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Abst rac t
Companies consistently get into trouble in rapid growth markets. Frequently they grow
too fast, overshoot when the market saturates, then get into price wars and suffer huge
losses due to low prices and excess capacity.

The companies that grow most aggressively sometimes lose the most, contrary to the
new conventional wisdom that you have to be the largest player to benefit from
increasing returns and positive feedbacks that confer success to the successful. How can
the prevalence and persistence of this dynamic be explained? Is it just bad luck or is
there a systematic explanation.  And how can firms do better?

To explore these issues, we designed an experiment involving over 270 subjects (MBA
and short course Executives). Subjects played the role of a management team for one
firm in a simulated duopoly market, with a rapidly growing demand for the new
product.  As in the real world, market potential and the course of the product lifecycle
were highly uncertain. Subjects made quarterly capacity, pricing and marketing
decisions over a simulated ten year period.  Performance was measured by cumulative
net income.

The results showed that subjects systematically made pricing decisions that were not
only far from the "optimal" price, but were often in the opposite direction from the
optimal change. Subject performance was very poor, compared to a benchmark
performance computed using simple behavioral decision rules. Subjects did not
substantially modify their policies under different market structures or different
competitor strategies. Neither did they modify their policies over trials - little learning
took place.

The poor performance is explained in terms of flaws in the subjects' mental models -
their "misperceptions of feedback". We close with discussion of implications for
improved senior management strategies in new product markets.
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Intr oduct ion
Th e tradi tional “le arn in g cur ve” p erspe cti ve  ap pl ied t o t he  gr owth of  ne w produ ct
mark ets sugg ests th at early  e ntr an ts can ach ieve sustainabl e compet it ive  advant age 
th rough  r api d investme nt  in  capaci ty an d b y pri ci ng ag gre ssive ly  to p re- empt compe ti tion
(Moore, 1996).  Recent ly , agg ressi ve st rat eg ies desi gn ed to gain  domi nan t mar ke t p ositi on s
have  be en  re emphasi zed as t he ori es of  so-cal led ‘incre asi ng  re tu rns’ based on  p osi ti ve
fe edback (du e to ne twork  ex te rnali tie s, comp lemen tar y asset s, economi es of  scal e and
scop e, an d oth ers) have gai ne d con sider abl e att en tion (e.g. Ar th ur 1994) . However,
pr eviou s wor k based on  simu lated mark et s h as sh own t hat agg ressi ve st rat eg ies are
su bopti mal whe n t he  mark et is dy namical ly compl ex  (P ai ch an d Ste rman 1993, St er man  e t
al , 1995) . In recen t y ears, t he dy namic comp lex it y of mar ke ts has i ncrease d dramat icall y,
th rough  shri nk ing  p roduct l if e-cycles, the  acce le rat ion of globalizat ion  and in ten si fie d
comp eti ti on.

Fr eq uen tl y, compe ti ng fi rms chase mar ke t share wi th th e p er cep ti on th at “e arl y
domi nan ce  wi ll  le ad to n ear  monopolie s as cu stome rs be come locke d i n and r elu ct ant  t o
swit ch to comp eti tors” ( Wal l Str ee t J ou rnal, 12 Dece mb er 1996, p . A1) .  Many cases of
“b oom and bu st ” sug gest that ove rcapaci ty, p rice war s and b ank ru ptcie s are  ch ronic
dy sf uncti onal beh avior s in in dustr ies which exp er ien ce  rapi d g rowth  and su dde n
satu rat ion. Th ese  mark et s i nclude con su mer  durabl es (such  as b icycl es an d chain  saws),
consume r ele ct ron ics ( su ch as vi de o g ames, p erson al compu te rs, CB r adios and VCRs) ,
toys an d games, f ashions, and fads (such as win e coole rs an d f ashion wat ch es) .

