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hen releasing a new version of a durable product, a firm aims to attract new customers as well as persuade its
W existing customer base to upgrade. This is commonly achieved through a rollover strategy, which comprises the
price of the new product as well as the decision to discontinue the sale of the existing product (solo rollover) or to sell the
existing product at a discounted price (dual rollover). In this study, we argue that the timing of the new product release is
an important—but commonly overlooked—third lever in the design of a successful rollover strategy. The release timing
influences the consumers’ perception of obsolescence, by which an existing product is considered obsolete merely by ref-
erence to a new product. This reinforces the upgrading behavior of existing customers, but it also necessitates deep dis-
counts of the existing product to keep its sale viable in a dual rollover. We analyze the impact of the release timing on
solo and dual rollovers in markets for digital goods (i.e., where production costs are negligible) that are composed of
naive and sophisticated consumers. Under the assumption that both the old and the new product would offer a similar
utility if there was no perceived obsolescence, we show that in both markets a firm selecting the release times from a con-
tinuous timeline can induce sufficiently large parts of its existing customer base to upgrade so that a solo rollover is opti-

mal. We also characterize the resulting market segmentation, and we offer managerial as well as policy advice.
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1. Introduction

We study the optimal release strategy of a firm that
sells different versions of a durable digital good. Ide-
ally, the new releases “drive people to upgrade”
(Apple’s CEO Tim Cook, as cited by Gibbs 2016) and
at the same time attract new customers from the
remainder of the market. To this end, firms often
focus on high-value consumers in early product ver-
sions and subsequently persuade them to purchase
the new releases at comparatively low prices (Dhebar
1994, Kornish 2001). The nominal release prices of
video games, for example, have remained constant
over the past 15 years despite the presence of inflation
(Huang and Gilbert 2018, Kain 2018). This strategy
requires the new product versions to be perceived as
sufficiently novel, for otherwise the existing consumer
base may not upgrade to the new releases.'

Aside from the pricing of the new versions, an
essential aspect of the release strategy concerns the
decision whether to discontinue the existing product
versions (solo rollover) or to keep them in the market at
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discounted prices (dual rollover), see Billington et al.
(1998) and Erhun et al. (2007). Dual rollovers, which
are often employed in the sale of mobile phones (e.g.,
the iPhone and Samsung’s Galaxy lines), television
sets and other high tech consumer goods, allow to
complement the sales of the new product versions
with an additional revenue stream from low-value
consumers that are attracted by the discounted prices
of the older versions. On the other hand, the contin-
ued discounted sale of the existing versions may can-
nibalize the sale of the new versions. For this reason, a
firm may prefer a solo rollover, as frequently
observed in the markets for specialized tablets (e.g.,
Wacom’s Intuos tablets) and scientific software (e.g.,
Wolfram Research’s Mathematica). Other factors that
influence the choice of a solo vs. a dual rollover
include the presence of existing product inventories
as well as product line complexity considerations.

We argue in this study that, in addition to the pro-
duct pricing and the rollover type, the timing of new
product releases provides the firm with an important
third lever to design its release strategy. A careful tim-
ing of the new releases allows the company to control
the perceived obsolescence of its product range and
thus “drive people to upgrade” without incurring the
risks associated with a dual rollover. For example, the
market typically perceives existing versions of EA
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Inc’s FIFA sports games as obsolete once a new ver-
sion has been released, even though the previous ver-
sions are not outdated in objective terms (Cooper
2004, Koenigsberg et al. 2011, Nahm 2004). Likewise,
in the well-documented “slow iPhone phenomenon,”
users experienced a perceived slowdown of old
iPhone versions precisely when a new version was
released (Richter 2016).

The phenomenon of perceived obsolescence is well
recognized in the consumer research literature.
Cooper (2004) and Slade (2009) suggest that perceived
obsolescence (i.e., obsolescence in reference to a new
product version) is the primary factor determining
the novelty of a product, whereas absolute obsoles-
cence (i.e., physical deterioration) is only the sec-
ondary aspect. An old version of a product can be
perceived as obsolete because (i) it no longer employs
the most recent technology (Nair and Hopp 1992,
Slade 2009); (ii) it no longer complies with the most
recent style trends (Hellmann and Luedicke 2018,
Slade 2009, Waldman 1996); or (iii) it is less suited for
new standards, for example, due to higher capacity,
memory or bandwidth requirements (Cooper 2004).
The consumer research literature also recognizes the
impact of release cycles on the perception of obsoles-
cence. Indeed, each of the aforementioned three con-
tributing factors to perceived obsolescence tends to be
positively correlated with the length of the release
cycles: Longer release cycles usually imply a larger
divergence of the old product from the latest technol-
ogy and style trends as well as standards. Addition-
ally, Bulow (1982), Dhebar (1994) and Schifferstein
and Zwartkruis-Pelgrim (2008) argue that the per-
ceived obsolescence increases with longer release
cycles because the consumers’ attachment to the ear-
lier versions along with the perception of irreplace-
ability or indispensability decreases over time.
Consumers may also “psychologically justify” their
perception of obsolescence by acting more recklessly
with the old product version to justify an upgrade
without appearing wasteful (Bellezza et al. 2017).
Boonea et al. (2001) provide empirical support that
consumers perceive the performance gains of a new
product version to be larger when product upgrades
occur less frequently. Likewise, Kuppelwieser et al.
(2019) explain that consumers perceive longer release
cycles not only as value-adding to the upgrading pro-
cess, but they also increase their willingness to buy.
The link between the release timing and the perceived
novelty gap of different versions may thus provide
the firm with a lever to control the consumers’ percep-
tion of obsolescence.

In this study, we analyze the impact of the con-
sumers’ perceived obsolescence on the optimal roll-
over strategy of a firm, as well as the resulting market
segmentation and welfare distribution. Since the main

drivers of perceived obsolescence depend on the
length of the release cycles, we do not model the
firm’s rollover problem as a two-stage problem, with
the time interval between the two stages fixed exoge-
nously, as commonly done in the existing literature.
Instead, we propose a problem formulation that
allows for an adjustment of the release cycle along a
continuous timeline. To study the effect of perceived
obsolescence in isolation, we assume that the firm is a
monopoly that sells two versions of a single, purely
digital good (i.e., with negligible reproduction and
inventory costs); see, for example, Shapiro et al.
(1998) and Varian (2001). We assume that the existing
version of the good is to be replaced or complemented
with a new version that can be released along a con-
tinuous timeline. We assume that the market is com-
posed of two types of consumers: naive consumers
only consider the product offering at the present time,
whereas sophisticated consumers anticipate the
future actions of the firm when taking their decision.

