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Abstract

Consumers have bounded perception and treat similar goods as homogeneous. The
interaction between this bias and the structure of firms is studied in a vertically dif-
ferentiated duopoly with market entry. With fixed costs of quality, natural monopoly
and entry deterrence occurs at lower entry costs and incumbent profit is higher. With
marginal costs of quality, natural monopoly occurs at higher entry costs or not at all.
Deterrence occurs at higher entry costs for mild perceptual limitations and at lower
costs for severe limitations. Incumbent profit is generally lower, although for a narrow
range of parameter values it may be higher. The incumbent may opt not to enter and

no market is created.
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1 Introduction

Can we always tell similar goods apart? The quality of a good is a nebulous attribute which
is harder to assess at first glance, especially if relevant information is not readily available.
Given this limitation to our perception, it is interesting to examine whether it may influence
the goods we are in fact presented with. This question is addressed by looking at entry into
a market in which consumers are bounded in their ability to distinguish between goods of
similar quality. Intuitively, it is not clear whether bounded perception should help or hinder
a potential entrant. On the one hand, it is harder for the entrant, since it is more difficult to
distinguish its product. On the other hand, it could make it easier for the entrant, since it can
produce a “knock oftf” good and ride on the incumbent’s success. It is demonstrated that both
intuitions may be correct, depending on the cost structure of a good’s quality, specifically
whether it is fixed or marginal. A clear demonstration is thus given of the importance of
studying the interaction between biased decision makers and other economic agents, as the
results are often not straightforward, and not necessarily robust to changes in the market
structure.

With fixed costs of quality, the entrant firm has to produce a good that consumers perceive
to be different, as otherwise it falls into the Bertrand trap and makes a loss. Perceptual
limitations mean that the entrant firm finds it harder to distinguish itself, and this is exploited
by the incumbent. The entry cost at which the market becomes a natural monopoly is lower,
as is the cost at which the incumbent deters entry into the market. Unsurprisingly, incumbent
profit is greater than in the case of perfect perception.

With marginal costs of quality, the entrant firm may exploit bounded perception to pro-
duce a good that is perceived to be homogeneous, but produced at a lower marginal cost than
the incumbent’s. The entry cost at which the market is a natural monopoly is higher, and
natural monopoly is never observed given sufficiently severe limitations. For mild perceptual
limitations, entry is only deterred at a greater entry cost, but for severe limitations, it is

deterred at a lower cost. Incumbent profit is generally lower than in the standard case, with



the exception of a narrow range of parameters due to it deterring entry with bounded percep-
tion, whereas with perfect perception the market is shared with the entrant. The reduction
in incumbent profit means that for certain parameter values it chooses not to produce, and
no market is created.

Bounded perception is formalized using Rubinstein (1988)’s concept of a similarity rela-
tion, which specifies which elements of a set are sufficiently similar to be regarded as iden-
tical. Similarity relations are related to earlier work by Luce (1956) on semi-orders and are
consistent with much psychophysical research on stimulus detection, particularly the Weber-
Fechner law (Falmagne, 2002). They have been employed to explain anomalies in lottery
choice (Azipurua, Ishiishi, Nieto, & Uriarte, 1993; Leland, 1994; Buschena & Zilberman,
1999) and intertemporal choice (Leland, 2002). Webb (2014) uses an identical behavioural
mechanism to this article in a vertically differentiated market, but with simultaneous rather
than sequential quality choice.

The introduction of a psychological bias into how individuals regard goods is related to
recent research on attention and salience. Bordalo, Gennaioli, and Shleifer (2012, 2013b,
2013c, 2013a, 2013d) and Készegi and Szeidl (2013) examine how the focus of individuals’
attention is drawn towards attributes for which there is greater variation within the choice
set and are overweighted in decision making. Eliaz and Spiegler (2011) construct a model in
which firms use “pure attention grabbers”, goods which attract customers’ attention but give
no utility. There has also been some investigation of consumers’ perception in the marketing
literature. (For example Chandon and Ordabayeva (2009) study how individuals’ assessment
of a product’s volume can be influenced by packaging shape and Kwortnik, Creyer, and Ross
(2006) examine the effects of labeling on consumer choice.) However, the studies in this field
are mostly targeted at very specific effects with very specific product types.

The economic institution utilized is a vertically differentiated product market. Models
of vertical differentiation are ideal settings in which to examine perceptual limitations, since

firms’ profits depend heavily on their ability to distinguish their goods in the eyes of con-



sumers. Mussa and Rosen (1978) first introduced the vertical differentiation framework, and
assumed that firms engage in Cournot competition. This paper though, follows the lead of
Shaked and Sutton (1982), who adapted the framework for Bertrand competition. Hung and
Schmitt (1988) were the first to use it to study market entry. There are now a profusion
of theoretical models of vertical differentiation and many empirical applications. A common
behavioural approach when incorporating psychological insights into economics is followed:
a standard economic model is taken and an extra parameter is added such that the original
model is nested within the new. To do this, a standard model of vertical differentiation and
entry deterrence is required, and the particular model used as a baseline is most similar to
that in Lutz (1997).

Section 2 specifies the behaviour of consumers with bounded perception. The effect of
such consumers on a model of market entry is then described, with section 3 giving results
for fixed costs of quality and section 4 for marginal costs of quality. Section 5 discusses the

contrasting results and section 6 concludes.

2 Bounded perception and consumer behaviour

A good ¢ = (g, —p) has two attributes, quality ¢ and price p, with @ = [0, 00) the set of
qualities and P = [0,00) the set of prices. The set of goods is then C = @Q x —P. 7=,
is a preference relation on C satisfying the standard asumptions. Let ~, be a Rubinstein
similarity relation (Rubinstein, 1988) on Q. If ¢ ~; ¢, then ¢ and ¢’ are sufficiently similar
that an individual regards them as identical. If ¢ =, ¢’ then an individual regards them as

dissimilar. Together 7=, and ~; induce a decision preference relation 7Z; on X in the following

way:
iIf g, q and ¢z, ¢, then ¢ 7y .

ii If g ~5¢ and p <p', then ¢ 7, (.



Note that -4 is complete, but not generally transitive. 2~, may be thought of as a “true”
underlying preference relation and -, as the relation actually used by in individual in decision
making, given the biases captured by ~s.

Let 7, be represented by the utility function u = ag—p, o € R, and let ~, be represented

by the perception threshold § € [1,00). Let gy, qr € Q with gy > g > 0, then

LIEE >0, qn <5 qr-

i If Z—IL’ <9, qu ~s qr.
This decision making process is interpreted as consumers having a bounded ability to detect
differences in quality. Hence a similarity ratio is not introduced for price, although it is
plausible that consumers often act as if very similar prices are identical. Quality is generally
a much harder to assess attribute than price, and so the range of prices similar enough to
be treated as the same is negligable compared to the corresponding range of qualities. If
‘(II—IZ > ¢ and the ratio of qualities excedes the perception threshold, consumers perceive them
as heterogeneous. If Z—’Z < ¢ however, so that the ratio of goods’ qualities falls below the
threshold, then the individual is unable to perceive the difference between the goods and
regards them as homogeneous. It is assumed that in this case, the individual perceives both
goods to have quality ¢ = Agy + (1 — \) gz This assumption will be revisited later in section
4, and it chould be noted that although it is a natural assumption, the only restriction on

consumer behaviour in section 3 is that they never purchase the higher priced good when

A < .
qL

The functional form bounded perception takes means that as the absolute level of quality
increases, so does the absolute difference in quality required for an individual to perceive them
as dissimilar. This is consistent with psychophysical research which has found that, in many
cases, to a good approximation the perceived intensity of a stimulus increases logarithmically
with the physical intensity (Falmagne, 2002).

Although perception is the one adhered to throughout this article, the decision making

process is open to other interpretations. For example, when qualities are close enough to-



gether individuals find prices particularly salient, and due to an attentional bias use only
price information in decision making.

Having specified the behaviour of consumers with bounded perception, it will now be
examined what effect they have on a model of vertically integrated entry deterrence, with

the cases of fixed and marginal costs of quality being contrasted.

3 Fixed costs of quality

Two identical firms, 1 and 2, may produce a good with quality ¢; € () which is sold at price
pi € P, i€ {1,2}. Consumers may purchase a single unit of the good from which they gain
utility w (¢,p) = ag — p, a € Ry. Their payoff from the outside option of not consuming
is normalized to 0. There is a unit mass of consumers uniformly distributed in the interval

[0,1]. The timing is as follows:

Period 1: If firm 1 enters the market, it incurrs cost E € (0,00) and chooses
quality. If it does not, the game ends and both firms receive a
payoff of 0. If it enters, it chooses quality.