On e characte ri sti c of in dustr ies p ron e to pr ofi t- destr oyi ng  boom an d bust is th e dyn ami c
comp lex it y of the  strate gy formu lation probl em.  The  e xiste nce  of n et wor k eff ects, scal e
an d scope  econ omi es, h ig h f ix ed costs, and t he st ron g rol e of compl ement ar y assets ( e.g .
soft war e for  P Cs)  does create  posi tive fee db ack s that favor  an  aggr essive str at egy  aime d at
mark et sh are  domi nance  t hroug h r ap id gr owt h and l ow pr ice s.  But  at  t he same ti me,
sh or t and un pr edi ct abl e produ ct li fecycles, rap id gr owth, i nte nse compet it ion , and l ong 
de lays in  adju sti ng  capacit y favor  more  conservat ive  strate gie s. In  addi ti on to th e ten si on
be tween  t hese opp osite s, th e for ce s at wor k int er act  strong ly.  Hen ce  manager s have new
dy namical ly compl ex  issu es to face , spe cif icall y rel at ing  t o str ate gi es on  pr oduct  p ricin g
an d cap acity  acqu isiti on , f or  wh ich t he ir me ntal model s and pr ior e xp eri en ce ar e
in adequ at e, if  not simpl y wrong.

Th e mispe rce pt ion s of fe edb ack ( MO F) hy pot he sis ( Ste rman 1989a and 1989b ) su gg est s
th at  de ci sion mak er s systemat icall y misper ce ive  dynami c e nvironment s that inclu de
mu lt ipl e int er act in g f ee dback  loop s, ti me de lay s and n onl in ear it ies. The se  mi sp ercep tions
re su lt in  de ci sions th at  ar e far  f rom opti mal, an d, in  cont rast to th e e conomic vi ew of 
de ci sion mak in g, le ave  a gr eat deal of "mone y on the  t abl e" . The  mi sp ercep tion hyp ot hesis
has bee n sup porte d by se ver al  ex pe rimen tal  studie s i n the  f iel ds of  syst em dy namics and
be havioral decisi on  th eory (e .g. Dieh l 1992, Kl ei nmu nt z and Th omas 1987, Breh me r 1990
an d 1992, Smit h e t al 1988, F unk e 1991) .

Th is pape r app lie s the  MOF pe rsp ective to th e cri tical  issu e of pri ci ng st rat eg y. Th is paper 
pr esent s the  r esu lt s of sever al ex per iment s that test the  MOF th eor y in th e con tex t of
pr icing  deci si ons made  i n a r api dl y g rowin g mar ke t. Th e e xp eri me nt re qui re d t he  su bject s
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to make  p rice and capaci ty de cisions in  a si mul at ed marke t for  a ne w produ ct. The re sul ts
sh ow th at  many  su bject s made pri ci ng de cisions th at we re consi st ent ly  in  t he op posit e
di re cti on  fr om th e opt imal ch ang e. Su bject s syste mat icall y lower ed pr ice  when  i t should
have  be en  raised an d r ai sed p rice whe n it sh oul d have bee n lower ed. O the r sub je cts
ch an ged p rice in th e cor rect dir ection, bu t the  magn it ude  of t he  ch an ge was much smalle r
th an  op ti mal .

In  addi ti on, t he paper  demonstrate s t hat t he  in corre ct  pr ice decisi on s can  be  i nte rp ret ed as
th e resul t of the  subjects’ misp er cep ti on of   t he  fe edback str uctur e of th e e nvironment .  Th e
gr eater  t he dy namic comp lex it y of the  mark et  en vi ron me nt, t he worse  p erf or man ce  is
re lative to th e b en chmar ks (i .e., ove r and above chang es in  in tr insic task  di ff icu lt y).  The 
su bject s’ de ci sions woul d h ave b ee n r eason ab le if  th e envir onmen t wer e simple r and did
not inclu de impor tant fe edb acks among  p rice, or de rs, orde r backl og an d l ead-ti me . In fact,
th e sub je cts’ decision s wer e close  to opti mal f or  th e simpl e e nvironment  i n whi ch th e
su bject s pre su me th e mar ket  i s i n equ il ibr iu m. Un for tu nat el y, th e e nvironment  was not as
si mp le as th e sub je cts p resumed. P rice str at egi es th at  woul d h ave b ee n e ff ect ive i n a
si mp lif ie d e nvironment  close to eq uil ib riu m wer e dysfu nct ional  i n t he  actu al,
di se qui li bri um en vi ron me nt of  rapi d g rowth  mark et s.