A critical finding from our model is the importance
of the release timing. Once we incorporate the percep-
tion of obsolescence in the rollover design and the
rollover design is fully endogenous (i.e., the firm can
exactly control when to release a second version), the
firm should discontinue the sale of the old product
version precisely when the new version is released. In
fact, even when the market is reluctant to regard the
new version as objectively novel, the firm can delay its
release to create a sufficiently large perceived novelty
gap. In that case, inducing the existing customer base
to upgrade provides higher revenues than attracting
new low-value customers with discounted prices for
the old version. Our findings are in contrast to the
existing rollover literature, which typically imposes a
two-stage structure in which the release times are
fixed exogenously. We show that for sufficiently short
fixed release cycles, a dual rollover—as advocated in
some of the existing literature—may indeed be opti-
mal. The existence of exogenous constraints on the
release times, together with other aspects outside the
scope of our model (such as an existing stock of the
old product), may also explain the instances of dual
rollovers observed in practice. To the extent that a
firm can fully execute a prudent release timing under
its control, our findings are in line with the solo roll-
over practices commonly observed for purely digital
goods, as well as some semi-digital products whose
reproduction costs only increase gradually over time
(Torres 2017). When instead there are constraints to
the ability of the firm to choose all the parameters of
its release strategy, then dual rollovers can emerge as
the optimal course of action.

Our analysis shows that the optimal release interval
depends on both the consumers’ perception of obso-
lescence as well as their ability to foresee the firm’s
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future actions. If the market consists solely of naive
consumers, the optimal release interval decreases
with the market’s perception of the obsolescence. If
the perceived obsolescence is high, this strategy
incentivizes the consumers to purchase both versions,
whereas it allows the company to price discriminate
between consumers in the case of a low perceived
obsolescence by offering a deep discount on the sec-
ond version. If the market solely consists of sophisti-
cated consumers, the firm establishes longer release
intervals and decreases the price for the first product.
That way, the firm creates a customer base that is will-
ing to buy both product versions since the high-value
consumers find that the early version has a reasonable
price and sufficiently long life cycle prior to its obso-
lescence, while the perceived novelty gap between
the versions is large enough to justify an upgrade. In
the most realistic case where the market is composed
of both naive and sophisticated consumers, finally,
the firm's release strategy is driven by the dominant
consumer group. The threshold that determines the
dominant consumer group again depends on the mar-
ket’s perception of obsolescence: The higher the per-
ceived obsolescence, the less weight the firm places
on sophisticated consumers.

From a welfare perspective, we show that both the
firm and the sophisticated consumers benefit from
(some level of) obsolescence. In contrast, the surplus
of naive consumers decreases with the obsolescence
as they regret their earlier purchase when the new
version is released. Thus, a policy maker interested in
increasing consumer surplus should ensure that naive
consumers become sophisticated by being educated
about the firm’s future actions, for example by induc-
ing the firm to communicate its release strategy to the
consumers in a credible way. These findings may help
to inform the ongoing debate over the effects of man-
aged obsolescence on consumer welfare, such as the
forced battery slowdown of old Apple iPhone ver-
sions that accompanied the release of new versions
(Kayali 2020, McGee 2020, Mickle and McKinnon
2017).

The main contributions of this study may be sum-
marized as follows.

1. We introduce the concept of perceived obsoles-
cence, which is well established in consumer
research, to the product rollover literature. To
this end, we propose a novel specification of
the consumer’s utility that captures the notion
of perceived obsolescence in a behavioral fash-
ion.

2. We employ our specification of the consumer’s
utility to study product rollovers for purely
digital goods. In contrast to traditional product
rollover models, which typically involve two

discrete time stages, our model employs a con-
tinuous timeline to fully endogenize product
pricing, the choice of the rollover type (solo/d-
ual) as well as the release timing.

3. We derive the firm’s optimal release strategy
in markets composed of naive and sophisti-
cated consumers, and we characterize the
resulting market segmentation and welfare
implications. We show that the firm maximizes
its profits by pre-committing to its rollover
strategy.

4. To verify the robustness of our findings, we
extend our analysis to goods where the repro-
duction costs are non-negligible (cf. Biyalo-
gorsky and Koenigsberg 2014).

The optimal release of different versions of a pro-
duct has been studied in the literature streams on
product line design, product rollovers and version
management. As we shall point out in the following,
most of the literature differs from our work in
assuming that the release intervals are fixed exoge-
nously and do not impact the consumers’ perception
of quality.

The product line design literature characterizes the
conditions under which a firm prefers a sequential
release of different product versions over a simultane-
ous release. Typical examples include the release of a
movie (in cinema, as Blu-Ray and DVD) or a book (as
hardcover, softcover and electronic). It is assumed
that the firm can decide upon the order of the releases
(in the case of a sequential release) as well as the qual-
ity of each version. Importantly, however, the lengths
of the release cycles are considered fixed and thus do
not influence the perception of quality. If the con-
sumers buy at most one version of the product, then
the firm prefers a sequential release (i) if the con-
sumers are sophisticated and the cannibalization
effect is low (Moorthy and Png 1992) or (ii) if the con-
sumers are naive and there exists demand uncertainty
(Biyalogorsky and Koenigsberg 2014). If the con-
sumers are sophisticated and can buy multiple ver-
sions, on the other hand, then a sequential release is
optimal irrespective of the cannibalization effect (Kor-
nish 2001). Liang et al. (2018) show that the firm
invests in higher product quality when the consumers
are sophisticated.

In the product rollover literature, the firm needs to
decide whether a second version of a product is
released by means of a solo or a dual rollover. Similar
to the product line design literature, the majority of
the papers assume that the length of the release cycle
is fixed and therefore does not influence the percep-
tion of quality. Additionally, the product rollover lit-
erature assumes a fixed quality gap between the
products. The literature identifies the degree of
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consumer foresight and the quality gap between the
products as the key factors that determine the optimal
rollover type: For a naive consumer base, a solo (dual)
rollover is optimal if the quality gap between the
products is sufficiently high (low), see Ferguson and
Koenigsberg (2007) and Koca et al. (2010). When serv-
ing a sophisticated consumer base, Levinthal and
Purohit (1989) find that a solo rollover is always opti-
mal, regardless of the quality gap. In contrast, Liang
et al. (2014) show that a dual (solo) rollover is optimal
if the market is dominated by naive (sophisticated)
consumers and the novelty gap between the products
is high (low). Lim and Tang (2006) and Arslan et al.
(2009) are among the few papers in the product roll-
over literature that endogenize the release times. In
both papers, however, the release time informs the
volume of aggregate demand for the second product,
and it does not impact the perceived quality of either
product. Both papers find that a dual rollover is
preferable when the consumers are naive and the
marginal costs of the two product versions are simi-
lar. These rich findings can be explained by the differ-
ences in the employed consumer choice models
(aggregate demand vs. explicit utility functions). For
a review of the product rollover literature, we refer to
Liu et al. (2018) and Wei and Zhang (2018).

