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Table S1. Experts information.

Work .
Enterprise Work experience in | experience in i nghesjt
Expert | Gender type the AECO industry the BIM and Position education
DT field degree
. Research and
1 Male State hqldmg 7 years 7 years Development Bachelor
enterprise
Manager
2 Male Private . 11 years 10 years Department Master
enterprise Head
Private Project
3 Male . 6 years 6 years Bachelor
enterprise Manager
4 Male Private . 12 years 6 years BIM Manager Bachelor
enterprise
BIM
5 Female | consulting 10 years 6 years BIM Engineer Bachelor
company
BIM
6 Male consulting 5 years 5years BIM Engineer Bachelor
company
BIM Vocationa
7 Female | consulting 3 years 3 years BIM Engineer )
company
BIM Vocationa
8 Male consulting 3 years 3 years BIM Engineer )
company
BIM
9 Male consulting 3 years 3 years BIM Engineer Bachelor
company
Table S2. Direct-influence matrix X.
Barrier | Xi | Xz | X3 | X4 | X5 [ Xe |[X7 | Xs | Xo | Xio | X11 | X2 | X13 | X14 | X15 | X16 | X417 ESIVI‘:
X1 0 |2 |2 |3 2 |12 |3 1 |2 2 1 1 1 1 3 2 2 30
X2 2 |0 |3 |3 3 |3 |3 [2 |2 2 2 1 2 1 1 1 1 32
X3 2 2 |0 |2 3 |13 |2 |2 1 1 2 1 2 2 2 2 2 31
X4 3 3 |13 |0 (2 |3 |2 |3 1 3 1 2 2 2 2 2 2 36
Xs 2 2 |12 |2 [0 |3 |2 |2 1 1 1 1 1 0 1 1 0 22
X6 1 2 |2 1 2 |0 |2 1 1 1 |0 1 1 0 |0 0 |0 15
X7 2 2 |2 1 2 |2 |0 |2 1 1 1 1 1 0 1 1 0 20
Xs 2 1 1 1 2 2 2 0 1 1 0 1 1 1 1 0 0 17
X9 1 1 1 1 1 |2 1 1 |0 1 1 1 2 2 2 2 2 22
X10 2 3 |12 |2 2 |2 |2 (2 |2 |0 1 1 2 2 2 2 2 31
Xi1 2 2 |2 |2 2 |2 |2 |2 |2 2 |0 2 2 2 2 2 2 32
X12 2 2 1 1 2 |2 |2 |2 |2 2 1 0 |2 2 2 2 2 29
X13 2 2 1 1 2 |12 |2 1 1 2 1 1 0 2 1 1 2 24
Xi14 2 2 |12 |2 2 |2 |2 |2 |2 1 2 2 1 1 2 2 2 31
Xis 2 2 |12 |2 2 1 (2 |2 |2 2 1 2 2 2 |0 2 2 30
X16 2 2 1 |2 2 |2 |2 1 |2 2 1 2 2 2 2 0 |2 29
X17 2 2 1 1 2 1 (2 |2 1 1 |0 2 2 2 2 2 0 25
?Srvr: 31 |32 |28 |27 |33 |34 |33 |28 |24 |25 |16 |22 |26 |24 |26 |24 |23 |36
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Table S3. Normalized matrix N.