Period 2: Firm 2 observes firm 1’s quality choice. If it enters, it incurrs cost
E € (0,00) and chooses quality. If it does not, it receives a payoff
of 0.

Period 3: If only firm 1 enters, it sets its price. If both firms enter, they

compete in prices.

Firm 2 may only enter the market if firm 1 chooses to enter first. This assumption is
made to reflect the fact that if firm 1 declines to enter the market and then firm 2 enters,
firm 2 should be considered the first mover. The firms are identical, so it is conunterintuitive
for firm 1 not to enter and then firm 2 to enter in the same circumstances. This may be
formalized by allowing a potentially infinate number of periods in which the opportunity to
enter the market alternates between firms. (Although only a single trading period takes place

if entry occurs.)



As firm 1 chooses its quality before firm 2, it may exploit this to lower its profit. If the
minmax profit of firm 2 is less than the entry cost, firm 1 may deter firm 2 from entering the

market.

If firms enter the market, they incur fixed costs of quality of the form c(g;) = %q?, with

all other production costs normalized to 0. Results for fixed costs will be contrasted with
marginal costs of quality in section 4.

Let both firms enter the market and let H € {1,2} (L € {1,2}) denote the firm producing
the high (low) quality, H # L. Assume that >0, so that consumers perceive the goods

as distinct. The consumer with taste parameter o = ’ﬁ is indifferent between the high

and the low quality goods, and the consumer with o” = z—i is indifferent between the low
quality good and not consuming. 1 — ¢« is then demand for the high quality firm and o/ — "

is demand for the low quality firm. Profits! are

PH — DL 1
2

PH —PL DL 1
—=qi, ™ (qm.qL) =pL (— — —) —=q;. (1)
qH — 4L 2

TH ((IH, QL) = PH (1 -
qH — 4L qrL

In the appendix, it is shown that equilibrium prices are

qu — ¢ qH — ¢
PH = 290 (u) PL = qL (u) (2)

49 — q1, 495 — qr,

implying profits for given qualities are

4q? — 1
w (qu,qr) = M — =gy, (3a) 7 (qm, qr)

quqr (qu —qr) 1 4
= ——q;. (3b)
(dgw — qu)* 2 -

(4QH - QL>2 2

When only firm 1 enters, its profit is obtained from equation (3a) by setting ¢, = 0. From

this, it is found that the monopoly profit is 3% The entry cost for each firm is then restricted

IFor linguistic and notational convenience, profit refers to profit net of entry cost and total profit refers
to profit inclusive of entry cost.



to be in the range F € (O,Ef], Ef = 3—12

Consumers have an identical perception threshold § > 0. Suppose both firms enter
the market and choose qualities such that ?]_sz < 6, so that consumers perceive them to be
homogeneous. Bertrand competition in period 3 drives prices down to marginal cost (i.e. 0)

and so firms will make a loss. This leads to a key result:
Lemma 1. With fixed costs of quality, qualities such that ‘ZI—’L{ < 0 are never observed.

All proofs are contained in the appendix. Note that this result does not depend on the
assumption that when the quality ratio lies below the perception threshold, firms perceive
both goods as having quality ¢ = Mgy + (1 — A)qr. The only necessary restriction on
consumers’ behaviour given a quality ratio below the perception threshold is that they never
purchase the higher priced good.

Firm 2, as it observes firm 1’s quality choice, may choose to be either the high or low
quality firm. Suppose firm 2 enters the market and chooses ¢o > ¢1. By lemma 1, it must
be that q;—lH > 0. If argmax,, 7om (q1,q2r) > 0qu, this must be a best response. If, on the
other hand, argmax,, mon (q1,q21) < dqq, then firm 2, as %{i’q”’) < 0 and its profit
is single-peaked, will choose the lowest quality such that consumers perceive the goods as
heterogeneous. A similar argument can be made if firm 2 enters with some ¢o;, < ¢p: it
chooses argmax,, Tz (q1, ¢z ) if argmax,, 7or (q1,¢22) > % and otherwise chooses g2, = %,

the highest quality such that consumers perceive the goods as heterogeneous. Firm 2’s best

responses conditional on entering as the high and low quality firm are thus respectively

qrsir (q1) = max {argmax Ton (q1, Q21) , 01 } (4a)
q2H

qufz (¢1) = min {argmax mor, (q1, G21) %} . (4b)
q2L

Equilibrium will now be derived as follows: the condition under which the market is a

natural monopoly is found. It is then found when entry deterrence is feasible if the market



is not a natural monopoly, followed by comparing firm 1’s profit from deterring and allowing

entry, making it possible to show when it will deter entry in equilibrium.

3.1 Natural monopoly

The market is a natural monopoly if the entry cost is sufficiently high that firm 1’s equilibrium

behaviour is unaffected by the presence of firm 2, i.e. if firm 1 chooses the monopoly quality

q}‘/[ = }L and firm 2 does not enter the market. Firm 2’s best response to q}w is termed the

monopoly best response (MBR) quality. In the appendix, this is derived to be

——  ford <V
> O0rpy
MBR 4,“?4
a5y " (6) = (5)
1 /
4—5 fOI' (S > 5fM

M
where M is the ratio MQ+R and is the unique solution to equation (A.2) which is greater
Ky q q g

f

(9)
than 1 and 0%, = pj' The constant i}’ is approximately u}' ~ 5.200. The natural monopoly

condition is then be found by requiring firm 2’s total profit from entering to be less than 0.
Proposition 1. The market is a natural monopoly if E € [E}” (6), E’f), where

(8’ — 243" + 8y’ — 1
)
3203 (4pf — 1)

for 6 < &4y,

8% — 2462 + 80 — 1
[ 3202 (46 — 1)°

for 6 > &4y

With fixed costs of quality, there is a range of entry costs for which the market is a natural

monopoly, and the natural monopoly condition is weakly decreasing in 6.

The natural monopoly condition is illustrated in figure 1.
From lemma 1, firm 2 will never choose a quality such that the quality ratio is below the

perception threshold, as the Bertrand trap would lead to a loss. In the standard case, its best



M

response to q}w = }1 is to choose a quality such that qu,LBR ~ 5.200. Thus when the threshold
I

excedes this value, it is forced to choose a quality further away from firm 1. This in turn

lowers its profit, so that the market is a natural monopoly with lower entry costs than was

required without bounded perception.

3.2 Entry deterrence

Now let B < E}W (0), so that the market is not a natural monopoly. Assume that firm 1
always enters the market (this assumption is shown to hold in proposition 4). Firm 1 is able
to deter entry if it can choose a quality such that firm 2’s profit if it enters is not sufficient
to cover the cost of entering. Initially, the condition under which it is feasible for entry
to be deterred is derived, and whether deterrence is observed in equilibrium is examined
subsequently. In period 2, firm 2 may choose either to be the high or low quality firm.
Conditional on entering as the high quality firm, firm 2’s profit is decreasing in the quality
choice of firm 1. Conversely, its profit conditional on entering as the low quality firm is
increasing in firm 1’s quality choice. The profit of firm 2 is hence minimized if firm 1 chooses
its quality such that firm 2 is indifferent between entering as the high or low quality firm. If
this minimized profit does not excede the entry cost, then entry deterrence is feasible.

The quality at which firm 1 minimizes firm 1’s profit from entering is termed the entrant
profit minimizing (EPM) quality. Firm 2’s best response to this, conditional on entering as
the high (low) quality firm is termed the high (low) EPM best response or HEPM (LEPM)
quality. Since at the EPM quality firm 2 is indifferent between being the high or low quality

firm, these qualities are obtained from oy (ql,qf;}{ (¢1,9)) = mar (ql,q%}z (¢1,9)). In the

10



appendix, the EPM, HEPM and LEPM qualities are derived to be

(

b1 for 6 < 5}
D3 4 D _ 7
qDl _ Hy (D'uf 3) for (5} << (5}' (7a)
d (4pf 1)
205 2
20000 1) (49 21) for 0 > 67
(04 —1)(46 —1)
brr for § < (5}
bru for 6 < &} D
D (0) = (7b) DL(d) = 11 ) for & <0 <05 (7c¢)
Ayop dyor, M? ! = Yf C
8qiy (6)  for 6 > 0}
D
Qfl (5) "
W for 6 > 5f

where 0% ~ 1.533, 07 ~ 3.287, by ~ 0.161, byy ~ 0.289, by, ~ 0.042 and u]’? is the ratio

af, (D)
7200 g, <5<y
EPM, HEPM and LEPM qualities into firm 2’s profit function, the entry deterrence condition

and is the unique real root of equation (A.4) greater than 1. Substituting the

is found.