The Mis percept ions of Feedbac k ( MO F) Hypot hesis 
The MOF hypothesis holds that decision makers systematically misperceive
environments characterized by interacting feedback loops, time delays and
nonlinearities. This misperception of feedback results in decisions that are far from
optimal and are often much worse than decisions generated by simple, naive decision
rules. The source of the misperception is the combination of the complexity of
environment and the bounded rationality of the decision maker. Systems comprised of
multiple feedback loops and time delays are too complex to be analyzed completely.
Consequently, boundedly rational decision makers resort to simplification strategies
that may ignore important feedback relationships but make the decision problem more
tractable. The analysis of several experiments has shown that decision rules that would
have been successful in simplified settings yield very poor outcomes in the actual
environment.

Earl ier  work  ( Pai ch  an d Ste rman, 1993) desig ned an e xp eri me nt using  b usi ne ss school
su bject s invol ved i n a deci si on makin g task por tr ayi ng  ne w produ ct dy namics i n a
si mu lat ed du op oly  mark et  st ru ctu re . The  ex pe rimen tal  t reatment s wer e the  stre ng th of  th e
ke y fee db ack  p rocesses ( the  stre ng th of  word of  mout h and p roduct dur abi li ty)  i n a
si mu lat ed mark et. O ver  a nu mb er of  re pe ate d tri al s, pe rformance rel at ive  t o p ot ent ial was
poor  an d was seve re ly de grade d whe n t he  fe edback compl exi ty  of  t he en vir on men t was
hi gh . H oweve r, th e beh avior  of t he  si mu lat ed comp eti tor i n the  orig in al ex per iment  was
qu it e simple .  Th e compe tit or  se t pri ce  usin g a “cost- plu s” st rateg y wit h a con stant 
mark up.  In th is st udy , the  simu lated mark et  st ru ctu re  has bee n modif ied t o i nclude fou r
di ff ere nt  pr icing  strate gie s for  t he compe ti tor  ( “cost  pl us”, “marg in  or ie nte d”, “sh are 
or ie nte d”, “ti t f or  tat”).  These pri ci ng st rat eg ies p rovide a more  r eal istic r ang e of
comp eti tor b eh avi or  an d all ow us t o t est t he  robu stn ess of pri or  re su lts.
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Model Structure
We used an interactive computer game for the experiment, the “B&B Enterprises
Management Flight Simulator” (Sterman 1991; Graham et al 1992 discuss design
principles and give examples). The flight simulator embodies a model representing a
firm, its market, and its competition. Subjects manage a new product from launch
through maturity, making price, capacity, and marketing decisions each quarter year
through a ten-year simulation.

Market Sector
The market model is based on well known diffusion models in the tradition of Bass
(1969), Kalish and Lilien (1986), Mahajan and Wind (1986), Homer (1987), and Mahajan,
Muller, and Bass (1990). The essence of these models is the feedback structure through
which potential purchasers become aware of and choose to buy the product. Adoption
increases the customer base, generating word of mouth which leads to additional sales
(a positive feedback), but also depleting the pool of potential customers (a negative
feedback). The customer base follows an s-shaped pattern, while sales rise exponen-
tially, then peak and decline to the rate of replacement purchases as the market
saturates. Key features of the market sector include:

• Product price affects the number of potential adopters. The elasticity of industry
demand is less than unity, quite typical for many goods (Hauthakker and Taylor
1970).