Barrier | Xz | X3 |[X4 |[Xs [Xe |X7 |Xs | Xo |Xio | X11 | Xiz | X1z | Xua | Xu5 | Xu6 | X17
X 0.0 {00 (00 |00 |00 |00 |00 ]|0OO |00 |00 |00 |00 |00 |00 |00 |0.0
00 |83 |83 |83 |83 |83 |56 |56 |56 |56 |28 |56 |28 |28 |28 |28
X; 0.0 {00 |00 |00 |00 |O00O |00 |00 |00 |00 |00 |00 |00 |00 |00 |0.0
56 |00 |56 |83 |83 |56 |56 [28 |28 |56 [28 |56 |56 |56 |56 |56
X, 0.0 {00 |00 |00 |00 |O0O |00 |0OO |00 |00 |00 |00 |00 |00 |00 |0.0
83 |83 |00 |56 |83 |56 |83 [28 |83 |28 |56 |56 |56 |56 |56 |56
Xs 0.0 {00 (00 |00 |00 |00 |00 ]|0OO |00 |00 |00 |00 |00 |00 |00 |0.0
56 |56 |56 |00 (83 |56 |56 |28 |28 |28 |28 |28 |00 |28 |28 |00
Xe 0.0 {00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |0.0
56 |56 |28 |56 |00 |56 |28 [28 |28 |00 |28 |28 |00 |00 |00 |00
X 0.0 [ 0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |0.0|0.0 0.0 0.0
56 |56 (28 |56 |56 |00 |56 |28 [28 |28 [28 [28 |00 |28 |28 |00
Xs 0.0 [0.0 |00 |00 |0.0 |00 |00 |0.0 |0.0 |00 |0.0 |00 |00 |00 0.0 0.0
28 |28 |28 |56 |56 |56 |00 |28 [28 |00 [28 (28 |28 |28 |00 |00
Xo 0.0 [0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |00 |00 |00 |00 0.0 |0.0
28 |28 |28 |28 |56 |28 |28 |00 |28 |28 (28 |56 |56 |56 |56 |56
X10 0.0 [0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |0.0|0.0 0.0 0.0
83 |56 |56 |56 |56 |56 |56 |56 |00 [28 [28 |56 |56 |56 |56 |56
Xyt 0.0 [0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |0.0|0.0 0.0 0.0
56 |56 |56 |56 |56 |56 |56 |56 [56 [00 (56 |56 |56 |56 |56 |56
Xz 0.0 [ 0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |0.0 |00 |00 |00 |0.0]0.0
56 |28 |28 |56 |56 |56 |56 |56 [56 [28 [00 |56 |56 |56 |56 |56
X3 0.0 {00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |0.0
56 |28 |28 |56 |56 |56 |28 |28 |56 |28 |28 |00 |56 |28 |28 |56
X14 0.0 {00 (00 |00 |00 |00 |00 |00 |00 |00 |00 /|00 |00 |00 |00 |0.0
56 |56 |56 |56 |56 |56 |56 |56 |28 |56 |56 |28 [28 [56 |56 |56
X1 0.0 {00 |00 |00 |00 |00 |00 ]|0OO |00 |00 |00 |00 |00 |00 |00 |0.0
56 |56 |56 |56 |28 |56 |56 |56 |56 |28 |56 |56 [56 [ 00 |56 |56
X1 0.0 {00 (00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |00 |0.0
56 |28 |56 |56 |56 |56 |28 |56 |56 |28 |56 |56 [56 |56 |00 |56
X17 0.0 {00 (00 |00 |00 00O |00 |00 |00 |00 |00 |00 |00 |00 |00 |0.0
56 |28 |28 |56 |28 |56 |56 [28 |28 |00 |56 |56 |56 |56 |56 |00
Table S4. Comprehensive influence matrix T.
Sum
B'ar X 1% 1% 1% [xs [ % | %0 | Xs | Xo Xe [ Xo | Xt [ Xe | Xt | Xy | Xy | Xy of
rier 0 1 2 3 4 5 6 7 S—
0. 10. {O0. |0. |O. |O. |O. [O. [|O. ]0. ]0.10.(0.10.10. 10 0.
X1 16 (22 |20 (22 |22 (23 |25 (17 |17 |18 |11 |14 |16 |14 | 21 |17 | 16 | 3.158
1 0 4 1 5 2 1 5 6 3 2 0 1 4 0 5 7
0. 0. |O. |O. |[O. |O. |O. |[O. |O. |O. [O. |O. |O. [O. |O. [O. |O.
X2 21 |17 |23 |22 |25 |26 |25 |20 |17 |18 |14 |14 {19 |14 | 16 | 15 | 14 | 3.280
9 3 6 6 8 7 7 R) 8 7 1 2 0 6 2 1 2
0. 10. 0. |0. [O0. |O0. |O. |O. |O 0. [0. |O0. |O. |O. |0. |O 0.
X3 21 [ 22 |15 (19 |25 (25|22 (20 |15 |15 |13 |14 |18 |16 | 18 | 17 | 16 | 3.189
5 1 2 7 3 9 8 0 1 8 8 1 6 9 4 3 5
0. 0. |O. |O. |[O. |O. |O. |[O. |O. |O. [O. |O. |O. [0 |O. [O. |O.
X4 26 |27 |25 |16 |25 |29 |25 (24 |17 |23 |12 |18 |20 |19 |20 |19 | 18 | 3.721
7 |4 |5 (9 |8 |0 |8 (9 (3 |0 (7 [4 |9 |0 |7 |4 |6
X5 0. 10 0. 0. |O0. [O0. |O. [|O. |O 0. [0. |O0. |O. |O. |0. |O 0. | 2.267




