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Reference groups influence product and brand evaluations, especially when the product is a publicly con-
sumed luxury good. Marketers of such luxury goods need to carefully balance two important social forces:

(1) the desire of leaders to distinguish themselves from followers and (2) the countervailing desire of followers
to assimilate with leaders. In this paper, we examine the theoretical implications of these social forces for firm
prices, product design, and target consumer selection. We show that the presence of reference group effects can
motivate firms to add costly features, which provide limited or no functional benefit to consumers. Further-
more, reference group effects can induce product proliferation on one hand and motivate firms to offer limited
editions on the other hand. We find that offering a limited edition can increase sales and profits. In some cases,
reference group effects can even lead to a buying frenzy.
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1. Introduction
Social groups influence product and brand evalua-
tions. Consumers are especially susceptible to refer-
ence group effects when the product is a publicly
consumed luxury (Bearden and Etzel 1982, Childers
and Rao 1992). For example, the elite seek goods
that will distinguish them from the masses. But the
masses, who look up to the elite, may follow their
choices, and thereby eliminate these external distinc-
tions (Simmel 1957, Bourdieu 1984, Bryson 1996). The
desire of elite consumers to be different from follow-
ers and the countervailing goal of followers to emu-
late leaders pose several marketing challenges.
Firms adopt various strategies to handle such ref-

erence group effects. Some firms focus their market-
ing efforts on the top end of the market and even
limit the production of their goods. In 2003, Möet
Hennessy Louis Vuitton (LVMH) launched a limited
edition of “Cherry Blossom.” Murakami bags. Simi-
larly, Hermès has a two-year waiting list for its Birkin
handbag priced at more than $6,000 (Branch 2004).
This raises the question of whether it is a profitable
strategy for a firm to offer a limited edition of its
products. If so, when should a firm offer limited edi-
tions? While some manufacturers prefer to limit their
sales, some fashion designers like Vera Wang, are sell-
ing their products through mass merchandisers like

Kohl’s (Agins 2007). These divergent business prac-
tices raise the question as to when it is profitable to
bring class to the masses. Another intriguing aspect
of many luxury goods is that they often have expen-
sive features that offer limited functional benefits. The
$4,000 gold, ostrich-rimmed Theda bag of LVMH is in
great demand and is reported to have a very healthy
profit margin. This raises the next question: What
drives firms to add unique and costly product fea-
tures that offer little functional value?
To better understand the behavioral basis of

reference group effects, we turn to the extensive lit-
erature in psychology and sociology on social com-
parison (see Hyman 1942, Brewer and Weber 1994,
DiMaggio 1977; see Kemmelmeier and Oyserman
2000 for a review). People make social compar-
isons and such comparisons affect self-evaluation
and behavior. In some social contexts, consumers
engage in upward social comparisons with their aspi-
rational group. When it is possible to emulate the
actions of the aspirational group, such a compari-
son can lead to assimilation in behavior (Lockwood
and Kunda 1997). In other social situations, individ-
uals may make downward social comparisons with
a lower social group. Sociologists report that such
downward comparisons lead to “aesthetic distanc-
ing” and “symbolic exclusion” in the behavior of the
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higher social group (Bourdieu 1984 and Bryson 1996).
Thus social comparison has two important behavioral
consequences: (1) individuals making social compar-
isons may assimilate with the higher social group or
(2) contrast with the lower social group.1

Overview. The purpose of our paper is to inves-
tigate the implications of reference group effects for
firm behavior. We consider a market where two
groups of consumers enter the market sequentially.
The first group enters the market earlier because of
its higher social position and discerning taste. We
label this group leaders. As this group wants to con-
trast itself from the followers who enter in the second
period, they value the product less if many follow-
ers adopt the same product later. The followers, on
the other hand, value the good more if more leaders
adopt the product. The followers might emulate the
behavior of leaders, in part, to feel closer to their aspi-
rational group, and thus improve their self-esteem
(Cialdini and Trost 1998). In marketing its goods,
the firm must carefully weigh two counterbalancing
forces: (1) the desire of the leaders to distinguish from
the followers and (2) the opposing desire of followers
to assimilate with the leaders. Using a game-theoretic
model, we explore how a firm can potentially man-
age these social forces by appropriately selecting its
target consumers, designing its product, setting its
prices, and limiting the availability of its goods. Thus
our work is in the tradition of research that attempts
to incorporate psychological and sociological realism
into economic models (see, for example, Carpenter
and Nakamoto 1990; Becker and Murphy 2000; Rabin
2002; Amaldoss and Jain 2005a, b; Syam et al. 2008).
Our analysis offers some useful insights on how ref-

erence groups affect firm behavior. First, the strength
of assimilation and contrast effects can significantly
influence firm profits and prices. For example, as
the leaders’ desire to distinguish from the masses
increases, it may be profitable for the firm to charge
higher prices and limit sales of the product to lead-
ers alone. However, when the desire to assimilate
is sufficiently strong, it might be profitable to seed
the leader market by subsidizing their purchases and
later reap profits from the followers. Second, we iden-
tify conditions under which it may be profitable for
the firm to bring class to the masses. Third, we show
that sometimes it is profitable for the firm to add
unique and costly product features that offer little
functional value. This could potentially explain why

1 When making an upward social comparison, people seem to
engage in assessing the similarities between the standard and the
self and this produces the assimilation effect. On the other hand,
when making a downward social comparison, people focus on the
dissimilarities between the standard and the self, and this often
causes a contrast effect (Mussweiler et al. 2004).

sometimes products have costly features, which have
limited functional use even when there is no compe-
tition and consumers do not desire these additional
features. Fourth, we show that, even when there is
no heterogeneity in consumer preference for qual-
ity, firms may find it profitable to introduce multiple
identical products in the presence of reference group
effects. Thus, reference group effects might partially
explain why we observe product proliferation in the
luxury goods market. Fifth, we show that offering a
limited edition of a product can increase total sales
and firm profits. These improved profits are a direct
consequence of the reference group effects captured in
our model, and absent social effects a limited edition
strategy offers no additional benefits in our frame-
work. Finally, we establish conditions under which a
firm might deliberately sell less than the total demand
for the product, and thereby create a “buying frenzy.”