• The greater the aggregated marketing expenditures of the firm and the competition,
the larger the fraction of potential customers who purchase each quarter. Diminishing
returns set in for high marketing expenditure levels.

• Demand is also generated by word of mouth. Word of mouth is driven by recent
purchasers (people who are still excited by the product and have not yet come to take
it for granted). The strength of the word of mouth effect (the number of purchases
generated per quarter by each recent purchaser) was a treatment variable in the
experiment.

• A fraction of the customer base re-enters the market each quarter to replace worn or
obsolete units. The repurchase fraction was a treatment variable in the experiment.

• Total orders for the product are divided between the firm and the competition in
proportion to the attractiveness of each product. Attractiveness depends on price,
availability (measured by delivery delay), and marketing expenditure. Firm demand
is highly but not infinitely elastic – price is important to consumers but availability
and marketing can differentiate the two products.

Firm sector
While many diffusion models implicitly equate shipments with orders, the model here
explicitly represents the supply side of the market. The key assumptions of the firm
sector are:
• Product is built to order. Customer orders flow into a backlog until they are produced

and shipped. The firm will ship the current backlog within one period unless capacity
is inadequate, in which case the backlog and delivery delay rise, reducing the
attractiveness of the firm’s product and the share of orders it receives.

• Subjects set a capacity target each quarter. Actual capacity adjusts to the target with a
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delay representing the time required to plan for, acquire, and ramp up new
production facilities. Capacity adjustments follow a distributed lag with a mean of
four quarters. Some investments can be realized sooner than four quarters
(purchasing equipment), while some take longer (building new plant). For simplicity
the delay is symmetrical in the case of capacity reduction.

• The firm benefits from a learning curve which reduces unit costs as cumulative
production experience grows. A standard “80%” learning curve is assumed – each
doubling of cumulative production reduces unit variable costs by 20%. The
competitor’s learning curve has identical strength. Learning is assumed to be fully
appropriable.

• Profit is revenue less total costs. Total costs consist of fixed and variable costs,
marketing expenditures, and investment costs. Revenues are determined by the
quantity shipped in the current quarter and the average price received for those units.
Customers pay the price in effect when they booked their order, even if the price has
changed in the interim.

• Fixed Costs are proportional to current capacity. Unit fixed costs are constant.
Variable costs are proportional to output. Unit variable costs fall as cumulative
production increases. The fraction of revenue spent on marketing is a decision made
by the subject each quarter.

• Investment costs represent administrative, installation, training, and other costs of in-
creasing capacity. Symmetric decommissioning costs are incurred whenever capacity
is decreased. Investment costs are proportional to the magnitude of the rate of change
of capacity.

• Subjects may lose as much money as they like without facing bankruptcy. The task is
therefore more forgiving than reality since losses leading to bankruptcy in real life can
in the game be offset by subsequent profits.

Competitor Structure and Strategy
The subject’s firm faces competition from another firm which has launched a similar
product at the same time. The playing field is level – the structure and parameters for
the firm and its competitor are identical. But while the subjects make price and target
capacity decisions for their firm, the competitor’s price and target capacity decisions are
simulated.

The competitor sets target capacity to meet expected orders and maintain normal
capacity utilization. Expected orders are determined by the current order rate and the
expected growth rate of orders. Extrapolative expectations are assumed:  the recent
growth rate of orders is projected four quarters ahead – the length of the capacity
acquisition lag – to account for the growth in demand likely to occur while awaiting
delivery of capacity ordered today. The forecast of future demand is adjusted in
proportion to the balance between desired production and capacity. If desired
production exceeds current capacity, additional capacity is ordered to reduce the
backlog, and vice-versa. The decision rule for competitor capacity acquisition is
extensively used in simulation models and is well supported empirically and experi-
mentally (Senge 1980, Sterman 1987a, 1987b). The competitor price decision varies
according one of four competitor scenarios (C1-C4) as follows:
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Competitor Scenario 1 - “cost plus”
Competitor 1 is a simple base case. Costs are the only determinant of competitor price.
The competitor here is totally unresponsive to subject decisions, the competitive
situation, or market forces. The competitor sets price at a constant mark-up over cost.
Competitor price falls as costs move down the learning curve. A poor outcome for
subjects in scenario 1 cannot be blamed on  a sophisticated or wily competitor.