The version management literature, finally, endoge-
nizes the length of the release cycles, but it assumes
that this length only affects the consumers’ choice
behavior through their discounting of future utilities
and does not impact the perception of quality. The
majority of the version management literature
assumes a priori that the firms implement a solo roll-
over. Calzada and Valletti (2012) verify that a firm fac-
ing sophisticated consumers can improve its profits
by increasing the release intervals, especially if the
consumers are impatient. August et al. (2015) extend
the discussion by showing that the optimal release
interval increases (decreases) with the quality of the
first version (which is assumed to be fixed). The ver-
sion management literature is reviewed by Wei and
Zhang (2018).

To our best knowledge, the paper of Lobel et al.
(2015) is closest to our work. The authors assume that
the quality differences between successive product
versions depend on the lengths of the release cycles.
In their work, the quality differences do not stem from
perceived obsolescence, however, but they are due to
technological innovations that accumulate over time.
The quality differences are modeled by a Brownian
motion, which would not be suitable for the modeling
of perceived obsolescence (cf. section 2). In further
contrast to our work, Lobel et al. (2015) do not com-
pare solo and dual rollovers; instead, it is assumed
that the firm has already settled for a solo rollover.
The authors find that the firm selects larger release

intervals (and thus higher quality gaps) between the
product versions when the consumers are less patient,
and they show that price pre-announcements can sig-
nificantly increase profits.

In summary, our key contribution to the literature
is to study the impact of perceived obsolescence on
the design of product rollovers (including the choice
of rollover type) in markets with both naive and
sophisticated consumers. This requires us to release
products along a continuous timeline, where the
obsolescence of old products is determined by the
length of the release cycles.

The remainder of this study is organized as follows.
After an introduction of our rollover model in section
2, section 3 presents the optimal rollover strategy in
hybrid markets that comprise both naive and sophis-
ticated consumers. We analyze the special cases of
markets of purely naive and purely sophisticated con-
sumers in sections 4 and 5, respectively, and we offer
concluding remarks in section 6. Appendices A and B
elaborate on the segmentation of markets of naive
and sophisticated consumers, respectively, while var-
ious extensions to our model, the issue of pre-
commitment as well as the welfare analysis are rele-
gated to Appendices C-F. All proofs can be found in
Appendix G.

2. Model

We consider a monopolist that launches a digital pro-
duct with price p, at time t=0 and plans to introduce
a new version of the product with price p, at time
t»€(0, o0). The assumption of a digital good implies
that the marginal production costs as well as potential
capacity constraints are negligible (Bhargava and
Choudhary 2001, Haruvy et al. 2013, Johnson and
Myatt 2003, Mussa and Rosen 1978, Shapiro et al.
1998); we extend our analysis to semi-digital goods
with non-negligible marginal production costs in
Appendix C (Biyalogorsky and Koenigsberg 2014).
We assume that the decision to develop the second
version has already been taken, which implies that
fixed costs (e.g., product development costs) are sunk
and do not affect the rollover strategy. The firm can
conduct a solo rollover and discontinue the sale of the
first product at time #,, or it can execute a dual roll-
over and continue to sell the first product at a dis-
counted price g-p,, § € (0, 1), from time ¢, onwards.
We assume that the firm aims to maximize its dis-
counted stream of profits, where 6;€(0, 1) denotes
the discount factor.

At its respective launch, each version of the product
provides a utility rate of v €R, per unit of time. In
particular, for the sake of interpretability of our
results, we assume that the new product does not add
any utility compared to the old version when it is first
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introduced. We defer the discussion of the case where
the new product offers a higher utility to
Appendix D. Once the second version is introduced,
the utility rate of the first product drops to a”2-v,
where the decay factor a € (0, 1) is dictated by the
market and the introduction time #, is controlled by
the firm. By construction, this function decreases
monotonically from v (when t, —0) to 0 (when
t; — 0), it is reminiscent of how agents in our model
discount future cash flows, and it is differentiable
everywhere. The functional form implies that con-
sumers perceive the old version less appealing when
a new version is launched, and especially so when
there is a considerable time gap between the two ver-
sions. Also, the firm can affect the perception of obso-
lescence with the release time t,. While the precise
functional form a’2-v of the perceived obsolescence
has been chosen for mathematical and expositional
convenience, our main findings (in particular the opti-
mality of solo rollovers) extend to other choices such
as 1/(14+a-t;) for a € [0, o). Note that our model
differs both quantitatively and qualitatively from the
setting of Lobel et al. (2015), who model a time-
dependent increase of the second product’s quality.
Among others, in their model the firm can attract fur-
ther first-time buyers at time t, by delaying the release
of the second product. This is not the case in our
model, where the utility rate v of the second product
does not depend on t,.

Markets that perceive products as less durable (such
as soccer video games that are no longer aligned with
the current football league compositions, which is
especially likely with wider time gaps) correspond to
lower values of a, whereas markets with a smaller per-
ception of obsolescence (such as car racing games) cor-
respond to higher values of a. As we have discussed in
the introduction, the modeling feature that the drop in
utility rate increases with the length of the release
interval is in line with findings from the consumer
research literature. This differentiates our work from
earlier papers that have considered a fixed, exogenous
obsolescence rate (Agrawal et al. 2015, Desai and Puro-
hit 1998, Ferguson and Koenigsberg 2007).

Following Mussa and Rosen (1978), we assume that
the consumers agree in their preference ordering, but
they are heterogeneous in their appreciation of quality.
This heterogeneity is reflected by the consumer type 6,
which is assumed to be uniformly distributed over the
interval [0, 1]. We assume that consumers use at most
one product at a time, and they derive no salvage
value from the old version when they upgrade to the
new version. Thus, the versions are sufficiently close
substitutes, and reselling an old version is not feasible.
The absence of a second-hand market might be due to
contractual restrictions (e.g., personal software
licenses), the impracticality of ownership transfer (e.g.,

mobile phone apps), data and privacy concerns or the
desire to keep the old version as a backup (e.g., semi-
digital goods such as smartphones, GSMA 2012).
Despite our reliance on the Mussa and Rosen prefer-
ence model, we cannot utilize established techniques
(such as those of Anderson and Dana 2009) to solve
the firm’s problem due to the presence of the beha-
vioural features discussed above as well as the multi-
period choices faced by the consumers.

