==
& HatriEAHAverage Variance Extracted: ©]3} AVE)Z}]
0,504, Cronbachs Alpha 0,704}, Z&HA1214(Composite
Reliablity) 0,704+ o]ojoF 3l (Fornell and Larcker 1981)
2423 9] A3MdE Uebdis Commutitygh 24~ 0,50]
A} o]ofok SHHKim and Cho 2011),

3 2R ASHIAES Tt 7ol He
Redundancygt-2 %2] #HChin 1998), =% 39| Ages
Uehf= R Squaregk 4H0.26014), 50.13014 0.26]
1), 3K0.0201 0.137]9h = F-23HHCohen 1998).

npxjato 2 w23 AA A3He (Goodness—of—fit)= HE
UIH4=2] R Squaredte] B¢kt Community2] Btk
S H3 3, o] AlESh ghe s Wit 11 ghe] A7
e} %H0,3601), 5(0.25014 0.36119h), sHO.1014 0.25
njehRE RS X4 010108 715 AAISkL Stk
(Tenenhaus et al 2005).

& A7) A Ajtew thaa}t ArhTable 4). WHER
Lol A A% Table 29] JR3(Easily Accomodated in the

TEAGERIS| BM 30 G&E Dlxl= 29! 37

Current Work: #¢5of BIM=8-80] A%)2 |23t A4
H=o] AVE, 23414, Cronbaachs Alpha, Community,
Redundancy®] gto] B 7|5& S5A1%.9H, R Squared)
2 IM9] 73--0.207)& Al T gro] B5F A SEAIA
15 ZA|9] 3w (0,565)= - =2 A= YERTh w
2hA] HE Bl ek Bt AR =2 A0 R e
L2 A o] e = TSk 21082 eyt

Table 4. Overall model fit

Variable | AVE %’;H;&m& Sqt?are Crc;\r:gszh‘s Community | Redundancy
IM |0.736| 0.893 0.207 0.821 0.736 0.151
U ]0.793| 0.939 0.410 0.913 0.793 0.262
JR |0.715| 0.882 - 0.797 0.715 -
0Q |0.798| 0.922 - 0.873 0.798 -
PE |0.640| 0.877 0.364 0.813 0.640 0.019
PI 0.707 | 0.906 - 0.863 0.707 -
PU ]0.777| 0.933 0.552 0.904 0.777 0.003
RD |0.759| 0.904 - 0.839 0.759 -
SE |0.560| 0.835 - 0.751 0.560 -
SN | 0.746| 0.897 - 0.826 0.746 -

Goodness—of—fit : 0.565

5.5 HHEHEIGE

e == o A7) Qu|sl= 7ido] o 2
Apizee] Azt B HES Uehiolim and Cho
2011), theatk 22 270 WA Aok gl

2t wigeol SRR 7 89 Hazte] 0.5 olololok
S (Fornell & Larcker 1981), 221 ZzjZlo] thE ¥4
gt W} @9l AL #oF SHH(Straub et al 2004,
Gefen and Straub 2005).

2 A+t el = tha ZeH(Table 5).

Table 5. Discriminant validity

Variable| IM | IU | JR | OQ | PE | Pl | PU | RD | SE | SN
IM1 | 0.838 | 0.373 1 0.326 | 0.190 | 0.309 | 0.074 | 0.385 | 0.203 | 0.315 | 0.393
IM | IM2 | 0.863 | 0.453 | 0.334 | 0.252 | 0.276 | 0.202 | 0.291 | 0.114 | 0.269 | 0.355
IM3 | 0.871 | 0.501 | 0.389 | 0.362 | 0.264 | 0.284 | 0.304 | 0.200 | 0.261 | 0.417
U1 | 0.466 | 0.843 | 0.547 | 0.478 | 0.464 | 0.419 | 0.524 | 0.437 | 0.342 | 0.263
U2 | 0.502 | 0.880 | 0.501 | 0.384 | 0.562 | 0.486 | 0.408 | 0.368 | 0.463 | 0.332
U3 | 0.440 | 0.934 | 0.544 | 0.464 | 0.499 | 0.342 | 0.436 | 0.423 | 0.361 | 0.287
U4 | 0.421|0.903 | 0.551 | 0.407 | 0.581 | 0.412 | 0.447 | 0.406 | 0.421 | 0.364
JR1[0.387 | 0.495 | 0.908 | 0.462 | 0.345 | 0.310 | 0.604 | 0.268 | 0.370 | 0.361
JR | JR2 ] 0.31410.489 | 0.888 | 0.449 | 0.273 | 0.399 | 0.584 | 0.285 | 0.522 | 0.384
JR4(0.337 | 0.563 | 0.729 | 0.523 | 0.315 | 0.354 | 0.467 | 0.339 | 0.347 | 0.244
0Q1{0.332|0.436 | 0.534 | 0.913 | 0.306 | 0.260 | 0.453 | 0.249 | 0.143 | 0.246
0Q |0Q2]0.219 | 0.446 | 0.522 | 0.907 | 0.253 | 0.281 | 0.437 | 0.304 | 0.222 | 0.247
0Q3{0.282|0.418 | 0.434 | 0.858 | 0.402 | 0.315 | 0.415 | 0.397 | 0.290 | 0.161
PE1|0.190 | 0.468 | 0.256 | 0.301 | 0.789 | 0.309 | 0.235 | 0.571 | 0.367 | 0.050
PE2|0.330 | 0.622 | 0.356 | 0.277 | 0.825 | 0.258 | 0.432 | 0.417 | 0.365 | 0.112
PE3|0.219|0.376 | 0.218 | 0.290 | 0.789 | 0.277 | 0.467 | 0.313 | 0.352 | 0.232
PE4 | 0.308 | 0.406 | 0.326 | 0.277 | 0.797 | 0.207 | 0.494 | 0.374 | 0.407 | 0.278

