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Fig. 1 The model of digital investment-cognition interactively affecting

firms’ growth value
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Table 3 Descriptive statistics and correlation analysis

5| Bh WE | b 1 2 3 4 5 6 7

1 | Tobin’s Q | 0.836 | 0.518 1

2 | Dig_inv | 14.639 | 1.908 | -0.167*** 1

3 | Dig_cog | 0.806 | 0.835 -0.016 |0.243*** 1

4 | Fun_div | 0.678 | 0.087 -0. 042 0.019 | 0.098 ** 1

5 | Findom | 0.048 | 0.091 | 0.125*** | -0.073* | -0.017 | 0.035 1

6 | Age_div | 0.136 | 0.049 -0.007 |-0.104***| -0.011 | 0.009 |0.135*** 1

7 | Gender_div | 0.272 | 0.176 | 0.121*** |-0.111***[0.156*** | -0.014 | -0.014 |0.209 “** 1

8 | CEO_pol | 0.217 | 0.412 -0.057* | 0.054* 0.011 0. 009 0.02 [0.125"** | -0.070"
9 | TMT_rew | 14.967 | 0.797 0.014  |0.421*** [0.243*** | —0.058* | -0.022 | -0.060* | -0.025
10 Dual 0.351 0. 478 -0.02 |-0.145***| -0.041 | -0.076* | 0.016 |0.182*** | 0.067"*
11 SOE 0.242 | 0.429 -0.022  |0.136*** |-0.153***| -0.036 |-0.105"**|-0.140 “**|-0. 110 ***
12 R&D 17.475 | 2.654 | —0.126*** [0.259*** |0.152*"* | 0.008 |-0.219***| -0.018 | -0.015
13 | Fin_deg | 0.034 | 0.069 0. 027 -0.053* ] 0.079** | —=0.060* | 0.057* | -0.013 | 0.091*"
14 EGR 0.108 | 0.592 -0.062* |[-0.124***| -0.035 | 0.014 0.045 0.022 -0.015
15 Size 21.851 | 0.956 | —0.266*** [0.590*** |0.225*** | =0.075"* |-0.117***| =0.076 * | -0. 084 **
16 | Age_org | 17.962 | 5.357 0. 041 0.225*"* | 0.053* | -0.008 | 0.033 | 0.066" 0. 005
ST | A 8 9 10 11 12 13 14 15 16
8 | CEO_ pol 1

9 | TMT_rew | -0.021 1

10 Dual ~ |0.283*** |-0.080*" 1

11 SOE  |-0.180**"0.091 ** | —0.138 *** 1

12 R&D 0.022 |0.370*** 0.033 0.038 1

13 | Fin_deg | -0.029 | 0.077* -0. 006 0. 043 0. 026 1

14 EGR -0.02 | -0.051*| 0.082** -0.03 | -0.009 | -0.03 1

15 Size -0.009 [0.517*** | -0.176*"* |0.195*** |0.400*** | 0.023 | -0.056* 1

16 | Age_org |-0.070"[0.149** | —0.032 |0.121"** |0.150 """ |0.154*** |-0.123 ***| 0. 252 *** 1
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Fig. 2 The interactive effect of digital cognition and digital investment
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Table 4 Regression results of panel data in the period of 2010 —2019