We distinguish between naive and sophisticated
consumer foresight. A naive consumer does not antici-
pate future releases or future price discounts, either
since she is unaware of or not interested in obtaining
this information. A naive consumer therefore only
considers the options immediately available to her.
In contrast, a sophisticated consumer can predict the
company’s future actions, for instance through
online channels (e.g., rumor websites such as
http://www.macrumors.com or consumer forums
such as http://www.techradar.com and http://
www.gamesradar.com) or company pre-
announcements. At time t =0, a sophisticated con-
sumer observes p,, she correctly anticipates p,, f and
t, that is, she foresees her utility in the second per-
iod under any purchasing option. Therefore, a
sophisticated consumer may decide at time t = 0 to
wait until time t=t,, either to buy the new version
or to purchase the first version at a discount. We
assume that independently of their foresight, con-
sumers aim to maximize their lifetime utility, and
that they discount this utility at a rate 6.€(0, 1).
Under our assumptions, both naive and sophisti-
cated consumers only make purchases at times
t€{0, f,}. Indeed, a simple comparison of net utili-
ties reveals that a sophisticated consumer would not
buy at any time t€(0, t;) since such alternative is
inferior to a purchase at time t = 0. There is robust
empirical evidence that real-life markets comprise
both naive and sophisticated consumers, see, for
example, Nair (2007), Li et al. (2014) and Osadchiy
and Bendoly (2015). We therefore consider a mixed
market where a fraction y € (0, 1) of the consumers
is sophisticated and the remaining fraction (1—y) of
the consumers is naive. For simplicity, we assume
that a consumer’s quality appreciation 8 is indepen-
dent of her foresight (naive vs. sophisticated).

In summary, our model endogenizes the following
variables on the firm’s side: the price p; of the original
version, the price p, of the new version, the price of
the old version in case there is a dual rollover and the
old version is kept in the market (to follow common
practice, we cast this price in terms of the endogenous
discount g relative to the original old version), and
the release time f, when the new version is intro-
duced. In contrast, the following variables are param-
eters outside the control of the firm and will shape the
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firm’s optimal rollover strategy: the discount rate &,
for the firm, the discount rate &, for the consumers,
the product’s utility rate v, and the decay factor a
(though, recall that the overall perception of obsoles-
cence is compounded by the release time, so the firm
can still affect obsolescence). The timing of the game
is as follows. First the firm chooses all of the endoge-
nous variables described above, and then the con-
sumers make their choices. Our model thus assumes
that the firm is able to credibly pre-commit to the
future release time f,, rollover strategy and product
prices (B-p, and p,). Credible pre-commitment is a
standard assumption in the version management lit-
erature, and it is approximately satisfied in practice
when a firm aims to establish a reputation and com-
mits to a long-term release strategy (as is often
observed, for example, in the market for video
games). We further study the issue of pre-
commitment in Appendix E.

Notation. We denote by [x], = max{x, 0} the non-
negative part of a scalar xeR. For xeR, we denote by
x* and x~ quantities that are arbitrarily close to x but
strictly larger or smaller than x, respectively.

3. Optimal Rollovers in Mixed Markets

This section characterizes the optimal rollover strat-
egy as well as the resulting market segmentation in
markets where the firm faces both naive and sophisti-
cated consumers. We first compare the responses of
these consumers to a solo (section 3.1) and dual roll-
over (section 3.2). We then discuss the optimal roll-
over design in markets with both consumer groups
(section 3.3).

3.1. Solo Rollover

When the firm conducts a solo rollover, a naive con-
sumer of type 0 € [0, 1] takes decisions at two time
points: At time ¢ = 0 she buys the first product if and
only if (iff)

9/ 5§vdt2pl<:>92%1:;95,
0

where u:= [[°slodt denotes the lifetime utility of
either product if no successor model was intro-
duced. Assuming that the consumer has not bought
the first product, she then buys the second product
at time t =1, iff

9/ Sodt > p,<=0> %::eb
0

Alternatively, if she has already bought the first pro-
duct at time t = 0, she buys the second product at
time t=t, iff the net utility of upgrading weakly

exceeds the remaining utility of continuing to use
the first product, that is, precisely when

[y 8l dt—p, >0 [ 6ta2v dt
: P2 —.
—=0> I'I'lll'l{m7 1} —.HB.

Note that the subscripts E, L and B in the definitions
of the threshold values are mnemonics for early pro-
duct buyers, late product buyers, and both product
buyers, respectively.

We assume that p,, p, <u, that is, the firm chooses
prices such that there are consumer types 6 € [0, 1]
that are willing to purchase either product. This is
without loss of generality since the product develop-
ment costs are sunk, and hence no profit maximizing
firm would choose prices p,, p, >u. As a consequence,
all three threshold values 0, 8; and 0y lie between 0
and 1. Moreover, we have 05 > 6, by construction, that
is, both product buyers have a higher type than late
product buyers. The relative ordering between 6r and
01, on the other hand, depends on the pricing strategy
of the firm. Note also that the threshold type 63 char-
acterizes the upgrading behavior of consumers that
have already purchased the first product, and hence
this threshold does not necessarily exceed 6.

In contrast, a sophisticated customer of type
0 € [0, 1] decides on her entire purchasing strategy
under full information of the firm’s future decisions
at time ¢ = 0. In particular, in the case of a solo roll-
over she compares (i) the utility 0 of purchasing nei-
ther product with (ii) the utility

ty 0
0(/ 5§vdt+af2/ (sivdt)—pl:ea(tz)u—p1
0 153

of purchasing the first product at time t =0 only,
where a(ty) :=1-5%(1—a") is the obsolescence adjust-
ment of the early product (anticipating its obsoles-
cence at time t =t,), (iii) the utility

0 / Svdt — 8z p, =8¢ (0u—p,)
Jtp

only, as well as (iv) the utility

ta 0
0(/ Bévdt—k/ 5£Udt> —py—02p, =0u—p, —2p,
0 ty

of purchasing the first product at time { =0 and
subsequently upgrading to the second product at
time t=t,. She then implements the purchasing
strategy that maximizes her utility. The obsolescence
adjustment can be interpreted as the net utility
enjoyed from the purchase of the first product,
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accounting for its partial obsolescence at time t,.
The obsolescence adjustment satisfies a(t,) (0, 1) by
construction, and it is increasing in the decay factor
a as well as decreasing in both the release time t,
and the consumers’ discount factor §..