Related Literature. As noted earlier, our work
draws on the psychology literature on social com-
parison. However, unlike this literature, we are inter-
ested in product evaluation rather than evaluation of
the self. In the marketing literature, reference group
effects have been examined by several researchers.
For example, Bearden and Etzel (1982) examined
product and brand decisions of a panel of 645 con-
sumers and found that reference group effects are
stronger for publicly consumed brands. Childers and
Rao (1992) replicated the earlier study with a sample
of 345 American and Thai consumers and obtained
similar results.
Our work is also related to economic analyses of

social interaction (see Manski 2000 for an overview).
Leibenstein (1950) highlighted the importance of
social factors in consumption (see also Veblen 1899).
Becker and Murphy (2000, pp. 140–143) argued that
the desire of leaders to distinguish themselves from
followers could lead to the introduction of multi-
ple products over time. Pesendorfer (1995) proposed
a signaling model where people could signal their
social status to potential dates by adopting the latest
designs. In his model, as the latest design undermines
the signaling value of the older and more common
design, it leads to fashion cycles. It is useful to note
that in the signaling literature, consumers could use
their purchase decisions to signal a latent variable,
such as wealth or status, which cannot be directly
observed. In the behaviorial literature, however, social
position is observable. Here, a follower emulates a
leader to feel like the leader. For example, consumers
might buy what a famous movie star buys, not to sig-
nal that they are movie stars, but rather to feel like the
movie star. Similarly, many amateur golfers purchase
expensive Callaway clubs to feel like a pro (Silverstein
et al. 2004). Consistent with this view, we incorporate
social influences directly into the utility formulation
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as consumption externalities. In the signaling litera-
ture, however, consumer utility is increased only if a
person successfully signals her wealth (or other latent
variable). Thus our model formulation is very differ-
ent from the signaling models.
Further, our work is related to the literature that

deals with consumers’ desire for scarcity. This litera-
ture suggests that consumers tend to prefer products
that are available in smaller quantities (e.g., Worchel
et al. 1975). One potential explanation for such a pref-
erence is that consumers believe that scarce products
are of better quality (see Stock and Balachander 2005
for a signaling explanation for scarcity). The second
explanation is based on consumer psychology and
argues that consumers may have a need for unique-
ness, and, consequently, prefer products that are less
commonly available (see, for example, Ross et al.
1975, Jones 1984). Recently, using a one-period model,
Amaldoss and Jain (2005a, b) examined how con-
sumer desire for uniqueness and conformism affects
firm profits and prices in a monopoly and duopoly
setting. In their framework, consumers wish to be dif-
ferent from all other consumers or wish to be similar
to all other consumers. Thus the desires for unique-
ness and conformism that they study are not segment
specific, but individual-level traits.2 The key driving
force in our model is different from these two expla-
nations. In our model, as quality is known, there is
no need to signal quality. However, leaders prefer a
product more if it helps to distinguish them from fol-
lowers, and followers prefer a product if it helps to
assimilate with leaders. Consequently, our explana-
tion is rooted in reference groups.3 Furthermore, our
results are different from those obtained in these alter-
nate frameworks.
Finally, our paper is related to the literature on

durable goods (e.g., Coase 1972, Bulow 1982, Stokey
1981). As consumers rationally expect a durable
goods monopolist to cut prices in future periods to
satisfy the residual demand, they are willing to wait.
On facing such patient consumers, the durable goods
monopolist may sell its product at a price close to its

2 Although the individual-level need for uniqueness (conformity)
and the corresponding desire to contrast (assimilate) are related,
the latter terminology is more frequently used in the social compar-
ison literature. More specifically, we use the latter terminology to
describe an intergroup phenomenon, where members of one group
look up to and want to assimilate with the higher group, and mem-
bers of the higher group, in turn, want to contrast themselves from
the lower group.
3 Another stream of work that studies consumption externality is
the research on network goods, where the externality is induced by
technology rather than social factors (e.g., Besen and Farrell 1994,
Katz and Shapiro 1994). Unlike this literature, we consider a differ-
ent phenomenon in which both negative and positive externalities
exist. Furthermore, the presence of both these externalities is crucial
for our results.

marginal cost in the very first period or may limit
total supply. Absent consumers’ ability to wait, how-
ever, the Coase problem disappears. We model a dif-
ferent set of externalities that work in a different
manner. In particular, in our framework, the second-
period sales is positively affected by first-period sales.
However, the first-period sales is negatively affected
by the expected second-period sales. By using such
a formulation, we show that a firm may increase
or decrease its first-period price, depending on the
strength of the reference group effects. Further, a firm
may use limited edition even when consumers can-
not wait and prices increase over time. Contrary to
durable goods models, in our framework, offering a
limited edition product leads to increased total sales
rather than reduced sales. Besides, limited edition
can reduce the first-period price rather than increase
the price as evidenced in durable goods models. We
also establish that reference group effects can moti-
vate firms to add features, which provide limited or
no functional benefits to their products to increase
their marginal costs. Furthermore, reference group
effects can induce buying frenzies. These results are
not obtained in the durable goods framework.
The rest of the paper is organized as follows: Sec-

tion 2 introduces the theoretical model and examines
its equilibrium implications. Finally, §3 summarizes
the findings and concludes by providing some direc-
tions for further research.

2. Model
We consider a two-period model in which a firm pro-
duces a product at a constant marginal cost c and
sets the price in each period to maximize its total dis-
counted profits. There are two groups of consumers:
leaders and followers. We assume that both leaders
and followers are aware of the product. Leaders enter
the market in the first period and decide whether they
want to adopt the product. Followers enter the mar-
ket only in the second period to make their purchases.
The assumption that followers enter later is consist-
ent with the literature on diffusion of innovation (for
a similar assumption, see Becker and Murphy 2000,
p. 140; Stock and Balachander 2005).

Leaders. There is a unit mass of leaders. The lead-
ers prefer to distinguish themselves from the follow-
ers. Consequently, the utility of the product declines if
more followers adopt the product. More specifically,
we assume that the expected (indirect) utility derived
by a leader from purchasing the product at a price p1
is given by

Ul�p�= v− g�ye�− p1� (1)

where ye is the number of followers expected to adopt
the product in the second period, p1 is the price of
the product in the first period, and g�·� reflects the
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extent to which leaders want to contrast from the fol-
lowers.4 Note that, when the leaders are deciding to
purchase the product, their expected utility depends
on ye, not y. This is because the leaders do not observe
the actual sales to followers at the time of their deci-
sion, and hence must make their decisions on the
basis of expected sales ye.5 We assume that g′�·� > 0
and g�0� = 0. The function g�·� captures Bourdieu’s
(1984) notion of “aesthetic distancing” and Bryson’s
(1996) concept of “symbolic exclusion,” where peo-
ple of a higher social group dislike choices that are
popular in a lower social group. Consistent with past
literature on reference groups, in our model, leaders
distinguish themselves from followers based on prod-
uct adoption (e.g., Bearden and Etzel 1982, Childers
and Rao 1992).6 We also assume that the product’s
base utility v is distributed among leaders, according
to a uniform distribution with range �0�1�.

