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Development of an Authorship Identification Model Using Contextual Embeddings and Metric Learning

Abstract

This study empirically analysed the impact of realisable absorptive capacity and outbound open
innovation on financial performance, along with the moderating effects of location environment and
transaction costs, across 317 deep-tech start-ups. The findings confirmed that absorptive capacity-an internal
capability-and external open innovation activities are key determinants of corporate survival and performance
enhancement. Specifically, the location environment acts as a powerful catalyst in converting absorptive
capacity into performance. However, it was found that an excellent location without accompanying
innovation activities can trigger a ‘'strategic mismatch' phenomenon. This occurs when the inherent
advantages of knowledge and talent accessibility are not leveraged, and the opportunity costs invested in
securing the initial location negatively impact performance. This highlights the importance of a 'capabilities
first, location second' strategy. Furthermore, the transaction cost mitigation (efficiency) mechanism exhibits a
significant moderating effect only within the open innovation pathway. It was confirmed that even in
environments with high potential for transaction costs arising from technological uncertainty, a leverage
function maximises innovation outcomes when supported by effective cost-reduction measures. The findings
of this study indicate that future policies for SMEs and venture companies should shift from ‘'universal
distribution' to 'selective concentration'. Furthermore, policy support aimed at mitigating transaction costs is
necessary to ensure responsiveness and sustainable corporate competitiveness, even amidst external
environmental changes. To achieve this, a one-stop support system should be strengthened, centred on
innovation intermediary organisations based on the quadruple helix model, to unify fragmented support
functions. This is particularly crucial for establishing the self-sustaining competitiveness of deep tech
technology start-up ecosystems outside metropolitan areas and building a sustainable system for
disseminating outcomes.

Keyword : absorption capacity, open innovation, location environment, transaction costs, quadruple helix
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[Fig. 1] Research model
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[Table 1] Factor Analysis and Reliability Analysis
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0%

Vol.15, No.3

SHACH, HI2|HA(Varimax) 218 S SO HE

June (2026)

o

TE 1 2 3 4 5 Cronbach's alpha
grsd 6 0.852 0.092 0.169 0.086 0.034
grsd 1 0.705 0.097 0.194 0.115 0.139
Ersd 3 0.697 0.145 0.243 0.153 -0.033 857
=1 O 1
Ersd¥ 2 0.649 0.099 0313 0.038 0.106
HefH|& 1 0.142 0.753 0.116 -0.045 0.149
HefH|E 2 0.045 0.691 0.107 0.094 0.144 851
EfH|E 3 0.021 0.674 0.107 0.341 0.143
7{efH|E 4 0.228 0.626 0.165 0.180 0.146
HFdat 3 0.432 0.152 0.714 0.104 0.071 879
HE a4 0.327 0.346 0.614 0.167 0.197
N s ) 0.543 0.121 0.575 0.162 0.045
HEMat s 0.491 0.143 0.572 0.213 0.047 819
QE0[H[0]M 1 0.319 0.325 0.279 0.606 0.242
QEO|.H|O|M 2 0.305 0.416 0.341 0.527 0.195
UX|=H 1 -0.009 0.398 0.076 0.134 0.579 685
X2t 2 0.228 0.450 0.133 0.155 0.543
Oto| gk 3.280 2.757 2.049 1.003 0.893
S&EM%) 20.501 17.230 12.809 6.269 5.584
FEE %) 20.501 37.731 50.540 56.809 62.393

KMO=.941, Bartlett's x>=3040.880(P<0.001)

42 7M4435

421 74 1,2 8%
74 1, 28 ABSH| QIs10] [E 219F 20| 3HEMS

7t 1, 2£ SAHLE ROt A= LIEtHLE

[E 2] 32N

[Table 2] Regression analysis

344 e B SE B ¢ P
AN g+sY 0.651 0.053 505 12.190%%* .000
=) ZO| L Hjo|M 0.326 0.035 387 93364 .000

F=245.918***%(p<.001) R2=.610, D-W=2.000

#p<.05, F*p<,01, **4p<,001
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422 7Md 3, 4 43
78 3, 4 AT2 Qo [E 312

t
7k 3, 4= XXt ES =HlSHALE

[E 3] YA2E =2 =23 24

[Table 3] Analysis of the Effects of Location Evnironment

CHA| B B SE B t P F R2 adj(R2)
(A=) 4031 | 0.035 0.000 | 1.000
1 S+ 0.505 | 0.041 | 0505 | 12.190 | .000 | 245.918%*x ('2(1)2)
QEO|H[O|M 0387 | 0041 | 0387 | 9336 .000 '
(&) 4910 | 0.035 0.000 .000
g5y 0.505 | 0.041 | 0505 | 12.182 | .000 611
2 — 163.675%*
QEO0|H|o|M 0375 | 0047 | 0375 | 7.938 | .000 (.607)
PINECIRE 0023 | 0042 | 0023 | 0542 | .588
(A=) -0.062 | 0.039 -1.575 | 116
E+5Y 0.503 | 0.044 | 0503 | 11.557 | .000
QEO0|H|o|M 0377 | 0048 | 0377 | 7.841 .000 627
3 P 104.538*#*
X2 0092 | 0047 | 0092 | 1952 | .052 (.621)
S+sHxUX 2 0.072 | 0033 | 0082 | 2202 | .028
QEO|HOPX[2FE | 0.079 | 0035 | 0103 | 2288 | .023

