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E-Companion to When Worse Is Better: Strategic Choice of
Vendors with Differentiated Capabilities in a Complex
Co-Creation Environment

In this E-Companion, we first provide the table containing the list of key variables in Sec-
tion EC.1, followed by the analytical proofs of the Lemmas, Propositions, and Corollaries from
Sections 4 and 5 based on the main model in Section EC.2. We then proceed to provide in Sec-

tion EC.3, the detailed analysis of the various model extensions showcased in Section 6.

EC.1. Tables

Table EC.1 List of Key Variables and Parameters

Symbol Definition

Variables

X Level of effort exerted by the client

Ya Level of effort exerted by the primary vendor (vendor A)

Y Level of effort exerted by the secondary vendor (vendor B)

ta Price per unit of effort exerted by vendor A

te Price per unit of effort exerted by vendor B’

II Client’s profit

TA Vendor A’s profit

B Vendor B’s profit

Parameters

W value per unit of output of the project

o Sensitivity of the output to the client’s effort (Client’s efficiency)

Ba Sensitivity of the output to vendor A’s effort (Vendor A’s efficiency)
Be Sensitivity of the output to vendor B’s effort (Vendor B’s efficiency)
CR,y =CR Cost multiplier for the client’s effort in one-vendor co-creation

CAy =CaA Cost multiplier for vendor A’s effort in one-vendor co-creation

CRyy = prcr  Cost multiplier for the client’s effort in two-vendor co-creation
cAyy =paca  Cost multiplier for vendor A’s effort in two-vendor co-creation

cB Cost multiplier for vendor B’s effort
PR Coordination cost multiplier for the client in two-vendor co-creation
PA Coordination cost multiplier for vendor A in two-vendor co-creation

EC.2. Proofs of Lemmas, Propositions, and Corollaries
In this section, we provide the proofs for the Lemmas, Propositions, and Corollaries presented in

the paper in Sections 4 and 5.

EC.2.1. Proof of Lemmas 1, 2, and 3 in the Two-Vendor Scenario

Proof of Lemma 1. We solve the model using backward induction. In Stage 2, in response to
the client’s price per unit offering ¢4 to vendor A and tp to vendor B from Stage 1, the client and
the two vendors A and B simultaneously determine their effort levels X*(ta,t5), Yi(ta,tg), and
Y5 (ta,tp), which will maximize their respective profits, given by I,y from (2), and ma,,, ,7p,, >0

from (3), respectively. Observe that the profit functions are concave in the respective effort levels.
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Applying first-order conditions (FOC) simultaneously on (2) and (3), we obtain the efforts exerted
by the client and the vendors in response to (ta,tz), given by (EC.1a) and (EC.1b).

t lcﬁAl t 1531 G

* 1 « A - B -

X = - —_ EC.1
ov(fats) (k‘> (PRCR> (k/‘PACA> <k‘CB> ’ (EC.1a)

ta T tp \ T
YIZQV (tAptB) = <kpACA> and YBQV(tB7tB) = <I€CB) . (EClb)

Anticipating these responses in Stage 2, the client determines the prices ¢%, and ¢}; in Stage 1,

which maximize its total profit from (2), rewritten as follows:

oy (ta,tp) = p@ (Xov(ta,ts), YAQV (ta,ts), Yy, (tasts))

—prer (Xav(ta,tp)) Z t:Yi,, (ta,tp). (EC.2)
ic{A,B}

Substituting (EC.la) and (EC.1b) in (EC.2), we note that the client’s total profit is jointly

concave in (t4,tp). Simultaneously applying FOC with respect to t4 and tp, we obtain:

thyy = (kpaca)® (Ba¥av) * and tp, = (kep)

def (N[ a \" [ Ba Pa BBﬂBW
%V_<<’f) <PRCR) (Mmc) <kcB> ) ) (EC.4)

=
Ea

(ﬁB‘I/w)L;l , where (EC.3)

which concludes the proof of Lemma 1. O
Proof of Lemma 2. Substituting (EC.3) in (EC.1a) and (EC.1b), we obtain the equilibrium
efforts: . 2 .
aVyy \ Ba¥ay BeWay \ *
X5y = Yi = and Y3 EC.5
2V (pRCR ) ) Aoy ( kpACA BQV kCB ’ ( )
where W,y is given by (EC.4). This concludes the proof of Lemma 2. 0

Proof of Lemma 3. First, by substituting X5y, Y ,and Yy  from (EC.5) in (1), we obtain

the equilibrium output in the two-vendor co-creation environment:

Qay = (Z) Yoy, (EC.6)

where Wy is given by (EC.4).
Substituting the equilibrium efforts and prices from (EC.5) and (EC.3) in (2) and (3), we obtain

the equilibrium profits of the client, vendor A, and vendor B, respectively:

1Ly, =(k—a—Ba—Bp) Yav, (EC.7)

k—1 k—1
Trjlgv = (k) BA\IIQV7 and 7I'*B2V = <k> IBB\IIQV, (ECS)

where W,y is given by (EC.4). This concludes the proof of Lemma 3. O
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EC.2.2. Proof of Lemmas 4 and 5 in the One-Vendor Scenario

Proof of Lemma 4. In response to the client’s offer ¢4 from Stage 1, the client and the ven-
dor simultaneously determine their optimal effort levels X*(t4) and Y}(t4), respectively, which
maximizes their respective profits Il;y and m,,,, in Stage 2, given by (4). Observe that the profit
functions are concave in the respective effort levels. Applying first-order conditions (FOC) simul-
taneously on II;y and 74, from (4), we obtain the efforts exerted by the client and vendor A in

response to t4, given by (EC.9):

AN b
* (B (&) () x 7
Xi(ts) = (k) <CR> (kCA) and Y}, (t4) (kc) . (EC.9)

Anticipating these responses in Stage 2, the client determines the total profit maximizing price
t% in Stage 1. Substituting (EC.9) in II;y from (4), we note that the client’s total profit is concave
in t4. Applying FOC with respect to t4, we obtain:

k-1

Vary = (kea)F (BaWiv) T, where (EC.10)

v, ((’;)k (;) " (ﬁ)m> e _ (EC.11)

Substituting (EC.10) in (EC.9), we obtain the equilibrium levels of effort exerted by the client

and the primary vendor in the one-vendor co-creation environment, as given by:

1 1
v k v F
Xy = <acpjv> and Y = (B’chv> , respectively, (EC.12)
where W,y is given by (EC.11). This concludes the proof of Lemma 4. O

Proof of Lemma 5. First, by substituting X}, and Y} = from (EC.12) in Qv (X,Ya) from

(4), we obtain the equilibrium output in the two-vendor co-creation environment:

Qv = (i) Uy, (EC.13)

where U,y is given by (EC.11).
Substituting the equilibrium efforts and price from (EC.12) and (EC.10) in II,y and 74, from

(4) we obtain the equilibrium profits of the client and vendor A, respectively:

Iy = (k—a—B4) Y1y, and (EC.14)

k—1
Ay = <k ) BaViv, (EC.15)

where W,y is given by (EC.11). This concludes the proof of Lemma 5. O
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EC.2.3. Proof of Lemmas 6 and 7 in the Comparison of the Two-Vendor and
One-Vendor Scenarios

Proof of Lemma 6. From (EC.7) and (EC.14), we obtain the following:

I, <\I/2V>
= , where EC.16
13, ¢ U,y ( )
_ k—a—[B4— BB
= o B, and (EC.17)

U, and ¥y are defined in (EC.4) and (EC.11), respectively, yielding

iz T—aFaiFp
\IJQV: (M)k(a)O‘(BA)ﬁA —a—PB4 <1>a<1)ﬁA <6B)ﬁB
Uiy k Cr kca PR pa kcp
$kBp
=Dy *o-Ba—Fp)? (EC.18)
where
1
F=a=BA-Pp

(e )T e @) e

is independent of u. Note that

8 q’gv) kaB <\II2V>
— = . EC.20
a,u <\I/1V M(k_a_BA_/BB)2 Wy ( )
We differentiate (EC.16) with respect to u, and substitute (EC.20) to obtain:
9 H§v> 0 <‘1’2v> kBp (‘I’zv>
— =&— = . EC.21
O <HTV 53# Uy p(k —a—pBa)? \ Wy ( )

Since o+ B4+ B <k and «, B4, 8p > 0, therefore k —a— 4 >k —a— B4 — B >0, hence 0 <
¢ < 1. Further, p,cg,ca,cg > 0. Therefore, from (EC.20) and (EC.21) respectively, we can see that

o [V o (11}
— (W) >0, and — ( §V> >0, (EC.22)
Op \ Vv op \ 113y,
implying that ﬁiv is increasing in p.
1v
Solving EEV =1 for p using (EC.16), we obtain the threshold of value per unit of output for the
1V

client’s profit, as given by (EC.23):

(k—a—B4—6p)?

_ 1 i
=) , (EC.23)

where £ and I" are given by (EC.17) and (EC.19), respectively.

Therefore, > fiy; <= 113, > IIj,,. This concludes the proof of Lemma 6. O
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Proof of Lemma 7. We provide the proof in two parts.
(a) From (EC.6) and (EC.13), we obtain the following:

o
ng = sz (EC.24)
1v

where Wy and W,y are defined in (EC.4) and (EC.11), respectively. From (EC.22), we know that

o (v . . Qv - - .
o (ﬁ) > 0, implying that Q%X is increasing in p.

Using (EC.24) and solving for g%v =1, we obtain the threshold of value per unit of output for
1v
the co-creation output, as given by (EC.25):

_(k—a—B—Bp)>
k

io=T"" &5 (EC.25)

where £ and I' are given by (EC.17) and (EC.19), respectively, such that u >, <= Q5 > Q7y.
(b) Since 0 < ¢ < 1, dividing (EC.23) by (EC.25), we obtain

a1 e
B
Hq 3

hence fig < fiy. This concludes the proof of Lemma 7. O

EC.2.4. Proof of Proposition 1
Proof of Proposition 1. We provide the proof in two steps and omit the complex expressions

for expositional clarity.

v — 1 for B to

a) First, from (EC.16), it can be shown that —Hé" is convex in Bp. We solve —2
II II
1v

obtain two roots: the first is S5 =0 (the secondary xlf‘e/ndor is not present), and the second (positive)
root is the threshold value of efficiency of the new vendor (i.e., B5). All else being equal, if the
efficiency of the secondary vendor (i.e., 8g) is greater than (35, then the client’s profit in the two-
vendor scenario (i.e., Iy ) is greater than the client’s profit in the one-vendor scenario (i.e., IT;y).
Thus, in this case, the client is better off adding a second vendor to the project, and vice versa.

Now, from Lemma 6, we know that all else being equal, the client will be more willing to add
a second vendor as the value per unit of output p increases. Conversely, as p increases, the client
becomes better off adding a second vendor for a lower g at which the client would otherwise
have preferred to have a single vendor, if p were lower. Consequently, 3 decreases with .

(b) Then, by replacing g with 84 in (EC.23), we obtain the threshold value of value per unit
of output for the secondary vendor’s efficiency (i.e., fi5,,) where the efficiency of two vendors is

*

equal (i.e., B4 = Bp). In other words, 1z, is the solution to Hov =1, where

) , and
B=BA

I3y :k_a_2/3A Yoy
Iy Bp=Ba k—a—pFa \ Yiv
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ey e o

We know from part (a) above that as p increases, 3 decreases. Therefore, at p =g, We have

1
k—a—2B 4

Vv
N %

Bz =Pa, and as p > Hg,, we have Bp < Ba. Since the client is willing to add the secondary vendor
whose efficiency is greater than 3, the client will add a new vendor even if 5 < 85 < 4 when
p>Hg,. It can be similarly proven that as u <fg,, we have Bp > Ba. Since the client only adds
the secondary vendor if 3 > 5, the client would not add the secondary vendor if 84 < 85 < B3
when p <7z . This concludes the proof of Proposition 1. O

EC.2.5. Proof of Proposition 2, and Corollaries 1 and 2
Proof of Proposition 2. To prove Proposition 2, we demonstrate that gy is (concave)
increasing in c4. We take the first and second derivatives of g in (EC.23) with respect to the

cost multiplier of vendor A (i.e., c4) as follows:

(k*a*ﬁA*kﬁB)(k*afﬂA)

8ﬁ1‘[ _ k—o— 5,4 BB ir‘f (k*a*BA*kﬁBBB)UC*Oé*ﬁA)
dca  \k—a—PBa—PBg e
(k—a—Ba—Bp)(k—a—F4)
= BiA k—a— BA kBp _ BfA o
kca F(k_a_ﬂA—ﬁB) kca Hrs

0% k ?
F;“ (1o EY (Lo Ty
8CA ﬁA I{ICA

Since o+ B4+ B <k and «, 84,85 > 0, therefore k —a — 4 > k — a— B4 — B > 0. Further,

9% . 921 . . . . . .
W, Cr,Ca,cp > 0. Therefore, a’:—;‘ >0, while = C*;“ < 0, which implies that 7y is concave increasing
B A

with c4. This concludes the proof of Proposition 2. O
Proof of Corollary 1. We provide the proof in two steps.
(a) First, using (EC.16), we show that % is decreasing in c4. We differentiate (EC.16) with
1v

respect to c4 to obtain:
i 11y, _ k—a—pB4—PBs i Yoy
8CA HTV k—a—ﬁA 00A \Illv

:<kaﬁAﬁB> (_ BaBB ><‘I’2v>
k—a—p0a calk—a—Ba—PBp)k—a—pa)) \ Vv

Y
- _ BABB . < 2V> ’ (ECQG)
calk—a—B4)* \ Wiy
which is negative, implying that E%V is decreasing in cy4.
N
We then use (EC.16) to solve 12V — 1 for ¢4 in order to obtain the threshold of cost per unit
1V

effort of existing vendor (i.e., ¢4) given by:

(k—a=Ba)(k—a=Ba—BR)
_ k—a—[084—05s BABB
Cp — Q
k—a-— ﬂA

, where
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k—a—p

OOV sen

such that all else bbeingequal, c4 <¢s <= II3,, > 11, .
(b) Now we show that ¢4 is increasing in p and fp, but is decreasing in cp. First, we take the

first and second derivative of ¢4 with respect to u as follows:

(k—a—Bp)(k—a—Ba—BR)
@flig <k_a_BA_/BB PaPB
O Ba k—a—pa ’

(k—a—Ba)(k—a—Ba—BR)
LR (kg (fe oy
op?  p? Ba \ Ba k—a— B4 ’

where  is given by (EC.27) and is positive. Since o+ 4 + 5 < k and «, 54, 85 > 0, therefore

k—a—84>k—a— B4 — B >0. Further, u,cg,ca,cg > 0. Therefore, CA >0 and 8CA >0,
implying that ¢4 is convex increasing in u.
Similarly, the first derivative of ¢4 with respect to Bp is:
1 e L k—a—p,
OC 4 (k—a— B4 — Bp)k-a=Ba)k—a=Ba=Bp)\ Fafn [ o\ Ba [ pkph o304 \ P4 7 B
IBs ( (k—a— B4)*—a—Ba)?—(k—a)fp ) (CR) f2h—ach—o=Pa <pA>
a(k—a—PB4)

1\ k—a— B o b
(pR) ((k—a—ﬁA)10g<k_a_ﬁA_ﬂB> +log(pRpA )) >0.

Thus, ¢4 is increasing in Sp.

Finally, the first derivative of ¢4 with respect to cp is:

(k—a—Bp)(k—a—Ba—BB)

0, _1k—a—ﬁAQ<k—a—BA—ﬂB e
dcp cp Ba k—a— B4
Thus, ¢4 is decreasing in cg. This concludes the proof of Corollary 1. O

Proof of Corollary 2. First, using (EC.16), we show that 2" is decreasing in both pr and

1V

pa. We differentiate (EC.16) with respect to pr and pa respectively, to obtain:
i <H§v> _ (k a—[fa—PBp (‘I’zv)
dpr \Ijy ) k—oa—pBa Ipr \ ¥1v
_(k a—Ba—PBs ( a )(xpw>
B k—a—[Ba pr(k—a—B4—Bs)) \ Vv
Uy
T, > (EC.28a)
)
Ipa \Viv
(=a—mm) ()
palk—a—B4—08s)) \ Yy

qj”) <0, (EC.28b)
Uy

1

< |=<

pr(k—a—B,)

)
|

|

2 ) (i
|

<

o)

(kf@éﬁA—B
k—a—pa

_pkaﬁA
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implying that g%; is decreasing in both pr and p4.

From (EC.16), (EC.17), and (EC.18), we obtain:

1
% a Ba\ kF—a=Ba—Bp £kB
Hiv —¢0 <1> <1> Mm, where
Iy, PR Pa

g_k_a_ﬁA_ﬁB
- k—a—pa

, and

NS\ (VT gy T
o= ((Q (&) () ) (i) | —

.
oy
2
iy

Since EEV is decreasing in both pr and p4, we use (EC.29) to solve
1v

=1 for both pr and p4

to obtain the two thresholds of the coordination cost multipliers, given by:

kasgasn 1\ & kom
T <> LT and (EC.30)
PA
ka-ba-5p (1 \Fa __km __
pa=(£0) Ba <> pPAG—a=Fa) (EC.31)
PR

such that all else being equal, (a) pr <pr < I}, >}, and (b) pa <p, <> II}, >1I},.
Now, we take differentiate p, and p, from (EC.30) and (EC.31) respectively, with respect to p,

and observe that:

P kS5 k—a—Ba-bp ( 1 )a __kBp
= e a alk=a=64) > (), and EC.32
op  pok —a—Ba) (€6) PA : ( )
9pa kBs koo-pa-ip ( 1 )ﬁi -
= €] Ba Palk=a=F4) > (). EC.33
o pPalk —o—pBa) (€6) PR : ( )
Thus, pr and p, increase as p increases. This concludes the proof of Corollary 2. O

EC.2.6. Proof of Propositions 3 and 4
Proof of Proposition 3. We provide the proof in two parts.
(a) From (EC.8) and (EC.15), we obtain the following:

) Y
. (EC.34)

* )
T ALy Wiy

where Wy and Wy are defined in (EC.4) and (EC.11), respectively.
From (EC.22), we know that % (m) > 0, implying that Zfi is increasing in u. Using (EC.34)
A

v
1v 1V

and solving for :fw =1, we obtain the threshold of value per unit of output for the primary
A

1v
vendor’s profit, as given by (EC.35):

_(k—a—Ba—BB)(k—a—B4)

fi, =T "o , (EC.35)
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where I is given by (EC.19), such that p >, <= 7 >7) .

(b) Since S5 >0, therefore % > 1. Thus, dividing (EC.23) by (EC.35), we obtain

(k—a—ﬂA—kﬁB)(k—&—ﬂA)

T —a— B
Mo ( k—a—fa ) ? > 1,
B, k—a—Ba—0Bs
hence 7, , <fiy. This concludes the proof of Proposition 3. O

Proof of Proposition 4. We provide the proof in two parts.
(a) From (EC.5) and (EC.12), we obtain the following:

1 1
X; U,y \F Y; oo \F
2V — < 2V ) ,and 22V — < 2V > , (EC.36)
Xiv  \prViv Yi, \pa¥v

where Wy and W,y are defined in (EC.4) and (EC.11), respectively. From (EC.22), we know that

®

* Y
9 (m) > 0, implying that 22 and Yf‘f" are increasing in u. Using (EC.36) and solving for

o \ 1y Xiv Ay
* Y*¥

;i" =1 and YA*QV =1 respectively, we obtain the threshold of the value per unit of output for the
1V Ay

client’s and the primary vendor’s efforts, as given by (EC.37):

(k—a—Ba—Bp)(k—a—B4) (k—a—Ba—Bp)(k—a—B4)

_ P kB _ 1% kB
i = () g cand iy, = (%) g , (EC.37)

where I' is given by (EC.19), such that u > iy <= X5, > Xy, and p >y, <= Y5 >Y; .

(Or EYA)7
(b) Since g > 0, therefore % > 1. Further, pr, pa > 1. Thus, from (EC.23) and (EC.37),
we obtain
. 1 (k—a—ﬂA—kﬁﬁB)(k—a—ﬁA)
'LLH=< —a=ba ) 7 > 1, and
Hx pr(k—a— B4~ 0Bs)
. I (k*a*BA*kBBB)(k*a*BA)
— — B
fo < o~ P4 ) >1,if
Ky, pa(k —a—Ba—PBg)
_def k—a—[a 1 _ .
<p= = —, and < p, respectively.
oS R —a—fa—pp & AP TeSROEY
This concludes the proof of Proposition 4. ]

EC.3. Detailed Analysis of Extensions
In this section, we provide a detailed analysis of the five extensions presented in the paper in

Section 6, and prove the key results in each of them.