Followers. In the second period, followers of mass
≥ 1/2 enter the market. Thus the size of the follower
segment can be different from the size of the leader
segment (which is normalized to 1). The followers
have an opportunity to observe the number of lead-
ers who have adopted the product. Furthermore, the
number of leaders, who have adopted the product,
determines how much value the followers place on
the product. Thus, followers are buying the product
purely for its reference group effect. This simplifying
assumption helps us to better delineate how a refer-
ence group impacts purchase behavior. The (indirect)
utility derived by a follower from purchasing the
product is given by

Uf �p�= h�x1�− p2� (2)

where x1 is the number of leaders who adopted
the product and h�·� captures the desire of follow-
ers to assimilate with the leaders. We assume that
h′ > 0, h′′ ≥ 0, and h′′ < 1, so that the profit func-
tions are concave.7 Note that in this formulation, fol-
lowers are homogeneous. This is consistent with our

4 It is possible that some leaders value being the first to adopt
a product and may actually like others emulating their purchase
decision. In the context of our model, such a behavior can be cap-
tured by a decrease in the g�·� function. As long as the modified
g�·� > 0 and g′ > 0, our results hold.
5 Of course, the actual utility that the leaders drive depends on the
realized sales y. Note that under the rational expectations assump-
tion ye = y, and hence they turn out to be the same in equilibrium.
6 The adoption decisions could also be influenced by the number
of people in the reference group that are concurrently using the
product. We discuss the implications of such a formulation later.
7 The convexity of h�·� function is not necessary for most of our
results; a substantially weaker (albeit complicated) assumption
would be sufficient to derive all our results.

notion that the followers’ utility is driven prima-
rily by reference group effects and not by individ-
ual differences in product valuations. Alternatively,
we could assume that there is an additional segment
of followers who have intrinsic preferences for the
product and that these preferences are heterogenous.
As we discuss later, the main results of our analy-
sis would continue to hold even in this setting. Thus
the assumption of homogeneous preferences is not
critical, though it facilitates the exposition of the key
results. As noted earlier, followers have no value for
the product if none of the leaders buy the product,
implying h�0�= 0. However, we do not assume that
leaders always value the product more than follow-
ers. For example, if h�·� is sufficiently large, then it is
possible that followers value the product more than
leaders do.
To analyze the game, we assume that the leaders

form rational expectations (e.g., Becker 1991, Rajiv
et al. 2002, Amaldoss and Jain 2005a) and focus on the
pure strategy solutions of the game.8 Consider first
the decision of the followers. The followers will buy
the product as long as h�x1� > p2, where x1 is the num-
ber of leaders who have adopted the product (first-
period sales), but will be indifferent between buying
and not buying if h�x1�= p2. In the second period, the
firm must charge a price that is at least equal to its
marginal cost c. So, for any sales to take place in the
second period, it is necessary that h�x1� > c. That is,

x1 ≥ h−1�c�� (3)

In other words, the first-period demand should be
large enough to motivate the followers to pay more
than the product’s cost. Next, we characterize the
complete demand function in the following lemma,
relegating the proof to Appendix A, which can be
found at http://mktsci.pubs.informs.org.

Lemma 1. The firm’s first-period demand is given by

x1�p1�=





1− p1− g�� if p1 < �p1
1− p1− g�z�p1�� if p1 ∈ ��p1� p̃1�
1− p1 otherwise�

(4)

where

z�p1�= g−1�1− p1−h−1�c���

�p1 = 1−h−1�c�− g�� and p̃1 = �1−h−1�c���
(5)

8 The rational expectations assumption is a standard assumption in
theoretical work (e.g., Stokey 1981, Narasimhan 1988). The proc-
ess of forming rational expectations, however, is left unspecified in
these models. There are multiple ways in which leaders can form
expectations (see, for example, Guesenerie 1992).
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The second-period demand for the first-period price p1 is

y�p1�=





 if p1 < �p1
z�p1� if p1 ∈ ��p1� p̃1�
0 otherwise�

(6)

The lemma shows that first-period demand x1�p1�
is continuous and weakly decreasing in p1. Also,
y�p1� is continuous and weakly increasing in p1. The
firm chooses a price to maximize the following profit
function:

�1 = x1�p1��p1− c�+ �h�x1�p1��− c�y�p1�� (7)

In the expression above, the first term is the first-
period profit and the next term is the second-period
profit, assuming the discount factor is 1.

Prices of Products. Define g�·� = �lg̃�·� and h�·� =
�f h̃�·�. Thus, as �l increases, the leaders’ desire for
contrast increases. Similarly, as �f grows in strength,
the followers want to assimilate more with the lead-
ers. On examining the impact of reference group
effects on prices, we note that if c is not too large,
then for low values of �l, the firm prefers to sell to the
followers. In this case, as �l increases, the firm must
decrease its price to the leaders, so that they condone
the sales to the followers. However, when �l grows
larger and reaches the threshold �∗

l , the firm switches
to the regime where it is unattractive for it to sell to
the followers, and hence the prices are not affected by
�l anymore. If c is so large that the firm never prefers
to sell to the followers, then �l does not affect firm’s
prices. As discussed earlier, the firm’s second-period
price depends on the sales to the leaders. In general, if
the firm is selling to the followers, as �l increases, the
first-period sales decline even after the firm optimally
adjusts p∗1. Consequently, p

∗
2 is lower as �l increases.

Next, turning attention to the desire of followers to
assimilate, we find that the firm’s first-period price
has an inverted-U relationship with �f . To understand
this, note that the firm does not sell to the followers
when �f is relatively low. In this case, an increase in
�f forces the firm to increase p∗1. This, in turn, reduces
the sales to the leaders, thereby reducing the prod-
uct’s attractiveness to the followers. However, when
the desire to assimilate reaches the level of �∗

f , the
firm switches to the regime where it is profitable to
serve the follower segment. Now, the firm reduces
the first-period price p∗1, as �f further increases. The
motivation for such penetration pricing in the first
period is not to increase profits in the first period, but
to make the product attractive to followers, so that
it earns large profits in the second period. When the
desire to assimilate increases, the product becomes

more attractive to followers, and, consequently, the
second-period price p2 increases with �f . These results
are summarized in the following proposition.