For naive consumers, a late product buyer always
has a lower type than an early product buyer. In fact,
any naive consumer that does (not) purchase the first
product at time ¢t = 0 must have a type 6 satisfying
0> 0 (0<6g). Figure 1 illustrates that the consumer
preferences are more involved in the sophisticated
setting: The utility of purchasing the first product at
time t = 0 (solid blue curve) is composed of (i) the
utility 6 fotzéévdt of enjoying the product prior to its
obsolescence (increasing dashed curve) and (ii) the
utility o [5lvdt of enjoying the product after its
obsolescence (decreasing dashed curve). These two
counteracting effects imply that the utility of purchas-
ing the first product at time t = 0 first decreases and
subsequently increases with the introduction time t,
of the second product. In contrast, the utility associ-
ated with purchasing the second product (as per-
ceived at time t = 0) is always a decreasing function
of the introduction time #, (solid red curve).

We now show that the company can in fact influ-
ence the preference ordering of its sophisticated cus-
tomers by adjusting the introduction time #, of the
second product.

ProrositioN 1. For a, 6. € (0, 1), there is a threshold
introduction time © € [0, o) such that

1. If t, >, then sophisticated late product buyers have
lower types than early product buyers.

2. If t, <%, then sophisticated late product buyers have
higher types than early product buyers.

Moreover, we have t =0 if and only if a € |5, 1).

Proposition 1 shows that, if faced with the choice of
buying a single product, a sophisticated high-value
customer prefers to wait if the introduction time f, is
sufficiently short, and she prefers to buy the first pro-
duct otherwise. The opposite behavior can be
observed for sophisticated low-value customers. In
the following, we say that the sophisticated

Figure 1 Utility Derived from Purchasing the First (left) and Second
(right) Product [Color figure can be viewed at wileyonlinelib
rary.com]

Utility

consumers exhibit a naive preference ordering if t,>7,
which corresponds to the preference ordering in the
naive case, and we say that the sophisticated con-
sumers exhibit a reversed preference ordering otherwise.
We define the durability of the first product as
d(ty) = (1-62)/(1—a"). Note that d(t,) > 1 if and only
if 1 - 682 >1—a"?, which in turn is the case if and only
if a > 8.. According to Proposition 1, d(t;) > 1 implies
a naive preference ordering. We also note that for a
fixed discount factor &, the durability d(t,) decreases
with an increasing perceived obsolescence for sophis-
ticated consumers.

3.2. Dual Rollover

When the firm conducts a dual rollover, a naive con-
sumer of type 6 € [0, 1] again takes decisions at two
time points. As in the case of a solo rollover, she buys
the first product at time t = 0 iff 0 > 0. At time t =1,
however, she faces several options:

1. If she has not bought the first product,
(a) she prefers buying the first product at the
price - p, over buying nothing iff
/2

Oua® > fip, <=0 > min{£7 1} = Op;

(b) she prefers buying the second product over
buying nothing iff 6> 6;;

(c) she prefers buying the second product over
buying the first product at the discounted

price - p, iff
Ou—p, > Oua — fp, = 0 > min | F2—PP1 4
2= ! - u(l—at)’
= HDL-

2. If she has already bought the first product, she
buys the second product iff 6 > 6.

As before, we assume that p,, p, <u, which implies
that all threshold values are between 0 and 1. By con-
struction, we have 6g >0; as well as g >0p;, whereas
the ordering of the remaining threshold values
depends on p;, p,, B, t» as well as a.

A sophisticated consumer of type 8 € [0, 1] has the
additional option to wait and purchase the first pro-
duct at the reduced price §-p, at time t =1,, resulting
in the utility

Qatz/ Srodt— 522,5171 =62 - (0a"u —Bp1)-

ty

The behavior of sophisticated consumers allows the
firm to choose between two types of preference order-
ings: it can impose a reversed preference ordering by
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adopting a sufficiently short release cycle, or it can
induce a naive preference ordering through a longer
release cycle. The latter will lead to results that are
qualitatively similar to those under the solo rollover
strategy.

3.3. Optimal Rollover Strategy
We now characterize the optimal rollover strategy
and the resulting market segmentation.

THeoREM 1 (Optimal rollovers). For any y € (0, 1), a
solo rollover is optimal in a mixed market. Moreover, the
optimal market segmentation is as follows.

1. Impatient consumers. For 5.€(0, &), there is
O0<a;<ap<az<1 such that

(@ for ae€(0, ai], the firm serves late and both
product buyers (region LB/LB);

(b) for a € (1, a], the firm serves early, late and both
product naive buyers as well as late and both
product sophisticated buyers (region ELB/LB);

(o) for a€(m, as], the firm serves early, late and
both product buyers (region ELB/ELB);

(d) for a€(as, 1), the firm serves early and late
product buyers (region EL/EL).

2. Patient consumers. For 6&.€[5s, 1), there is
O<ay<apr<1and 0<y' <1 such that

(@ for ae€ (0, a1], as well as for a€ (a1, a] and
ye€ly, 1), the firm serves late and both product
buyers (region LB/LB);

(b) for a€ (a1, a] and y€(0,y'), the firm serves
early, late and both product naive buyers as well
as late and both product sophisticated buyers
(region ELB/LB);

() for a€(m, 1) and y€(0,y'), the firm serves
early and late product buyers (region EL/EL);

(d) forae(ap, 1)and y €[y, 1), the firm only serves
early buyers by indefinitely delaying the release
time for the second product.

Theorem 1 builds upon our results for the limiting
cases of markets comprising only naive and only
sophisticated consumers in sections 4 and 5, respec-
tively. With this in mind, let us denote by #) and #;
the optimal release times in markets with naive and
sophisticated consumers only.

Figure 2 illustrates the optimal rollover design in a
market with a fixed degree of perceived obsolescence
and impatient consumers (first part of Theorem 1).
The foresight of sophisticated customers induces the
firm to adjust the price and the release time of the sec-
ond product according to the share of sophisticated
customers such that a sufficient portion of these cus-
tomers is willing to buy both versions. In particular,
Figure 2 shows that for any fixed «a, 6. and &, a firm

facing a higher fraction of sophisticated consumers (i)
introduces the second product later, (ii) charges lower
prices for both products and (iii) generates lower
expected profits than in markets composed of naive
consumers. Figure 2 (left) shows the optimal release
times £ (y), expressed as a function of the fraction y of
sophisticated consumers, which turn out to be (non-
linear) combinations of the optimal release times )
from the purely naive setting and the optimal release
times 5 from the purely sophisticated setting. While
instantaneous product releases allow the firm to
“fool” their naive customers with same product at the
same (monopoly) price in immediate succession or
conduct a price discrimination (cf. section 4), the
sophisticated consumers foresee the release of the sec-
ond product and are therefore not susceptible to such
pricing strategies. The lower prices and expected
profits associated with higher fractions of sophisti-
cated consumers can be interpreted as concessions to
more knowledgeable consumers, and the delayed
release of the second product is required to reduce
the fraction of consumers that only buy the second
product.