EC.3.1. Analysis of Section 6.1
In this section, we provide a detailed analysis of the extension in Section 6.1: Adding a new

vendor to an existing multi-vendor co-creation project. Extending the collaborative output to
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a co-creation environment with j vendors, we define @,y = X* Z:1 <Yf i>, where « and f; are
the efficiencies of the client and vendor ¢. The cost multipliers are cgr for the client, and ¢; for
vendor i. Without loss of generality, let the vendors be introduced in the co-creation environment
in a sequential manner: vendor 1 is the first to be added, followed by vendor 2, and so on. We
continue to restrict our attention to co-creation environments with diseconomies of scale, thus
k—a—>7_ ;>0 for all j in the consideration set.

For the sake of analytical tractability, we consider that for every new vendor, the client and
each existing vendor ¢ will incur coordination costs given by pr and p;, respectively. Therefore, the
client’s cost multipliers are cg when producing alone, prcr when co-creating with a single vendor,
prcr when co-creating with two vendors, and pfécR when co-creating with j-vendors. In a j-vendor
co-creation, the cost multiplier is p} "¢, for vendor 1, p{ ~*¢; for vendor 1, i < j, and ¢; for vendor j.'®

The model is qualitatively identical to that described in Section 3. Analogous to the analysis in

Section 4, using induction, we define the function ¥;, below for the j-vendor co-creation.

a B Ji—1 Bi k_a_lj )
def [((p\F (@ AN pi i
s <<k) <p§§cR> <kcj) H(’fﬁfici ’ (BC-352)

1=1

k

1
k a B;3—1 Bi\ k—a—37 g,
def (1 - Bi\"” H Bi =1 P
¢jV — ((k‘) <p§{CR> (k‘Cj > P (/C/)Z_ZCZ ) (EC38C)

that represents the combined effect of the relative contribution from each firm in the j-vendor

co-creation process, and the client’s profit is 1T}, = (k —a— Z'Z:l 51) Wiy
We utilize (EC.38a) to develop two functions ¥, )y and ¥,y below, corresponding to the

n 4+ 1-vendor and the n-vendor scenarios respectively:

1
a Brnt1 Bi\ k—a-"T1g,
def [ [\ « Bt Bi >rhs;
U, = (—) | | _— , and EC.39
(v ( k (P?{CR> <k0n+1> <kp?+1lcz‘ o ( )

=1

1
o Bn n—1 B k—a—>." B,
def [ (H\* e Bn Bi =
T () (5= (22 ] , . EC.39b
v <<k> (P%_10R> <k0n> <kP§”Ci> ) (EC-39b)

i=1

Let us denote the client’s profit as II';, when the client engages with the n vendors, and

as H>(kn+1)

Section 4, we compare II7, . ), = (k —a-y" ﬂi) Uiy, and I, = (k—a =Y i) Uy, in

order to generalize the result of Lemma 6 in Lemma EC.1 below.

v when the client includes the new vendor in this project. Following the analysis in

8In the base model described in Section 3, we modeled the coordination cost of the client in the one-vendor scenario
as part of the client’s cost multiplier. In this extension, we consider the coordination cost at each new vendor
inclusion.
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LemMA EC.1. There exists a threshold (ﬁnn) on the value per unit of output (), such that
the client benefits from including the new vendor in the co-creation environment consisting of n
existing primary vendors, if and only if the value per unit of output received by the client exceeds

this threshold (i.e., 15y, > 117y, <= pu> i, ).

Proof of Lemma EC.1. We utilize the above definitions of II7;,, ;- and ;. Since
n+1
>(kn+1)V = <k§ - — Z 57,) \If(n+1)v, and
i=1
I, = (k: —a— Z ﬂi> W,y , therefore
=1

* n+1
e, 1 1yv _ k—a—-3"""8 <‘I/(n+1)v> where
115 k—a- Z?:l Bi Y,y ’
\I/ kﬂn+1 w
Rl L) (EC.40)
\IjnV an

Note that %ﬂ is independent of u. Taking derivative of \Pﬂ;ﬂ from (EC.40) with respect to
n nVvV

1

u, we get:
k6n+1
9 <W<"+1)V> = B PG S [ Gy I <1/’<n+1)V>
>0. (EC.41)
Taking derivative of H(S;%W from (EC.40) with respect to u, and substituting (EC.41), we get:
2 <H>(kn+1)V> _ k; —Q — Z?:Jrll /B’L i <\I/(n+1)v>
o I,y k—a—=320, B ) o U,y ’
k‘ k5n+1 w
= P | (e s o) (be i ) <<"“>V> >0,  (BEC.42)
pk—o—=32 Bi) Ynv
which implies that H(S*ﬂ is increasing in u.

Solving H(g*ﬂ =1 for p in (EC.40), we obtain the threshold of value per unit of output for the
nV
client’s profit, as given by (EC.43):

(r-a-xph o)) (koS 5)

me((E) )
i ((’ﬁaZ?fEﬁ) Qﬁ(mrl)v) ) (EC.43)

such that TI5,, > 117y, <= p > fiy,, . This concludes the proof of Lemma EC.1. O

Parallels to the results shown in Section 5 can be similarly drawn in the n-vendor general case.
Our results therefore hold qualitatively for general n-vendor co-creation environments. We omit

the details for the sake of brevity.
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EC.3.2. Analysis of Section 6.2

In this section, we provide a detailed analysis of the extension in Section 6.2: Impact of the value
per unit of output changing with the number of vendors. The sequence of events is the same
as in Section 3, and we follow the same backward induction as in Section 4 to determine the
equilibrium in the two-vendor and one-vendor co-creation scenarios. Analogous to the analysis
with gy = s = p in Section 4, we define two functions Wy (p2) and Wyy(u1) below, corresponding
to the two-vendor and the one-vendor scenarios respectively, that represent the combined effect of

the relative contribution from each firm in the respective co-creation process:

I B
def Ha k a a Ba Ba 67B 8\ F—a—B1-Pp
Uoy (p2) = << k ) <pRcR) <kpACA> ken , and (EC.44a)

Uy () ((/;1)’@ <C‘1>a <Ifé‘>m>m (EC.44b)

Since py,us > 0, observe that the sensitivity of Way(u2) and Wiy (uy), given by (EC.44a)

and (EC.44b) respectively, with respect to model parameters such as u, k, «, Ba, Bp, Ca,
etc., remain directionally the same as in Section 4. The equilibrium results in the two-vendor
scenario can be found by replacing p with p, in Lemmas 1, 2, and 3. Similarly, the equilibrium
results in the one-vendor scenario can be found by replacing p with p; in Lemmas 4, and 5. We
specifically focus on the client’s profits under the two-vendor and one-vendor scenarios, given by:
IL, (p2) = (k—a — Ba— Bp) Yav (p2), and I3, (1) = (K —a— Ba) ¥1v(11), respectively, in order

to reach the following conclusion.