Proposition 1. (i) As the leaders’ desire for contrast
increases, then the firm’s prices are weakly decreasing.
(ii) As the followers’ desire for assimilation increases,

there exists a �∗
f such that �p∗1/��f > 0 for �f < �∗

f

and �p∗1/��f < 0 after that. Furthermore, as the followers’
desire for assimilation increases, the firm’s second-period
price strictly increases.

An important implication of the proposition is
that for large values of �f , the firm’s first-period
price strictly decreases. Indeed, when the assimila-
tion effects are strong enough, the firm can poten-
tially benefit by making a loss in the first period and
harvesting large profits in the second period by sell-
ing to the followers. We therefore have the following
corollary.

Corollary 1. The firm’s first-period price is lower
than c when the followers’ desire for assimilation is suffi-
ciently strong.

In practice, firms that strive to bring class to the
masses seed the market by selectively offering the
product for free to some of the leaders. For exam-
ple, Silverstein et al. (2004, p. 17) report that “influ-
ence marketing” and “seeding success through brand
apostles” are common practices of successful lux-
ury goods manufacturers. They argue that drinking
is a social activity that is susceptible to social influ-
ences. Consistent with this view, prominent celebrities
and leaders—including Robert Redford, Jack Smith,
Bill Clinton, Barbra Streisand, Robert De Niro, and
others—were sent a free bottle of Belvedere. Further,
the initial marketing efforts were focused on sell-
ing the product at the finest restaurants in the coun-
try. The product later became a major success.9

Product Design. The design of a luxury good
determines the number and level of its features and,
in turn, its marginal cost c. Next, we explore whether
the marginal cost of a product has any bearing on
a firm’s decision to bring class to the masses.

9 Note that in our analysis, we have assumed that �f and �l

are independent. This enabled us to highlight the independent
effects of assimilation and contrast on prices. It is possible, how-
ever, that in markets where leaders have a strong desire for con-
trast, the followers may also have a strong desire for assimilation.
In Appendix B (which can be found at http://mktsci.pubs.
informs.org), we examine the theoretical implications of such a
case. In general, we find that the first-period prices decrease as
reference group effects become stronger and Corollary 1 holds.
Further, when g�·� and h�·� functions are linear, we find that the
second-period price increases as reference group effect increases.
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Proposition 2. If c < c∗��l��f �, then the “class-to-
mass” strategy is optimal. Furthermore, �c∗/��l < 0 and
�c∗/��f > 0.10

It is useful to note that the critical c depends on
the reference group effects. An implication of the first
part of the proposition is that, in general, for low-cost
items, a firm finds it optimal to sell to both the lead-
ers and followers. To better understand the second
part of the proposition, note that, when leaders have
a strong desire for contrast, they will not adopt the
product if too many followers are expected to enter
the market. Consequently, as �l increases, the range
of c for which the firm sells primarily to the followers
decreases. But this range increases when the follow-
ers’ desire to assimilate is high. This is because as the
desire for assimilation increases, the firm finds it more
profitable to sell mainly to the masses. Thus, this anal-
ysis clarifies when it might be profitable for a firm to
bring class to the masses.
In general, a firm can control its marginal cost

by appropriately designing its product. For example,
when a firm increases the complexity of its product
design by increasing the number and level of its fea-
tures, it increases its marginal cost. But if the complex
product design does not augment the functional ben-
efits delivered by the product, we naturally expect the
firm’s profits to decline because of the higher c. This
is true in our model when social effects are weak.
However, in the presence of strong reference group
effects, we find that an increase in the marginal cost
of a product can sometimes benefit the firm.

Proposition 3. If the need for contrast is sufficiently
high, then the firm’s profits increase in c for all c ∈ �c∗� c1�,
where c1 is uniquely defined by the implicit equation

c1 = �c� �h−1�c��′�1− 2h−1�c�− c�−h−1�c�− c= 0�� (8)

For example, consider the case where  = 1,
h�x�= x, and g�y�= 0�9y2. In this situation, it can be
shown that the firm’s profits increase as the marginal
cost increases within the range �0�05�0�25�. The intu-
ition for this result is that as c increases, the firm
finds it easier to convince leaders to adopt the product
because the product is less attractive to the followers.
Consequently, demand in the first period increases
and it helps firm profits. However, an increase in c
hurts the margins. The overall effect is such that, if
the firm prefers not to sell to the followers, for some
range of c, the demand effect dominates and the firm
would prefer to have a larger c.11

10 In Appendix B (which can be found at http://mktsci.pubs.
informs.org), we also consider the case when �l and �f are not
independent. If g�·�= �x and h�·�= �y, c∗ is increasing in �.
11 It is useful to note that in the traditional durable goods model, an
increase in cost leads to a higher first-period price and lower sales.

This finding has important implications for the
design of luxury goods. For example, luxury goods
manufacturers can benefit by including unique and
costly features, even when the additional features
do not improve the functional benefit that the prod-
uct provides. Thus the proposition offers a poten-
tial explanation about why LVMH’s Theda bag is
ostrich rimmed and how such features that have lit-
tle functional value might help improve the firm’s
bottom line. This can happen even in circumstances
when consumers find the product to be less attractive
because of the additional features (see, for example,
Simonson et al. 1994). The analysis also explains why
many other products are gold plated, hand woven,
etc., even in instances where these features do not
improve the functional performance of the product.
Next, we explore another mechanism that firms may
use to motivate more leaders to purchase its products;
namely, the strategy of extending product line.
Often firms introduce multiple products of differ-

ent quality levels to exploit the commonly observed
variation in consumer preference for quality. For
example, designers such as Armani have multiple
product lines. We now examine how reference groups
may affect a firm’s incentive to extend its product
line. To rule out heterogeneity in consumer prefer-
ence for quality as the rationale for launching new
products, assume that the quality level of the new
products is identical to that of the original product.
Further, assume that the firm incurs a fixed cost � to
introduce each new product. Clearly, absent reference
group effects, it is not profitable for a firm to launch
additional identical new products. However, in the
presence of such social effects, we may observe prod-
uct proliferation even when the products are identi-
cal and consumer tastes are relatively homogeneous.
Product proliferation becomes profitable for the firm
when it enables leaders to choose different products,
and thereby reduce the attractiveness of any given
product to the followers.12 Hence we have the follow-
ing result.