Proposition 2. Firm 1 is able to deter entry by firm 2 if E € [Ef? (0), E}Vl ((5)), where

(03 (8 (brr — bp1) — (4bpy — by1)?)

for o <0
2 (4bpy — byy)? d
205 D3 D _ 2,,D6 D _ =\2
EP(5) = { 20 1)2’“‘f (g 37) Oy Uy 67) fordy<s<d  (8)
(46 —1)° (4pf — 1) 2 (4u® — 1)
264 (462 — 1) (52 — 4) ford > o,
L (53 + 6246+ 1)% (46 — 1)* !

11



When costs of quality are fized, the entry deterrence condition is weakly decreasing in 6.

The entry deterrence condition is ilustrated in figure 1.

As can be seen in equation (4), the best response of firm 2 is dependent on the size of the
perception threshold, as it must ensure that its good is perceived as distinct, and this leads
to the piecewise nature of the EPM, HEPM and LEPM qualities. With a low perception
threshold (§ < d%), firm 2’s standard best reponses lie above the perception threshold, and
the entry deterrence condition is unchanged from the standard case. When ¢} < ¢ < 4%
however, if firm 2 enters as the high quality firm, it must select a higher quality than in the
standard case. It then makes a greater profit from entering as the low than as the high quality
firm. Firm 1 takes advantage of this by reducing its quality, thus lowering the profit from
being the low quality firm. Firm 2’s minmax profit is lower and deterrence is thus feasible at
lower entry costs than in the standard case. If 6 > §%, then both firm 2’s high and low best
responses are dependent on 6. As may be seen in figure 1, entry deterrence becomes easier
at a faster rate than before.

Equation (8) gives the condition under which it is feasible for firm 1 to deter entry, but it is
as yet unclear when deterrence will be observed in equilibrium. The first stage in determining
this is to find the profit of firm 1 from allowing entry. Comparison to its profit from deterring

entry will then reveal when deterrence is optimal.

3.3 Allowing entry

Assume that firm 1 anticipates firm 2 entering the market. As costs are symmetric, it takes

advantage of its leader status to produce the high quality good. It then chooses quality to

satisfy w = (0. This results in
lp forégé}A Uro fordgé}A
Q?l (6) = ) q?QL (6) = b (9)
&_12) for 6 > 04 4n (%) for § > &'
(46 — 1) 5 4

12



where 0% 4 ~ 4.941, [;1 ~ 0.245 and [y ~ 4.78 x 1072, Substituting these qualities into the

profit function of firm 1 (equation (3a)) then shows its profit given that it allows entry is

(402, (Upy — Lpa) L2 )
(ﬂ_% ;= ford <o,
1 —Lr2)
T1A (Q17Q2) = (1())
2 . 2
O
L\ (40 —1)

3.4 Equilibrium entry deterrence

The profit from allowing entry is compared to the profit from deterring entry in order to
determine when entry deterrence is observed in equilibrium. Let E € [E7 (), E} (5)) so
that deterrence is feasible. From equation (3a), the profit that firm 1 makes if it deters entry
is Tiep (q1) = 4 (1 —2q1). If the cost of entry is sufficiently high, firm 1 enjoys a natural
monopoly and chooses its ideal quality of ¢; = q}” = i. As the cost of entry becomes lower,
firm 1 must reduce its quality to deter firm 2 from entering, which also lowers its own profit.
It follows that it must be feasible for firm 1 to deter entry at a sufficiently high quality for
deterrence to be observed in equilibrium.

The minimum ¢; at which it is optimal for firm 1 to deter entry is termed the minimum
deterrence optimality (MDO) quality. In the appendix, this quality and firm 2’s best response

to it are found to be

e for § < 5%3
MDO
$19° (5) = -
f1 1 \/1 — 166 — 16062 + 25643 "
. 5 for 6 > 5fE
4 (40 —1)
Cf2 for 0 S 53‘{E
Q%EO (5) — . (5) (11b>
\ qflé for 6 > 53§E

13



where 6%, ~ 3.455, 0}, ~ 4.941, ¢py = 5 <1 — \/1 — 32 ma (qfy (), 475 (9)) ) ~ 0.134

‘6<6}A
and cfy ~ 0.0386.

If entry deterrence is feasible at ¢ > ¢}{”? (6), then it is optimal. If deterrence is only

possible if firm 1 lowers its quality to some g < ¢}{”? (), then allowing entry is optimal. The
lowest quality at which deterrence is feasible is ¢f; (6) It follows that, if ¢}{”? (6) < ¢7) (9),
then deterrence is only possible at qualities such that it is optimal: the equilibrium deterrence
condition is identical to the feasibility condition. Otherwise, the equilibrium deterrence
condition is found by requiring firm 2’s total profit to be 0 when best responding to q%D 0 (9).

This leads to

Proposition 3. If E € [EP*(0),E} (6)), then if firm 1 enters the market it does so by

deterring entry, where

EP (6) for 6 < 0%

2
cricro (Crp — C c
f1 f2(f1 fQ)_ﬂ for5;£E25>5}E

(4epr — cp)’ 2
(5 - 1) C?”l 5/// >4 6//
B (0) = s 12" 2 forde 20> 0 (12)

(6 1) <1 ~ V1-160 —1600% + 25653) B
4(46 —1)° (46 — 1)

1 <1 B V1 —166 — 16062 + 25602

2
~ 525 1) ) for 6 > &7

where 5}E ~ 2.883. The equilibrium deterrence condition is weakly decreasing in ¢.

The equilibrium deterrence condition is illustrated in figure 1.
In the standard case, as in Lutz (1997), the incumbent firm will always deter entry if
feasible. By proposition 4, bounded perception leads to deterrence becoming feasible at

lower entry costs. In order to deter entry at these lower costs however, firm 1 must choose

14



a low quality. Thus with a sufficiently high perception threshold (§ > 0%y ~ 2.883), there
is a range of entry costs for which deterrence is possible, but the incumbent prefers to allow
entry and share the market.

As may be seen in figure 1, for 5}E <9 < 5;{E ~ 3.455, the equilibrium deterrence
condition is flat: both the best response to the MDO quality and firm 1’s profit from allowing
entry are not directly influenced by bounded perception: a higher perception threshold affects
the feasible actions of the incumbent but does not qualitatively affect equilibrium. For
d > 0%, however, as can be seen in equation (11b), the best response of firm 2 is affected by
the necessity of keeping the quality ratio above the perception threshold. For a given ¢; then,
firm 1 makes a greater profit from deterring entry, and so it will choose to do so for lower
entry costs than previously. From equation (10), if the perception threshold is sufficiently
high, the incumbent profit from allowing entry is increasing in the threshold. This explains
why, for § > %E ~ 4.941, the equilibrium deterrence condition decreases at a slower rate:
higher ¢ implies both higher profit from deterring entry at a given ¢; and higher profit from

deterring entry.

3.4.1 Equilibrium and incumbent profit

Having derived firms’ optimal actions given the assumption that firm 1 enters the market, it

can now be stated that
Proposition 4. Firm 1 chooses to enter the market in equilibrium.

That the market is always created is not especially surprising. However, it will be con-
trasted in section 4 with the analagous result for marginal costs of quality (see proposition
9).

The results for fixed costs of quality may be summarized in a characterization of equilib-

rium:

i Natural monopoly If £ € [E}” (0), Ef), firm 1 enters the market and chooses ¢ = qj‘/ =

%. Firm 2 does not enter.

15



it Entry deterrence If E € [Ef (0), E% (5)), firm 1 enters the market and chooses the ¢,

that satisfies oy, (ql, qfﬁ (ql)) = FE. Firm 2 does not enter.

iti Duopoly If E € (O, EJ?* (5)), both firms enter, choosing qualities q; = q?l (0) and go =

Q?Q (5)
[Figure 1 about here]

Turning to the effect of bounded perception on profit, it is found that

Proposition 5. For fixed costs of quality, incumbent profit is greater than or equal to the

standard case when consumers have bounded perception.

