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1 Introduction

For many commodities the individual utility of consumption depends on how many
other people consume the commodity, too. In their seminal paper Katz and
Sharpiro (1985) refer to this phenomenon as network externalities. They point
out that the reason for this dependence may be due to direct physical effects or
due to indirect effects which they refer to as consumption externalities. Examples
for the direct physical effect are communication networks like telephone or E-
mail where the usefulness of having access obviously increases with the number
of people you can communicate with. The classic example for indirect effects are
computer operating systems where the number of people using it determines how
many applications are written for the system, which in turn determines how useful
the OS is for the consumer. Another prominent example is the market for video
game consoles, where the number and the quality of games developed for a system
determines the usefulness of the system to consumers.

The existence of network externalities has crucial effects on conduct in and
performance of markets. Issues such as compatibility, co-ordination to technical
standards and effects on pricing and quality of services create challenges for eco-
nomic theory (Economides, 1996). There is still some discussion about how sig-

1" However, the

nificant network externalities are in producing market failures.
literature that explores adoption of technologies (Belleflamme, 1998; Kristiansen,
1996), standards and lock-in of technologies (Witt, 1997; De Bijl and Goyal, 1995),
compatibility issues (Baake and Boom, 2001), and product introduction (Katz and
Shapiro, 1992) is very extensive. We focus on another less researched aspect of
network externalities: dynamic pricing under demand inertia.

In a market where at least two competing networks coexist, which are substi-
tutes for consumers, current network size is correlated with future demand. The
larger a network is today the higher is the demand tomorrow. Consequently, future
demand is positively correlated with sales today. Network externalities imply de-
mand inertia. An example for coexisting networks is the market for game consoles.

Currently there are three non-compatible competing systems: Sony Playstation2,

'Katz and Shapiro (1994) argue that network externalities have a high significance, while
in the same journal and volume Liebowitz and Margolis (1994) make their case for network
externalities being hardly a reason for market inefficiencies.



Microsoft Xbox, and Nintendo GameCube (see Schilling 2003 for an analysis of
the game console market). Coexistence of at least two standards is the rule in
the game console market since the late eighties (Sega Genesis and Nintendo SNES
until 1994, Sony Playstation and Nintendo 64 from 1996 to 1999, and the three
currently competing systems since 2001).

Demand inertia due to network externalities ceteris paribus puts pressure on
competing firms to introduce their products with very low prices in order to in-
crease the size of their network quickly. Cabral, Salant and Woroch (1999) explore
the conditions necessary for a low introductory price being optimal for a mono-
polist operating under network externalities. We show that a low introductory
price is also optimal in a duopoly with competing networks. For a monopolist it
is optimal to increase its price over time (Bensaid and Lesne, 1996). The same
is true in our duopoly model. And in fact the introductory price of the Xbox in
November 2001 was quite low (US $299) and exactly matched the price of the
Playstation2. Estimates suggest that Microsoft lost between US $100 and $125
per unit sold.? However, contrary to the theoretical prediction the prices for Xbox
and Playstation2 did not increase, but dropped further (Xbox: US $ 149.99 on
March 29, 2004; Playstation2: US $149 on May 4, 2004). Price cuts by one of
the two firms are usually countered by a subsequent equivalent price cuts of the
competitor.

There are many reasons why firms in reality may decrease prices over time:
Intertemporal price discrimination or reduced costs due to learning by doing or
scale economies are examples. The decreasing prices may be easily explained if
these forces dominate the incentives created by demand inertia. However, due
to the multiple effects at work it not possible to evaluate the effects of networks
externalities alone by only looking at observed pricing behaviour. We use a labor-
atory experiment to separate the effect demand inertia has from other effects. By
eliminating all other factors that may play a role in dynamic pricing we can be
sure that the observed effect is due to demand inertia or due to idiosyncrasies of
oligopoly markets. Experimental oligopoly markets typically show a certain degree
of collusion not explained by game theory. In order to separate the network effect

from ideosyncratic collusion in a repeated oligopoly we run a control treatment

2See Schilling (2003), p 16.



with an identical market, but without demand inertia.

Reinhard Selten (1965) was the first to develop a comprehensive model of
oligopolistic competition with demand inertia. Our model is similar in the way
that demand inertia exists. However, in Selten’s model there is no direct strategic
interaction in any particular period as the period payoff does not depend on the
prices of the competitors. The interaction is only indirect as the future demand is
influenced by past price differences. Keser (1993, 2000) implements Selten’s model
in the laboratory and compares the observed play with the equilibrium prediction.
She is mainly interested in categorizing different patterns of behaviour. She is
less interested in evaluating the effect demand inertia has. This is difficult in her
design due to the lack of immediate interaction, which does not allow for a control
treatment where firms compete under the same conditions, but without demand
inertia.> The ability to do so is crucial for our research question, because we want
to compare markets with demand inertia created by network externalities with
markets that do not have network characteristics, but are identical otherwise.