Competitor Scenario 2 - “share oriented”
Competitor 2 represents an aggressive market-share oriented player. The competitor’s
goal for market share is 75%, and the competitor will aggressively cut mark-up
whenever actual share is less than this goal. If share exceeds the goal, mark-up is raised
only slightly. Likewise, the competitor will cut price dollar for dollar when the subject’s
price is less than its own (but not below unit variable cost). If the subject’s price is
higher than its own, however, mark-up is raised less than proportionately to boost
share. Finally, mark-up is cut aggressively when there is excess capacity, but raised only
weakly if capacity is inadequate. In scenario 2 the competitor prices low from the
beginning to gain share and is extremely likely to retaliate to any move by the subject to
lower price. Scenario 2 is the most difficult, for several reasons. First, by pricing low, the
competitor increases the size of the market and growth of demand during the boom
phase, often leading to a bigger bust as the market saturates. Secondly, the aggressive
competitor retaliates strongly to any move by the subject to lower her price, often
engaging subjects in a price war they did not intend to fight.

Competitor Scenario 3 - “margin oriented”
Competitor 3 represents a margin oriented competitor. The competitor’s goal for market
share here is an equitable 50%. If actual share is less than this goal the competitor cuts
mark-up only slightly, preferring to give up share if necessary rather then sacrificing
margin. If share exceeds the 50% target, the competitor in this scenario will raise mark-
up to boost profitability even if such action pushes share down again. Similarly, when
the subject’s price is lower, the competitor lowers mark-up only slightly, but will raise
mark-up aggressively when it finds its product selling for less. The competitor also
raises mark-up when capacity is insufficient to meet demand, but only cuts mark-up
slightly when there is excess capacity. Essentially, the competitor seeks a collusive
equilibrium in which both firms split the market at the collusive rather than competitive
equilibrium price.  The competitor’s response to disequilibrium is to signal its desire to
achieve the collusive equilibrium by keeping prices high even at the cost of market
share or capacity utilization. This competitor can be exploited by the subjects. If the
subject wants to build up her market share, she may easily undercut the competitor
without provoking strong retaliation. If she wants to increase her own margins, she
may do so easily without losing market share. Most important, however, by
encouraging higher prices for both the competitor and the subject, scenario 3 slows the
growth of demand and smoothes out the transition from boom to bust. A strategy like
scenario 3 is in fact the optimal strategy for this environment.

Competitor Scenario 4 - “tit for tat”
Competitor 4 responds aggressively to imbalances in both directions. The target market
share here is 50%. The competitor adjusts mark-up strongly in the face of imbalances in
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either direction in market share, relative price and demand/supply balance. Scenario 4
puts the player in an environment where the competitor makes strong moves. The
direction of these moves depends to a great extent on the subject’s own decisions. The
game may evolve to an implicitly collusive equilibrium in which both subject and
competitor price high, smooth the industry life cycle, and reap large profits, or it may
degenerate into a price war, severe boom and bust, and large losses for both.

It is important to note that the model of competitor behavior used here does not
presume the competitor is omniscient. The competitor price is set without recourse to
any complex game-theoretic reasoning, nor does the competitor rely on information the
player does not have. On the contrary, the competitor is modeled as an entity with
bounded rationality, who uses simple but realistic rules of thumb in setting price (see
for example Morecroft 1985 for models and empirical evidence supporting the decision
rules for price used here). The competitor uses only its own costs, market share,
capacity, and backlog, along with subject’s price, in making its price decision (in
scenario 1 the competitor utilizes cost information only). In fact, the subject knows and
can utilize far more information about the competitor and the market.