‘ BERILSON A [ 5 354 7 A
Tobin’ s Q,
(1) (2) (3) (4) (5) (6) (7) (8)
-0.005"" | -0.004* |-0.012""" 0. 001 0. 009 0. 002
Dig_inv,
(0.002) | (0.002) | (0.002) (0.002) | (0.004) | (0.004)
) -0.003 -0. 006 -0. 005 -0.006*|-0.010"|-0.011"
Dig_cog,
(0.003) | (0.005) | (0.005) (0.002) | (0.003) | (0.003)
L . 0.025**" | 0.025""" 0.028* | 0.029*
Dig_inv, x Dig_cog,(HI)
(0.007) | (0.006) (0.010) | (0.010)
-0.004 -0.007
Dig_inv, x Fun_div,
(0.004) (0.005)
. . -0.015""" -0.014"
Dig_cog, x Fun_div,
(0.004) (0.003)
L . . 0.023 "~ 0.025 "
Dig_inv, x Dig_cog, x Fun_div, (H2)
(0.003) (0.002)
0.005 ** 0.011"
Dig_inv, x Fin_dom,
(0.002) (0.002)
. . -0.014"" -0.015*
Dig_cog, x Fin_dom,
(0.005) (0.005)
o . . -0.022""" -0.023""
Dig_inv, x Dig_cog, x Fin_dom,(H3)
(0.004) (0.002)
-0.019" -0.019 | -0.020* | -0.028 " | —0.020 | -0.020 | -0.022 | -0.031
Fun_div,
(0.011) | (0.011) | (0.011) | (0.010) | (0.013) | (0.013) | (0.012) | (0.011)
-0.004 -0. 004 -0.007 0.011° -0.012 | -0.012 | -0.016 | 0.005
Fin_dom,
(0.005) | (0.005) | (0.005) | (0.006) | (0.009) |(0.008) | (0.009) | (0.014)
Age di 0. 008 0. 008 0. 008 0.010* 0.012 0.012 0.012 0.016
ge_div
l (0.005) | (0.005) | (0.006) | (0.006) | (0.007) |(0.007) | (0.007) | (0.007)
. 0.032*** 10.032"*" | 0.029"*" |0.032""* | 0.018 0.018 0.015 | 0.020"
Gender_div,
(0.007) | (0.008) | (0.007) | (0.006) | (0.007) | (0.008) | (0.007) | (0.006)
-0.095* | -0.094* | -0.093* | -0.100* | -0.122 | -0.122 | -0.121 | -0.128
CEO_pol,
(0.052) | (0.052) | (0.054) | (0.054) | (0.054) | (0.054) | (0.056) | (0.055)
0.090 *** 1 0.091 """ | 0.089 """ |0.084""" | 0.061* | 0.061* | 0.059* | 0.053"
TMT _rew,
(0.008) | (0.009) | (0.007) | (0.007) | (0.014) | (0.014) | (0.012) | (0.012)
Dual -0. 005 -0. 006 -0.008 -0. 009 0.014 0.014 0.011 0.011
ua
' (0.020) | (0.020) | (0.020) | (0.021) | (0.032) |(0.032) | (0.032) | (0.033)
SOE 0.053*** 10.054**" [ 0.057""" | 0.052""" |0.087 " |0.087 " | 0.087* | 0.066 "
' (0.005) | (0.005) | (0.004) | (0.001) | (0.008) | (0.008) | (0.009) | (0.017)
R&D 0.044 "% 10.044 """ | 0.0437"" | 0.044 " | 0.040 0. 040 0. 040 0. 040
' (0.011) | (0.011) | (0.009) | (0.010) | (0.018) | (0.018) | (0.017) | (0.017)
0. 001 0. 001 0. 002 0. 002 0. 001 0.001 | 0.002* | 0.002
Fin_deg,
(0.002) | (0.002) | (0.002) | (0.004) | (0.001) |(0.001) | (0.000) | (0.001)
EGR -0.037"""|-0.038 """ |-0.039 *** |- 0. 040 "** |- 0. 036 **|- 0. 036 “*|- 0. 036 **|- 0. 038 **
[ (0.001) | (0.001) | (0.001) | (0.001) | (0.002) |(0.002) | (0.002) | (0.002)
Si -0.223"""|-0.220 """ |-0.226 """ |-0.220 ***| -0.240 * | - 0. 240 * |- 0. 250 **| -0. 251 *
ize,

(0.005) (0.004) (0.003) (0.002) | (0.032) | (0.032) | (0.023) | (0.026)
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Table 4 Continues
) B AT L2850 17 A 25 [Eibes g
Tobin’ s Q,
(1) (2) (3) (4) (5) (6) (7) (8)
0.092*** 1 0.092*** {0.093 """ [0.095"" |-0.099*|-0.095"|-0.093"|-0.087*
Age_org,
(0.006) (0.006) (0.007) (0.006) |(0.032) | (0.032) | (0.025) | (0.026)
s 1.046 " | 1.041 ™" | 1.028 **" | 1.042 """ |0.842 """ |0. 843 *** 0. 830 *** [0. 848 ***
G5
(0.021) (0.021) (0.015) (0.008) |(0.013) | (0.013) | (0.009) | (0.008)
AR [ 5 2 b & 2 = 2 = 2
Tl & = = = = = = = 2
AR i i i i = = = &
Observations 1107 1107 1107 1107 1107 1107 1107 1107
Groups 208 208 208 208 208 208 208 208
R 0. 387 0. 387 0.391 0. 404 0. 390 0.390 0. 395 0.408
R? oo 0.278 0.278 0.278 0.274 0.073 0.074 0.079 0. 082
R 0.315 0.316 0.315 0.317 0.162 0.163 0. 166 0.171
VIF 1. 858 1.878 1. 857 1. 805 1. 858 1.878 1. 857 1. 805
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Fig. 3 The moderating effects of functional background heterogeneity
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Table 5 Regression results of panel data in the period of 2015 —2019