On the contrary, in our model, an increase in cost for c ∈ �c∗� c1�
could lead to lower first-period price and higher sales. Furthermore,
a durable goods monopolist may choose to invest less in cost-
reducing technology. This is because a higher marginal cost implies
the monopolist will charge a higher price in the second period,
and, consequently, the firm will be able to charge a higher price
in the very first period. However, this result does not imply that
��/�c > 0 for some range of c if investing in cost-reducing tech-
nology were costless (see Bulow 1982, pp. 322–323). Proposition 3
clarifies that in the presence of reference group effects, sometimes
firm profits can increase as marginal cost increases.
12 In our current analysis, we assume that there are no cross-product
externalities. As such, if a consumer buys a product by a firm, the
reference group-based utility for the second product from the same
firm is not affected. However, it is conceivable that the externalities
of these two products may be related when they share a common
family brand name. Even in such cases, as long as the reference
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Proposition 4. If  > g−1�1� and h��1− c�/2� > c,
then for sufficiently small �, the firm introduces a
new product line and increases the market demand from
leaders.

It is useful to note that the condition on the
g�·� function is sufficient but not necessary. Indeed,
weaker conditions can suffice.13 Next, we discuss the
implications of extending a product line by launching
products of varying quality levels.
In the preceding analysis, we assumed that the new

product was of the same quality. As noted earlier,
when consumers vary in their preference for quality,
a firm may introduce products with different quality
levels to extract more consumer surplus. The pres-
ence of reference group effects may make it even more
attractive for the firm to introduce new products,
as additional products reduce the negative effects of
followers on the leaders, thereby motivating more
leaders to purchase the products. This could provide
one potential explanation for product proliferation in
luxury goods markets. Note, however, that another
countervailing force is at play here. The presence of
multiple products also reduces the attractiveness of
each product to the followers because fewer leaders
will adopt any one product. Thus, if the follower
effect is large, it is possible that reference group effects
may reduce the number of product variants that a
firm offers.

Limited Edition. Now, consider the case where the
firm decides to produce a limited edition of its prod-
uct. In particular, the firm commits to not producing
more than Q units of the good. We assume that Q
is common knowledge. In this case, the leaders will
adopt the product only if

v− p1− g�ye� > 0� (9)

However, unlike the earlier case, consumers’ expec-
tations about second-period sales are not only influ-
enced by p1, but could also be influenced by Q.
This is because if the second-period demand exceeds
�Q− x1�, then all consumers will not be served and
the second-period sales will be only �Q − x1�. If the
leaders expect that the firm will sell up to Q, then the
first-period demand is

x1 = 1− p1− g�Q− xe
1�� (10)

where xe
1 is the first-period expected demand. Under

rational expectations, we must have x1 = xe
1. We have

group effects within a product is stronger than that across products,
the basic intuition holds.
13 For example, consider the case when g�y�= 0�9y, = 1, h�x�= x,
c = 0�1, � = 0�1. In this case, the firm makes a profit of 0.08 with
a single product but a profit of 0.14 with two products. The firm
sells to both the leaders and the followers in the case when it has
two products.

the following result on the existence and uniqueness
of a rational expectations equilibrium:

Lemma 2. If g′�·� < 1, then there always exists a unique
rational expectations equilibrium for any feasible Q and
price p1.

To consider situations with a unique rational expec-
tations equilibrium, for the remainder of the paper,
we assume that g′�·� < 1. It is also interesting to
note that, when the constraint is binding; namely,
Q≤ x1+ y, an increase in Q leads to lower first-period
demand. Thus the firm can influence the first-period
demand through its limited edition strategy. The gen-
eral problem that the firm needs to solve for the lim-
ited edition case is as follows:

max
p1� p2�Q

��p1− c�x1�p1�Q�+ �Q− x1��p2− c�� (11)

s.t. x1�p�Q�≤Q≤+x1�p�Q�� p1≥0� p2≥0� (12)

It can be shown that the firm can achieve any profit
level with the limited edition that it can achieve with
the no-limited-edition case. Thus, if offering a limited
edition is costless, then the firm weakly prefers to
offer a limited edition. To gain more insights, we need
to solve the problem detailed above. Note that (12)
defines constraints that implicitly define the range of
values that Q can take. As the first-period demand
is defined by the rational expectations, Equation (10)
and p∗2 = h�x1�p1�Q��, we can further simplify the
problem. For general g�·� and h�·�, however, the prob-
lem is highly nonlinear and intractable.
Denote the total quantity that the firm sells absent

a limited edition strategy by Q0. We are inter-
ested in examining the conditions under which the
limited edition strategy can be strictly profitable.
Another interesting scenario is when the second-
period demand exceeds supply; namely, when the
constraint Q becomes binding. The next proposition
addresses these two issues while still using general
functional forms.

Proposition 5. If h��1− c�/2� > �1+ c�/2 and g��
are sufficiently large, then the firm strictly benefits by lim-
iting quantity to Q∗. Furthermore,
(i) On offering a limited edition, the firm increases its

total sales. That is, Q∗ >Q0, implying that the firm com-
mits to selling a higher quantity than it would sell absent
a limited edition strategy.
(ii) There is a “buying frenzy” among followers, imply-

ing that Q∗ < x1+ y.
(iii) Firm’s prices increase over time, implying that

p∗2 > p∗1 .

Note that the conditions specified in the proposition
are sufficient but not necessary conditions for buy-
ing frenzies to occur. To illustrate the possibility of a
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buying frenzy (under weaker conditions than those in
the proposition), consider the case when = 1, g�y�=
y2/2, h�x�= 1�1x, and c = 0�3. In this case, if the firm
does not offer a limited edition, then it earns a profit
of 0.116, charges a first-period price of 0.727, sells
a quantity of 0.272 among the leaders and does not
sell to the followers. The firm can increase its profits
by more than 44% by offering to limit quantity to 1.19
units and charging a first-period price of 0.23. In this
case, the firm sells 0.59 units to the leaders and the
remaining quantity to the followers. All the followers
wish to purchase the product, but only 60% are able
to do so. It is interesting to note that the firm commits
to a quantity that is greater than the amount it would
sell absent limited edition. Further, more leaders buy
the limited edition product.
The intuition for the proposition is as follows. Con-