Experimental Design
The experiment was repeated six times over a three year period at a major US
management school. Most of the subjects were second-year full-time MBA students,
taking a System Dynamics for Business Policy elective. One group of subjects were mid-
career executives. Each subject played the game five times, providing the equivalent of
50 years of simulated experience.  Overall, there were 271 subjects making a total of
1352 trials. After trials were eliminated due to incorrect sequences of trials, repetition of
trials etc., the dataset was reduced to 1119 trials for 253 subjects (226 MBAs and 27
Executives). The five game tasks were assigned as homework to be done individually
over two weeks. Subjects were given a full written briefing guide (Sterman, 1992)
together with an in-class demonstration of the software. Subjects were allowed to take
as long as they wished to make each of the 40 quarterly decisions for each game, and to
suspend play between trials as required.  There was no time pressure (other than the
overall due date).

The experimental design used a Graeco-Latin square, with five market scenarios (M1-
M5) and four competitor scenarios (C1-C4). The five  market scenarios had different
replacement fraction (r) and word-of-mouth (w) factors according to Figure 1.  The
stronger the word of mouth, the faster the growth and sooner the saturation of the
market.  The smaller the repurchase fraction, the lower the equilibrium replacement
demand and the steeper the bust when the market saturates.
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Figure 1  Experimental Treatments - Five Market Scenarios M1-M5 (labeled A,
B, C, D, E) and the Resulting Market Dynamics
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Note:  Assumes no capacity constraints and constant margin pricing. Actual demand patterns also
depend on subject decisions.

Task Sequences
Five task sequences are used to complete the Latin Square with five trials. Each
sequence of tasks involves each one of the five market scenarios (M), and each one of
the four competitor scenarios (C) just once. The fifth competitor scenario is chosen at
random for each sequence. A total of 20 scenarios (five market scenarios by four
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competitor strategies) are thus available, of which each subject plays just five, according
to the sequences shown in Table 1. For example, a subject playing sequence 3 will face
market scenario 3 and competitor scenario 1 in trial 1, followed by market scenario 1
and competitor scenario 4 in trial 2. Hence, each subject plays each of the five market
scenarios just once, and plays each of the four competitor scenarios at least once.  The
market scenario and competitor strategies used in each trial were not revealed to the
subjects.

Table 1   Five Sequences of Market Scenario, M (1-5) and Competitor Scenario,
C (1-4) used in 5 Trials. Notation M, C.
Cr is a competitor scenario randomly selected from C1-C4.

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Sequence 1 M2,C4 M4,C3 M3,Cr M1,C2 M5,C1
Sequence 2 M4,Cr M3,C2 M1,C1 M4,C5 M2,C3
Sequence 3 M3,C1 M1,C4 M5,C3 M2,Cr M4,C2
Sequence 4 M1,C3 M5,Cr M2,C2 M4,C1 M3,C4
Sequence 5 M5,C2 M2,C1 M4,C4 M3,C3 M1,Cr

The design is reasonably well balanced, with an average of 45 subjects in each of the 25
cells.

Benchmark Decision Rules
The potential cumulative net income over 40 quarters varies considerably for each of
the 20 scenarios, due to the variance in total industry sales generated by the different
market competitor scenarios. Hence a benchmark rule is needed to compare subject
performance in the 20 different scenarios. The subject’s cumulative net income for each
game of 40 quarters is divided by the benchmark cumulative net income for the
particular scenario, giving a “performance relative to benchmark”.

Performance Relative to Benchmark = Subject cumulative net income
Benchmark cumulative net income

The functional form of the benchmark decision rules for Target Capacity and product
Price are formulated following examination of subject logs, and reference to the
literature:

Target Capacity = Target Market Share * Expected Industry Demand
*(1+Expected Demand Growth) α1 * (Current Backlog/Capacity) α2

α1 ≥ 0, α2 ≥0
(1)

Price = Unit Costs * (1+Gross Margin) * (Current Backlog/Capacity)β

β ≥ 0
(2)

where Target Market Share = 0.50 and Gross Margin = 0.25
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The target capacity rule seeks to capture 50% of expected demand, where demand is
forecast by extrapolating current industry sales at the current growth rate. Target
capacity is increased (decreased) relative to the demand forecast when capacity is
insufficient (excessive) relative to desired production.