From lemma 1, firm 2 must respond to bounded perception by selecting quality that other
consumers perceive to be distinct. This allows the incumbent to exploit bounded perception.
The market is a natural monopoly at a lower entry cost, entry is deterred at a lower entry
cost, and even when duopoly is still observed in equilibium, firm 2 is forced to choose a lower
quality than in the standard case, increasing incumbent profit.

In the next section, these results will be contrasted with results for marginal costs of

quality.

4 Marginal costs of quality

In a similar manner to the previous section, the interaction between customers with bounded
perception and profit maximizing firms will be examined, but now with marginal rather
than fixed costs of quality. The market structure is first examined, along with the nature
of the entrant’s best response quality choice. The condition under which the market is a
natural monopoly is found, followed by the condition under which the incumbent deters
entry. It is then examined when firm enters the market, after which equilibrium may be fully

characterized.

16



Let the market be as in section 3, but now assume marginal costs of quality of the form

c(q) = %q?Di, where D; is the demand for firm ¢, and assume all other production costs are

0. Assume both firms enter the market with qualities such that g—IL{ > ). Profits in period 3

are

T (qm,qr) = (1 - u) (pH - %CJ?{) (13a)

qH — 4L

L (qm, qr) = (YM - ]2> (pL - %qi) : (13b)

qH — 4L qrL

Equilibrium prices are

(4 (qu — qu) + 243 + q7) (2(qn —qr) + qu (qa +2q1))

PH = qH (14a) PL = 4L (14b)

2(4gn — qr) 7 2(4qm —qr)
which means profits are
4 —2qn —q1)* (qu —
T (qu, qr) = q12q( 4 —q1) (q’j ) (15a)
4 (4qu — qr)
24+ qu —qr)” (qu —
T (qm, qr) = QHQL( 4 — i) (gu qL). (15b)

4 (4QH - qL)2

Note that as gy becomes large, demand for the high quality good becomes 0. The restriction
qu < 2 — %qL must therefore be imposed to ensure non-negative demand. Unlike the profit
functions for fixed costs of quality, these functions are not concave, however it is possible to

show

Lemma 2. 7y (qu,qr) and 7 (qy,qr) have unique local mazima in the range 0 < qr, < qu,

qr < qu <2 —3qz.

2

57, SO entry costs are restricted

From equation (15a) it is found that the monopoly profit is
to be in the range F € (07 Em), E,=2.

17



Suppose both firms enter with qualities such that ‘;—Z’ < 9. Consumers regard the goods
as homogeneous, but unlike in section 3, marginal costs are not identical for each firm. It is

a standard result that in period 3, Bertrand-Nash equilibrium prices are
1 1
pi € (5‘]12% OO> pr =S4 (16)

The low quality firm has an advantage in marginal cost, so if it sets its price equal to the
marginal cost of the high quality firm, its rival has no incentive to undercut it. Thus the low
quality firm captures the entire market and earns positive revenue, whereas the high quality
firm earns 0 revenue.

Firm 1 is the first mover, and so firm 2 always has the option of entering as the low quality
firm with a good that consumers perceive as identical to firm 1’s and capturing the entire
market. Using the strategy of choosing a lower, but indistinguishable quality is referred to
as firm 2 imatating firm 1.

Thus far the only necessary assumption about consumer behaviour when Z—’L’ < ¢ is that
they never purchase the higher priced good. Now, however, firm 2’s profit when imitating
depends on the quality consumers perceive when unable to distinguish between similar goods,
q¢ = Aqu + (1 — A) qz,. Consumers’ perception of the goods is “blurred” and so they perceive
both as having a weighted average of the high and low quality good.

The main focus of this article is the contrast between the cases of fixed and marginal
costs of quality. The contrast is largely driven by firm 2’s ability to imitate firm 1 with
marginal costs, and its profit from imitation is increasing in A. Therefore, to emphasize the
contrast between the two cases and to greatly simplify the analysis, it is assumed that A = 1.
This implies that ‘é—fL’ < § consumers perceive both goods as being of quality ¢ = qy. All
conclusions are qualitatively unchanged under the oppositely extreme assumption of A = 0.

If it imitates, firm 2 minimizes its cost by choosing the lowest quality such that consumers
are unable to distinguish it from firm 1’s good. However, this is undefined, as firm 2 can

choose g, arbitrarily close to 4. Assume that there is some minimum technologically feasible
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difference in quality €. Firm 2 will then maximize its profit, conditional on imitating, by
choosing ¢ = %4 + . As ¢ becomes very close to 0, ¢o is approximately %, but with
consumers still unable to perceive the difference between ¢; and ¢o. Thus in the following
section, when it is stated that firm 2 imitates by choosing ¢, = %, it should be read as an
approximation of choosing g, = 4 + ¢ with ¢ very close to 0. To distinguish between firm 2

imitating and selecting % as a percewably distinct product, the latter is notated %1. Given

that approximation, when imitating firm 1, firm 2 makes profit

) = B 20 (5. (17

Firm 2’s best responses conditional on entering as the high and low quality firm are then

o (q1,0) = max {argmax Tor (q1, 21r) ,5611} (18a)

q2H

BR aos (q,6)  if mop (Cha ansr (a1, 5)) > Tor (q1,0)
dmar (QIv 5) = (18b)

% if mor (qu, duby (@1,6)) < mar (q1,9) .

where ¢2% (q;) = min {argmaxqu mor, (q1, Gor) %1} is firm 2’s best response conditional on

producing a low quality that consumers perceive as different to ¢;.

4.1 Natural monopoly

The nature of the entrant’s best response having been examined, it can now be found when
the market is a natural monopoly. The monopoly quality with marginal costs is %, and given

this it is shown in the appendix that firm 2’s MBR is

for & < 0.,
G (0) = (19)

2 :

19



where 0/, = 2\/g ~ 1.069. Given these qualities, it can be determined when the market is

a natural monopoly.

Proposition 6. With marginal costs of quality, the market is a natural monopoly for E €

[Ef\,f[ (0), Em), where

— for d <8\,

4 (6% -1 ,
77 ( 5 ) for d > 4.,
For 6 > /2 there is no E € (O, Em) such that the market is a natural monopoly.

The natural monopoly condition is illustrated in figure 2.

In contrast to the fixed costs case, bounded perception may be exploted by the entrant,
rather than the incumbent, since the entrant can imitate the incumbent’s product. Thus
a higher perception threshold increases firm 2’s profit in response to the monopoly quality,
meaning that the range of entry costs for which the market is a natural monopoly shrinks

and for a sufficiently high threshold, the market is never a natural monopoly.

4.2 Entry deterrence

Let E < max {E} (6), E,, }, so that firm 1 does not enjoy a natural monopoly. As with fixed
costs, deterrence is feasible if firm 1 can lower firm 2’s profit such that it does not excede the
entry costs. It again minimizes firm 2’s profit by choosing ¢; such that firm 2 is indifferent

between entering as the high or low quality firm, so the EPM, HEPM and LEPM qualities
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are found from solving 7oy, (g1, ¢2%, () = mon (q1, ¢35 (6)). The solutions are

(
b1 for § < ¢,

4 (4pB? = 3ul +2)

G (0) = (24403 — 2202 + 5D + 2) for &, > 0 > 4y, (21a)
B(9) — /B (9) —4A(9) C (9) "
. 24 (9) for 6 > o7,
b for 6 <o,
b, for § < &/,
Gt (8) = pPqbs (6)  for 07 >8> 6! a2y (6) = b s
qml(s( ) for § > ¢/,
5ql, (6) for § > o (21c)
(21Db)

where 6], ~ 1.071, 8/ ~ 2.336, b,,1 ~ 0.611, b,y ~ 0.939 and b,,;, ~ 0.309. A (), B(d) and

C (0) are functions of § given by equation (A.10) and p2 is the ratio quff(g) o s and is
m®) |g, <s<a,

given by the unique root of equation (A.9) which takes a value greater than 1. Substituting

the EPM, HEPM and LEPM qualities into firm 2’s profit gives the entry deterrence condition.

Proposition 7. If FE € [Enlz (0) , max {En]‘f ©) ,Em}), it 1s feasible for firm 1 to deter entry,

where ,
bmlme (2 + bml - me) (Qbml — me) fo/r- 5 S 5;71
4 (4by1 — bynr)
Ey (6) = (22)
L po D 6% -1 ,

With marginal costs of quality, the entry deterrence condition is weakly increasing in o for

0 <6, and decreasing 6 > 6.