16 (17 |16 |15 |12 |20 |17 |15 |11 |12 |08 |10 | 12 |08 | 11 | 11 | 08
8 2 2 5 5 9 8 7 4 1 7 5 1 1 9 1 0
0. 10. 0. |0. |[O. |O. |O. |O. |O. |]O. |]O. |0O. (0. 10.10.10.10

X6 10 |13 |12 |09 [ 14 |09 [ 13 {10 ({08 |09 |04 |07 |09 |05 |06 | 05 | 05 | 1.564
6 5 9 8 0 2 9 0 6 0 4 9 2 5 4 9 4
0. 0. 0. |[O. |O. [O. |[O. |O. |O.]0.]0.1]0.1]0.1]0.1]0. (0. |0O.

X7 15 (16 |15 (12 |16 |17 |11 (14 |10 |11 |08 |09 | 11 |07 | 11 | 10 | 07 | 2.075
8 1 2 2 7 3 5 8 8 2 3 8 4 5 2 4 3
0. 10. 0. |[O0. |O. [O. [O. |[O. |O.]0.]0.1]0.1]0.10.10.1]0. 10

X8 14 (11 |11 (10 |14 |15 |14 {08 |09 |09 |04 |08 |09 |08 |09 |06 | 06 | 1.743
1 9 1 6 8 3 9 0 4 8 8 7 8 8 8 6 1
0. 10. 0. |10. |O. |0. |O. [O. |O. |]0O. |O. 0. (0. 10.10. 0. |oO.

X9 14 (14 |13 |13 |15 |18 |15 (13 |09 |12 |08 |11 | 15 |14 | 14 | 14 | 13 | 2.313
4 9 5 1 3 2 3 3 1 2 9 1 0 1 9 2 8
0. 0. 0. |[O. |O. [O. [O. |O. |O. ]0.]0.1]0.1]0.1]0.1]0. (0. |0O.

X10 21 124 |20 |20 {23 |23 (23 (20 |17 |13 |11 |14 | 18 |17 | 18 |17 | 16 | 3.232
7 8 7 0 0 7 0 2 9 3 5 2 9 3 7 6 9
0. 10. {O0. |0. |[O. |O. |O. |O. |O. |]O. |O. 0. (0. 10.10.10.10

X11 22 122 121|120 (23 |24 (23 (20|18 |19 |09 |17 |19 |17 |19 |18 | 17 | 3.339
3 8 0 3 5 2 5 7 4 0 0 2 4 8 3 1 4
0. 0. 0. |[O. |O. [O. |[O. |[O. |O.]0.]0.1]0.1]0.10.10.1]0. 10

X12 20120 |16 |16 |21 |22 |21 |19 |17 |17 |10 |10 [ 17 |16 | 17 | 16 | 16 | 2.990
4 9 8 2 5 1 6 0 0 5 7 6 8 4 7 7 0
0. 10. 0. |0. |[O. |O. |O. |O. |O. |]O. |]O. |0. (0. 10.10.10.10

X13 18 |18 | 14 |14 |19 (19 |19 (14 |12 |15 |09 |11 | 10 |14 | 13 |12 | 14 | 2.510
0 5 7 1 0 5 1 3 5 5 5 6 5 5 1 3 2
0. 10. 0. |0. |[O. |O. |O. |O. |O. |]O. ]O.10. (0. 10.10.10.10

X14 21 122 120 |19 |23 |23 (23 |20 |18 |16 |14 |17 |16 | 14 | 18 | 17 | 17 | 3.247
8 3 7 9 0 7 0 3 0 0 1 0 4 7 9 8 0
0. 0. 0. |O. |O. [O. [O. |O. |O.]0.]0.1]0.1]0.1]0.1]0. (0. |0O.