The remainder of the paper is structured as follows. In the next section we
present our model. In the appendix we show how the demand function used can be
derived from simple consumption decisions for goods with network externalities.
Section 3 derives some equilibrium predictions for the model. Section 4 describes
the experimental setup, while section 5 reports the main results. We conclude in

section 6.

2 The model

In this section we develop a bare-bone model of a market with network extern-
alities. We reduce this market to its essentials and eliminate any other factor
that could have an influence on dynamic pricing. We use a multi-period Bertrand
duopoly with differentiated products. Market demand in each period is perfectly

inelastic with a total market demand of a per period.* The market has a lifetime

3 Another problem for the isolation of demand-inertia effects is the inclusion of interest pay-
ments on early periods to simulate discounting. The effects of this design and the inertia can
not easily be separated.

4This rather restrictive assumption is not crucial for the qualitative results of the model, but
will prove very useful for the identification of treatment effects in the experiment.



of T periods. Network externalities are captured by a state variable st - the share
of past sales in the industry - which positively influences the individual period

demand. The share of past sales is defined as

sti= Zk 14! for t > 1 (1)
t—1a
where i € {1,2} denotes the firm, ¢ gives the actual period, and ¢ is the quantity
sold in period k by firm i. Note that s} cannot be defined by the expression above.
So we need an initial condition which may reflect initial beliefs of the consumers
about the quality of firms’ products. Reputation, product reviews, and advertising
may play a role.

The period sales of firm i are defined as

q; := max{sja + pj — p;,0} i,j € {1,2},i # j (2)
where p§- and p! are prices. Both firms have the same degree of market power stem-
ming from the consumers’ preferences for the different goods varieties. Differences
in market power at time ¢ only arise from different market shares s!, which only
depend on past sales. The market shares are capturing the relative size of the
network. We chose to link the benefits from the size of the network rather to the
market share than to the absolute past sales for two reasons. Firstly, the marginal
benefit of today’s sales for tomorrows market power is decreasing in the past sales.
This reflects that the marginal benefit for the consumers from increases in network
size is believed to be decreasing. Secondly, new consumers who decide in period
t which brand to buy will put less weight on the nominal differences in network
sizes if both networks are already large.

The current and future demand functions are common knowledge. So the two
firms simultaneously choose prices pf, pg- in each period t after having learned the
market outcome of the previous period ¢ — 1. They are fully aware of how the
current sales will influence the future market power.

We show in the appendix that the demand functions above can be derived from
consumer decisions for goods with network externalities similar to the framework

used in Katz and Shapiro (1985).



3 Some equilibrium predictions

In this section we will establish some equilibrium predictions. We will see that in
spite of the simple structure of the model solving for the full equilibrium path is
impractical. Therefore we will establish some qualitative results only. Later on we
will use a computer algorithm to solve numerically for the equilibrium prices for
the parameters used in the experiment.

This extensive-form game has many Nash Equilibria. However, to rule out equi-
libria that contain empty threats we ad the requirement of subgame-perfectness.
We therefore use backward induction and begin with the final period. We have to
determine the optimal actions in the final period for both firms and all possible
histories. All payoff relevant history is captured by the market share. Therefore,
the firms at period 7" will maximize the period payoff for a given market share.

The payoffs are given:

07 = p] [as] —pl +pf] i,je{1,2},i#j

Then the first-order conditions give the following best response functions:’

T ,T
as; +p; .

which gives the optimal prices:®
) al|l+ st
Pt = allts] 2 ] (4)
) al|2— sl
pj* = al2-si] 3 } (5)

We now turn to the penultimate period. At period T'— 1 the firms foresee what
will happen in the last period depending on the prices they set in period T — 1.
Put differently, arriving at period 7" — 1 the firms know that their prices in 7" — 1
will cause certain period outputs. They also know how these period outputs will

influence their market share in period T'. As they anticipate already how they and

>The second-order conditions are obviously satisfied.
6Note that s;f =1-st
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their competitors will behave in the last period for market shares, they can will
set their prices such that the sum of the profits in periods 7' — 1 and T will be

maximized. Firm ¢’s aggregate profit is given by
T
I+ 107 = Z Pl [asé — —i—pé-] .
I=T—1

Using the anticipated equilibrium prices p]* and pJ *for the last period we get

a(l+ 5?)}2 (©)

I+ 107 =p ' [as] ' - piT‘lerf‘l}Jr{

3
Recall the definition of the market share and write s/ as a function of qT 1 and
T-1
s;

T
—[Z g +aq
l

=T-2

/a[T—l]

Using the demand definition from (2) for ¢/ ~* and simplifying leads to

T—1 T—1
p_j pz

Replacing s! in equation (6) and simplifying gives an expression for the aggreg-
ate profit, which includes the anticipated behaviour in the last period and which

only depends on the prices in period 7" — 1:

I+ 107 = p Has] ' —pl P4l ] (7)
. pi t—pl Tt all+s] T 1]
3T —1]

We see that the anticipated profit for the last period (the second line of 7) depends
negatively on the price chosen in period 7' — 1. The first order condition is given
by

2[p) ' —pl T +al+sT] [T —1]]

=2 py tas] T - ST 1P =0,




which gives to the best response function:

pl l—wltas] ' —a[l+s] [T - 1w

2—w

bi(p; ) ) (8)

where
2

9T -1

Note that the reaction function taking into account the profit in the last period
differs from the reaction function a myopic firm would have by w only. The myopic
reaction function can be obtained by setting w = 0. To see this take (8) and set
w = 0 and compare it to the reaction function for the last period (3) where firms
play myopically. They are identical up to the subscript of the market share.
Inspection of (8) shows that firm i in equilibrium will set a price lower than

the myopic price p/*(s; ') in period T — 1.

Proposition 1 In every subgame perfect equilibrium we have pl —'*

1
T-1 T-1
j < pgn(si ).

i)

< P (s
and p

Proof. Denote the best response functions for myopic players depending on the
current market share in 7' — 1 as b;”(pjr’l) and bT(p?’l), respectively. If we can
show that b;“(pjT_l) < bi(pf_l) and b7 (p] ') < b;(p; ") hold for all 57! we can
conclude that our claim is true, since all best response functions are obviously
non-decreasing in the opponents price. As b;-”(p]T’l) = bi(pjrfl) for w = 0 and
w > 0 we must have b;”(p;fp’l) > bi(p;‘-hl) if 8bi(p;‘r’1)/8w < 0 for all w, s] !, and

p;‘-F_l. Differentiating (8) and simplifying gives

obi(pf ) —plt+al2—2T+ s [3 - 27]]
ow 2 — W]’

<0

for T > 2. Since the best response function of firm j is obtained by swapping
indices only, the same holds for firm j. m

The next step is now to show that the equilibrium prices are smaller in 7" — 1
than in 7" independent of the initial market share and the duration of the market 7.
This is conceptually easy but tedious and does not create new insights. Therefore

we sketch the proof in the appendix only.

8



Proposition 2 In every subgame perfect equilibrium we have piT_l* < pI' and
pr 7 <pl Vst eo,1].

Proof. See appendix m

The two propositions above tell us that the price in the penultimate periode
is a) below the myopic price and b) below the price in the last period. The logic
extends naturally to earlier periods, but the increased complexity of the algebra
makes it unpractical to solve for the prices in earlier stages. We will do this using

a computer algorithm for the parameter values used in the experiment later on.

4 Experimental design

We conducted computerized laboratory experiments implementing markets with
network externalities in the sense defined above.” We also ran some control ses-
sions of comparable markets without network externalities in order to isolate the
effect network externalities have on dynamic pricing decisions. We asked students
enrolled in the second-year “Microeconomics 2” at the University of Adelaide to
participate. All 112 students enrolled in the course had the opportunity to parti-
cipate. Finally 94 students attended the experimental session. The students were
rewarded with a grade bonus on their final mark depending on the performance in
the experiment of up to 10 percent. As “Microeconomics 2” is one of the more dif-
ficult courses at Adelaide University the subjects were highly motivated. Subjects
were trying hard to secure passing the course or to get one of the few distinctions.

Using students from a single course may be viewed as problematic since the
sample is definitely not randomly drawn. However, most economic experiments
cannot guarantee randomness of the sample. At least we can control for the back-
ground of students and their knowledge of economics by using the students of one
course.® We are aware that this selection gives rise to problems when generaliz-
ing the results obtained in the experiment. On the other hand, we believe that

using students from an economics course - as opposed to students from different

"We used the computer programme Z-Tree (Fischbacher, 1999) to conduct the experiment.
The Z-Tree code for the two treatments can be downloded from the authors web site.

8We exactly know the courses those students have taken. We even know about their perform-
ance in the other courses.



courses - does not have too severe drawbacks for our experiment. Since in reality
price decisions are taken by people with backgrounds in commerce and economics
we don’t see a major problem in restricting the subject pool to students of a mi-
croeconomics course.” However, the usual caveat about using students as subjects
applies.

Overall 50 students played the duopoly market with network externalities
(treatment NE), and 44 students were assigned to the control treatment, which
consisted of a simple duopoly without network externalities (treatment No-NE). In
both treatments the subjects played two supergames of ten periods each. The sub-
jects knew that they were paired with the same opponent in both supergames.*’
In every period the subjects had to enter their price choice and a guess what price
the opponent might choose. We restricted the valid prices to the range between
0 and 10. After both subjects had chosen their actions they were informed about
the market outcome (own price, opponents price, and quantities sold), their period
profits. In the NE treatment we additionally displayed the new market share res-
ulting from the actions taken.