The entry deterrence condition is illustrated in figure 2.
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Whether deterrence is feasible or not depends on the ability of firm 1 to minimize firm
2’s profit, which it does by equalizing the profit the entrant makes from being the high and
low quality firm. With marginal costs, firm 2 has the ability to imitate firm 1 if it enters as
the low quality firm. Hence, as was seen with natural monopoly, its profit from entering as
the low quality firm increases with the perception threshold. This causes the increase in the
perception threshold for 6/, < d < 4/ : there is greater profit from imitating, meaning that
deterrence is only possible at higher entry costs.

However, when entering as the high quality firm, the situation is much the same as with
fixed costs. If q;—lH < 0, firm 2 captures none of the market, and so it must always produce
a perceivably heterogeneous quality. For § > 4! therefore, its profit from entering becomes
lower with an increased perception threshold. This effect dominates the increased benefits
from imitating, and hence the entry deterrence condition begins to decrease for § > 4/,
leading to the “hump” shape in figure 2.

Proposition 7 determines the feasible actions of firm 1, but does not state when deterrence
will be observed in equilibrium. The intial step in addressing this question is to find the

incumbent’s profit when allowing entry.

4.3 Allowing entry

Assume firm 1 anticipates firm 2 entering the market. With a sufficiently low perception
threshold, firm 2 opts not to imitate and firm 1 can take advantage of being the first mover
to be the high quality firm. When the threshold is high enough, firm 2 will imitate firm 1 if
it enters as the low quality firm, meaning it captures the entire market. Firm 1 must hence
choose a quality such that firm 2 opts not to imitate and cedes the opportunity to be the
high quality firm to its rival.

Using this insight, the equilibrium qualities firms choose conditional on allowing entry
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are derived in the appendix as

lom for § <48 4 Lo for § <8 4
G (0) = G (0) = (23)
G (8)  for 0> 07,4 Gan (0)  for 6> 67,

where 0/, ~ 1.073, {,,; = 0.567 and ¢,,2 ~ 0.289. Substituting these qualities into equation

(15a) then shows firm 1’s profit from allowing entry to be

(

2
0 (4= 2bm — bn) (gm; bna) g s < 4
4 (M1 — lino)
D D 2
Wfl (Ch, QQ) = g% (5) (4 B qul (5) — 9mar (5)2) % (24>
4 (4Qanl (5) - quL (5))
X (qgl (6) = gmar, (5)) for 6 > 4, 4.

4.4 Equilibrium, market creation and incumbent profit

Comparing firm 1’s profit from deterring and allowing entry, it is revealed that
Proposition 8. With marginal costs of quality, firm 1 always deters entry when it is feasible.

Unlike with fixed costs, the conditions for equilibrium and feasible deterrence coincide.
Having found firm 1’s optimal actions under the assumption that it enters the market, it

is possible to revisit that assumption.

Proposition 9. If E € (EM'(0),E,) U (EMC%(6),EL (6)), firm 1 does not enter the

market, where
8% (6% —1)°

MC1
En™ 0) (502 — 4)°

(25)

and EM©*(0) = ma(q1,q21). There is a range of E satisfying E € (EX'(6),E,,) for
§ > V2 and a range of E satisfying E € (EMC%(5),EL (8)) for 0y < 6 < 84y, where

Shre ~ 1.184 and 8y, ~ 4.211.
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The regions in which firm 1 does not enter are illustrated in figure 2. The necessity of
avoiding firm 2 imitating its quality means that firm 1’s profit may be greatly reduced, and
this leads to ranges of entry costs for which it cannot earn enough to make it worthwhile

entering the market.
[Figure 2 about here]

The results for marginal costs of quality can be summarized in a characterization of

equilibrium:-

i No market created If E € (EMC'(0), Ey) U (EMC2(6), EM (8)) firm 1 does not enter.

it Natural monopoly If E € (E% (0), Em), then firm 1 enters the market and chooses q; =

%. Firm 2 does not enter.

iti Entry deterrence If E € (EE (6), max {EM (6),EM1(8)}], firm 1 enters the market

and chooses the q; that satisfies o, (ql, B (ql)) = FE. Firm 2 does not enter.

w Allowing entry If E € (0, EE (0))\ [EM?(0), EL (6)) both firms enter, choosing qualities

0 = Gt (6) and g2 = giny (9).
Turning to the effects of bounded perception, it is found that

Proposition 10. With marginal costs of quality, incumbent profit is weakly lower than in the
standard case, with the following exception: 6 > EE~1 (E) and E € (ET, (0), 74 (q1,¢2)]5-1),
where ET () is the unique solution to

462 (02 —1)°E
(02 (B —Ama (g, @)lsy) — 4 ma (01, @2)l5y)’

=1 (26)

that satisfies E € (0, Em)
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The region in which incumbent profit is higher than in the standard case is illustrated in
figure 2. Generally, the ability to imitate firm 1 leads to lower incumbent profit. However, for
some entry costs firm 1 may deter entry with sufficiently severe bounded perception, whereas
it would allow entry in the standard case. Thus for some entry costs there is the possibility

for incumbent profit to be higher than in the standard case.

5 Discussion

Conusmer behaviour for given qualities and prices is fully determined, and so they are not
strategic players in the market: it is a game between firms only. Thus the disperate results in
sections 3 and 4 are due to the differing abilities of each firm to exploit bounded perception.
The key difference is whether, when consumers perceive goods as homogeneous, firms are
identical when competing in prices, or whether one firm has an advantage in marginal cost.
Bertrand competition with identical firms leads to a loss for both, but with differing marginal
costs, the low cost firm makes a profit. Thus with fixed costs, firm 1 as the first mover finds
bounded perception an advantage. It picks its quality knowing that firm 2 must position
itself so that consumers perceive the goods as distinct, as otherwise it makes a loss. With
marginal costs or quality, the low quality/cost firm may make a profit from choosing a good
perceived as identical to its rival’s. This grants an advantage to firm 2 as the second mover,

since it can always choose to be the low quality firm.
[Table 1 about here]

A summary of the contrasting results for fixed and marginal costs is given in table 1.
The most clearcut difference is observed for natural monopoly, as the condition for natural
monopoly is determined by firm 2’s best response as a low quality firm. The feasibility
of entry deterrence, on the other hand, depends on firm 2’s best responses both as a low

and high quality firm. Its best response as a high quality firm is the same in character for
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both fixed and marginal costs, leading to the entry deterrence condition increasing in J for a
sufficiently high threshold.

With fixed costs, firm 1 is able to exploit entry deterrence to increase its profits. With
marginal costs, the ability to deter entry as lower entry costs does nor neccessarily lead to
greater profit for the incumbent. Firm 1 must ensure that firm 2 does not imitate its product.
It does thus by choosing a quality so low that the product is not worth imitating. It reduces
the overall value of the market, and hence its own profit.

Firm 1 unsurprisingly always enters the market with fixed costs. With marginal costs,
however, there are circumstances in which the prospect of being imitated causes it not to
enter. Analysis of consumer welfare when consumers do not precisely perceive perception of
their goods is problematic.? Yet the stark result of no market being created allows at least
the definitive conclusion that when this is the case that consumers are left worse off than in
the standard case as they are never presented with the chance to purchase. The somewhat
counterintuitive result is arrived at that consumer welfare would be greater if the incumbent
had a natural monopoly.

It is easy to observe real world firms taking actions intended to influence consumer percep-
tion. This may either try to help perception, for example by adopting a clear colour scheme
to make quality discernible at a glance, or to hinder it, for example important nutritional
information is often hidden away on the back of food packaging. Although perception is
treated exogenously in the current framework, firms have clear and conflicting incentives to
influence perception. The threshold § may be thought of as the frame in which consumers see
goods. It should thus be possible in future research to analyse how firms compete over the
frame in which consumers see their goods in a similar way to Piccione and Spiegler (2012)

and Spiegler (2014).

2For example, should welfare depend on the perceived quality of a good or the objective quality? If the
former, then welfare measures will be highly context dependent. If the latter, then paradoxes arise such as
an individual being measured as better off when provided with good ¢ rather than j, despite her regarding ¢
and j as perfectly homogeneous.
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In equilibrium, consumers when presented with a choice of goods can always perceive
the difference between them, since forward looking firms anticipate that price competition
between effectively homogeneous goods will lead to disastrous results for one or both firms.
However, in the real world, it does happen that imitation goods exist which are obviously
designed in the hope that consumers will not perceive the difference, as anyone who has
been offered a “genuine” Rolex at a knock-down price will attest. That this model does not
predict the existence of such goods is largely due to the assumption of an identical perception
threshold, meaning either all consumers perceive goods as heterogeneous or none do. “Knock-
off” goods are usually aimed at those with low perceptual abilities whereas more discerning
consumers purchase the genuine article. A heterogeneous perception threshold may hence
allow for the coexistence of genuine and imitation goods.