X1s 21 121 120 |19 |22 |20 |22 (19 |17 |18 |11 |16 | 18 | 17 | 13 | 17 | 16 | 3.157
4 9 2 5 ) 7 6 9 7 3 3 5 6 2 3 ) 8
0. 10. 0. |10. |O. |0. |O. 0. |O. |]0. |O. |0. (0. 10.10. 0. |o.

X16 20 |21 |17 |19 |21 |22 |21 |16 | 17 |17 |10 |16 | 18 | 16 | 18 | 11 | 16 | 3.042
7 3 2 0 8 5 9 8 2 8 9 1 1 7 0 8 3
0. 0. 0. |O. |O. [O. |[O. |O. |O.]0O.]0.1]0.1]0.1]0.1]0. (0. |0O.

X7 18 |18 |15 (14 |19 (17 |19 (17 |13 |13 |07 |14 |16 |15 |16 | 15 | 09 | 2.610
6 9 0 5 6 5 6 3 0 4 2 6 2 0 2 2 3

(S)‘flm 3003 2 |2 (3 (3 |3 |2 |2 |2 |1 |2 |2 |2 |2 |2 |2

colu 22 134 199 |86 |46 |59 |47 |92 |48 |60 |71 |26 | 67 |38 |65 |44 |30 | -
8 0 9 1 6 4 2 9 9 8 2 5 9 7 8 4 5

mn

Table S5. Global influence matrix H.

Bar

rier X1 [X2 |Xs |Xse |[Xs | X6 [ X7 [Xs |Xo | Xt0 | Xe1 | X2 | Xu3 | Xu4 | X5 | X416 | X17

X, 114102 (02102020202 (01(01(01)|01|01]01]01]02/0.1]0.1
61 |20 |04 |21 |25 (32 |51 |75 |76 |83 |12 |40 |61 |44 |10 |75 | 67

X 0211102 (02(02(02]02|02(01(01]01|01({01]01]041)|0.1]0.1
19 |73 |36 |26 |58 |67 |57 |05 |78 |87 |41 |42 |90 |46 | 62 |51 | 42

X 0202|1101 (02]02]02|02(01]01]01|01({01]01]041)|0.1]0.1
15 |21 |52 |97 |53 |59 (28 |00 |51 |58 |38 |41 |8 |69 |84 |73 |65

X4 02102102 (11(02]02]02|02(01(02]01|01(02/]0.1]02/0.1]0.1




67 |74 |55 |69 [ 58 [90 (58 [49 |73 |30 [27 |84 |09 [90 [07 |94 |86

Xs 0.1/01{01|014|11|02|014|01|{041|01|00|041|01]00]0.14]0.1]0.0
68 |72 |62 |55 |25 |09 |78 |57 |14 |21 |87 |05 (21 |81 |19 |11 | 80

Xe 0.1/01({01/|00|01|{10|01|01|{00|00|00|00|00|00]00]0.01]0.0
06 |35 |29 |98 |40 |92 |39 |00 |86 [90 |44 |79 [92 |55 |64 |59 |54

X 01/01{01/01(01|01|11]01|{01|01]|00]00/]0.1|00]0.14]0.1]0.0
58 |61 |52 |22 |67 |73 |15 |48 |08 |12 |83 |98 (14 |75 |12 |04 |73

Xs 0.1/01({01/01(01|01]01|10|00]00]|00]00|00|00]00]0.0]0.0
41 |19 |11 |06 |48 |53 [ 49 |80 |94 |98 |48 |87 |98 |88 [ 98 |66 |61