The benchmark pricing decision rule assumes cost-plus pricing with a constant gross
margin and an adjustment for the demand/supply balance. Price simply follows costs
down the learning curve, with a markup sufficient to cover marketing expense,
investment costs, and provide a reasonable profit (at normal capacity utilization).

The behavioral benchmarks are simple, even naive, rules.  They utilize only four cues
(costs, industry sales, backlog, and current capacity) rather than full information. The
rules naively extrapolate demand growth even though the subjects know the product
will go through a life-cycle of growth, saturation, and decline (the benchmark rule’s
forecast of demand is guaranteed to miss the peak in the market). They do not use
pricing to clear the market, control profitability, or signal intentions. There is no game-
theoretic reasoning. There is no explicit consideration of investment costs, no
anticipation of market saturation and no response to competitor price or capacity, much
less the competitor’s strategy.  The rules cannot learn. They are much less sophisticated
than the decision making typically presumed in economic models and strategy texts.
Subjects should be able to outperform the benchmark performance quite easily.

The decision parameters α1, α2 and β were chose to maximize average cumulative net
income per scenario over all 20 market and competitor scenarios, subject to the
constraint that cumulative net income is not negative (i.e., no losses) in any single
scenario.  The global maximum of cumulative profits was generated by:α1=0.50,
α2=2.375, β=2.50, implying a modest response to growth in industry demand, and
strong adjustments of capacity and price to the demand/supply balance.

As expected, these parameters yield the lowest cumulative net income of $18.9m for
M=2, C=2 (the most rapid product lifecycle coupled with the most aggressive
competitor strategy).  The highest is $1722m for M=4, C=4. The total cumulative net
income over 20 scenarios is $19,170m, the average per scenario being $959m. This
scenario generates the highest total cumulative net income over all 20 scenarios, and
hence is used for calculating the benchmark profits.

Subject Performance
Figure 2 compares subject performance to the benchmark in all five trials, and against
all four competitors. On average, performance is extremely poor.  Performance does
improve over the five trials against competitors 1 and 2. Against competitors 3 and 4,
initial improvement for the first three trials then worsens for trials 4 and 5. In all five
trials, and against all four competitors, the mean subject performance is below the
benchmark performance.

Table 2 and Figure 3 show how the mean subject performance relative to the benchmark
(PRB) varies over the five trials, and against three competitor scenarios. Competitor
scenario 2 is omitted in Figure 3 because large outliers distort the scale.
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Figure 2  Mean Subject Cumulative Net Income (P) in 5 Trials (T) against 4
Competitor Strategies (C)
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A PRB=1.0 would mean the subjects achieve the same cumulative net income as the
benchmark decision rule. Similarly, PRB=0.5 means 50% of benchmark profit, whereas -
0.5 means a negative cumulative net income of magnitude equal to 50% of the
benchmark profit. Large negative values indicate the subjects sustained huge losses.
Though performance relative to the benchmark does vary from trial to trial, the
variation is not significant. Subjects do not learn to improve performance over the five
trials. Performance relative to the benchmark does depend on the particular competitor
scenario, with competitor 2 generating significantly worse scores than competitors 1, 3
and 4. The mean subject performance relative to benchmark in all five trials and against
all four competitors, is below the benchmark score of 1.0.

Table 2   Summary Results for Mean Subject Performance Relative to
Benchmark (PRB):  mean (standard deviation in parentheses).