, BEHLRL R A [ R IO AR A
Tobin’ s (),
(1) (2) (3) (4) (5) (6) (7) (8)
Lo -0.036""" | -0.042 """ | —0.043 """ -0.034* | -0.032" | -0.023*
Dig_inv,
(0.004) (0.001) (0.002) (0.009) (0.004) (0.007)
-0.000 -0.003 " -0.005 -0. 004 -0. 008 -0.011
Dig_cog,
(0.004) (0.002) (0.004) (0.006) (0.004) (0.007)
o . 0.035*** | 0.031"*" 0.041" 0.039*
Dig_inv, x Dig_cog,
(0.008) (0.010) (0.007) (0.009)
L . 0.022*** 0.025*
Dig_inv, X Fun_div,
(0.006) (0.007)
0. 003 0. 007
Dig_cog, x Fun_div,
(0.004) (0.007)
L . . 0.024 *** 0.021*
Dig_inv, x Dig_cog, x Fun_div,
(0.003) (0.000)
0.010 0.014
Dig_inv, x Fin_dom,
(0.010) (0.013)
. . -0.034 """ -0.035"
Dig_cog, x Fin_dom,
(0.006) (0.006)
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Table 5 Continues
Tobin’s 0, R LR AR A [ R A
(1) (2) (3) (4) (5) (6) (7) (8)
Dig_inv, x Dig_cog, x Fin_dom, -0.0127 -o.on™
(0.001) (0.000)
Fundi, -0.001 0.001 -0.002 | -0.006 | 0.010 0.012 0.009 0.002
(0.012) | (0.012) | (0.011) | (0.008) | (0.014) | (0.013) | (0.012) | (0.009)
Fin.dom, ~0.006*" | —0.007*** | —0.008** | 0.009** | -0.013* | -0.013" | —-0.014* | 0.004
(0.002) | (0.002) | (0.003) | (0.003) | (0.002) | (0.002) | (0.002) | (0.004)
Pl Ar it Pl il il il il Eil £l £l
_— 1205 | 1195 | 1.187*** | 1.182*** | 1.247*** | 1.234™** | 1.224*"* | 1.216***
(0.020) | (0.022) | (0.021) | (0.018) | (0.018) | (0.023) | (0.018) | (0.016)
Ay IEE = & P = & P & &
Frli e = & & & & & & &
AR E 7 & w5 7 2 J& & &
Observations 717 717 717 717 717 717 717 717
Groups 200 200 200 200 200 200 200 200
2 ohin 0.493 0.495 0.502 0.518 0.505 0.506 0.514 0.529
2 econ 0.283 0.281 0.280 0.274 0. 004 0.006 0.008 0.016
R0 0.318 0.324 0.320 0.324 0.096 0.110 0.109 0.123
VIF 1.453 1.507 1. 496 1.488 1.453 1.507 1.496 1.488

L M BIERERRRE 0.1% ,1% 5% ,10% KR BE 3 S L SRS R R LR

AR A WORHCIT A7 e e R E S AT
B B T TR AE, R A A — 2P
PRIAM AR SR A SR 2
HHA A DAERE AR E = e e i
TR AL | DRI AR 2 4 SRR [ 384 i
Tt e — WA E A B SR A AR L 2
Rz 6 s, ke F IR B % S5CEAE
INHIREA Al A7 R A PR B %, PO 78 2 1 Y