Xo 01/01({01/0101|01]01|01|{10]01|00|01]01]01]01]0.1]0.1
44 149 |35 |31 |53 |82 |53 |33 |91 [22 |89 |11 |50 |41 |49 |42 |38

X1 021]102(02|02]02|02]02]02{01|11|01]01]01|041]01]0.1]0.1
17 |48 |07 |00 |30 |37 |30 |02 |79 |33 |15 |42 |89 |73 |87 |76 |69

X1t 021]102(02|02]02|02]02]02{01]01|10]01]01(01]041]0.1]0.1
23 |28 |10 |03 |35 |42 [35 |07 |84 [90 |90 |72 [94 |78 [93 |81 |74

X1z 02]102(01(01(02|02]02|01{01]01|01|11]01]041]01]0.1]0.1
04 |09 |68 |62 |15 |21 |16 |90 |70 |75 |07 |06 |78 |64 |77 |67 |60

Xi3 0.1/01({01|01401|01|01|01{01]01|00|041|11]01]041]0.1]0.1
80 |85 [ 47 |41 |90 |95 (91 [ 43 |25 |55 |95 |16 |05 |45 |31 |23 |42

X14 02]102(02(014(02|02]02]02{01]01|01]041]041|11]041]0.1]0.1
18 |23 |07 |99 |30 |37 |30 |03 |80 |60 |41 |70 |64 |47 |89 |78 |70

Xis 02]102(02(014(02|02]02]01{01]01|01|041|041|01 11|01 ]0.1
14 |19 |02 |95 |25 |07 |26 |99 |77 |83 |13 |65 |86 |72 |33 |75 | 68

X1 02]102({01|01402|02]02]01{01]01|01]041]041|01]041 |11 ]0.1
07 |13 |72 |90 |18 |25 |19 |68 |72 |78 |09 |61 |81 |67 |80 |18 |63

Xi7 0.1/01{01|014|01|01|01|01|{041|01|00|041|01|041]01]0.1]1.0
86 |89 |50 [45 [96 |75 (96 |73 |30 [34 |72 |46 |62 |50 |62 |52 |93

Table S6. Reachability matrix R.

. X [ X [ X[ X [ X | X [ X | XX | XX ! Xe [ Xe Xt |[Xt !Xt |X:]|Sam of
Barrier
1 2 [3 |4 5 |6 7 |8 |9 |o 1 2 3 4 5 6 7 row