PE
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PI1 1 0.247 | 0.382|0.357 | 0.290 | 0.248 | 0.853 | 0.276 | 0.141 | 0.439 | 0.358
PI2 10.118|0.297 | 0.341 | 0.247| 0.210 | 0.833 | 0.248 | 0.112| 0.433 | 0.306
PI3 1 0.188 | 0.388 | 0.360 | 0.256 | 0.254 | 0.793 | 0.128 | 0.299 | 0.499 | 0.243
PI4 1 0.166 | 0.465| 0.347 | 0.275| 0.351 | 0.881 | 0.285 | 0.332 | 0.519 | 0.280
PU1 | 0.376 | 0.446 | 0.568 | 0.401 | 0.466 | 0.286 | 0.902 | 0.405 | 0.301 | 0.346
PU2|0.297 | 0.392 | 0.482 | 0.385| 0.475|0.132 | 0.845 | 0.318 | 0.318 | 0.303
PU3 | 0.304 | 0.424 | 0.600 | 0.458 | 0.387 | 0.191 | 0.885 | 0.291 | 0.303 | 0.462
PU4|0.371]0.522 | 0.647 | 0.465 | 0.468 | 0.362 | 0.892 | 0.343 | 0.363 | 0.406
RD1|0.093|0.328 | 0.166 | 0.161 | 0.460 | 0.263 | 0.253 | 0.849 | 0.298 | 0.070
RD |RD2|0.172|0.436 | 0.283 | 0.346 | 0.521 | 0.297 | 0.351 | 0.940 | 0.362 | 0.074
RD3 | 0.268 | 0.428 | 0.453 | 0.403 | 0.383 | 0.166 | 0.400 | 0.820 | 0.277 | 0.186
SE1[0.127]0.356 | 0.332|0.170 | 0.379 | 0.555 | 0.271 | 0.289 | 0.711 | 0.373
SE2|0.220 | 0.261 | 0.428 | 0.206 | 0.260 | 0.511 | 0.248 | 0.188 | 0.752 | 0.357
SE3|0.162 | 0.153 | 0.355 | 0.140 | 0.171 | 0.366 | 0.204 | 0.240 | 0.652 | 0.249
SE4{0.409 | 0.449 | 0.392 | 0.204 | 0.462 | 0.319 | 0.335| 0.329 | 0.864 | 0.475
SN1|0.398|0.255|0.292 | 0.185| 0.132 | 0.201 | 0.343 | 0.073 | 0.414 | 0.909
SN | SN2|0.402|0.178 | 0.269 | 0.135| 0.094 | 0.185 | 0.324 | 0.050 | 0.429 | 0.901
SN3 | 0.373|0.455| 0.444 | 0.302 | 0.294 | 0.492 | 0.440 | 0.189 | 0.465 | 0.774

Pl

PU

SE

JR39] 7%, 81 HAgro] 0.50]82 Lheht AAslde
o o]5 A|eJet vhiEgE A An) BE wAkaldl quH
2H(Table 52] S EA| ¥ HE)o] th2 Zxs=o] 9o 2]
At & A0& Yehd SEEdEE 7HAAL Qs Ae
= e

5.6 AFZHEHH A

AR A3k AR 29 o 7he] Al
7 golaforal, 7t aQlolA 25 HEAHAVE)] 4]
B % 7P e glol T 2 Ak Hf— Asleh e}
o] ZA5Hs 202 LrERITHTable 6),

Table 6. Correlation matrix discriminant assessment

Variable| IM | IU | JR |OQ | PE | PI | PU | RD | SE | SN

IM_10.858

U ]0.517)0.891

JR 10.314]0.486|0.845

0Q 0.379]0.376]0.199]0.893

PE ]0.313]0.593|0.357(0.176/0.800

Pl ]0.198]0.467]0.318]0.153|0.327|0.841

PU ]0.366/0.509|0.487|0.325/0.509|0.2810.881

RD |0.171]0.458|0.352|0.148|0.524|0.280|0.385|0.871

SE  ]0.319/0.447]0.242|0.256|0.465|0.567|0.366|0.360|0.749

SN 0.449]0.383]0.275]0.405]0.224]0.379]0.448|0.138|0.535|0.864

3 Note. The diagonal elements (in bold) represent the square root of AVE

5.7 71EHZT
2 A9 7}**74%% PLS F21g& &3l
on, FAA
(bootstrappmg)° *} ﬂﬁiﬁ‘r.