#p<.05, #p<01, **p<001

S8t BTN LR|2HE2

AL -1SD, M, +1SD #4= Eoll ot g2

[ 4 S453T 3% YooH ARIEo) 2R S o) o £ B}

[Table 4] Moderation effect of specific values of location environment on absorption capacity and management performance
Ux|eg B se t p LLCI ULCI
M -1SD 715 .062 11.54  *** .000 .593 .837
M 881 .051 17.18  *** .000 780 .982
M +1SD .1.048 073 1438  *** .000 .904 1.19

*p<.05, **p<.01, ***p<.001

therlz7| 242 (18 2, ESHOR 242 (28 3]01A PROCESS Macros &0l 72|
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[Fig. 2] Moderation effect of specific values of location environment on absorption capacity and management performance
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(18 3] S8 MEY dSdt o] AN YX|gEel ==8ant Jaj=z
[Fig. 3] Graph of the Moderating Effect of Location Environment on the Relationship Between Absorption Capacity

and Financial Performance

LEO| oMt FF YT M LRIFe| =7 EF &t =24 Zite [ 5|12 22
O, YXI2HE2 -1SD, M, +1SD @2 Sl Foleh Fs O[Kl= AS =HUSHALL

[# 5] 20| =H|0|Fr ZAGMO|M YR|BHge| =T EF 0| 2ot =E& 1t
[Table 5] The Moderating Effect of Specific Values in the Location Environment on Open Innovation and

Management Performance

A% =4 B se t p LLCI ULCI
M -1SD 398 050 7.849 e 000 298 498

M 555 041 13.480 000 474 636
M +1SD 712 054 13.126 1000 605 819

*p<.05, **p<.01, ***p<.001
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th=rlE7] 242 (A8 4], E&-HolZ 242 (28 51%M PROCESS MacroE &of #2ld

4.7536

4.0534

—High X|ZHEZE)

—Low RAEHE DY)

3.0536

2.9677

ATYUE T

Low High
2 E0| M0 H(OpZHE? )2 £0| :=H|0| H(0} 2B £

[18 4] 2E0|cH|o| 1t M FH ZEg 7o A A YREe| Herl27] =4
[Fig. 4] Analysis of the Slope of the Location Environment in the Relationship between Open Innovation and

Financial Management Performance
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[18 5] 2E0[H|o| 80t M FH ZEgu 7o A A YREo =Fgnt J2i=
[Fig. 5] Graph of the Moderating Effect of Location Environment on the Relationship Between Open Innovation and
Financial Management Performance
X2ty =R QUEME 23 E&-U0[TH HES AHESIICH, ZE 1= [# 62t ZLt
[E 6] 20| =H|0[d1 ZFFgnte| A0 LR ItE =E 21t
[Table 6] The Moderating Effect of Location Environment on the Relationship Between Open Innovation and
Business Performance
Rk B se t p LLCI ULCI
-3.051 0.012 0.118 0.098 0.922 -0.220 0.244
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-2.851 0.047 0.111 0.426 0.670 -0.171 0.266
-2.651 0.083 0.104 0.797 0.426 -0.122 0.288
-2.451 0.119 0.097 1.219 0.224 -0.073 0.310
-2.251 0.154 0.091 1.702 0.090 -0.024 0.333
-2.152 0.172 0.087 1.968 0.050 0.000 0.344
-2.051 0.190 0.084 2.259 0.025 0.025 0.355
-1.851 0.226 0.078 2.904 0.004 0.073 0.379
-1.651 0.261 0.072 3.655 0.000 0.121 0.402
-1.451 0.297 0.066 4.529 0.000 0.168 0.426
-1.251 0.333 0.060 5.547 0.000 0.215 0.451
-1.051 0.368 0.055 6.721 0.000 0.261 0.476
-0.851 0.404 0.050 8.047 0.000 0.305 0.503
-0.651 0.440 0.046 9.487 0.000 0.348 0.531
-0.451 0.475 0.043 10.946 0.000 0.390 0.561
-0.251 0.511 0.042 12.272 0.000 0.429 0.593
-0.051 0.547 0.041 13.289 0.000 0.466 0.628
0.150 0.582 0.042 13.877 0.000 0.500 0.665
0.350 0.618 0.044 14.032 0.000 0.531 0.705
0.550 0.654 0.047 13.846 0.000 0.561 0.747
0.750 0.689 0.051 13.446 0.000 0.588 0.790