X1 1|1 |1 |1 |1 |1 |2 |12|1]|1 |0 |O0O |1 |0 |1 |1 |1 |14

X2 1|11 |1 |1 |22 |12|1)|1 {0 |0 |1 |0 |1 |1 |0 |13

X3 1|1 |1 |1 |1 |11 |1|1]|1 {0 |0 |1 |1 |1 |1 |1 |15

X4 1|1 |1 |1 |1 |1 |11 |1]|1 |0 |1 |1 |1 |1 |1 |1 |16

Xs 1t |t1|t |ttt (t|1|0J|0 (0 |0 ]JO |0 |O |O |O |8

Xe o|ojojo|O0O|1]|O]|O|O]|O |O |O |O]|O O |O |O |1

X7 1|1|1|0|12 |2 |2 |O0O|O]|O |[O |O |]O |O |O |O |O |6

Xs o|ojojo|O0O|1|O|1L|O]|O |O |O |O]|O O |O |O |2

Xo o|ojojoj{1|{1|1|0|1]0 O |O |1 |O O |O |O |5

X10 1 (1|1 (11|11 11|10 |0 |1 (1 (1 |1 |1 |15

X11 1|11 |1 |1 |1 |1 || |1 (1 |1 |1 |1 |1 |1 |1 |17

X12 1|1 |1 |1 |1 |1 |11 |1]|1 |0 |1 |1 |1 |1 |1 |1 |16

X13 t|t|jojo0o|t|t(t|0|j0j|1t {0 {0 1)1 |0 |0 |O |0 |7

X14 1|1 |1 |1 |11 1|1 |1]|1 |0 |1 |1 |1 |1 |1 |1 |16

Xi5 1|1 |1 |1 |1 |1 |11 |11 {0 |1 |1 |1 |1 |1 |1 |16

X16 1|1 |1 |1 |1 |1 |11 |11 |0 |1 |1 |1 |1 |1 |1 |16

X17 t|tjo|o|t|tyt|1|0Jj0 (0 {0 |1 |0 |1 |1 |1 |10

Sum of |1 |1 |1 |1 |1 |1 1|1 ]1]|1 e 1 g 1 /1 |1 |

column 41412157153 ]|1]|1 3 1 |1 |0




Table S7. Hierarchy of barriers that hinder the adoption of DT in the AECO industry.
Barrier | Reachable set Antecedent set Common set Level
X 1,2,3,4,56,7,8,9,10, 1,2.3,4,5,7,10, 11,12, | 1,2,3,4,5.7. 10,13, | |
! 13, 15, 16, 17 13, 14, 15, 16, 17 15, 16, 17
X 1,2,3,4,5.6,7,8,9,10, 1,2.3,4,5,7,10, 11,12, | 1,2,3,4,5.7. 10,13, | |
2 13, 15, 16 13, 14, 15, 16, 17 15, 16
X 1,2,3,4,5.6,7,89,10,[ 1,2,3,4,5,7,10, 11,12, | 1,2,3,4,5, 7. 10, 14, | |
3 13, 14 15, 16, 17 14, 15, 16 15, 16
X 1,2,3,4,56,7,89,10,[ 1, 2,3, 4,5 10, 11, 12, 1, 2, 3, 4,5, 10, 12, | | .
1 12, 13, 14 15, 16, 17 14, 15, 16 14, 15, 16
1,2, 3,4,5,7,09, 10, 11,
Xs 1,2,3,4,5,6,7,8 13, 14, 15, 16, 17 1,2,3,4,5,7 Level 2
1,2,3,4,5,6,7, 8,9, 10,
Xe 6 11, 12, 13, 14, 15, 16, 17 | ° Level 1
1,2, 3,4,5,7,09, 10, 11,
X7 1,2,3,5,6,7 12, 13, 14, 15, 16, 17 1,2,3,5,7 Level 2
1,2,3,4,5,8, 10, 11, 12,
Xs 6,8 14, 15, 16, 17 8 Level 2
1, 2, 3, 4, 9, 10, 11, 12,
Xo 5,6,7,9, 13 14,15, 16 9 Level 4
X 1,2,3,4,5.6,7,8,9,10, [ 1,2,3, 4,10, 11, 12,13, | 1,2, 3,4, 10, 13, 14, | |
10 13, 14 15, 16, 17 14, 15, 16 15, 16
1,2,3,4,5,6,7,8,9, 10,
X1 11, 12, 13, 14, 15, 16, 17 | 1 " Level 6
1,2,3,4,5,6,7,8,9, 10,
X12 .13, 14, 15, 16,17 4,11, 12, 14, 15, 16 4,12, 14, 15, 16 Level 5
1, 2, 3, 4, 9, 10, 11, 12,
X13 1,2,5,6,7, 10, 13 13,14, 15, 16, 17 1,2, 10, 13 Level 3
X 1,2,3,4,5,6,7,8,9,10,] 3, 4, 10, 11, 12, 14, 15, | 3, 4, 10, 12, 14, 15, | |
" 12, 13, 14, 15, 16, 17 16 16
X 1,2,3,4,56,7,89,10, [ 1,2,3, 4,10, 11, 12, 14, | 1,2, 3,4, 10, 12, 14, | |
> 12,13, 14, 15, 16, 17 15, 16, 17 15, 16, 17
X 1,2,3,4,56,7,89,10,[ 1,23, 4,10, 11, 12, 14, [ 1,2, 3,4, 10, 12, 14, | |
16 12, 13, 14, 15, 16, 17 15, 16, 17 15, 16, 17
1,2,5,6,7, 8, 13, 15, 16, | 1, 3, 4, 10, 11, 12, 14, 15,
X17 7 16, 17 1, 15, 16, 17 Level 4




	X1