FEAEYGY LS FEARZRE HUFZ0] o U3t
HYE 71 23S 2451y o g PLS LRI
A ARAGE] FE Hrsh] flel dubA oz AR
+ WHoln (712 7IEC= 1,960l pd0.05, 2.330]
gol p0.01, 258010l p0.001¢] FEo2 AR

18  stzzsme|ss) =27 Hi6d H3E 20153 58

(Tenenhaus et al 2005, Kim and Cho 2011, Bae 2013).

2 At 7S Ax, AEE 7ML F 87i(HL,
H1-2, H3, H5—2, H6, HS, H9, H10)o|w HH—2%= 714 A
= 2ol At % JRD) QIR B d(PE)2] LA}
fFefulgt FFo] = A= Ykt 7124 M F 4
7N(H2, H4, H5—1, H7)°]D}(Fig, 10, Table 7)

Social
influence

Subject Norm (SN)
H1-2

HI-1

Ha_ - /
Output Quality (OQ) - il L
Demonstrability UR)
Self Efficacy (SE)
e 7 ————> adopted hypothesis
Personal
Innovativeness (PI) — ———> rejected hypothesis

Fig. 10. The results of the structural equation model

Perceived
Usefulness (PU)

Job
influence

HY

Intention to Use
av)

Perceived
’| Ease of use (PE)

Personal
influence

Table 7. Results of the research hypotheses

Original | Sample | Standard | Standard -

L T Statistics
Sample | Mean | Deviation| Error (I0/STERR)
(0) (M) | (STDEV) | (STERR)

Hypothesis

relationship Result

H1-1|SN —> IM| 0.455 | 0.459 | 0.076 | 0.076 |5.953 |*+=| Adopted

H1-2|SN —> PU| 0.183 | 0.181 | 0.083 | 0.083 |2.204| = |Adopted

H2 |IM —> PU| 0.005 | 0.017 | 0.114 | 0.114 |0.048 Rejected

H3 |JR —> PU| 0.415]0.405| 0.092 | 0.092 |4.536 |*=*=| Adopted

H4 10Q —> PU| 0.100 | 0.100 | 0.115 | 0.115 |0.874 Rejected

H5-1|/RD —> PU| 0.048 | 0.0562 | 0.122 | 0.122 |0.395 Rejected

H5-2|/RD —> PE| 0.405 1 0.390 | 0.111 | 0.111 |3.665 | ***| Adopted

H6 |SE —> PE|[0.292 | 0.311 | 0.100 | 0.100 |2.929 |=**| Adopted

H7 | Pl —> PE| 0.048 | 0.065| 0.096 | 0.096 |0.499 Rejected

H8 |PE —> PU| 0.256 | 0.257 | 0.097 | 0.097 |2.631 |=**| Adopted

H9 |PU —> 1U|0.280 | 0.286| 0.139 | 0.139 |2.022| * |Adopted

H10 |[PE —> U] 0.451 | 0.447 | 0.103 | 0.103 |4.357 | = | Adopted

3% Note. ***: p<0.001, **: p<0.01, *: p<0.05

6.1 7 24
Q7L BIM 48 % HAE T235lo] ARy
%%17}@1% AR R AF3H). ol digt 714
Z3HFig. 10, Table 7)& &5t CMre] AFS|4] 3,
A FaF, NAA FIF L ARl w0l thsA] et
at9ict,

6.2 Als|™ Ak (Social influence)

ALS)A ofgFe] W4l 2] TP SN)H} o] m] =] (M)l
el CMre] 2] -2 o|u] Z|(H1-1)e} QIXE 784
(H1-2)o J&F v|xl= Ao2 Yepydth T8y oujR)=
AR F-84H2)ol FaFo] HIx|A] ekt of= A 4f
ol oju]xjolli= Pk u|x|L o|u]x|7}F 2 A 0 & L]
AIHJAAE F-879)E o] R A] gh=thal & 4= Qlrt,

%, CMr= &4 BIMS 53l 2H419] 1A= 3, A
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SN W8 AR BIMO] o2 o= 2)-8-Hof| uje}
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222 3)9) Wish CMYR B0l ek 714131 glom]

CMr—t— BIMe]| tigt 2h4la D e/dS QIAIskL BIME $3t
AR} SFRARS- HS[= Zlo] 2|15 AP BhHof| WA o)
e} pekec,

6.3 HF& AEF (Job influence)
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