sider the case where g�·� is sufficiently convex, so
that the leaders’ desire for contrast is sufficiently high.
In this situation, absent a limited edition, the firm is
likely to confine its sales to the leaders by charging
a high first-period price, so that only a few leaders can
adopt the product. However, if the firm can commit to
a limited edition strategy, it can increase its profits by
increasing sales to the leaders (by reducing price) and
selling to some followers at a higher price. This will
happen if the followers’ desire for assimilation is suf-
ficiently high. In this situation, however, all followers
desire to purchase the product, but only a few of them
can buy because of the limited edition. This creates
a buying frenzy. Thus we provide yet another expla-
nation for firm-induced scarcity. DeGraba (1995) pro-
posed a model of buying frenzy where uninformed
consumers rush to buy the product without know-
ing its value because it will be sold out if they wait.
Uncertainty about the true value of the product is crit-
ical for his model, but not for our model. Recently,
Stock and Balachander (2005) have suggested that
firms could use product scarcity as a strategy to signal
quality to uninformed consumers. As they correctly
note, the signaling explanation does not preclude the
possibility that firms could induce scarcity to satisfy
consumer desire for exclusivity. Our paper formally
establishes the latter possibility.
The result again highlights some important differ-

ences between our work and the literature on durable
goods. First, in our framework, prices increase over
time, whereas in the durable goods literature, prices
decrease over time. Second, quantity commitment in
our model actually increases sales but it decreases
total sales in durable goods models. Finally, we
observe buying frenzies but there are no such fren-
zies in the durable goods literature. Thus the results
of our paper are sufficiently different from those in
the durable goods literature. Indeed, this is not sur-
prising because the social phenomenon that we model

is quite different from the traditional durable goods
problem.
Thus far we have explored three strategies that lux-

ury goods manufacturers can consider to improve
their profits: (1) increasing marginal costs, (2) offering
multiple variants, and (3) offering limited editions. On
comparing the profitability of these three strategies,
we have the following result.

Proposition 6. The limited edition strategy dominates
the strategy of adding costly features with limited func-
tional value, as well as the strategy of offering multiple
products of the same quality.

The first part of the proposition shows that, when it
is profitable for the firm to add costly product features
that offer limited functional value, it is even more
profitable to adopt the limited edition strategy. We
find that offering a limited edition product increases
profits by increasing first-period prices. Of course,
using the limited edition strategy is constrained by
the firm’s ability to credibly convince consumers that
it will not sell a higher quantity than Q∗ (since it is
ex post profitable to do so).
To understand the intuition for the second part of

the proposition, first, consider the case where the firm
sells its k > 1 product variants only to the leaders. In
this case, offering a limited edition is a weakly domi-
nant strategy. This is because, by using a limited edi-
tion strategy, the firm can confine the unit sales of
a single product to just the number of leaders who
may have purchased the k different product variants,
if they were available in the market, and save on
the cost of introducing additional products; namely,
k�. Next, consider the case where the firm sells its
multiple products to followers as well. In this situa-
tion, the leaders will expect /k followers to purchase
each product variant, and will therefore discount its
value by g�/k�. Now, consider an alternate strategy
in which the firm sells a single limited edition product
such that the second-period sales are /k units. Such
a strategy will not affect the first-period sales rev-
enue, but changes the second-period revenue. Now,
as all the leaders buy the same product, instead of
dividing themselves among the k variants, the firm
can sell its product at a high price to the followers.
In this case, though the firms sells fewer total units
(/k instead of ), it sells them at a higher price to
followers. As h�·� is weakly convex, the price effect is
stronger, and hence the limited edition strategy may
be profitable for the firm. Thus, Proposition 6 estab-
lishes that in the presence of reference group effects,
a limited edition strategy, if credible, is a potentially
powerful and cheap mechanism for improving firm
profits even when the firm can pursue other prod-
uct design strategies. A few caveats are in order now.
Clearly, the firm can further improve its profits by
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offering limited editions of multiple products. The
multiple product line strategy will be even more prof-
itable if the additional products are of different qual-
ity levels. Nevertheless, when consumer behavior is
shaped by reference group effects, offering a limited
edition improves firm profits.

Discussion. In sum, the analysis clarifies how
reference groups might affect firm prices, product
design, and target consumer selection. More specif-
ically, it shows that, when the assimilation effect is
sufficiently strong, the firm may seed the leader mar-
ket and profit from its sales to the followers. The firm
may choose to bring class to the masses, especially
in contexts where the marginal cost of the good is
low and followers’ desire for assimilation is strong.
We also find that reference group effects can motivate
firms to add unique and costly features to a prod-
uct even in the absence of competition and consumer
desire for such features. Further, in such social con-
texts, firms may find it profitable to offer multiple
product lines and limited edition products. We also
show that adopting the limited edition strategy could
create a buying frenzy.
In formulating our model, we assumed that the

purchase decisions of followers were purely driven by
the reference group effects. This assumption helped
us to clearly show how reference groups influence
firm behavior. However, the main insights of the
paper are not contingent on this assumption. For
example, consider the case where we allow for two
segments of followers. The followers in one segment
of size  have no base valuation for the product and
their entire utility for the product is based on ref-
erence group effects, as in our original model. The
followers in the other segment of size ! have some
base valuation v for the product, which is distributed
according to some continuous distribution. The fol-
lowers in the second segment also derive additional
utility from the product, depending on the numbers
of leaders who adopt the product; that is, h�x1�. The
qualitative insights drawn from our original model
continue to hold in this alternative setting, where we
allow for multiple segments of followers and hetero-
geneous valuations for the product.14

Following prior marketing literature, we assumed
that product adoption formed the means by which
individuals assimilated or distinguished themselves
from their reference group. However, it is possible

14 For example, consider the case where h�x�= x, g�y�= y2/5, = 2,
! = 1, and the base value of the product to followers v is distributed
according to a uniform distribution with range �0�1�. In this case,
the firm’s profits increase as cost increases for c ∈ �0�0�16�. Fur-
thermore, if c = 0�1, the firm can increase its profits by more than
50% (from 0.43 to 0.65) by offering a limited edition. We will also
observe a buying frenzy in such a situation.