RO 1825 B ), R B 2l i B0 A e 2
PEZEaR ITv o M SREPNS & 2 i DRy TS s U T i
TR I B BT A BT A Z [ 52
B IR A VSR P S A8 T 11 R AR
TIPRFR A, KORG8 1A SCHi a8 (0 80 P 5
SUHIA B ML 95 B ZHL e T 81
A A AN (EL AT, SN s AL R
— R AR A%, PT LSRRI i PR R e

®o6 HEMEE—HETENHEREAER

Table 6 Regression results by adding one-period-lagged independent variables

. BERL N A TR I 5 A I A 2
Tobin’ s (),
(1) (2) (3) (4) (5) (6) (7) (8)
Die i 0.014* ]0.034"** [0.034""" |0.032""" | 0.047" |0.044"** | 0.043"*" | 0.040""
ig_inv, _
- (0.007) | (0.001) | (0.001) | (0.001) | (0.005) | (0.000) | (0.002) | (0.002)
. 0.014*** 10.016 ™" |0.014™** | 0.010" | 0.015"" | 0.016" 0.014~ 0.009 "
Dig_cog, _,
(0.003) | (0.004) | (0.004) | (0.005) | (0.002) | (0.002) | (0.001) | (0.002)
Lo -0.029 """ -0.026" | -0.029 ** 0. 006 0.011 0. 004
Dig_inv,
(0.009) | (0.010) | (0.009) (0.010) | (0.012) | (0.011)
) -0. 004 -0.007 | -0.007* -0.010 | -0.014% | -0.014 "
Dig_cog,
(0.004) | (0.005) | (0.004) (0.004) | (0.004) | (0.003)
L . 0.023** 10.025"" 0.029* 0.031°
Dig_inv, x Dig_cog,
(0.008) | (0.007) (0.009) | (0.009)
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Table 6 Continues
, BERILON A5 [ 5 AR 7 A7
Tobin’ s Q,
(1) (2) (3) (4) (5) (6) (7) (8)
-0.002 -0.004
Dig_inv, x Fun_div,
(0.007) (0.009)
. . -0.029 *** -0.026"
Dig_cog, x Fun_div,
(0.005) (0.005)
L . . 0.030 "~ 0.029 **
Dig_inv, x Dig_cog, x Fun_div,
(0.002) (0.002)
0.011° 0.013
Dig_inv, X Fin_dom,
(0.006) (0.006)
. . -0.016"" -0.017
Dig_cog, x Fin_dom,
(0.006) (0.007)
o . . -0.018 *** -0.018 "
Dig_inv, x Dig_cog, x Fin_dom,
(0.001) (0.001)
Fun di -0.021 -0.020 | -0.021*|-0.029"*| -0.023 -0.024 -0.026 -0.033
un_diw
t (0.013) | (0.013) | (0.012) | (0.010) | (0.016) | (0.015) | (0.014) | (0.012)
-0.008 —-0.008 -0.010 0. 007 -0.011 -0.010 -0.013 0. 005
Fin_dom,
(0.013) | (0.013) | (0.013) | (0.018) | (0.020) | (0.020) | (0.020) | (0.028)
P i i El b i ik i i
- 0.790 *** | 0.788*** | 0.778*** | 0.790 """ |0.748 " [0.749 *** |0.736""* |0.753 """
i3]
(0.019) | (0.020) | (0.015) | (0.009) | (0.010) | (0.010) | (0.005) | (0.004)
O E = 2 b P 2 b P 2
Tl E & 2 2 e 2 2 P 2
A E i [ g i 2 b P 2
Observations 792 792 792 792 792 792 792 792
Groups 189 189 189 189 189 189 189 189
R 0.423 0.422 0. 426 0. 444 0. 427 0.427 0.432 0. 449
R? oo 0.239 0.246 0.240 0.244 0.125 0.122 0.124 0.139
R 0.322 0.324 0.321 0.328 0.207 0.204 0.207 0.227
VIF 1.731 2.476 2.441 2.316 1.731 2.476 2.441 2.316
LT MR RBE 0.1% ,1% ,5% ,10% KT R 455 N AT R SRR AR LR,
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Table 7 Regression results under different decision empowerment of CEOs

(1)

(2)

(3) (4) (5) (6)

