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Appendix 1

a(zg, )= 2=b—(2-b")0+ (2~ (2—b°)0)zy— bz, )(2—b(1—0)+ 2z,
—b(1—0)z,)

a2($0,x1) = (2—b—6—b$0+ (2_ 9)3:1)2

ay(zg,z)=2=b—0—bry+(2—0)z,)* +26(2—b—0— bz, + (2—0)z,)
2-b(1—0)+2z,—b(1—0)z,)+(2—b(1—0)+2z,—b(1—0)x,)’

oy (@g,m,) =8—2b(2—60)* —(4—0)0° +°(2— (2—0)%0) + (8 — (4 — b*)9)a?
+22,(8—40—b(4—(44+b—0)0)+b(2—0)’z,)— (2—0)z, (26(2—0) —
20°(1—0)*—2(2—0)0— (b*(1—0)*+(2—0)0)x,)

Ela; (zg,2)] = oy (gg.py ) +22— 2—=6")8)oy + 0 (1—0)o,

Elay (zg,21)] = oy (g py) + 0°0 + (2= 0)°0,

Elag (zg,,)] = o (o i)+ (8= (4— 02)0)og + (2— )02 (1= 0)* + (2— 0)0)

Elay (g2 = ay (p.py )+ (4 —30")ay + 40, — (0°(3—0)(1—0)— (4—0)0)a,
)

By(zgyz;)=2—0—b1+b—b0)—bxy+(2—0*—0+b°0)x,)*

By(zgz) = (1—0)(8—2b"(3+D)+26(2+b)0—2(1+b)(2+0)0% + (1+5)6?)
+2y(20—b)(8—40+b(4—2b(2+ )+ b(5+2b)0— (1+b)6%)) — (b* (8 — 56)
+4(=240)+2b" (—140))z,) —202—60)(1—b)B©2+b)— (1+b)(2+D)0
+(14+0)0*)+b@2—=0*(1—0)—0)zy)z, — (2—0)B*(1—0)*+ (2—0)0)x]

By(zgz,)=1—0b)202+0)*—2(14+0b)(2+b)0+ (1+1)0*)+ (4— 30z}
+2,20-0)(2+b)—1+b)4+0)0+(1+b)0*)+((2—6)* —
V3—0)1—0))x,)+2x,(4—b@+bB+b—100))—b(b*+6—b°0)z,)

EB, (xg,x))] = By (po,py )+ (1= 0)((2—b°)’0 + b0y
EBy (g, x))] = By (po,py ) +0%0g + (20" (1-0) = 0)°0,
EBs(xg,1)] = B3 (1o p1,) + (4= 3b")ay + ((2—0)* = b°(3—-0)(1—0))o,
EB, (wgya1)] = By (o i)+ (b* (8 = 50) — 20" (1 0) +4(2+0))o,
0
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Appendix 2: 5Y

[E2] 12 53]

oB(nf’  oB(n{’  4—49-5(1-30 omi omi _ (2+b—6)(2—b—0)
00, ooy (4=0?(1-0)=20)" 7 9oy 9oy (4=b*(1-0)—20)
OB(CSY) _oB(CST) _ (1=0)4=0)0
90y 90, 24—0*(1-0)—20)> "

dB(VY)  9E(VY) _ (2-0)(4—(2-6)9) —H*(2—0(6—(4—6)0)
90, 90, (2(4-0*(1-6)—260)%)

> 0.

[H2l 29| 59

A(16)2 A(17')= Helshd & U[)’Ul) m(U(?)*m(UlC): (4£4b_;(b12:92)€16 6)> >09]

e}, g R&D FR189] et 7k, ) oot P00 gof g
C c _C

m(af>>osa}$zoo]u_a 00 > oCo|t}, WA "0’"1)>09r
ok(of,o)) - polme Ao b9(1241° — (14+1°)0 +46 - o3}

80 b (4—p*(1—6)—20)°
0AcY  (16—b"+(8—2b* +1")0)

90 2(4—12(1—0)—20)° 0o .
(82| 39 39]
oB(n)) 0E(n) _ (4—§)(1-6) oB(ry) _oB(m) _ (2-6-¥(1-0)* _
90, g (4—0*(1—0)—20*" " 90, o0, (4—-v*(1—-0)—20)"
oB(CS?) _oE(CS") _ (1-b)(4—6)0 ~0
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Abstract

This paper investigates the choices of R&D risk in a product differentiated
duopoly market where the corporate social responsibility (CSR) is involved in
the analysis. We compare the equilibrium choices between quantity and price
competitions and find the following findings. Under quantity competition, CSR
firm's R&D risk level is higher than that of private firm, and the difference of
R&D risk levels increases as the degree of product substitution or CSR level
increases. Under price competition, the R&D risk level of CSR firm is higher
than that of private firm with a lower substitutability, but the reverse is true
with a higher substitutability. Comparing each firm's R&D risk level under
quantity and price competitions, the level of R&D risk under price competition
is always higher than that under quantity competition and, as either product
substitutability or CSR level increases, the difference of R&D risks is higher
under price competition. We also extend the analysis into the case that the CSR
firm chooses the degree of CSR strategically to increase its profit. We then
show that if the degree of product substitutability is larger (smaller), the impact

on CSR under quantity (price) competition is larger.

% Key words: Duopoly Market, R&D Risk Choices, Product Substitutability,

Corporate Social Responsibility, Market Competition