LEMMA EC.2. When the value per unit of output in the two-vendor co-creation environment

(i.e., pa) is different than that in the one-vendor co-creation environment (i.e., ),

(a) there exists a threshold (fiy) on the value per unit of output in the two-vendor co-creation
environment (usz), such that the client benefits from including the secondary vendor in the
co-creation environment if and only if the value per unit of output received by the client
exceeds this threshold (i.e., I, (u2) > 115y (n1) <= p2 >Tiy), and

(b) compared to the threshold (fiy) when the value per unit of output is identical for both
one-vendor and two-vendor scenarios, this threshold (i) is higher (conversely, lower) if the
value per unit of output is less (conversely, more) under the two-vendor scenario than the

one-vendor scenarto (z'.e., Mo > U = U2 < ,ul).

Proof of Lemma EC.2. From (EC.16),we obtain the following:

Gy (12) . Wav (ko) where
HTV(M) =¢ (‘hv(ﬁh)) wh (EC'45)
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&, Yoy (u2), and Wiy (uy) are defined in (EC.17), (EC.44a), and (EC.44b), respectively, yielding

EkBp

Vov(2) _ imabp . Gra-pa—dp?
—nk—a=BA-BB ATEB EC.46
‘I/W(/Jl) 7 H ( )
where I" > 0 defined in (EC.19) is independent of p, and n = ps/u; > 0. Note that
Opr \ W1y (1) pr(k—a—Ba—Bp)* \ Wiy (1)

which implies that:

aam (W) _gail (W) =T o= Ba)? @ZEZ;) e

Since o+ B4 + Bp < k and «, B4, B > 0, therefore k —a — 4 >k —a — B4 — B > 0, hence

0 < ¢ < 1. Further, u,cgr,ca,cg and 1> 0. Therefore, from (EC.47) and (EC.48) respectively, we

. o v o) 5 (p2) tps : : * * .
can see that 77— (%) and Z- (H%&(m)) are both positive, implying that IT5, (u2) /I, (@) is

increasing in p. Using (EC.45) and solving I3, (u2) /I3, (1) = 1 for py, we obtain the threshold

of value per unit of output for client’s profit, as given by (EC.49a):

k—a—PBa
k—a—BA—Bp BB
m= (2 ) g EC.49a)
— — - g B . a
M n \&r n K, (
(k—a—Ba—Bp)(k—a=B4)
B - |_k—a—Ba 1 kB |_k—a-By
o =1k =17 BB (5:[‘) =7 LT (EC49b)

where £, T', and 7 are given by (EC.17), (EC.19), and (EC.23), respectively. Hence, p; > i1, <
o > Ty =Ny <= 15, (pu2) > I3, (p1). Since k —a— fa— B >0, 1 — % < 0, therefore from
(EC.49b), 71, > fi; <= n < 1. This concludes the proof of Lemma EC.2. O

In other words, when the client obtains an identical value per unit of output p from both
one-vendor and two-vendor co-creation scenarios, the condition p > 7y is sufficient for the client to
include the secondary vendor. However, if the client obtains different values per unit output, then
the bar to include the secondary vendor shifts. For instance, if us < pq, then for the secondary
vendor to be included, the client needs ps > 7i, > Jiy, and vice-versa (see Lemma EC.2 in
Section EC.3.2). That is, if the inclusion of the secondary vendor results in a decrease (conversely,
increase) in the value per unit of output for the client u, and the client would have included (not
included) the secondary vendor had the value remained the same, the client may still include (not
include) the secondary vendor if the change in y is not significant.

In a similar fashion, we establish that the results outlined in Section 5 continue to hold
qualitatively even when the value per unit of output is different under different number of vendors.

We omit the details for the sake of brevity.
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EC.3.3. Analysis of Section 6.3

In this section, we provide a detailed analysis of the extension in Section 6.3: Impact of the value
per unit of output decreasing with output. The sequence of events is the same as in Section 3,
and we follow the same backward induction as in Section 4 to determine the equilibrium in the
two-vendor and one-vendor co-creation scenarios. Analogous to the analysis with constant g in
Section 4, we define two functions W,y (b) and ¥,y (b) below, corresponding to the two-vendor and
one-vendor scenarios respectively, that represent the combined effect of the relative contribution

from each firm in the respective co-creation process:

1-b
k/(1—b) a Ba B\ F—(1-b)(a+B2+BR)
def [ {(11(1—=0) @ Ba Bs
Yoy (b) = _ — d (EC.50
QV( ) (( k PRCR I{}pACA k?cB »an ( a>

1-b
. 1—b k/(1-b) o Ba\ k—0=b)(atBa)
v (M) (2) () . (ncs0)

Since 0 < b < 1, observe that the sensitivity of W,y (b) and Wiy (b), given by (EC.50a) and

(EC.50b) respectively, with respect to model parameters such as p, k, o, 54, Bz, ca, etc., remain
directionally the same as in Section 4. We derive the equilibrium results in the two-vendor scenario
under decreasing output-dependent value per unit of output, along the same lines as Lemmas 1,

2, and 3, and present them in Lemma EC.3 below.

LEMMA EC.3. When the client co-creates with two vendors and the value per unit of output is
decreasing in the output of the co-creation process, then in equilibrium,
(a) the price per unit (])Cfleﬁort offered by the client to vc;nflors A and B are: t}, (b) =
1 k=1 1 k=1 .
(kpaca)® (BaWaoy (b)) * , and ty, (b) = (kcg)* (BsVav (b)) * , respectively;
1
(b) the efforts exerted by the client, vendor A, and vendor B are: X3, (b) = <M>k,

PRCR

Y*

Agy

1 1
)= (450)" ana i, )= (4222 resectivel
1

(c) the output from the co-creation environment is: Q% (b) = (ﬁ\pw(b))f”’.
(d) the profit earned by the client is 115, (b) = k_(l‘b)(l(jﬁAWB)\pW(b); and
(e) the profits earned by vendor A and vendor B are: 74, (b) = (52) BaTay (b), and hy (b) =

(22) BeWav (b), respectively; where Way (b) is defined in (EC.50a).

The proof of Lemma EC.3 follows the same backward induction as shown in the proofs of
Lemmas 1, 2, and 3. We omit the details for the sake of brevity, and now derive the equilibrium
results in the one-vendor scenario under decreasing output-dependent value per unit of output,

similar to Lemmas 4, and 5, and present them in Lemma EC.4 below.