Tobin’ s (),
FeuE m =30% m =40% m=50% m =60% m=70%
o -0.012"""-0.013 """ -0.012 """ | -0. 011 *** | -0.011 ***| -0.010 """
Dig_inv,
(0.002) (0.003) (0.003) (0.003) (0.003) (0.003)
—-0. 004 -0.004 —-0. 004 -0.004 -0.004 -0.004
Dig_cog,
(0. 006) (0.006) (0.006) (0.006) (0.006) (0.006)
L . 0.024 " | 0.025"*" | 0.026""" | 0.026"*" | 0.027 *** | 0.027 ***
Dig_inv, x Dig_cog,
(0. 006) (0.007) (0.007) (0.007) (0.007) (0.007)
o ) -0. 005 -0.007" | -0.010"" | =0.012"* | -=0.013" | -0.014"
Dig_inv, X Fun_div_w,
(0.005) (0.003) (0.003) (0.004) (0.005) (0.006)
-0.014"" | -0.014* -0.013 -0.011 -0.008 -0. 005
Dig_cog, x Fun_div_w,
(0.005) (0.008) (0.009) (0.009) (0.010) (0.010)
0.014*** | 0.011 """ | 0.008 *** 0. 005 0. 002 -0.001
Dig_inwv, x Dig_cog, x Fun_div_w,
(0.004) (0.002) (0.002) (0.003) (0.004) (0.005)
-0.016 -0.021 -0.021 -0.021 -0.021 -0.020*
Fun_div_w,
(0.013) (0.014) (0.014) (0.014) (0.013) (0.012)
il A £l Pl i £l il £l
1.066 *** | 1.064 *** | 1.064*** | 1.063*** | 1.062*** | 1.060***
(0.018) (0.017) (0.017) (0.017) (0.017) (0.016)
A0 e = 2= = = = =
A5l [ 2 & & b b 2
A a a a a a a
Observations 999 999 999 999 999 999
Groups 208 208 208 208 208 208
R 0. 400 8 0.400 7 0.400 8 0.400 8 0.400 9 0. 400 9
R2 oen 0.275 8 0.278 2 0.277 4 0.276 6 0.2759 0.2752
2 ol 0.303 7 0.304 8 0.304 1 0.303 3 0.302 5 0.3017
VIF 1. 841 1. 844 1. 846 1. 847 1. 846 1. 844
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Table 8 Regression results of other functional backgrounds domination
N FBRETTR ()
Tobin’ s Q, — - -
k7] iy it Cis gt AT R W 55 A
Di i -0.008 "**|-0.008 “**|-0.009 ***| —0.008* |-0.005""*| —0.007* {-0.013***|-0.008 ***|-0.009 ***
ig_inv,
Y (0.002) | (0.002) | (0.002) | (0.005) | (0.001) | (0.004) | (0.003) | (0.001) | (0.002)
Di -0.006 | -0.004 | -0.007 | -0.006 | —-0.005 | -0.003 | —-0.004 | -0.005 | -0.003
ig_cog
' (0.005) | (0.006) | (0.006) | (0.007) | (0.006) | (0.007) | (0.007) | (0.005) | (0.005)
o . 0.022*** 0. 023 *** |0. 022 *** |0.023 *** |0. 024 *** |0. 019 *** |0. 021 *** |0. 023 *** |0. 025 ***
Dig_inv, x Dig_cog,
(0.005) | (0.004) | (0.005) | (0.006) | (0.005) | (0.005) | (0.003) | (0.005) | (0.004)
Fun di -0.017 | -0.029 " [-0.031""| -0.005 | -0.019* -0.036 **"-0.031""|-0.030"*| —0.027 *
un_div
' (0.013) | (0.011) | (0.011) | (0.011) | (0.010) | (0.009) | (0.011) | (0.010) | (0.011)
-0.021"**| 0.006 |0.023**" |-0.057"""|0.012"** | 0.024 ™" | 0.044"" |0.021 """ 0.010
Fun_domi,t
(0.006) | (0.005) | (0.003) | (0.004) | (0.003) | (0.003) | (0.015) | (0.003) | (0.007)
o . 0. 003 -0.010" | -0.003 -0.004 | -0.008" |-0.011"**| —0.008 | —0.008 | —0.001
Dig_inv, x Fun_div,
(0.005) | (0.005) | (0.004) | (0.005) | (0.003) | (0.001) | (0.004) | (0.004) | (0.005)
. . -0.024" | -=0.019 " [-0.019 ***|-0.018 ***| —=0.014 ** | -0.020 ***|-0.016 ***| - 0. 016 ** |- 0. 012 **7
Dig_cog, x Fun_div,
(0.009) | (0.007) | (0.006) | (0.005) | (0.005) | (0.005) | (0.004) | (0.005) | (0.003)
L . . 0.012*** | 0.019 " ]0.023 "** |0.028 *** 0. 018 *** 0. 020 *** 0. 021 *** 0. 020 *** |0. 026 ***
Dig_inv, x Dig_cog, x Fun_div,
(0.003) | (0.006) | (0.004) | (0.006) | (0.003) | (0.002) | (0.004) | (0.004) | (0.004)
L -0.023"" 0.010 [-0.005""| 0.002 -0.022**7 0.012 |0.004** | 0.006 |-0.021"%
Dig_inv, x Fun_dom, ,,
(0.003) | (0.008) | (0.002) | (0.005) | (0.003) | (0.009) | (0.001) | (0.004) | (0.012)
. 0.013 0.005 |-0.005""*| 0.001 0.008" 10.018*** | 0.011 |-0.013"|-0.016%
Dig_cog, x Fun_dom, ,,
(0.008) | (0.006) | (0.000) | (0.002) | (0.003) | (0.004) | (0.008) | (0.006) | (0.008)
0.015*** | 0.002 |-0.011"""| -0.010 | -0.006 | -0.006 | -0.019 | -0.002 | -0.014 "
Dig_inv, x Dig_cog, x Fun_dom, ,,
(0.004) | (0.008) | (0.001) | (0.007) | (0.004) | (0.010) | (0.013) | (0.003) | (0.006)
Pl AL il il il il il il il il il
- 1.032°"% [1.029 " |1.027 *** [1.021 *** |1.049 *** |1.021 *** [1. 024 *** |1.030 *** | 1. 040 ***
i}
(0.012) | (0.013) | (0.013) | (0.012) | (0.013) | (0.005) | (0.017) | (0.011) | (0.017)
ARy 1T 2 = 2 e 2 e 2 2 2
Tl 2 2 = v b= b= = b= = 2
AT E = w i i 5 i 5 w [
Observations 1107 1 107 1107 1107 1107 1107 1107 1107 1107
Groups 208 208 208 208 208 208 208 208 208
R 0.399 0.396 0.398 0.399 0.402 0.403 0.405 0.397 0.400
2 cen 0.279 0.280 0.287 0.304 0.270 0.270 0.275 0.283 0.286
R, 0.316 0.318 0.325 0.331 0.313 0.319 0.320 0.318 0.321
VIF 1.879 1.839 1.855 1.848 1.788 1.818 1.763 1.779 1.798
LT R RELAE 0.1% ,1% ,5% ,10% ARV R 1E S A 9T R IERMERRHELR , R RERLAR N BT, * A
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Complementarity of digital investment and cognition: From the upper eche-
lons theory perspective