In both treatments the subjects were given detailed instructions containing
payoff tables and examples how to link choices and payoffs. In the NE treatment,
we provided period-payoff tables for different market shares and explained how to
extrapolate the payoffs for market shares between tabulated values. Additionally,
we carefully explained how the market share evolves depending on previous price
choices. The instructions, which were both read aloud and given to the subjects

in writing, can be found on the authors web page.

4.1 Parametrization and theoretical predictions

In order to implement the underlying model structure in the experiment we had
to choose some parameter values. We set the total market demand a to 10. Ad-

ditionally, we needed a starting value for the market share for the NE treatment.

9We ran one session with graduate (Masters and Ph.D. students) in order to see if the degree
of economic education has an influence. We did not find any striking differences in behaviour.
However, the number of observations is not large enough to draw statistical inferences.

10This partner treatment design was chosen in order to obtain the maximum number of inde-
pendent observations. The loss of control due to reputation effects is regarded as not problematic
for our research question.
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We decided to use a symmetric setting where the market shares are s; = s; = 1/2.
Additionally, to avoid that the market share reacts too strongly in the first period
we chose to set past sales to 10 units each. We can interpret this in two different
ways. Firstly, we could say that there have been two periods of competition before
the start of our experiment. Secondly, we could interpret this parameter choice
as a reflection of some reputation the firms have due to the customers’ experience
with other goods this firm has produced.

The baseline duopoly - treatment No-Ne - just consisted of a market where the
market shares are constant at 1/2 and do not depend on past sales. Note that the
strategic situation in all periods of No-NE is identical to the situation in the last
period of NE with market shares of 1/2. Consequently, the predicted equilibrium
prices for No-NE and all periods are given by equations (4) and (5). For our our

parameter values the optimal prices pj, p5 are
pi=p3=5

The derivation of the optimal price path for the NE treatment is much more
complex. In order to solve for the equilibrium path we have to conduct backward
induction over 10 periods or use a dynamic programming recursive approach in
the spirit of Selten (1965).!! We used a computer algorithm to solve for the
equilibrium-price path. The program basically preforms backward induction.!?

Figure 1 shows the predicted equilibrium price path for the NE treatment
together with the prediction for No-NE. Note that the symmetric initial market
shares lead to a symmetric predicted price path, i.e. the competitors always choose
the same price. We see that under NE we expect the price to increase from 0 at
the start to 5 in the last period, which is the equilibrium price for the No-NE
treatment. As play that deviates from the equilibrium path may lead to market
shares different from 0.5 it is necessary to find a way of comparing play after a

deviation from equilibrium with the optimal continuation from such a point. Here

"Tn our model the dynamic programming approach is more complex than in Selten (1965),
because we have a duopoly market in each period. In Selten’s model the firms are monopolists
in each period who have to care for their future demand potentials, which depend on the past
sales of all firms.

12The Mathematica code is available for downlod from the authors web site.
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Game Theoretical Predictions
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Figure 1: Predicted price paths for the different treatments

the assumption of a perfectly inelastic demand comes into play. Perfectly elastic
demand has the implication that the average equilibrium price is independent of
the history of play. Observe that equations (4) and (5) can be used to find the

average price for the last period

_T_piT*+p]T*_5[1+sﬂ+5[2—8T
n 2 n 3 3

The average price is independent of the history captured by the market share in
period T'. This insight tells us that a pair of firms in the NE treatment with an
average price below 5 in earlier periods than the final period is fighting for market
share. A pair with an average price of 5 is playing myopically, while an average
price above 5 can be interpreted as collusion.

The logic of the equilibrium average price being independent of the current
market share in the NE treatment extends to earlier periods. This can be seen by
investigating the outcomes of the computer algorithm used to solve the supergame

or by using a dynamic programming approach, which is contained in the appendix.
Proposition 3 The equilibrium prices have the form p* = vt + ¢'st resulting in

12



an average equilibrium price of p' = v' + ¢' /2, which is independent of the current

market share.

Proof. See appendix m

Consequently, we can say that a pair in the NE treatment with an average
price higher than the calculated equilibrium price (for equal market shares) do
not sufficiently take the future profits into account. This judgment can be made
independently of whether the previous play was on the equilibrium path or not.
So market shares other than the equilibrium market share firms may have at time
t after off-equilibrium play does not prevent a judgement about how their prices
compare to the equilibrium price level.

The independence of the average prices from history of play makes the inter-
pretation of our results possible and gives us the possibility to compare prices
between the No-NE treatment, where market shares are fixed at 0.5, and the NE

treatment, where market shares other than 0.5 may occur due to off-equilibrium

play.

5 Results

In what follows we present our main results. The three basic questions will be:

1. How do prices evolve over time compared to the theoretical prediction for

different treatments?
2. How do the prices differ among treatments?