The relative prices p¥ (t2;7)/p¥ (f2;7), expressed as a
function of the release time t; as well as the fraction y
of sophisticated consumers, can be subdivided into
different “focus regimes” as illustrated in Figure 3. In
the naive focus regime denoted by “(N),” the relative
price functionals p¥(t2;7)/p¥ (f2;7) coincide with the
optimal relative price functionals pY(t2)/pY (t2) of the
purely naive setting, whereas the relative price func-
tionals p¥ (t2;7)/pX (t2;7) coincide with the optimal rel-
ative price functionals pj(t)/p5(t2) of the purely
sophisticated setting in the sophisticated focus regime
denoted by “(S).” Note, however, that the actual rela-
tive prices p¥(tX(y)iy)/py¥ (£ (y);y) differ from both
P () /pY () and pi(£5)/p5(15) since ¥ (y) #tY, t5 in
general.

Finally, in intermediate market regimes denoted by
“(C),” the firm adopts a (nonlinear) combination of
the relative pricing strategies from the purely naive
and purely sophisticated settings. Note that, as
expected, the firm adopts a naive (resp., sophisti-
cated) focus regime for fractions y close to zero (resp.,
one). Lower degrees of perceived obsolescence induce
the firm to execute a sophisticated focus regime (cf.
region ELB/LB (S)) for a wider range of y. Indeed,
even under a naive consumer focus regime, a lower
degree of perceived obsolescence forces the firm to
reduce the price and delay the release of the second
product: while the firm is no longer able to convince
every first-period naive consumer to upgrade, regard-
less of the focus regime, it can induce every sophisti-
cated first-period buyer to upgrade wunder a
sophisticated focus regime. Therefore, by setting the
relative prices according to the sophisticated
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Figure 2 Optimal Rollover Strategy as a Function of the Fraction y of Sophisticated Consumers in the Market. From Left to Right and Separated by
Dashed Lines, the Regions in the Three Graphs Correspond to LB/LB (N), ELB/LB (C) and ELB/LB (S) in Figure 3. We Use the Parameter
Setting « = 0.5, v =1, 5, =0.37 and 55 =0.79, which Allows us to Clearly Differentiate Between the Different Regions [Color figure can

be viewed at wileyonlinelibrary.com]
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Figure 3 Market Segmentation Resulting from the Optimal Rollover
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consumer behavior, the firm can counter the decreas-
ing profits caused by the lower perceived obsoles-
cence. A similar reasoning explains why for a very
low degree of perceived obsolescence, the firm exe-
cutes an intermediate market regime (cf. regions
ELB/ELB (C) and EL/EL (C)): in that case, it is no
longer optimal to convince every first-buyer from
either of the consumer groups to upgrade, and hence
the focus regimes are no longer preferable.

The optimal rollover design for patient consumers
(second part of Theorem 1), finally, closely mirrors
that for impatient consumers. The key difference
arises when the market is dominated by sophisticated
consumers and the obsolescence is perceived to be
insubstantial. In this case, the dominant group (the
patient sophisticated consumers) strategically delays
their purchase to the second period. Since the naive
consumers are reluctant to upgrade in this case, the
firm cannot counter the waiting behavior of the domi-
nant group by focusing solely on the naive con-
sumers, and it becomes optimal to indefinitely delay
the release of the second product.

Our results show that even for markets that are “al-
most homogeneous,” that is, where y - 0 or y — 1,
the firm’s optimal rollover strategy will be informed

by the presence of both the naive and the sophisticated
consumers. This is in contrast to earlier research,
which found that when one consumer group is suffi-
ciently “dominant,” firms should focus exclusively on
that group and exclude the others (Valletti and Szy-
manski 2006). The key difference to that work is that
in our model, quality appreciation is identical for
naive and sophisticated consumers. Therefore, for
any market composition y, (fractions of) both con-
sumer groups will make a purchase. Of course, the
degree of consumer foresight plays a role in the
intertemporal choice, and this is addressed by tilting
the prices and release intervals towards the dominant
group (cf. Theorem 1).

4. Special Case: Naive Consumer
Markets

In this section, we study the special case where all
consumers are naive, that is, where y = 0. We discuss
the optimal pricing and timing decisions of the firm,
as well as the resulting market segmentation, when
the firm employs a solo (section 4.1) or a dual (section
4.2) rollover. We subsequently compare both strate-
gies in section 4.2.

4.1. Solo Rollover
As a result of the naive consumer behavior described
in section 3.1, the firm generates a profit

P15 — O] +62p, [0 —61],
+(py +62p,)(1— max {6k, 6}), (1)

where the first summand corresponds to the early
buyers that purchase the first product at time t =0
(since @ > 0g) but do not upgrade at time t=t,
(since 0 < 0p), the second summand refers to the late
buyers that do not purchase the first product at time
t =0 (since 6 < 6g) but buy the second product at
time t=1f, (since 6 > 6;), and the third summand
corresponds to the both product buyers that
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purchase the first product at time ¢t = 0 (since 8 > 6g)
and subsequently upgrade to the second product at
time £ =t, (since 6 > 0p).

We now study the optimal solo rollover design.

Treorem 2 (Optimal solo rollover design). There are
threshold decay factors 0 <arp <agr <1 such that

1. The optimal introduction time t¥ approaches 0 as
a— 0, it is continuously increasing in a over
a € (0, agL), and it satisfies t¥ =07 for a €[agy, 1).

2. The optimal price p¥ for the first product
approaches uf2 as a — 0, it is continuous and
unimodal in a over a€ (0, agL), and it satisfies
p¥ =2u/3 for a € [agy, 1).

3. The optimal price p¥ for the second product
approaches uf2 as a — 0, it is continuously
decreasing in a over a € (0, apL), and it satisfies
p¥ =u/3 for a € [agy, 1).

4. The optimal expected profit approaches uf2 as a — 0,
it is continuously decreasing in a over a € (0, agr),
and it is equal to (u/3)~ for a € [agL, 1).

The optimal solo rollover design gives rise the fol-
lowing market segmentation.

CororLLary 1 (Optimal market segmentation). For
the threshold decay factors 0<arp<apr <1 from Theo-
rem 2, we have

1. For a€(0, aip], the firm serves late and both
product buyers (region LB).

2. For a€(aip, agr), the firm serves early, late and
both product buyers (region ELB).

3. If a€lagr, 1], the firm serves early and late
product buyers (region EL).

Figure 4 visualizes the results of Theorem 2 and
Corollary 1 for a particular problem instance. If the
consumers perceive the old version as completely
obsolete when the new version is released, then the
firm sells the same product to the same consumers
at the same (monopoly) price in immediate succes-
sion twice. As the perceived obsolescence decreases,
the firm counters the decreasing profits by delaying
the release of the second product as well as lower-
ing the second product’s price, thus convincing all
previous consumers to upgrade while also attract-
ing late buyers. For a € (arg, apr) it is no longer
optimal to induce every first-period buyer to
upgrade to the second period. If the perceived
obsolescence is very low, finally, the firm is no
longer able to use release timing as a profit lever,
and instead it introduces the second product instan-
taneously. Now, however, the consumers no longer
upgrade, and the market is split between early and
late buyers.