that in some social situations, concurrent usage of a
product could further increase the reference group
effects. In the context of our theoretical framework,
this implies that the attractiveness of a product to fol-
lowers depends not only on the first-period demand
(x1), but also on the usage of the product by lead-
ers in the second period; namely, x2. The leaders may
also care about whether followers concurrently use
the product. Now, let " fraction of the lifetime value
of a product be enjoyed by leaders in the first period.
The size of " will be small if followers enter very
quickly or the product has a long life. Note that, for
small values of ", whether consumers care only about
adoption or whether they also care about concur-
rent usage has no significant impact on firm behav-
ior. However, when " is large, the desire of firms
to use penetration pricing may depend on the extent
to which leaders and followers use product adoption
and concurrent product usage to distinguish them-
selves and assimilate with their reference group. For
example, in the extreme case where leaders care only
about concurrent usage and followers care only about
adoption, firms are more likely to give discounts to
the leaders to seed the market. On the other extreme,
if followers care only about concurrent usage and
leaders care only about adoption, then the firm will
find penetration pricing to be less profitable. In both
cases, however, offering a limited edition can still be
profitable.
In an attempt to sharply focus our analysis on ref-

erence group effects, we assumed that leaders do not
care about how many other leaders adopt the product.
It is possible that some leaders may find the prod-
uct less attractive if other leaders adopt the product
because they want to be different from other leaders
as well. Even on allowing for such a possibility, the
main results of the paper hold.

3. Conclusion
Marketing researchers have investigated the effect of
reference groups on product evaluation and consumer
choice (Bearden and Etzel 1982, Childers and Rao
1992). In this paper, we examined the implications
of reference groups for firm behavior. Our theoretical
analysis offers some useful insights on the marketing
of luxury goods.
(1) How do reference groups impact prices? Our anal-

ysis shows that if a firm sells exclusively to leaders,
then the firm’s price may increase as the desire of fol-
lowers to assimilate increases. However, if the firm
sells to both leaders and followers and the assimila-
tion effect is sufficiently strong, the firm could even
give the product to leaders for free. The consequent
adoption of the product by leaders, however, can help
the firm to sell the product at a higher price to fol-
lowers and earn more profits. This finding is helpful
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in understanding, from the perspective of reference
group theory, why successful luxury goods marketers
make an effort to appropriately seed the market. Con-
sistent with our finding, Millenium Imports offered
its product for free to prominent personalities and ini-
tially marketed its product only in the finest outlets.
The seeding strategy apparently helped the firm to
command a premium in the retail market and become
a major success (Silverstein et al. 2004).
(2) When is it profitable for a firm to bring class to the

masses? Our analysis suggests that, when the marginal
cost of production is low and followers’ desire to
assimilate with leaders is sufficiently high, it would
be profitable for the firm to focus on selling its prod-
uct to the masses. Thus our analysis offers a reference
group-based explanation for why designers like Vera
Wang may choose to sell their goods through mass
merchandisers.
(3) Why do luxury goods manufacturers add costly fea-

tures to their products, even if those features offer no func-
tional benefit? In theory, sometimes it is profitable for
manufacturers to add features with limited functional
value, so that the cost of the product increases. The
increased cost helps the firm to sell only to a few lead-
ers, and, in turn, makes the product less attractive to
followers. This finding may, in part, explain why it
might be prudent for LVMH to offer a $4,000 gold,
ostrich-trimmed Theda handbag.
(4) Why do luxury goods manufacturers introduce

multiple products in their product line? A traditional
argument for introducing multiple products is hetero-
geneity in consumer preference for quality. We pro-
vide an alternate explanation for product proliferation
in the luxury goods market. We show that when lead-
ers’ have a strong desire to distinguish themselves
from followers, it is profitable for the firm to offer
multiple products in its product line, even when these
products are functionally identical and product intro-
duction is costly.
(5) Why do firms offer limited edition products? Our

analysis shows that, when reference group effects are
sufficiently high, offering a limited edition product
increases sales to leaders and improves profits. By
offering a limited edition, the firm can control the
availability of the product to followers, and thereby
reduce the extent to which followers can blur the
distinction the product offers leaders. Subsequently,
the firm can harvest the value followers derive from
assimilating with the leaders. Absent a limited edi-
tion, the leaders might not even buy a product when
reference group effects are strong. Our analysis is con-
sistent with the conventional wisdom that marketers
of luxury goods need to “preserve brand equity by
controlling unit sales” (Silverstein et al. 2004, p. 208).
(6) Why do we observe buying frenzies? If followers

have a strong desire to assimilate and the firm offers

a limited edition, then only a few of the followers can
buy the product, though all of them want to buy the
product. This causes a firm-induced buying frenzy.
In part, this might explain why we see a two-year
waiting list for the $6,000 Birkin bag from Hermès.
Note that, in our model, a buying frenzy is not a
consequence of uninformed customers rushing to buy
the product or firms inducing product scarcity to sig-
nal quality, but it is a direct consequence of reference
groups.

Limitations and Directions for Future Research.
In our theoretical analysis, we considered a two-
period model. Future research could consider a dy-
namic model to investigate how reference group
effects impact consumer and firm behavior over time.
In such a formulation, it would be useful to under-
stand how new products can be used to manage
reference group effects. For example, the firm could
strategically introduce products over time to satisfy
leaders’ desire for contrast. In formulating our model,
we focused on two marketing mix variables; namely,
price and product design. However, marketing mix
variables such as advertising and promotion play
a very important role in the marketing of luxury
goods. Future research might extend the model to
accommodate these additional marketing mix vari-
ables. Another important avenue of research is to test
the predictions of the theoretical model.

Acknowledgments
The authors have contributed equally to the paper. The
authors thank Jim Bettman, Teck Ho, Jim Hess, Joel Huber,
P. K. Kannan, Robert Meyer, Ambar Rao, Ram Rao, Amnon
Rapoport, Richard Staelin, Miguel Villas-Boas, and seminar
participants at Cornell University, Texas A&M University,
University of Arizona, University of California at Berkeley,
University of Colorado, University of Houston, University
of Michigan, University of Pennsylvania, and University of
Texas at Dallas.

References
Agins, T. 2007. The future of luxury: Custom fashion, cheap chic.

Wall Street J. (January 4) B7.
Amaldoss, W., S. Jain. 2005a. Conspicuous consumption and

sophisticated thinking. Management Sci. 51(10) 1449–1466.
Amaldoss, W., S. Jain. 2005b. Pricing of conspicuous goods: A com-

petitive analysis of social effects. J. Marketing Res. 42(1) 30–42.
Bearden, W., M. Etzel. 1982. Reference group influence on product

and brand purchase decision. J. Consumer Res. 9(2) 183–194.
Becker, G. 1991. A note on restaurant pricing and other examples of

social influences on price. J. Political Econom. 99(5) 1109–1116.
Becker, G., K. Murphy. 2000. Social Economics: Market Behavior in a

Social Environment. Belknap Press, Cambridge, MA.
Besen, S. M., J. Farrell. 1994. Choosing how to compete: Strate-

gies and tactics in standardization. J. Econom. Perspectives 8(2)
117–131.