LEmMMA EC.4. When the client co-creates solely with the primary vendor (vendor A) and the

value per unit of output is decreasing in the output of the co-creation process, then in equilibrium,
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(BaPrv (b)) *
(b) the efforts exerted by the client and vendor A are: X, (b) = <%}‘;(b)) , and Y (b)) =

B

(a) the price per unit of effort offered by the client to vendor A is: ty, () = (kca)
1
E

(BA‘I’N/(b)
kcp

3 .
) , respectively;
(c) the output from the co-creation environment is: Q7 (b) = (u(l 5 \I’W(b))m
(d) the profits earned by the client and vendor A are: 1I5,(b) = %W\I/W(b), and

74, (0) = (52) BaViv (D), respectively; where W1y (b) is defined in (EC.500).

The proof of Lemma EC.4 follows the same arguments as the proofs of Lemmas 4, and 5. We
omit the details and note that since Wy (b) and Wiy (b) retain the qualitative properties of Wy,
and W,y as long as b < 1, the results outlined in Lemmas EC.3 and EC.4 are qualitatively the same
as those shown in Section 4. We now utilize the Lemmas EC.3 and EC.4 to draw parallels to the
key result that is highlighted in Lemma 6. It can be observed that II;,, (b) /II5,,(b) is increasing in
w if and only if 0 <b < 1, which assists us to restate Lemma 6 to include the effect of a decreasing

output-dependent value function.

LEMMa EC.5. When the value per unit of output decreases with the output of the co-creation
process, there exists a threshold (fig (b)) on the value per unit of output (p) if and only if the total
value obtained by the client is increasing with the output (i.e., 0 <b< 1), such that the client bene-
fits from including the secondary vendor in the co-creation environment if and only if the value per

unit of output received by the client exceeds this threshold, that is, 115, (b) > 115, (b) <= u> (D).

The proof of Lemma EC.5 follows the same methodology as that of Lemmas 6, 7, EC.1, etc. We
observe that as long as the total value obtained by the client is increasing in the output produced
by the co-creation process, the client may benefit from expanding the output by including the
secondary vendor even when the value per unit of output is not constant and may decrease with
the output produced, as long as the constant term in the value function p is sufficiently high (see
Lemma EC.5 in Section EC.3.3). In a similar fashion, we establish that the results outlined in
Section 5 hold even when the value per unit of output is not a constant, as long as the total value
obtained by the client is increasing in the output produced by the co-creation process. We omit

the details for the sake of brevity.

EC.3.4. Analysis of Section 6.4

In this section, we provide a detailed analysis of the extension in Section 6.4: Impact of changes
to client’s and primary vendor’s efficiencies. Recall from Section 3 that the efficiencies of the client
and the primary vendor are given by « and 4, respectively. We allow for the possibility that the

introduction of the secondary vendor can either decrease or increase the effective efficiencies of
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the existing firms in a co-creation project. For example, on the one hand, the primary vendor’s
efficiency could go up due to the ability to focus on its core competence. On the other hand,
the changes in inter-firm dynamics may cause additional friction, resulting in a decrease in the
primary vendor’s efficiency.

To address such changing dynamics, in this extension of our model, we define the efficiencies
of the client and the primary vendor in the two-vendor co-creation as pa and mf,, respectively,
where p,m > 0, and those in the one-vendor co-creation continues to be o and 4. Let us denote
the client’s profit as I3, ~ when the client adds a secondary vendor and the addition of this
secondary vendor has an impact on the client’s and the primary vendor’s efficiency. Similar to the
115

Vom
IT

analysis in Lemma 6, we analyze the ratio to reach the following conclusion.

1V

LEMMA EC.6. There exists a threshold 1i,,,, on the value per unit of output p if m > m(p), where

a—pa+Bs—Bp if 0<p< at+Ba—BB

—_ )
m(p) = { fa . atBa—Bp
0 if p>=—Fa—F8,

such that the client benefits from including the secondary vendor (i.e., H;me > 113, ) only if the

value per unit of output exceeds this threshold (i.e., p> i, )-

Proof of Lemma EC.6. Extending the result in Lemma 3, we determine the two-vendor

profit in equilibrium to be

I, = (k—pa—mBa—Bp) Vay,,,, where (EC.51)

1
k pa mpBa BB\ k—pa—mBs—Pp
Uoy,,, < (%) ( e ) ( P4 ) (ﬂB ) : (EC.52)
PRCR kpaca kep

Recall that II7,, is given by (EC.14). Dividing (EC.51) by (EC.14), we obtain

15y, <‘1’zvp )
=€ ™ ), where EC.53
H,{V gp \Illv ( )
k—pa—mpBa—PBp
m , and EC.54
gp k —a— 6.4 an ( )

sy, and Wiy are defined in (EC.52) and (EC.11), respectively, yielding

k(Bp—(1—p)a—(1—m)B,4)

= (Lpm) plEremmBa=fp)k=a=fa), (EC.55)

Vorm
Uy

where

T, = (EC.56)
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is independent of u, and QV”’" > 0. Taking derivative of T2Vem fr.om (EC.55) with respect to p,
we obtain
2 <\Ij2vpm> — k(IBB_(]‘_p)a_(l_m)ﬁA) <‘II2VP’"7«> . (EC57)
o Uiy M(k_POé—m/BA—ﬁB) (k—a—pBa) Uiy

Taking derivative of = 22m from (EC.53) with respect to i, and substituting (EC.57), we obtain

g (H;me> ¢ (‘szpm)
op \ iy "o\ Ty
(53 —(L—pla—(1-m)8,) <‘I’2vpm> ' (EC.58)
p(k—o—pBa) Py

For H;‘:”m to be increasing in u, we need fp — (1 —p)a — (1 — m)B4 > 0, which holds true if
1v

m > m(p), where

Ba

—_ + —_ . + —_
a—patBa—Bp lf0<p§a 52 5}37
0 ifp>%.

m(p) =

*

I 1VEs
When m > m(p), ;‘:"’/m is increasing in p. Solving V”m =1 from (EC.53) for u, we obtain the
1
threshold

(k—pa—mBa—Bp)(k—a—P4)

1 k(Bg—(1—p)a—(1—m)B,4)
upm=( ) e . (EC.59)

épmrpm

such that the client benefits from including the secondary vendor (i.e., I3, > IIjy) only if
the value per unit of output exceeds this threshold (i.e., u > 1, ). This concludes the proof of
Lemma EC.6. U

We make two observations. First, the client’s decision to add a secondary vendor is affected by
the impact on the efficiencies of the client and the primary vendor. While the client still benefits
from including the vendor only if p > 7, (see Lemma EC.6 in Section EC.3.4), the change in
the efficiencies of the client («) and the primary vendor (84) dictate whether a high p alone is
sufficient for the client to make that decision. Secondly, the condition p > 7, is both necessary
and sufficient for the client to add the secondary vendor for a large set of values of p and m. When
« decreases significantly, the client may still benefit from involving the secondary vendor as long

as 34 is impacted less negatively.