CoroLLARY 2 The threshold decay factors arp, apL
increase with 8; and are constant in 6.

It is noteworthy that the discount factor of the
consumers does not impact the threshold decay
factors a;p and ap; that determine the optimal
market segmentation of the company. This is due
to the naive outlook of the consumers, which
implies that the consumers do not foresee the
introduction of the second product when taking
decisions at time ¢ = 0.

Appendix A.1 characterizes the optimal pricing for
exogenously fixed release times t, as well as the mar-
ket segmentations resulting from suboptimal solo
rollover strategies.

4.2. Dual Rollover
We now discuss the optimal pricing and timing deci-
sion of the firm under a dual rollover strategy. We
subsequently conclude that a solo rollover is the opti-
mal strategy for a market comprising naive con-
sumers only.

As a result of the naive consumer behavior
described in section 3.2, the firm’s profit amounts to

P10 — O], + 82p, [0 — max{6r, OpL}],
+ (p; +62p,) (1 — max {0k, 05})
+ 5£2ﬂpl [mm {QE, QDL} — QD]+, (2)

where the first summand corresponds to the early buy-
ers that purchase the first product at time ¢ = 0 (since
6 > 6) but do not upgrade at time t =1, (since 8 < 6p),
the second summand refers to the late buyers that do
not purchase the first product at time t =0 (since
0<6f) but prefer to buy the second product at time
t =1, over both buying nothing (since 8 > 6;) and over
buying the first product at a discounted price (since
0 > OpL), the third summand corresponds to the both
product buyers that purchase the first product at time
t =0 (since 0 >6g) and subsequently upgrade to the
second product at time t=t#, (since 8 >603), and the
fourth summand corresponds to the discount buyers
that do not purchase the first product at time t =0
(since 6 < Og) but prefer to buy the first product at the
discounted price - p, at time t=t, over buying noth-
ing (since # > 6p) and over buying the second product
(since @ < Opy).

Tueorem 3 (Optimal rollover). If the market solely con-
sists of naive consumers, then a solo rollover is always opti-
mal.

Figure 5 conveys the intuition why a dual roll-
over is always inferior to a solo rollover, indepen-
dent of the decay factor a and the discount rates &,
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Figure 4 Optimal Solo Rollover Strategy as a Function of a. In this Example, we set v=1, 5, =0.7 (implying that v = 2.8) and 55 =10.9 so as to
Differentiate Between the Different Regimes. In Each Graph, the Vertical Left (right) Dashed Line Denotes ;5 (af ) [Color figure can be
viewed at wileyonlinelibrary.com]
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and &, in markets comprising naive consumers
only: For deep enough discounts g€ (0, ), where
the constant f is characterized in Appendix A.2,
the company increases its market share by convert-
ing non-buyers to discount buyers. At the same
time, however, deep discounts induce a large frac-
tion of the late buyers to prefer purchasing the dis-
counted first product over buying the second
product at time #,. Since the profit margin for the
discounted product is low, this cannibalization
effect overcompensates the gains of an increased
market share. In conclusion, if the market solely
consists of naive consumers that do not base their
decisions on the future actions of the firm, the
company should conduct a solo rollover where the
product prices, as well as the release time of the
second product, are selected according to the per-
ceived obsolescence a.

Appendix A2 characterizes how the presence of
discount buyers depends on the discount f offered
by the firm, it presents the optimal pricing for
exogenously fixed release times t, and discounts f,
and it derives the market segmentations of subopti-
mal dual rollover strategies.
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5. Special Case: Sophisticated
Consumer Markets

We now discuss the special case where all con-
sumers are sophisticated, that is, where y =1. We
first examine the firm’s release strategy when the
firm employs a solo (section 5.1) or a dual (section
5.2) rollover. We then again compare both strategies
in section 5.2. While many of the results in this sec-
tion are qualitatively similar to those of section 4,
the sophisticated consumer behavior complicates the
analysis, and some of the results are less amenable
to an intuitive interpretation. For ease of exposition,
we therefore relegate some of the material to the
appendix.

5.1. Solo Rollover
We first study the optimal solo rollover design in a
market with only sophisticated consumers.

THeOREM 4  (Optimal solo rollover design). If 6. > &,
then the firm only introduces the first product (i.e.,
tX¥ —o0) at price pf=u/2, resulting in an expected
profit of uf4.
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Figure 5 Optimal Dual Rollover Strategy as a Function of . In this Example, We Set « = 0.7, v=1, 5, =0.7 (implying that v = 2.8) and 5, =0.9.
In Each Graph, the Vertical Dashed Line Denotes 5 [Color figure can be viewed at wileyonlinelibrary.com]
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O<arp<ag, <1 such that

decay  factors

1. The optimal introduction time t¥ approaches t8 >%
as a — 0, it is continuously increasing in a over
a€ (0, agp), it is continuously decreasing in a over
a € [agy, 1) and approaches t*>% as a — 1.

2. The optimal price for the first product p¥
approaches ptB<u/2 as a — 0, it is continuous
and unimodal in a over a€(0, ag), it is
continuously increasing in a over a € |agL, 1) and
approaches ptt < 2u/3 as a — 1.

3. The optimal price for the second product p¥
approaches ps=u/2 as a — 0, it is continuously
decreasing in a over a € (0, ag), it is continuously
increasing in a over a € [agy, 1) and approaches
pit<u/3asa — 1.

4. The optimal expected profit approaches TI*F < u/2 as
a— 0, it is continuously decreasing in a over
a € (0, agL), it is continuously increasing in a over
a € [agL, 1) and approaches EL < u/3 as a — 1.

