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h i g h l i g h t s

• We introduce a time-cost substitutable quality development function.
• With higher experimental intensity, an imitator could earlycut the innovator.
• Earlycutting threat reduces new product’s quality but advances its launching date.
• Mild earlycutting threat might be socially preferable.
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a b s t r a c t

With time-cost substitutability, a potential imitator could threat to ‘‘earlycut’’ the innovator by increasing
experimental intensity. The earlycutting threat or uncertainty about the potential imitator’s experimental
cost advantage usually drives down the new product’s quality but advances its launching date.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Higher quality is usually presumed to be associated with longer
time to market, and the tradeoff between early entry with low
quality and late entry but with high quality pervades the con-
ventional quality development literature. For example, the en-
try time is assumed to be proportional to quality (e.g., Dijk,
1996; Dutta et al., 1995; Hoppe and Lehmann-Grube, 2001, 2005;
Smirnov and Wait, 2015, example 2). Note that, given the ri-
val’s strategy, by increasing the experimental intensity earlier en-
try with equal or even higher quality is possible. We focus on
the first mover’s (i.e., the researcher’s) innovation timing prob-
lem with a potential imitator threating to ‘‘earlycut’’: earlier entry
with equal quality.1 In another word, the researcher’s quality de-
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1 Earlier entry (i.e., preempting the first mover) with lower or higher quality is

also possible. Here we assume an imitator is just an imitator, lack of the extra

velopment plan is quality-specific, and the imitator could pre-
empt the researcher but only with the quality determined by
the researcher. This paper presumes a time-cost substitutable
quality development function, and models the first mover’s
quality-timing decision with complete and incomplete infor-
mation on the potential imitator’s experimental cost advan-
tage respectively. Contribution of our work mainly lies in the
combination of the time-cost substitutable quality development
function and the earlycutting threat.

2. A time-cost substitutable quality development function

Suppose the researcher plans to develop an advanced product
with quality v (with normalized zero production cost). Following
the traditional assumption on consumer utility in vertical differ-
entiation literature (see e.g., Chong and Shin, 1992, p. 229), indi-
vidual consumer’s utility is standardly assumed as u = θv − p (if

creativity for quality adding or cutting while imitating. An extension with the
imitator owning some creativity might be meaningful.
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buying with price p), or zero (if not buying); where θ , the qual-
ity preference parameter, distributes uniformly within [0, 1] as in
Boccard and Wauthy (2010, p. 289) or Smirnov and Wait (2015,
p. 29). Hence, the quality v could be also read as the highest con-
sumer valuation of the product (i.e., max(θv) = v) or the highest
price accepted by the market (i.e., zero demand at p = v). Tech-
nological advance usually is the fruit of experimental trials (Jones,
2005; Lambson and Phillips, 2007). Assume there is a quadric re-
lationship between the required accumulative experimental time
and the technological advance (i.e., the new product’s quality):
T = αv2, α > 0. Regarding T as a time cost, the assumption is in
the line with the ‘‘commonly used’’ quadric quality development
cost function (Dey et al., 2014, p. 597). Inspired by Lambson and
Phillips (2007, p. 50), the research plan executor could decide the
number, say n, of experimental trials to be carried out ‘‘simulta-
neously’’, i.e., the experimental intensity. Approximately, the new
product’s time to market is t =

T
n . Assume there is a linear rela-

tionship between the experimental cost C and the experimental
intensity: C = βn, β > 0. It is mainly because the experimental
equipment, space, and other one-shot specific inputs are usually
proportional to the experimental intensity. Assume other quality
development costs are negligible. As C = β T

t =
αβv2

t =
rv2
t ,

with r = αβ as the composite cost parameter, we have a time-
cost substitutable quality development function in a Cobb–Douglas
production function form as v = r−0.5C0.5t0.5; see some possi-
blemicro-foundations, especially from the research effort perspec-
tive, for the Cobb–Douglas production function in Jones (2005). In
conventional vertical differentiation or quality-timing literature,
the quality development cost is usually complementary to rather
than substitutable to the entry time (e.g., Hoppe and Lehmann-
Grube, 2001, 2005), or is commonly predetermined unilaterally
by the irreversible quality choice such as the quadric/convex cost-
quality relationship exogenously given (e.g., Auer and Sauré, 2017;
Brécard, 2010; Dey et al., 2014; Lambertini and Tampieri, 2012;
Lambertini and Tedeschi, 2007; Motta, 1993). The time-cost sub-
stitutability and the availability of experimental intensity choice
release the timing decision from the quality choice, making the
quality-timing decision two-dimensional.