Bourdieu, P. 1984. Distinction: A Social Critique of the Judgment of
Taste. Harvard University Press, Cambridge, MA.

IN
F
O
R
M
S

ho
ld
s

co
p
yr
ig
h
t
to

th
is

ar
tic
le

an
d

di
st
rib

ut
ed

th
is

co
py

as
a

co
ur
te
sy

to
th
e

au
th
or
(s
).

A
dd

iti
on

al
in
fo
rm

at
io
n,

in
cl
ud

in
g
rig

ht
s
an

d
pe

rm
is
si
on

po
lic
ie
s,

is
av

ai
la
bl
e
at

ht
tp
://
jo
ur
na

ls
.in

fo
rm

s.
or
g/
.



Amaldoss and Jain: Research Note: Trading Up: A Strategic Analysis of Reference Group Effects
942 Marketing Science 27(5), pp. 932–942, © 2008 INFORMS

Branch, S. 2004. Hermès’s jelly ache. Wall Street J. (April 9) B1.
Brewer, M., J. G. Weber. 1994. Self-evaluation effects of interper-

sonal versus intergroup social comparisons. J. Personality Soc.
Psych. 66 268–275.

Bryson, B. 1996. Anything but heavy metal: Symbolic exclusion and
musical dislikes. Amer. Sociol. Rev. 61 884–899.

Bulow, J. 1982. Durable-goods monopolists. J. Political Econom. 90
314–332.

Carpenter, G., K. Nakamoto. 1990. Competitive strategies for late
entry into a market with a “dominant brand.” Management Sci.
36(10) 1268–1279.

Childers, T., A. Rao. 1992. The influence of familial and peer-based
reference groups on consumer decisions. J. Consumer Res. 19(2)
198–211.

Cialdini, R., M. Trost. 1998. Social influence, social norms, conform-
ity and compliance. D. T. Gilbert, S. T. Fiske, G. Lindzey,
eds. Handbook of Social Psychology, Vol. 2. McGraw-Hill, Boston,
151–192.

Coase, R. 1972. Durability and monopoly. J. Law Econom. 15
143–149.

DeGraba, P. 1995. Buying frenzies and seller-induced excess
demand. RAND J. Econom. 26(2) 331–342.

DiMaggio, P. 1977. Market structure, the creative process and pop-
ular culture: Toward an organizational reinterpretation of mass
culture theory. J. Popular Culture 11 436–452.

Guesenerie, R. 1992. An exploration of the eductive justifications of
the rational-expectations hypothesis. Amer. Econom. Rev. 82(5)
1254–1278.

Hyman, H. H. 1942. The psychology of status. Archives Psych. 269
94–102.

Jones, S. 1984. Economics of Conformism. Blackwell, Oxford, UK.
Katz, M., C. Shapiro. 1994. Systems competition and network

effects. J. Econom. Perspectives 8(2) 93–115.
Kemmelmeier, M., D. Oyserman. 2000. The ups and downs of

thinking about a successful other: Self-construal and the con-
sequences of social comparisons. Eur. J. Soc. Psych. 31 311–320.

Leibenstein, H. 1950. Bandwagon, Snob, and Veblen effects in the
theory of consumer demand. Quart. J. Econom. 64 183–207.

Lockwood, P., Z. Kunda. 1997. Superstars and me: Predicting the
impact of role models on the self. J. Personality Soc. Psych. 73
91–103.

Manski, C. 2000. Economic analysis of social interactions. J. Econom.
Perspect. 14(3) 115–136.

Mussweiler, T., K. Rüter, K. Epstude. 2004. The ups and downs of
social comparison: Mechanisms of assimilation and contrast.
J. Personailty Soc. Psych. 87(6) 832–844.

Narasimhan, C. 1988. Incorporating consumer price expectations in
diffusion models. Marketing Sci. 8(4) 343–357.

Pesendorfer, W. 1995. Design innovation and fashion cycles. Amer.
Econom. Rev. 85(4) 771–792.

Rabin, M. 2002. A perspective on psychology and economics. Eur.
Econom. Rev. 46(4) 657–685.

Rajiv, S., S. Datta, S. Dhar. 2002. Asymmetric store positioning
and promotional advertising strategies: Theory and evidence.
Marketing Sci. 21(1) 74–96.

Ross, L., G. Bierbrauer, S. Hoffman. 1975. The role of attribution
processes in conformity and dissent: Revisiting the Asch situ-
ation. Amer. Psychologist 31 148–157.

Silverstein, M., N. Fiske, J. Butman. 2004. Trading Up: Why Con-
sumers Want New Luxury Goods—And How Companies Create
Them. Portfolio, Penguin Group, New York.

Simmel, G. 1957. Fashion. Amer. J. Sociol. 62(6) 541–558.
Simonson, I., Z. Carmon, S. O’Curry. 1994. Experimental evidence

on the negative effect of product features and sales promotions
on brand choice. Marketing Sci. 13(1) 23–40.

Stock, A., S. Balachander. 2005. The making of a “hot product”:
A signaling explanation of marketer’s scarcity strategy. Man-
agement Sci. 51(8) 1181–1192.

Stokey, N. 1981. Rational expectations and durable good pricing.
Bell J. Econom. 112–128.

Syam, N., P. Krishnamurthy, J. Hess. 2008. Models of miswanting
and regret of customized products. Marketing Sci. 27(3).

Veblen, T. 1899. The Theory of Leisure Class: An Economic Study of
Institutions. Unwin Books, London.

Worchel, S., J. Lee, A. Adewole. 1975. Effects of supply and demand
on ratings of object value. J. Appl. Soc. Psych. 32 906–914.

IN
F
O
R
M
S

ho
ld
s

co
p
yr
ig
h
t
to

th
is

ar
tic
le

an
d

di
st
rib

ut
ed

th
is

co
py

as
a

co
ur
te
sy

to
th
e

au
th
or
(s
).

A
dd

iti
on

al
in
fo
rm

at
io
n,

in
cl
ud

in
g
rig

ht
s
an

d
pe

rm
is
si
on

po
lic
ie
s,

is
av

ai
la
bl
e
at

ht
tp
://
jo
ur
na

ls
.in

fo
rm

s.
or
g/
.