EC.3.5. Analysis of Section 6.5

In this section, we provide a detailed analysis of the extension in Section 6.5: Output-based
payment contract. In the two-vendor co-creation environment, the client offers payments per unit
output t4 >0 and tz >0 to vendors A and B, respectively, such that t4 +t5 < . In response to

these payment terms, the two vendors exert effort levels Y, and Yz, while the client exerts effort
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X to jointly produce the output Q.y = X “Yf"‘YBﬁB given by (1), which yields a total value of
1Qay. The profits of the client and the two vendors are then given by:

IBV*Z(M‘—tA‘—tB)()(QYfAYgB)-—pRCR)(ﬂ (EC.60a)
T =ta (XVPVEP) = paca¥h, and s, =ts (XVLAYE7) = eV (EC.60D)

Similarly, the profit functions of the client and vendor A in the single-vendor co-creation

environment are, respectively:
My = (j—t4) (XanA) —cpX*, and w4, =t4 (X“Yf“‘) —eaYh, (EC.61)

The sequence of events is the same as in Section 3, and we follow the same backward induction
as in Section 4 to determine the equilibrium in the two-vendor and one-vendor co-creation
environments. In Stage 2 in the two-vendor scenario, in response to the client’s payment per unit
output offering ¢4 to vendor A and tp to vendor B from Stage 1, the client and the two vendors A
and B simultaneously determine their effort levels X*(t4,tp), Yi(ta,tg), and Y7 (ta,tp), which
will maximize their respective profits, given by Il from (EC.60a), and 74, ,7p,, > 0 from

(EC.60Db), respectively. These effort levels are given by:

a(p—ta—t K

X ttn) = (UL g0 ) (EC.620)

PRCR

¢ ®

YXQV (tA?tB) = ( A/BA SVB(tAatB)> ) and (EC62b)
pPACA

v _ (t8BB 0B k )

Byt tB) = Y (ta,tg) | , respectively, where (EC.62c)

k a Ba BB m
nan = (1) (25t ()" (20)") T e

anticipating which, the client chooses t4 and tp in Stage 1 to maximize:
Tov(tastn) = (k—a) (u—1ta—tp) (57 (ta,tp). (EC.63)

Similarly, in the one-vendor scenario, in response to the client’s payment per unit output
offering ¢4 to vendor A from Stage 1, the client and vendor A simultaneously determine their

optimal effort levels X*(t4) and Y (t4). These effort levels are given by:

oa(p—t F

Xiv(ta) = <(MCRA) f)vB(tA)> ; and (EC.64a)
; }

Yi., (ta)= (‘ifA f)VB(tA)> , respectively, where (EC.64b)

(EC.64c)

0 (ta) = <<11€>k (awc; u))a (tifAYA) F=apx
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anticipating which, the client chooses t4 in Stage 1 to maximize:
v (ta) = (k= a) (= ta) (7 (ta)- (EC.65)

Analogous to the analysis under the effort-based payment contract in Section 4, we define
two functions UGP and UHP under the output-based payment contract, corresponding to the
two-vendor and one-vendor scenarios respectively, that represent the combined effect of the

relative contribution from each firm in the respective co-creation process:

) A k— B a 2 Ba 2\ BB m
\Ilg)‘;gd:f<<:2> (W) <pf;) <ff:> ) , and (EC.66a)

per ((1\E (alk= BN (B) )T
o () (2422) (2)) 7

Observe that the sensitivity of U9? and {2, given by (EC.66a) and (EC.66b) respectively, with
respect to model parameters such as u, k, , Ba, Bz, ca, etc., remain directionally the same as in
Section 4. We derive the equilibrium results in the two-vendor scenario under the output-based pay-

ment contract, along the same lines as Lemmas 1, 2, and 3, and present them in Lemma EC.7 below.

LemMA EC.7. When the client co-creates with two vendors and offers each of them a payment
per unit of the total co-creation output, then in equilibrium,

(a) the payment per unit output offered by the client to vendors A and B are: tgfv* = MBTA, and

tOB* _

Boy = ,uﬁTB, respectively;

==

)

OB
(b) the efforts exerted by the client, vendor A, and vendor B are: X{P* = (%)

PRCR
2 OB % 2 OB %
U 4 -
Y OB = BAYV' " and Y9B = Bp¥av )" respectively;
2V pACA 2v ¢B

- . . 2
(c) the output from the co-creation environment is: Q$P* = %‘1120‘}9;

(d) the profit earned by the client is I$P* = (k — a)(k — Ba — B5)¥SZ; and
(e) the profits earned by vendor A and vendor B are: n9Fr = (k — Ba)BaV57, and n5lr =
(k — Bg)BpYSE, respectively; where U2 is defined in (EC.66a).
The proof of Lemma EC.7 follows the same backward induction as shown in the proofs of
Lemmas 1, 2, and 3. We omit the details for the sake of brevity, and now derive the equilibrium

results in the one-vendor scenario under the output-based payment contract, similar to Lemmas 4,

and 5, and present them in Lemma EC.8 below.

LEmMMA EC.8. When the client co-creates solely with the primary vendor (vendor A) and offers
a payment per unit of the total co-creation output, then in equilibrium,

(a) the payment per unit output offered by the client to vendor A is: t9B* = ,u%‘;

Ay T
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==

OB
(b) the efforts exerted by the client and vendor A are: X9P* = (m) , and Y{B* =

CR v
B
pLedP
cA

3 .
) , respectively;
(c) the output from the co-creation environment is: Q9F* = E\IJOB
(d) the profits earned by the client and vendor A are: HOB* = (k — a)(k — B4)YGE, and

TQ0 = (k= Ba)BaVP, respectively; where WP is defined in (EC.66b).

The proof of Lemma EC.8 follows the same arguments as the proofs of Lemmas 4 and 5. We
omit the details and note that since ¥$F and ¥ retain the qualitative properties of Wyy and
Wy, the results outlined in Lemmas EC.7 and EC.8 are qualitatively the same as those shown in
Section 4. We now utilize the Lemmas EC.7 and EC.8 to draw parallels to the key result that is
highlighted in Lemma 6. It can be observed that II$2*/TI{Z* is increasing in p, which assists us

to restate Lemma 6 to include the effect of the output-based payment contract.

LeMMma EC.9. When the client offers an output-based payment contract to the vendors, there
erists a threshold ( OB) on the value per unit of output (u), such that the client benefits from
including the secondary vendor in the co-creation environment if and only if the value per unit of

output received by the client exceeds this threshold, that is, I$P* > TI9P* «—= u> 9>,

The proof of Lemma EC.12 follows the same methodology as that of Lemmas 6, 7, EC.1, etc.
In a similar fashion, we establish that the results outlined in Section 5 hold even when the client
offers the vendor(s) an output-based contract instead of an effort-based contract. We omit the
details for the sake of brevity. This demonstrates that our results continue to hold qualitatively
irrespective of whether the client offers an effort-based contract or an output-based contract, and

that they are driven solely by the collaborative nature of the interaction.