3. The model

Suppose some new demand arises at date 0, and the demand
periodwill last 1 time unit. One unit of consumption need emerges
uniformly within the demand period, and individual consumers
are characterizedwith unit demand and perfect impatience (i.e., no
deferred consumption). Once the researcher decides the new
product’s quality v (i.e., the specific research plan for a v-quality-
level technology) and the new product’s time to market tr at
date 0, his quality development cost rv2

tr
, together with his entry

decision, is irreversible. On observing the research plan, a potential
imitator/earlycutter could imitate it with the same or smaller
composite cost parameter, λr , 0 < λ ≤ 1 (λ: experimental cost
advantage parameter), and decide her earlycutting time te, thereby
bearing a quality development cost λrv2

te
. Discount rate is negligible.

As demand per unit of time equals to 1−
p
v
, the monopolist would

price at p =
v
2 to maximize the revenue flow p


1 −

p
v


in the

monopolistic phase. Individual consumer with θ ≥
p
v

=
1
2 buys;

and the monopolist’s revenue flow is v
4 , alike the result such as in

Hoppe and Lehmann-Grube (2001, p. 423).
Given the researcher’s quality-timing strategy, {v, tr}, the

potential imitator’s payoff is:

πe (te; v, tr) =

v

4
(tr − te) −

λrv2

te
, if earlycutting

0, not earlycutting.
(1)

During period [tr , 1], if earlycutting, both firms’ revenues are zero
due to the Bertrand-like price competition with homogeneous
qualities (see e.g., Boccard and Wauthy, 2010, Lemma 1). Solving
the first order condition (FOC) of Eq. (1), we have

π∗

e =

v

4


tr − 4

√
λrv


, t∗e = 2

√
λrv

0, not earlycutting.
(2)

So if and only if tr > 4
√

λrv, the researcher will be earlycut
by the imitator (assuming no earlycutting if π∗

e = 0). Hence, the
researcher’s payoff is:

πr (v, tr) =


v

4
(1 − tr) −

rv2

tr
, tr ≤ 4

√
λrv

−
rv2

tr
, tr > 4

√
λrv, being earlycut.

(3)

As tr = 2
√
rv maximizes

v

4
(1 − tr) −

rv2

tr
(given v), the

researcher’s monopolistic payoff is:

πr =



v

4


1 − 4

√
rv

,
1
4

≤ λ, tr (v) = 2
√
rv

v

4


1 − 4

√
λrv


−

rv2

4
√

λrv
, λ <

1
4
,

tr (v) = 4
√

λrv.

(4)

Solving the FOC of Eq. (4), we have:
v∗, t∗r , π

∗

r



=




1

36r
,
1
3
,

1
432r


,

1
4

≤ λ (no threat)
16λ

36r (4λ + 1)2
,

8λ
3 (4λ + 1)

,
16λ

432r (4λ + 1)2


,

λ <
1
4
.

(5)

Hence, we have Proposition 1:

Proposition 1. If 1
4 ≤ λ, the researcher always launches the new

product at date tr =
1
3 . If λ < 1

4 , the researcher plays the earlycutting
deterring strategy, and increasing earlycutting threat drives down the
new product’s quality but advances its launching date.

Along with increasing earlycutting threat, though enjoying
lower-quality product, more consumers get benefited from the
earlier entry. Denote the consumer surplus as Sc , then:

Sc =

1 − t∗r

  1

1
2


θv ∗ −

v∗

2


dθ =


1 − t∗r

 v∗

8
. (6)

Sc is continuous in λ and constant for λ ≥
1
4 . While λ < 1

4 , we have
the consumer surplus under λ-earlycutting threat:

Sλ
c =

λ (4λ + 3)
54r (4λ + 1)3

, 0 < λ <
1
4
. (7)

Solving the FOC of Eq. (7), we have λ∗
c =

−2+
√
7

4 ≈ 0.1614, that
maximizes Sλ

c , and Sλ
c strictly increases for λ ∈


0, λ∗

c


but strictly

decreases for λ ∈

λ∗
c ,

1
4


. So λ∗

c also maximizes Sc . Denote the
social surplus as Ss, continuous in λ and constant for λ ≥

1
4 . Then,

similarly:

Sλ
s = Sλ

c + π∗

r =
λ (12λ + 5)
54r (4λ + 1)3

, 0 < λ <
1
4
. (8)
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