3. How competitive do subjects behave under different treatments?

The first question is mainly concerned with the stylized fact that prices for
commodities in the real world decrease after they are introduced, while a reduced
model of network externalities predicts increasing prices. The second question asks
whether network externalities have any influence on pricing behaviour at all, while
the third question mainly asks if we can infer from the observed price choices what

the impact of network externalities on the degree of competition in a market is.
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5.1 Evolution of prices

The evolution of chosen prices does not even roughly match the game theoretical
prediction in both treatment.!®* While the deviation from Nash Equilibrium in
the non-network treatment can be attributed to tacit collusion, it is not clear a
priori why the prices under the presence of network externalities do not follow the
predicted path. We shortly comment on the evolution of the prices in the No-NE

treatment. Then we will discuss the results for the NE treatment in more depth.
Treatment No-NE

Looking at the average prices in the standard Bertrand duopoly with differen-
tiated products (figure 2) we see that as in other experimental studies the average
prices are above the Nash Equilibrium prediction for the whole time.'* However,
prices decrease over time. So we observe slowly eroding tacit collusion. Note that
although play (particularly in early periods) exhibits considerable tacit collusion,
the subjects do by no means come close to the joint profit maximizing outcome,
which required both players to choose the maximum price of 10. A remarkable
result in our No-NE treatment, which is observed in repeated social dilemma ex-
periments, too, is the existence of a restart effect. As the subject pairs stay the
same for both 10-period supergames and the individual periods are independent,
the whole experiment is theoretically equivalent to 20 independent periods of duo-
polistic competition. The subject do perceive the game differently though. After
the first 10 periods of play the announcement that a new game with another 10
periods starts lets the average price return to the level of the first period in game
1.15 This effect can be interpreted as the restart being a cue for the subjects to
newly try to establish co-operation. With the experience from the first game the
subjects are more successful in sustaining tacit collusion in game 2. The average

prices in game 2 are higher than in game 1. For the first 5 periods the average

13The raw data and the stata programmes for data analysis can be downloded from the authors
web site.

14See Huck, Normann and Oechssler (2000) for an example.

15 Their is no statisticly significant difference of average prices within paires between the period
1 prices in game one and two. However pairs increase their prices significantly between the last
stage of game 1 and the first stage of game 2 (one-sided Wilcoxon matched-pairs signed-ranks
test, p < .01).
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Average Prices without N-Externalities
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Figure 2: Price paths in the No-NE treatment

prices stay at the restart level (or even slightly above) before the typical erosion
of cooperation occurs. The end effect is particularly strong in game 2.

In order to test that the trend of declining prices is not only present in the
aggregate, but occurs also within individual pairs we used a Wilcoxon matched-
pairs signed-ranks test. For both games the average price per pair is significantly
higher in period 1 than in period 6 (one-sided Wilcoxon matched-pairs signed-
ranks test, p < .01 for game 1 and p < .04 for game 2). The average prices per
pair are significantly higher in period 6 than in period 10 in game 1 (p < .03),
while the difference in game 2 shows only weak significance (p < .09). We now

summarize these findings.

Result 1 In the Bertrand duopoly without network externality, we find some tacit
collusion, which is eroding partially over time. Cooperation is stronger in game 2

and erosion of collusion is weaker and starts later than in game 1.
Treatment NE

Prices in the experimental markets with network externalities are far away

from the prediction as figure (3) shows. Prices in the early rounds are much higher
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Average Prices with N-Externalities
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Figure 3: Price paths in the NE treatment

than subgame-perfect equilibrium predicts. However, prices are never above 5,
which documents the absence of tacit collusion in the stage games. Additionally,
in early periods for both supergames prices decline rather than increase. This is
in strong contrast to the prediction. In game 1 the average price of pairs in period
1 is significantly higher than in period 6 (p < .01) and in period 10 (p < .01).
Between periods 6 and 10 there is no statistically significant change. In game 2
the increased experience does not change the decreasing prices in the early periods.
Pairs set significantly higher prices in period 1 than in period 6 (p < .04). For
later periods the competitors seem to increase prices a bit. The difference shows

only weak significance, though (p < .09).

Result 2 In contrast to the theoretical prediction, in NE treatment the average
prices per pair are decreasing in the first half of the supergame for both periods.

Average prices in early periods are close to the myopic Bertrand Equilibrium.