Aside from the specific conclusions regarding entry into a vertically differentiated market,
conclusions can also be drawn about the impact of individual choice biases in a market.
Consumers are identical in both sections 3 and 4, and firms differ only in whether the cost
of producing a given quality is per-unit or independent of demand. The interaction between
consumers’ biases and firms is vastly different in both cases, however, with the same bias
leading to a natural monopoly for the incumbent in one case and in the other case to a market
so unprofitable the incumbent never enters. This highlights the importance of considering
decision making biases not only in the context of individual choice, but also examining the

consequences for interactions with other actors.

6 Conclusion

The impact on individuals’ decision making when their perception is imperfect is a growing
area of study in the field of economics. Here, the impact beyond that on the individual is
considered. It has been demonstrated that the interactions between perceptual limitations

and the cost structure of firms is a complex one, with disparate effects on market entry,
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equilibrium quality choices, profit and consumer welfare.
That consumers are not perfect in their perception of the world is of consequence, and

should not be neglected when analysing market structure.
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Appendix

A.1 Fixed costs of quality

The first order conditions of equation (3) with respect to price are

Omm (qu,qL) _ | 2pm—pL (A1a) Omp (qu,qr) _ pu—2pL  2pr

Opu qH — 4L opr qH — 4L qrL

(A.1b)

from which it may readily be seen that the second order conditions are negative. Equating

these conditions to 0 and rearranging gives the prices in equation (2).

A.1.1 Proof of lemma 1

It ‘;—’L’ < 0, Bertrand competition with effectively homogeneous goods and identical marginal
costs of 0 for each firm occurs. Firms earn no revenue and make a loss for any qg,qr > 0.
Then as each firm can make 0 profit from selecting 0 quality, ‘é—fL’ < 0 cannot be an equilibrium.
Any qy > 0 is perceivably different to g, = 0, so that gz = 0 is not a best response to

qr = 0. For any qg > 0 it is possible to find some 0 < g7, < % which is strictly positive and

Or(qm,9L) >0
)

perceivably different to qy. From the first order condition of 71, (qu, qr), B

qr=0
so q, = 0 is not a best response to any qy = 0. O

A.1.2 Monopoly best response (MBR) quality

Assume firm 2’s best response to q}‘/[ is to enter as the low quality firm. This is shown to

M M
hold in the derivation of the EPM quality. Let u = ;LL. Substituting ¢; = q}w and qof, = (%
into equation (A.1b). and rearranging gives

164" — 92 +48u* — 124+ 1 =0 (A.2)
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MBR (5) = 1

Define uf = 5.200 as the unique root of this equation with x> 1. Then g, T R
7

0.048. For 6 > ,uf, % > 4ulM and from quL (q1), qf2 R(§) = 45, which completes the
f

derivation.

A.1.3 Proof of proposition 1

Substituting ¢}’ = § and equation (5) into equation (3b) gives equation (6). E} <5)‘5<5M ~
7

0.002 < E; and 8 EM > 0 can be reduced to —165* + 926 — 4862 + 126 — 1 > 0,

‘6>6}”

which has no solutions for § > 5}‘/ ) O

A.1.4 EPM, HEPM and LEPM qualities

For sufficiently low ¢, qf2H () = argmax, .. may (q1, gorr) and g2 (q1) = argmax,, mor, (q1,¢aL)-
Denote the constants which solve these equations simultaneously as by ~ 0.161, byy ~ 0.289,
brr =~ 0.042. be ~ 1.792 and bfl ~ 3.862, so for > 5} = % goy = byy is not a best re-

sponse to by1. Let § > &% and be sufficiently small that quL (5) = argmaxy; Ty, (q1,qor). Let

1 (Ap=7)
(4u—1)°

serting QoH = szH (1) = dq1 and q1 = pger, into mar, (g1, @21.) = Tom (q1, G2rr) and rearranging

B 2u 452(6—1)_ w—1
Ny ( (40 -1)° (4 - 1>2) ' (4-3)

. In-

p = - Inserting ¢; = pger, into equation (A.la) and rearranging gives qof, =

gives

Equating the two expressions for ¢o7, then yields

AQ)p*+BO) P+ C ) >+ D) pu+E6) =0 (A.4)
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where

o _ 5126% (6 — 1) 9 .
A(5) = 462, B(5) = (—<45 o 76 ) (A.5a)
38462 (6 — 1) _(966% (5 - 1)
C(5) = o T D(6) = (—(45 St 3) (A.5b)
82 (5—1) )

Define u? as the unique root of this equation taking values greater than 1. The LEPM, EPM

and HEPM qualities are found successively from go;, = ﬁfﬁi?, g1 = pqor, and gog = 0q;.

Define §% ~ 3.287 as the solution to § = ,ujl? and let 6 > ¢7. Inserting gop = qfﬁ, (1) =dq
and qor = q}gﬁ (1) = %& into mor (q1,920) = mom (q1,q2r) and rearranging gives the EPM
quality, the HEPM and LEPM qualities follow.

Note that by construction firm 2 is indifferent between entering with high or low quality
in response to qs1 (9). q3' > qf; (9), so the assumption in the derivation of the MBR quality

that firm 2’s best response to q}” is to enter with a lower quality holds.

A.1.5 Proof of proposition 4

Substituting equation (7) into equation (3b) gives equation (8). For § < ¢, deterrence
is as in the standard case. From the best response functions of firm 2, for a given ¢,
mon (¢, ¢ (01)) and o (g1, af} (q1)) are weakly decreasing in 8. As by definition ¢f; (6)

minimizes the entrant profit, its dependence on § implies % Ef? ((5)| 5oy <0 O
=

A.1.6 Allowing entry

For sufficiently low ¢, q]%}z (1) = argmax,, 7o, (q1,q22). Denote the constants solving this

omi i (1,475 (9))

Bar =0 as {5 ~ 0.245 and £;y =~ 4.78 x 1072, Substituting

simultaneously with

this into equation (3a), gives m4 (g1, q2) for low &. Assume g7y} (¢1) = %. Substituting this

48(6—1)
(46—-1)2"

into equation (A.la) and rearranging gives ¢; = Further substitution into equation

(3a) yields 74 (q1,¢q2) for high §. Equating the upper and lower parts of w4 (¢1,¢2) and
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rearranging results in
804 (1 — 3204;) — 166% (1 — 165) + 867 (1 — 1204;) + 165 — Lz = 0 (A.6)

where 0, = 4 (q1,¢2)| ~ 0.024. Define 0%, &~ 4.941 as the unique root of this

q1=Ls1,92=Ly2
45(5—1)

46—1)2 )
( ) =0 5

0.0465 and % ~ 0.0448, which verifies the assumption that ¢f (q1) = %

equation taking a value greater than 1. Let ¢; = argmax,, mor, (q1,q2r) ~

A.1.7 Minimum deterrence optimality (MDO) quality

From migp (1) = m1a (Q1,Q2>|5<5}A, ¢ o=cp = ; (1 - \/1 — 32714 <QI7QQ>|5<5}A>~ Let o

be sufficiently small that ¢ (0) = argmax,, 7o (¢1,¢2r) and denote the constant solving
argmax,, o, (q1,Cs1) as cpp & 0.0386. Let 5}’E = Z—; ~ 3.455. Then for § > 5}’E firm 2’s best
response to q; = ¢y is 4. From migp (¢1) = mia (qu, QQ)’6>5}A, the MDO quality for § > 4%,

is obtained.