In contrast to the naive setting, Theorem 4 shows
that the release of the second product depends on the
relative patience of the consumers and the firm. In
particular, if the consumers are more patient than the
firm, then their inclination to wait for the second pro-
duct exceeds the firm’s willingness to wait for the rev-
enues from the sale of that product, and thus its
release is delayed indefinitely. Theorem 4 also shows
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that the firm never releases the second product instan-
taneously. In fact, the firm always enforces a naive
preference ordering by choosing a release time t, that
exceeds the threshold introduction time 7 from Propo-
sition 1. Sophisticated consumers anticipate the
release of the second product and are therefore not
responsive to an instantaneous product release that
would allow the firm to price discriminate between
consumers. The foresight of the sophisticated con-
sumers forces the firm to settle for lower prices and
longer release cycles to convince a substantial fraction
of the consumers to buy both products. A similar rea-
soning explains why for a high degree of perceived
obsolescence (i.e., low values of a), the price for the
second product (p5® =u/2) exceeds that of the first
one (pif<u/2): While naive consumers would pur-
chase the first product anyway, the firm needs to dis-
courage sophisticated consumers from waiting for the
release of the second version.

The optimal solo rollover design leads to the fol-
lowing market segmentation.

CoroLLary 3 (Optimal market segmentation). If
8c > 085, then the firm only introduces the first product
and serves early buyers (region E). Otherwise, the firm
sequentially introduces both versions and induces a naive
preference ordering such that:

1. For a€ (0, aip], the firm serves late and both
product buyers (region LB).
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2. For a € (aip, acL), the firm serves early, late and
both product buyers (region ELB).

3. For a€lag, 1, the firm serves early and late
product buyers (region EL).

Corollary 3 shows that as long as 6. < J;, the market
segmentation in the sophisticated consumer setting is
qualitatively similar to that of the naive setting. Fig-
ure 6 compares the threshold decay factors a;p and
agy, for the two market settings. As discussed in sec-
tion 4.1, a;p and ag;, do not depend on &, in the naive
case. In contrast, the inclination of a sophisticated
consumer to purchase the early product decreases
with her patience . until §, approaches &, in which
case the company indefinitely delays the release of
the second product.

Appendix B.1 characterizes the optimal pricing for
exogenously fixed release times t, as well as the mar-
ket segmentations resulting from suboptimal solo
rollover strategies.

5.2. Dual Rollover
A solo rollover is the optimal strategy for a market
comprising sophisticated consumers only.

Tueorem 5 (Optimal rollover). The optimal rollover
strategy is a solo rollover.

Theorem 5 implies that when facing sophisticated
customers, the firm should adopt a longer release
cycle so as to maximize the obsolescence effect and
thereby reduce the lost revenues due to product can-
nibalization. In contrast, a dual rollover would
require deep discounts g at time t=1f, in order to
attract low-value consumers, which results in a pro-
duct cannibalization whose associated revenue losses
outweigh the gains from the additional market share.
Only if short release cycles are imposed exogenously,
a dual rollover becomes an attractive option. Once the
release times are endogenized, however, a solo

Figure 6 Optimal Segmentation Strategies. In this Example, We Set
5s=0.9 and v = 1. The Horizontal Dashed Lines Correspond
to the Threshold Decay Factors of the Naive Case

QEpL
aLp

rollover is optimal, regardless of the consumers’ fore-
sight.

Appendix B.2 characterizes how the presence of
discount buyers depends on the discount f offered by
the firm as well as how the optimal rollover strategy
(solo vs. dual) depends on the preference ordering
(naive vs. reversed) imposed on the consumers, it pre-
sents the optimal pricing for exogenously fixed
release times f, and discounts f, and it derives the
market segmentations of suboptimal dual rollover
strategies.

6. Conclusions

New product development is a key competitive
weapon, especially in digital markets. As new prod-
ucts appear on the market, old ones may become
obsolete and need to be phased out. In this study, we
develop a theory of perceived obsolescence, whereby
consumers notice obsolescence of an old product only
in reference to a new version. This phenomenon has
been widely studied in the consumer research litera-
ture but has to date been largely neglected by the pro-
duct rollover and version management communities.

In this setting, we analyze a model for product roll-
overs that, in addition to the standard levers of the
rollover type (solo vs. dual) and product pricing,
accounts for the firm’s ability to select the release time
of the successor product and thus influence the per-
ceived novelty gap between the product versions. Our
model allows to answer important strategic questions
related to product rollovers. Should a firm sell out the
old product before it introduces the new one? When
should the introduction of the new product happen?
Should it sell the old product and the new product
simultaneously? If so, should it sell them at different
prices? We show that a successful product rollover
requires careful planning and coordination. It is essen-
tial to plan the introduction of new products and the
displacement of old products jointly. The answers to
these critical strategic questions depend on the combi-
nation of demand side parameters (whether the mar-
ket is mostly made by naive or sophisticated
consumers) and supply side considerations (the strate-
gic levers available to the firm, where we considered
pricing, rollover type, and release time).

One important result, in our setting, is that the lever
of release time plays a key role. When the firm can
choose when to introduce a new version, it should al-
ways conduct a solo rollover and convince its cus-
tomer base to upgrade through a careful management
of the release times. In particular, the release intervals
should be stretched out when the consumers are
sophisticated and/or the market is confident about
the durability of the old version. The appendix also
explores the extension to semi-digital goods and how



Koca, Valletti, and Wiesemann: Designing Digital Rollovers

Production and Operations Management 30(10), pp. 3698-3712, © 2021 The Authors. Production and Operations Management published by
Wiley Periodicals LLC on behalf of Production and Operations Management Society 3711

the welfare is distributed among the market partici-
pants when we account for perceived obsolescence.

Multiple reasons can of course explain the presence
of dual rollovers in practice, such as the existence of
old product stock, capacity constraints or the absence
of an active obsolescence management. These aspects
impose additional constraints on the profit maximiza-
tion problem of the firm that can reduce the profitabil-
ity of the otherwise optimal solo rollover strategy.
Even under those constraints, however, a firm should
actively manage obsolescence through a prudent pro-
duct release timing. Hence, we identify the incorpora-
tion of supply-related issues into our model as a
promising area of future research. In other words,
relaxing the exogenous constraints often imposed in
some literature (such as fixed prices, or capacity con-
straints, or fixed release time) can make the firm both
substantially change its rollover strategy and increase
its profits.

One can envisage several other fruitful extensions
of our model. For example, the firm may be able to
influence the perception of obsolescence through mar-
keting campaigns that emphasize the advantages of
the successor product (resulting in an endogenization
of the parameter a). Alternatively, the firm may be
able to credibly pre-announce their rollover policy
and thus influence the composition of the mixed mar-
ket in section 3 (resulting in an endogenization of the
parameter y). More broadly, we believe that the mani-
fold implications of perceived obsolescence warrant
further investigation by the product rollover and ver-
sion management communities.
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Note

'Blizzard Entertainment, for example, had to offer full
refunds when their customers complained that they only
received “the exact same campaign with new models” in
the new version of the Warcraft video games series (Gil-
liam 2020, Scott-Jones 2020, Warcraft 3: Refunded website
2020).
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