EC.3.6. Analysis of Section 6.6

In this section, we provide a detailed analysis of the extension in Section 6.6: Vendors offer the
price per unit of effort. When vendors offer their respective prices per unit of effort, and the client
responds by determining the optimal level of effort to be exerted by each firm, it results in a
change in the sequence of the game. In the rest of this section, we demonstrate that our results
continue to hold even if we allow the sequence of the contracting game to change. For analytical
tractability, we consider o+ 84 + Bz < 1, which allows the output to be a concave function of the
efforts (Roels et al. 2010, Demirezen et al. 2016), and a general convex cost k > 1. Note that when
the vendor offers the price per unit of effort, we can consider a more general convex cost function,
which includes the linear cost function (i.e., k =1). This is because when the vendor offers the
price (unlike when the client offers it), the client’s concave profit function implies that the client

will not choose an infinite amount of effort from the vendor for any positive price.
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When the client co-creates with vendors A and B, the vendors simultaneously offer prices ¢4
and tp per unit of effort, respectively, in Stage 1. The client’s optimization problem in Stage 2
involves jointly determining its own effort X, and the vendors’ respective efforts Y, and Yjg, in

order to maximize Iy given by (2), which yields:

1
1-BA—BB Ba B\ kK@-Ba—Bp)—«
o Ba BB
X = — — EC.
sv(tasts) <M<kpRCR> <tA> <t3> > ; (EC.67a)
1
e} k(1-Bp)—« kBp k(1-Bp—Bp)—«
* _ k « ﬁi BB
YAqu,tB)—(ﬂ () () (52) ) and  (BC.67H)

1
o kBa k(1=Bp)—a\ k(1-Bp—Bp)—«
. a B B
YBQV(tA,tB):@(kPRCR) (t;?) <£> > . (EC.67c)

In Stage 1, both vendor A and vendor B anticipate the client’s reaction given by (EC.67a)-

(EC.67¢) to their price offers t4 and tp. Accordingly, they simultaneously determine ¢% and ¢ in
order to maximize 74,, and 7g,, , given by (3). Substituting this ¢ and ¢} in (EC.67a)-(EC.67c),

we obtain the client’s equilibrium choice of effort levels in Stage 2, given by X, Yi ., and

Agy
Y5, - Substituting these equilibrium prices and effort levels in (1), (2) and (3), we obtain the
equilibrium output and profits for the client and the two vendors under the two-vendor co-creation
with vendor-offered price.

When the client co-creates solely with vendor A, vendor A offers price t,4 per unit of effort in
Stage 1. The client’s optimization problem in Stage 2 involves determining its own effort X, and

vendor A’s effort Y, in order to maximize II;y given by (4), which yields:

a 1-84 BA Ba W
Xiv(ta)=1p <k:> () , and (EC.68a)
CR ta

. B i /67,4 k—a i « m
Vi ()= (7 - . (EC.68b)

In Stage 1, vendor A anticipates the client’s reaction given by (EC.68a)-(EC.68b) to his price
offer t4, and determines t% in order to maximize 7, given by (4). Substituting ¢} in (EC.68a)-
(EC.68b), we obtain the client’s equilibrium choice of effort levels in Stage 2, given by X7, and Yy, .
Finally, substituting these equilibrium prices and effort levels in (4), we obtain the equilibrium out-
put and profits for the client and vendor A under the single-vendor co-creation with vendor pricing.

Analogous to the analysis with constant p in Section 4, we define two functions ¥3¥ and W{¥
below, corresponding to the two-vendor and one-vendor scenarios respectively, that represent the

combined effect of the relative contribution from each firm in the respective co-creation process:

% (o () () (=) () (e a) ) oo

(EC.69a)
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() (()(2))

where Ay =k—a—4>0and Ay =k —a— B4 — B >0. Now, we first present the equilibrium

results in the two-vendor scenario under vendor-led pricing.

LEMMA EC.10. When the client co-creates with two wvendors, and the wvendors offer their
respective prices per unit of effort, then in equilibrium,
(a) the price per wunit of effort offered by wvendors A and B to the client are: iy =

1 1
c k(1— —« k k—1 % c k(1— —« k k—1
Ba ((pgAA) ( T )) (T3)" s and th,, = Ps ((i) (%)) (U3))" ", respec-
tively;

1

(b) the efforts exerted by the client, vendor A, and vendor B are: X3, = (L)E\I/;/f

kprecr

L 1
* k * & 3 .
Yi,, = <(p§f’A> (k(l—%?g)—a>) Uy, and Y5, = <<%§) (7“1_55)_“)) UYL respectively;
(c) the output from the co-creation process is given by: Q%, = (i) (\Ilg‘f)k,

(d) the profit earned by the client is: 13, = (1 — Ba— B — &) (WYPV*: and
(e) the profits earned by vendor A and vendor B are: m}, = [a (1 — kuf;ﬁ) (\Ilg‘f)k, and
Thy, = BB (1 - ku—%ﬁ) (WYY, respectively; where WYL is defined in (EC.69a).

Next, we present the equilibrium results in the one-vendor scenario when the vendor offers his

price per unit of effort.

LEMmA EC.11. When the client co-creates solely with the primary vendor (vendor A) and the

vendor offers his price per unit of effort, then in equilibrium,

(a) the price per 11mz‘t of effort offered by the client to wvendor A us: T
o () (52))" o™

(b) the efforts exerted by the client and vendor A are: X, = (ﬁ) Y, and Y o=
((f—j) (%)) ¢ WY, respectively;

(c) the output from the co-creation process is given by: Qi = <i) (\I/Y‘f)k,

(d) the profits earned by the client and vendor A are: 1Ij, = (1— 84— %) (V}F)
Th,, = Ba ( - ,f%) (WYPY*, respectively; where UYF is defined in (EC.69b).

=

k
, and

Since o+ 84 + Bp <1 and k > 1, the equilibrium decisions and outputs retain the directional
properties of their counterparts in 4. Therefore, we analyze the ratio II3,, /II;,, from Lemma EC.10
and Lemma EC.11, and note that it is concave increasing in the value per unit of output p. Now,

we draw parallels to Lemma 6 by including the effect of vendor pricing.

LEMmMA EC.12. When the vendors offer their respective prices per unit of effort, there exists

a threshold (ﬁﬁp) on the value per unit of output (u), such that the client benefits from including
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the secondary vendor in the co-creation environment if and only if the value per unit of output

received by the client exceeds this threshold, that is, 1L, > I, <= u>fiy" .

The proof of Lemma EC.12 follows the same methodology as that of Lemmas 6, 7, EC.1, etc. In
a similar fashion, we establish that the results outlined in Section 5 hold even when the price per
unit of effort is offered by the vendor and the client responds by determining the level of effort to
be exerted by each firm. We omit the details for the sake of brevity. This demonstrates that our
results continue to hold qualitatively irrespective of whether the client or the vendor determines the

price(s) per unit effort, and that they are driven solely by the collaborative nature of the interaction.