A.1.8 Proof of proposition 12

For § < &, qf; (0) =~ 0.161 and ¢3{" (§) ~ 0.134, so Ef*(§) = Ef (0). Let 0%y be the

solution to ¢f () Mpo (5)}5<5,, with 0%, ~ 2.883. For 6 > &, EF* (9) is then
fE

8 <8<sy qf1

found from substituting equation (11) into equation (3b). By proposition 4, EJ? * is decreasing

8 p<8<8!ly; >0

may be rearranged to become —4cf154 +cp (T4 64cp1) - 480f152 + 120?15 + c?l > (0 which

in § for § < 0% and for 0%y < § < d%p it is not dependent on 4. Z EP*(5)

has no solutions for § > 67p. % EP* (6)‘ 551 > 0 becomes a lengthy polynomial in § which

is omitted for reasons of space, and has no solutions for § > 7. O

A.1.9 Proof of proposition 4

By proposition 5, firm 1’s profit is weakly greater than in the standard case, so it is sufficient
to show it enters when § = 1. By assumption F is less than the monopoly profit, so firm 1

always enters of £ € [E}” (), Ef). Firm 1’s profit must be at least w14 (¢1,¢2)|5—; =~ 0.0245,
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so it enters unless F = 0.0245 and the market is a natural monopoly. The market is a natural

monopoly for E > E} (6)|,_, ~ 0.0015, so firm 1 enters. O

o=

A.1.10 Proof of proposition 5

% 14 (q1, q2)|5>5,fA > 0 may be reduced to 262> —§ — 1 > 0 which holds for § > 5}A, so profit
from allowing entry is weakly increasing in 6. mgp (¢1) is increasing in ¢ for ¢; < qj)/‘[ . When
deterring entry, firm 1’s quality solves oy, (ql, qfﬁ (5)) = F so as firm 2’s best response is
weakly increasing in 0, ¢; is weakly increasing in §, and so is profit from deterring entry, as
%{’;(QI) > 0 for ¢ < q}”. Natural monopoly profit is constant. As E}” (0) and E]’?* (0) are
weakly decreasing in ¢, firm 1 may transition from allowing entry to deterring entry and from

deterring entry to natural monopoly, both of which increase profit. Incumbent profit is thus

weakly increasing in ¢ and in particular is greater than in the standard case. 0

A.2 DMarginal costs of quality
A.2.1 Proof of lemma 2

The first order condition of 7y (g, qr) is

Oy (qu,qr) _ qu (qu + qr — 4) (2443 + 243 (qr — 4) + quaqr (5qr, + 12) — 2q3; (11q, + 8))
dqu 4(4qm — qr)

(A.7)
so there are at most five stationary points, two of which are gy =0 and gy = 2 — %qL. The
polynomial in the rightmost bracket of the numerator has discriminant A = —71964¢% +
415008¢5 — 627392¢; + 121856¢5 — 94208¢2. A > 0 if ¢, = %, qr. ~ 3.005, both of which
lie outside the range, or g, = 0, in which case the roots of the polynomial are gy = % and
qg = 2. Thus A < 0 for qp < quy < 2 — %qL and there is a unique maximum of 7y (qm, qr.)
in this range.

71 (qm,qr) is continuous in the range 0 < qr < qp, is 0 at ¢, = 0 and g, = gy and is

positive for some ¢;, within the range. Thus if there is a single stationary point in the interior
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of the range, it is a maximum. The first order condition of 7, (qm, qr) is

orr, (qu, qr) _ qu (2qm — q1) (4¢3 + @3, (8 = 19q1) — 24} + quqr (17qr, — 14))

A8

qr 4 (491 — qr) (4.8)

which shows there are at most four stationary points, one of which is ¢, = 2qy. The
polynomial in the rightmost bracket of the numerator has discriminant A = 15633¢% —

4380q% + 28900q3; — 21952q¢3,. A > 0 if either gy = 0, which implies no ¢z such that

0<qr <aqu,orif qg = %, in which case the sole root of the first order condition is ¢, = %

Otherwise A < 0 and there is a single root of the polynomial and there is a unique maximum

of mar, (qm,qr) for 0 < qr < qm. O

A.2.2 Monopoly best response (MBR) quality

Assume firm 2’s best response is to enter as the low quality firm (this will be shown to
hold in the derivation of the EPM quality). Let § be sufficiently small that ¢2% (¢) =

argmax,, mar, (q1,¢22). From equation (A.8), ¢7Pf = 1. Let 4,,,, be the solution to

with(s'M_z\f~1069 As by < i _

Tor, (¢1, Q2L>\q1:§7qu:% = Tor (¢1, 5)‘(11: 5<8, .,

2
3

2 this completes the derivation.

A.2.3 Proof of proposition 6

Equation (20) is obtained by substituting equation (19) into firm 2’s profit function. E <

5<8 s
E,,, so natural monopoly is possible. % EM (5)}6>5, = 755 > 0 and EY (0) = E,, has the
mM

solution § = /2. O

A.2.4 EPM, HEPM and LEPM qualities

For sufficiently small 6, ¢2%; (¢1) = argmax,, , Top (q1, Gorr) and BE (q1) = argmax,, o (q1,q2L)-
Denote the constants solving these equations simultaneously with moy (¢1, ¢217) = mor (¢1, ¢21.)

as by ~ 0.611, b,y ~ 0.939 and b, ~ 0.309. Let d/, be the solution to mas (g1,0)]

q1=bm1 =

Tar (41, @2L) gy —byr gy =ty O = ~ 1.533, =i ~ 1.980, so for § > 4, firm



2’s best response to ¢; = by,1 is to immitate. Let § > §/ but be sufficiently small that

o (@) = argmax,,, Tom (g, qr) - Let = 22 and substitute oy = pqi into equation

p(4p2—3p+2)

(A.7), which after rearrangement gives g1 = B oA

Substitution of this expression

and qo = pqy into mor (q1,9) = mar (g1, q2r) yields

5126°u” (8) — 17926%1° (8) + (1536 + 8006%) u” (8) — (A.9)
— (3840 — 24645%) p° (8) + (4544 — 41926%) 1i° (8) —
— (3264 — 32326%) p* (6) — 1438 (1 — 6°) p® (0) —

— 389 (1 —6%) p® (6) +60 (1 —6%) u(6) —4 (1 —6%) = 0.

Although no analytical solutions exist, numerical approximations are possible to find for
given values of 6. Define ;2 as the unique root of this equation taking a value greater than
1, from which the EPM and HEPM qualities are found, with the LEPM quality following
from qo, = %. Define 4, as the solution to ) = 6, with 6, ~ 2.336. Let § > J/,.

Substituting ¢z = 01 and qor = % into moy (q1,¢2n) = 721 (q1) and rearranging yields
B2(8)—4A(5)C(3)

G <5)’5>5% = TA(0) , Where
A@0)= (02 —1) (46 —1)> +6* (5 — 1) (1 + 29) (A.10a)
B(8) =—2(0%—1) (40 — 1)* = 86" (6 — 1) (1 + 20) (A.10b)
C (6) =166* (6 —1). (A.10c)

The HEPM and LEPM qualities then follow directly.
mor (q1,0) is decreasing in ¢; for ¢; > % > ¢M. To show that firm 2’s profit is not minimized
at Tar (q1,0) = mar, (¢1, 455, (1)), note that as %{;;qm > 0, a necessary conditions for this

to be the case is that oy, (Q1, a5 (Q1)) |
EM(§) > EP ().

v < mor (q1,9)] , which does not hold from

a=q’ a1=q;, ()
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A.2.5 Proof of proposition 7

Substituting equation (21) into equation (14a) for § < ¢/, and mas (q1,0) for 6 > 0], gives
equation (22). If ¢J%; (q1) = argmax,, moy (1, o) and ¢25; (1) = %4, firm 2’s maximized

profit for a given ¢; must be increasing in 9, so that the entry deterrence condition is increasing

in o for g, <6 <. aEg’:‘S((s) can be found to be negative at some 6 > 4/, % ED (5)‘5»%

is continuous and it can be shown numerically that % ED (5)‘ s-5n = 0 has no solutions for

d>or. O

A.2.6 Allowing entry

Let 0 be sufficiently small that ¢2% (q;) = argmax,, 7o (q1,q2r). Denote the constants that
solve maxg, T (q1,¢55;, (1)) as Ly &~ 0.567 and £,,5 ~ 0.289. Define 4/, , &~ 1.073 as the
solution to mar (q1,0)[,, ¢, = M2r (@1, G2L) |y —¢,, qop—tma- FOT 0 > 8,4 ~ 1.073, firm 1 makes
0 unless (i) ¢ is sufficiently low that mo; (¢10) < mon (ql,qgg‘H (ql)) or (ii) ¢ is sufficiently
high that o7 (1) < 7oz (q1,¢55, (q1)). Assume (i) is satisfied, then firm 1 chooses the ¢
such that it holds with equality, which is simply ¢2, (5)’ 5551, (equation (21a)) with firm 2’s
best response being ¢, (5)‘ . Thus ¢, (§) and ¢, (§) are arrived at, and substitution
gives 4 (q1,q2). Suppose instead firm 1 chooses ¢; such that (ii) holds with equality. By a

similar method to the derivation of equation (21), the profit of the firm is

202 (45 —7) (A — 1) (1623 — 487322 + 270 + 4)°

ﬁ y / - Al].
i el (433 — 1) (2 — 170 + 19722 — 4389)° —
where /it is the solution to
2 2 0* —1 2 2 3 2
2(p—1) (4> = Bp+1)" — — 1 (4p—1)" (A4 —7) (8 — 261> + 17p — 2) = 0.
(A.12)