Our interpretation of this observed behaviour is the following. As humans are
not able to perform backward induction over a many stages (e.g. Selten, 1978 or
Brandts and Figueras, 2003) and our supergame is quite complex the subjects in

game 1 start off near the stage game equilibrium and use a rule of thumb. This
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rule of thumb seems to consist of a heuristic that balances the trade-off between
increasing the market share and forgoing short-term profit. The model prediction
that a higher present market share should increase the price chosen is turned into
the opposite by the subjects. A subject that puts a higher value on the market
share in its heuristic will play more aggressively independent of the present market
share and will choose a lower price. However, the market share depends negatively
on the past prices. So if our statement is true we should observe a negative
correlation between current market share and price chosen for a given expected
price of the opponent. It is important to take the opponent’s expected action into
account because without doing this we may miss-interpret a relatively high price
as myopic, while - given the expectation that the opponent will set a very high
price - it is in fact intended to be very aggressive. In order to test this we created a
variable that measures the deviation from the myopic best response to the guessed
price of the competitor. This variable captures the intention of a player. The lower

this variable is the more aggressive does the subject intend to behave.

Period 2 3 4 5 6 7 8 9 10
Game 1l —** — —* 4 _ —x__kkk ok __Hk
Game 2 —™% %0 ek e ke

*10% level, ** 5% level, *** 1% level

Table 1: Correlation between intention to fight andmarket share

Table 1 shows that the correlation between the deviation from the myopic best
response to the guessed price and the market share is significantly negative for
many periods and never significantly positive. Over all the sign of the correlation
coefficient is only positive for period 5 in game 1 (highly insignificant with p = .39).
Note that in the first supergame the motive of fighting for market share is even
dominant in the final period, where this cannot be explained by any future profit
consideration. This illustrates that subjects rather persued gaining a high market
share as a goal per se than as a way of increasing future profit opportunities.

The period 10 average prices in the NE treatment are for both games (4.12 in

game 1 and 4.28 in game 2) below the myopic average price of 5. In sharp contrast
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to this the average prices in the No-NE treatment lie above 5 (5.58 in game 1 and
6.02 in game 2). The picture becomes even clearer when we look at the intended
play. In the No-NE treatment subjects choose prices close to the best response
to the guessed price of the opponent in period 10. On average the chosen prices
are .11 below the best response in game 1 and only .05 below the best response
in game 2. In the NE treatment the intended play shows that subjects where still
fighting for market share in the final period. In game 1 the chosen prices were
on average .64 below the best response to the guessed price of the opponent. The
difference in game 2 was smaller, but still substantial with average prices being

.46 below the best response.

Result 3 Subjects use a heuristic that puts certain weights on short-term profit
and on market share rather than backward induction as a behavioural rule. The
price differences to the myopic best responses to the expected price of the opponent
are negatively correlated with the current market share. This is consistent with a

heuristic and tncompatible to backward induction.

5.2 Network externalities and competitiveness

Figures 4 and 5 compare the average prices in the treatments for game 1 and
2. It is obvious that the prices in the treatment with network externalities are
consistently lower than in the No-NE treatment (p < .01 for periods 1 to 18 and
p < .025 for the remaining two periods, one-sided Mann-Whitney U-test). We
observe that the price differences are higher in game 1 (roughly 1.7) than in game
2 (between 1.8 and 3), which is no surprise as we observed that the average prices
in the No-NE treatment are generally higher in game 2, while in most periods in

the NE treatment prices are higher in game 1.

Result 4 Awverage prices in the No-Ne treatment are significantly higher than in

the NE treatment for both games. The prices differ more strongly in game 2.

The setting in the No-NE treatment is relatively collusion friendly, while in
the NE treatment the network externalities introduce an additional competitive

element - the struggle for market share. So the result that in a market with modest
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Figure 4: Price differences game 1

network externalities competition is higher than in a market without network
externalities is not surprising. More surprising is that the price difference in the
market does not strongly decrease the closer we get to the end of the product
lifetime. !

An interesting question is to compare the predicted average effects network
externalities have on distribution in theory and experiment. Are the consumers
getting a relatively better deal out of the additional competition due to network
externalities in theory or in the experiment? A measure is the relative benefit of the
network externalities in the experimental sessions compared with the theoretical
benefit. As we used a perfectly inelastic demand we cannot use consumer surplus
as a measure.!” However, we can compare the profits the firms make in theory
and practice. Since the quantities in theory and in the experiment are constant
for all rounds, we can use the average price per round as an indication how much
potential consumer surplus the firms were able to transform into profits. Table

2 shows the average prices over all rounds and firms. We see that the absolute

I6There is an end effect in game two. The price difference shrinks in the last round. However,
in early periods where we expect the gap to narrow with a high rate, the gap even increases.

1"Note that in our model due to the perfectly inelastic demand collusion does not cause any
efficiency loss.
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Figure 5: Price differences in games 2

benefit for consumers (the average price difference between No-NE and NE) is in
the same range for theory and the two experimental games (2.27 versus 2.0 and
2.53, respectively); but due to tacit collusion in the No-NE treatment leading to
high average prices the relative benefit of increased competition is smaller in the

experimental NE market than theory predicts.