*p<.05, **p<.01, ***p<.001

423 7td 5, 6 A3
7t 5 62 ASBI7| QI8h (B 7)0F 20| SHEAES SIoH, [0l ASZED 7MY 5= KHE
S|X| Ao, 7Hd 62 SAHNCE Folot A2 =Z LIEIGCE

[E 7] 7218 =2an 24

[Table 7] Analysis of the Effects of Transaction Cost

£HA| M B S.E B t P F R2 adj(R2)

(&) -4.031 | 0.035 0.000 | 1.000

1 Ersd 0.505 | 0.041 | 0505 | 12.190 | .000 | 245.918%** (:2(1)2)
QEO|LH|o|M 0387 | 0.041 | 0387 | 9336 | .000
(&) 3.033 | 0.035 0.000 | 1.000

grsd 0.506 | 0.041 | 0506 | 12.238 | .000 613

2 = 165.259%#*

QE0|H|0|M 0348 | 0.049 | 0348 | 7.083 | .000 (.609)

7{efH|E 0064 | 0.044 | 0064 | 1465 | .144
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ey -0.089 | 0.041 2156 | 032
sy 0467 | 0.045 | 0467 | 10480 | .000
QEO|LH|o|M 0365 | 0.053 | 0365 | 6.882 | .000 634
3 107.859%%
efH|E 0.178 | 0.051 | 0.178 | 3.514 | .001 (.628)
EoasxAHAEE | 0053 | 0033 | 0065 | 1601 | .110
QEO|HOMHRHIZ | 0.122 | 0.042 | 0150 | 2.899 | .004
*p<.05, ¥¥p<.01, **¥p<.001
QFEO|LH|o| Mt BH o HefH[8e| =HE £ 4ol EMZut= (B 81t Z20, Hey
H82 -1SD, M, +1SD &2 &3l Felot g2 O[X|= A2 =QISHIIC

[E 8] 2E0|=H|0]d2 ZF Gy

tofl M #2H| &2

H E
ZUR EF U

of ol =E=1t

[Table 8] The Moderating Effect of Specific Transaction Costs on Open Innovation and Business Performance

HefH| & B se t P LLCI ULCI
M -1SD 307 052 5902 e .000 205 410

M 549 042 13102 .000 467 632
M +1SD 792 057 13.839 .000 679 904

*p<.05, #p<.01, ***p<.001

Che7|27| M2 (A8 6), &&-U[0|2t 242 [O8 7]0|AM PROCESS Macros S0l 72|

4.8947
4.5
4 .
3.7458 —High 72{H| &
& 35 —Low 7{2lH| &
[
=
_"r::ro 5 2.9747
23
% 2.9093
25
2
Low High

2 E0| - H|0] M (OFR H}2 £)2 0| i H| 0] M(OLR HI2 E)

[28 6] 2E0[H|0[ 81 ZS- 81t 2t BANM HefH| &2 Eher|27| &4
[Fig. 6] An Analysis of Transaction Cost Slope in the Relationship Between Open Innovation and Business

Performance
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[Fig. 7] Graph of the Moderating Effect of Transaction Costs on the Relationship Between Open Innovation and

Business Performance

HSHEYO0| Rol0f M2} H2HH| 8o =UE 2t HMS 3 E&-HolRt YES HESIY
BMSICH, 24 Zit= [# 919F 2Tt
[E 9] ERIZ WEH ZSguel AN 728 =2t

[Table 9] The Effect of Transaction Cost Control on the Relationship Between Location Environment and

Financial Management Performance

Heju& B se t p LLCI ULCI
-3.047 -0.361 0.135 2,679 0.008 -0.627 -0.096
2.837 -0.298 0.126 2364 0.019 -0.547 -0.050
2.626 -0.235 0.118 2,001 0.046 -0.467 -0.004
-2.608 -0.230 0.117 -1.968 0.050 -0.460 0.000
22.416 0.172 0.109 -1.580 0.115 -0.387 0.042
-2.205 -0.109 0.101 -1.086 0278 -0.308 0.089
-1.995 -0.047 0.093 -0.503 0.616 -0.229 0.136
-1.784 0.016 0.085 0.195 0.846 -0.150 0.183
-1.574 0.079 0.077 1.036 0301 -0.071 0.230
-1.380 0.137 0.070 1.968 0.050 0.000 0275
-1.363 0.142 0.069 2.057 0.041 0.006 0278
-1.153 0.205 0.062 3303 0.001 0.083 0.328
-0.942 0.268 0.056 4813 0.000 0.159 0.378
-0.732 0331 0.050 6.603 0.000 0.233 0.430
-0.521 0.394 0.046 8.617 0.000 0304 0.484
-0.311 0457 0.043 10.668 0.000 0373 0.541
-0.100 0.520 0.042 12.446 0.000 0.438 0.602
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0.667
0.735
0.807
0.880

0.499
0.556
0.611
0.663

0.000
0.000
0.000
0.000

13.655
14.209
14.243
13.966

0.043
0.046
0.050
0.055

0.583
0.646
0.709
0.772

0.111
0.321
0.532
0.742
*p<.05, **p<.01, ***p<.001
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