(714 (g1, q2) — 7 (qu, q2)>|5>6':nlw > 0 for some § > ¢/ , and numerically there are no roots of

(14 (q1,q2) — 7 (ql,qg))|5>5;nA = 0 such that 6 > 9§/ ,.
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A.2.7 Proof of proposition 8

From equation (15a), if firm 1 deters entry it earns profit mpp (1) = 15q1 (2 — @)’ If

0 =1, mgp (q1)|q1:q£1(5) = m4 (q1,q2) and numerically the roots of mgp (q1)|q1:q£1(5) —

714 (q1, q2) = 0 lie outside the feasible range of quality. O

A.2.8 Proof of proposition 9

Let E € [Eﬁ (0) , min {En]‘f (0) ,E}), so that conditional on entering firm 1 sets ¢; to satisfy
max {7T2L (ql,cjﬁgL (ql)) , Tog (ql,é)} = FE, so if mpep(q1) < E at this quality it will not

enter. Tipp (1) = mar, (¢1, 457, (¢1)) has no solutions for ¢; < ¢2'. Let ¢ be sufficiently high

that mof, (ql,cjﬁi (ql)) < mor (q1,0). Solving migp (q1) = mar (q1,6) gives ¢ (6) = 55226:1

Substitution into mgp (q1) gives EMCL(§). To find when EMC1(§) lies within the range

(EE(8),min {EY (0),En}), ¢ (0) > ¢ for § < /2. EMC'(§) = E,, has the solution
1 4_52 1
5 > /2 and 8E£\”a§ (9) 325% so that % < 0 for & > V2. Numerically

EP (§) — EMC1(6) = 0 has no solutions for § > v/2 and so EX1 (6) € (EL (6),E,,) for
5> /2.

Let E € (0, EL (6)) so that conditional on entering firm 1 allows entry. For 6 < 4/, ,,
mia (q1,q2) =~ 0.0379 and EZ (§) =~ 0.0166, so firm 1 enters. Let EMC2(5) = ma(q1,¢)

so that firm 1 does not enter for E € (EM®2(5),EL (5)). Define the unique root of

EMC2(§) 5;n<6§64;_E£ (6)]5, <s<on = Oas iy ~ 1.184 and the unique root of EMO2 |5>C%—
ED (5)}5% =0 as 0}, ~ 4.211. Then EX2(6) € (0, EL (8)) for 8jc < 0 < 8sc. O

A.2.9 Proof of proposition 10

Let E € (0, ED|,_,), so that entry is allowed in the standard case. For § > ED=1 (E), entry
is deterred. Firm 1 deters entry by choosing ¢; such that mo; (¢1,0) = E, and its profit is equal

to that in the standard case if m1gp (1) = T4 (¢1,0)|s_,;. Combining these two equations

20%E
E§244(62—1) m14(q1,92)l5—1

results in ¢; = Substitution into mgp (¢1) = T4 (q1,¢2)|5—, yields

equation (26) from which E7 (§) is found.
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For E € (0, ET, (0)), if it deters entry firm 1 makes less than in the standard case, and if
it allows entry, from equation (23) for § > ¢/, , it shares the market by producing the same
quality as when it deterred entry when E = EP (§), implying a further reduction in profit.
If £ e [ED©)|,_, . EM|,_,) for 6 <4, profit is as in the standard case and for § > 4,
firm 1 either allows entry, implying lower profit than in the standard case, or deters entry by

v < 0, profit

selecting ¢; such that mor (¢1,0) = E. From W > (0 and % TLED (q1)|q1<qm

is lower than in the standard case. If F € [E% (0) ,Em), profit is as in the standard case for
0 <0/, and for 6 > 4!, and for § > 9/ ,, the market is not a natural monopoly, implying

lower profit than in the standard case. OJ

38



References

References

Azipurua, J., Ishiishi, T., Nieto, J., & Uriarte, J. (1993). Similarity and preferences in the
space of simple lotteries. Journal of Risk and Uncertainty, 6, 289-297.

Bordalo, P., Gennaioli, N., & Shleifer, A. (2012). Salience theory of choice under risk. The
Quarterly Journal of Economics, 127(3), 1243-1285.

Bordalo, P., Gennaioli, N., & Shleifer, A. (2013a). Competition for attention. (Working
paper)

Bordalo, P., Gennaioli, N., & Shleifer, A. (2013b). Salience and asset prices. American
Economic Review Papers and Proceedings, 103(3), 623-628.

Bordalo, P., Gennaioli, N., & Shleifer, A. (2013c). Salience and consumer choice. Journal of
Political Economy, Forthcoming.

Bordalo, P., Gennaioli, N., & Shleifer, A. (2013d). Salience theory of judicial decisions.
(NBER Working Paper No. 19695)
Buschena, D., & Zilberman, D. (1999). Testing the effects of similarity on risky choice:
implications for violations of expected utility. Theory and Decision, 46, 251-276.
Chandon, P., & Ordabayeva, N. (2009). Supersize in one dimension, downsize in three di-
mensions: Effects of spatial dimensionality on size perceptions and preferences. Journal
of Marketing Research, 46, 739-753.

Eliaz, K., & Spiegler, R. (2011). On the strategic use of attention grabbers. Theoretical
Economics, 6, 127-155.

Falmagne, J.-C. (2002). Elements of psychophysical theory (First paperback ed.) (No. 6).
Oxford University Press.

Hung, N., & Schmitt, N. (1988). Quality competition and threat of entry in duopoly.
Economics Letters, 27, 287-292.

Készegi, B., & Szeidl, A. (2013). A model of focusing in economic choice. The Quarterly

39



Journal of Economics, 128(1), 53-104.

Kwortnik, R., Creyer, E., & Ross, W. (2006). Usage-based versus measure-based unit pricing:
Is there a better index of value? Journal of Consumer Policy, 29, 37-66.

Leland, J. (1994). Generalized similarity judgements: an alternative explanation for choice
anomalies. Journal of Risk and Uncertainty, 9, 805-824.

Leland, J. (2002). Similarity judgments and anomalies in intertemporal choice. Economic
Enquiry, 40(4), 574-581.

Luce, R. (1956). Semiorders and a theory of utility discrimination. FEconometrica, 24,
178-191.

Lutz, S. (1997). Vertical product differentiation and entry deterrence. Journal of Economics,
65(1), 79-102.

Mussa, M., & Rosen, S. (1978). Monopoly and product quality. Journal of Economic Theory,
18, 301-317.

Piccione, M., & Spiegler, R. (2012). Price competition under limited comparability. The
Quarterly Journal of Economics, 127(1), 97-135.

Rubinstein, A. (1988). Similarity and decision making under risk: is there a utility theory
resolution to the Allais paradox? Journal of Economic Theory, 46, 145-153.

Shaked, A., & Sutton, J. (1982). Relaxing price competition through product differentiation.
Review of Economic Studies, 49, 3-14.

Spiegler, R. (2014). Competitive framing. American Economic Journal: Microeconomics,
6(3), 35-58.

Webb, E. (2014). Perception and quality choice in vertically differentiated markets.

(Manuscript submitted for publication)

40



0.0016f Natural monopoly

0.0014¢ Deter entry
0.0012;

0.0010¢
L

0.0008} Allow entry

Deterrence feasible
but not optimal

0.0006¢

0.0004¢

0.0002

0

Figure 1: Entry deterrence when quality costs are fixed.
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Figure 2: Entry deterrence when costs of quality are marginal.
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Table 1: Summary of results contrasting fixed and marginal costs of quality

Fixed costs

Marginal costs

Natural monopoly

Entry deterrence

Incumbent profit

Market creation

Decreasing in ¢

Decreasing in &

Weakly greater than stan-

dard case

Market always created

Increasing in ¢

Not observed for & > /2
Increasing for low 0
Decreasing for high ¢
Weakly lower than standard
case apart from small set of
parameters

Market not always created
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