Theory Game 1 Game 2
No-NE 5.00 6.30 6.64
NE 2.73 4.30 4.11
Benefit of NE absolute 2.27 2.00 2.53
Benefit of NE relative  45.5%  31.8%  38.1%

Table 2: Average prices over all rounds

Result 5 Increased competition due to network externalities reduces average prices
approximately by the amount the theory predicts. The relative price-reduction s

smaller in the experimental markets, though.
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6 Conclusion

Markets with network externalities are characterized by demand inertia. This
demand inertia creates an incentive for firms producing competing products to
set low introductory prices for their products as they seek to increase the size of
their network. Optimal prices increase when the market matures as the incent-
ive to fight for market share gets weaker the closer the market gets to the end
of the product cycle. In reality we usually do not observe increasing prices when
markets with network externalities mature. However, this could be due to other
countervailing effects dominating. These effects could be intertemporal price dis-
crimination, increasing returns to scale due to learning by doing, or decreasing
demand. In order to be able to determine the effect of demand inertia created by
network externalities on dynamic prices we conducted a laboratory experiment.
In the experimental setup we excluded all possible factors that may play a role
in dynamic pricing, but demand inertia. Additionally, we ran a control treatment
where network externalities were absent. This gave us the opportunity to isolate
the effect of demand inertia on dynamic pricing.

We found that as theory predicts that the average prices are lower if network
externalities are present. However, average prices under network externalities in
accordance with the real world decrease if subjects are not experienced. The-
ory predicts increasing prices. Even if subjects gain some experience prices still
decrease over time in young markets. They only increase slightly when markets
mature. We attribute this deviation from the theoretical prediction to the inability
of subjects to conduct backward induction over a long and rather complicated su-
pergame. We suggest that subjects instead use a rule of thumb that mitigates the
trade-off between current profit and future profit potential depending on the mar-
ket share. This rule of thumb seems to be surprisingly stable over time. Intended
aggressiveness of play is positively correlated with the market share throughout the
supergame. This means that people that play aggressively at the beginning of the
game do not cash in on their obtained high market share in later periods, but stick
to their rule of thumb and continue to play aggressively. This suggests that people
are not only not able to perform backward induction, but have also problems to

at least intuitively follow the logic of intertemporal profit maximization.
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A Derivation of the inverse demand function

In this appendix we demonstrate how the specific demand function used in the
text can be derived from simple (specific) preferences for differentiated goods and
network sizes. For comparable preferences we get similar results for the inverse
demand functions. We chose this specific setting to keep the inverse demand
functions as simple as possible.

Assume that consumers purchase one unit of the good per period. Every period
a consumers are active in the market. They decide which brand to buy by compar-
ing the net surplus the goods are creating. As the goods are not homogeneous the
consumers ceteris paribus prefer one of the brands. Denote the surplus a certain
consumer k derives from consuming the product of firm i as #¥. Define the addi-
tional surplus v for consumer from the network of product i as half the average

sales of good ¢ per past period:

t—1
vi = qu 2(t—1)
I=1

This can be interpreted in two ways:

1. The consumer learns some quality aspects of the good from the number of

previous sales.

2. The consumer cares only for number of sales in the actual period (valued at
1/2 monetary unit each) and forms expectations according to the average

past sales.!®

Then the total net surplus of consuming good i is given by:

C’Sf = Uf—i—@f — P

18In the equilibrium of a symmetric duopoly these expectations are rational and we have a
rational expectation eqilibrium as both firms sell a/2 in every period.
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So consumer k will purchase good i whenever C'Sf > C'S} or

t—1
AGF > pi—pi— ) [Qf—cg}/?[t— 1]

=1

where AG* is given by 6% — 9?. Suppose that the differences between values AH*
for the differentiated products is distributed uniformly on the interval [—a/2,a/2].

Then for given prices and network sizes the number of consumers buying good j

¢ = aF(pi—pj—z_:[CJf—qﬂ/ﬂt—l])=

=1

= —1/2a+pi—pj—i[QE—Q§}/2[t—1J

=1

is given by

Recall that Z}:i ¢ = at — ij q}, since past total sales of all brands are equal
to ta. Replacing >_i_] gt gives

t—1
1
q§- = pi—ijrmE Q§:
=1

t
= as;+pi—pj,

which is the inverse demand function we use. The demand for firm ¢ is just

a—q; = asy +p; — p;.

B Proof of proposition 1

This proof is conceptually easy, but quite tedious. We only sketch the proof and
omit some intermediate calculations.
Proof. We use the best response functions (2) in order to compute the equilibrium
prices in the penultimate stage. This gives the following equilibrium price for player
(-

o1 —41 4 38T — 1]2 97 — 11] + 3T [41 + T [9T — 35]]

p4 * = Q L
‘ 3T —1][23+ 27T [T — 2]]
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Note that pjT_l* is found by just replacing the index. Using those equilibrium
prices and the law of motion for the market share we can compute the equilibrium
price in the final period as a function of the market share in period 7' — 1 and

subtract the equilibrium price obtained above:

T—1x T« _ @ 1 6[25?_1_1} [T —1]
Pi T3 To1 T 231 2rT(T - 2)

Further inspection shows that this converges to 0 when T approaches infinity.
Additionally, the roots for T are all smaller than 2 (T, = 1 +2/4/33 —12s] ).
As T € [2,00) we know that p! ~** — pI* > 0 for all s} ' if we find a valid 7" such

that p; ~"*—pl* > 0holds. For T =2 weget p; *—p!™ = a[29 — 12s] '] /69 > 0.