YU Yan', WANG Xue-ying®, MAO Ji-ye’

1. School of Information, Renmin University, Beijing 100872, China;

2. School of Economics and Management, Beihang University, Beijing 100191, China;

3. School of Enterpreneurship and Management, ShanghaiTech University, Shanghai 201210, China

Abstract; Digital transformation requires both cognitive transformation and financial investment, that is, the
complementarity between digital cognition and digital investment. The effects of digital investment and cogni-
tion of firms largely depend on the background structure of their top management teams (TMT). According to
the upper echelons theory, TMT background structure affects organizational cognition and behavior, and serves
as a critical factor to intervene how digitalization can bring values for firms operating traditional business. In
this study, the panel data of 208 public listed firms in the pharmaceutical industry over the period from 2010
to 2019 were collected. The moderating effects of TMT functional background heterogeneity and financial back-
ground dominance on the digital input-output linkage were tested. Results show that digital investment and dig-
ital cognition are interdependent and complementary: they reinforce each other and jointly enhance the firm’ s
growth value. Furthermore, TMT functional background heterogeneity significantly strengthens the complemen-
tarity of digital investment and digital cognition of a firm; however, such an interactive effect is attenuated as
the number of TMT members with financial backgrounds increases.

Key words: digital investment; digital cognition; upper echelons theory; TMT heterogeneity; growth value