(2 3

C Dynamic programming approach to prove pro-
position 2

In this section we outline the dynamic programming solution of the NE-game. We
assume functional forms for prices and continuation payoff and show that these
assumptions are correct. The derivation of the average price in the main text uses

these functional forms.

Step 1: solve the last stage. Optimal prices are

Tk a [1 + SZT]

P = 3 (9)
e = 2lre] (10)

Stage payoffs are
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T+ T'x 2_ _CL [1+51T:|_
;" = [pi } = 3
» [a[1+5s7]]
T* T'x
;" = [Pj } = 3 :

Step 2: The law of motion for the state variable

Pl — 1}

tH1 ot
K T

7

Step 3: Guessing functional forms for the recursion

pi = Psit
M = @ [s]°+T'%! + Al

The functional forms proposed do definitively work for the last round:

ro_ ¢
¢ = 3
r _ ¢
773
o7 — [9]°
= 3]
rro— 2
3
AT = 9]
= 3]

Step 4: Bellman equation
I = 7t + 1t

Differentiating (16) with respect to p; and using (13) gives:
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t+1 aryt+l
_ oty t-—}—asl?—i-asi oIl _
D; p] i apt aSH_l

K3 3

i1
= —2p;+p}+ as; — _ 1 oL
PO al+t] osit

Op
(17)

We can use the recursion relation from (15) to write the first-order conditions (17)

as
A 1 p;—P; 1
out ot 4 ast — 201 [Sf + af1+t}] I _0
opt TR all+1] -

Step 5: Solving for the prices By solving for the parameters of the optimal

prices we find:

N e G
i = S Y+l — 4P+l
2a@MHY L 4 201 4 30 [y
APtHH1Yt+1 _ 3 [Yt+1]3
—a [Yt+1]3 _ APtHL [q)t—H + Ft—l—l]
APIH1IY 1 _ 3 [Yt+1]3

(18)

where Y = at and recursively
Yyti=Y"! _q. (19)

The proposed functional form is correct, since pf* is an affine function of the market
share. We can get the coefficient for the optimal price from (18):
Yt—i—l Yt+1 _ 2(I)t+1
s = L | (20)
Yt _ 4pttl
. 2qPtH1Y 14 [2(Dt+1 + 3Ft+1] [YtJrl]?
APt+1yt+l _ 3 [yt+1]3
—a [Yt+1]3 _ APtte [q)t+1 + Ft-{—l}
APtH1Yt+1 — 3 [Yt+1]3
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Note that by definition from equation (14) the average price p' is independent

from the current market share if our functional forms are correct:
=gt /2 4 (22)

Step 6: The equilibrium motion for the market share from equations

(13) and (14) we can derive the equilibrium market share recursively:

1 —2s5{] ¢’
yt+1

This tells us that the game has a steady state at a market share of 1/2.

sttt =5l + (23)

Step 7: Check the functional form for the profits Note that the future
profit only depends on the market share. So we have to find out how the future
profit varies with the market share. Differentiating the total future profit at time
t from (16) with respect to st gives:

oIt ol  omlopl  omlop, oI osit

7

dst _ 0st T optost T ap, ost | 951 Ost

Using our previous results and assumptions about functional forms from (14), (15),

and (23) makes it possible to develop the previous equation

or; Riiag
gt = Wit =30+ tasi] ¢+ ooy [L - 26T =

¢ t ot aHtH ¢
= api+[_4¢5i+¢ 27" +@3}¢+at+1 [1—2¢}:

4¢'st + ¢ — 29" + 2ast] ¢ + an' +
1_ 2¢] [2<I)t+1 tL | o]
— 29" + 2as!] ¢' + ay" +
1— 2¢ } [2<1>t+1 [st+ [1—2s] ¢'] + T (24)

-
[
[—4
[

Our result from (24) is linear in st. So we can see that integration leads to the

form we proposed. We get the following recursive relationships:
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o = [1+4[p —1]¢'] 8" +ag' -2 [¢]° (25)
I = [1-2¢'] T +ay' + ¢ [¢f + 20 — 4/ —24/]  (26)

With the recursive relations (20), (21), (19), (23), (25), and (26) we have defined
the subgame-perfect equilibrium-behaviour of the firms. Furthermore, we have
shown that the functional forms assumed are correct and the average price (defined

in 22) is independent from the current market share.
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