Trial T
T=1 T=2 T=3 T=4 T=5 Overall

Competitor C
C=1 -0.822

(8.00)
-0.809
(3.93)

0.443
(0.533)

0.745
(1.39)

0.669
(0.554)

-0.059
(4.521)
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C=2 -0.754
(4.45)

-4.5114
(11.5)

-16.199
(28.7)

-11.415
(23.1)

0.712
(0.841)

-6.241
(17.9)

C=3 -0.801
(7.56)

-0.125
(3.46)

0.527
(0.712)

0.423
(1.68)

-1.767
(11.9)

-0.341
(6.58)

C=4 -0.753
(3.67)

0.406
(0.602)

0.542
(0.495)

0.551
(1.09)

0.039
(2.48)

0.149
(2.12)

Overall -0.784
(6.25)

-1.302
(6.68)

-3.142
(15.0)

-2.368
(12.5)

-0.156
(6.41)

-1.544
(9.98)

The percentage of subjects who score above the benchmark performance (over all trials)
is 17.9%. This does vary across trials, from - 4.8%, 11.5%, 19.1%, 26.5% and 3.1% for
trials 1-5 respectively. Clearly some subjects do appear to improve relative to the
benchmark performance, but the mean subject score for each trial is still well below the
benchmark. This percentage does not vary much against competitors - 16.2%, 19.2%,
17.4% and 18.2% for competitors 1-4 respectively.

Figure 3  Mean Subject Performance Relative to Benchmark as a Function of Trial T
(1-5) and Competitor Scenario C (1,3,4).

-2

0

2

1 2 3 4

Trial T

Competitor 1

Competitor 3

Competitor 4

Benchmark

Vertical Axis is PRB, Performance Relative to Benchmark

General Linear Model
To gain insight into the determinants of performance, we estimate a general linear
model for the dependent variable Performance Relative to Benchmark (PRB), with
independent variables Subject (SUB), Trial (T), Competitor (C), the log or the Word-of-
Mouth Effect (logw), and the log of the Replacement Fraction (logr).  Principal
interactions of the main effects are also included. The additive error term ε is assumed
to be a normally distributed random variable with zero mean. The linear model we are
estimating is:

PRB = constant + SUB + T + C + logw + logr + logw*logr + C*T + T*logw
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+T*logr + C*logw + C*logr + C*logw*logr + ε

The results of the analysis of variance are shown in Table 3.

The competitor scenario, and the determinants of the speed and severity of the product
lifecycle (the replacement fraction, strength of word-of-mouth, and their interaction) are
highly significant.  Further, the interactions of competitor strategy with the
determinants of the product lifecycle are also highly significant. The magnitude and
sign of the WOM and replacement fraction are as expected. The stronger the word of
mouth, the faster the growth of demand, higher the peak, and sharper the transition to
decline.  Subjects have more difficulty when the positive feedback driving growth is
strong.  Similarly, the smaller the replacement fraction, the worse the subject
performance, since a small replacement purchase rate means a greater demand decline
from peak to equilibrium. The worst performance arises when rapid growth is
combined with a highly durable product.  The greater the dynamic complexity of the
market, the worse is subject performance relative to potential.

Table 3.  Analysis of Variance for Dependent Variable PRB
R2 = 51%
Source DF Seq SS Adj SS Adj MS F P
Sub 253 24743 18359 72 1.11 0.137
T 4 1048 280 70 1.08 0.367
C 3 7380 1646 548 8.43 0.000
logw 1 3807 687 687 10.56 0.001
logr 1 4452 1035 1035 15.89 0.000
T*C 12 6598 413 34 0.53 0.897
logw*logr 1 1130 776 776 11.92 0.001
T*logw 4 574 427 106 1.64 0.161
T*logr 4 2174 263 65 1.01 0.401
C*logw 3 1693 430 143 2.20 0.086
C*logr 3 1410 1793 597 9.18 0.000
C*logw*logr 3 2648 2648 882 13.56 0.000
Error 826 53791 53791 65
Total 111 111454

The coefficients of the significant main effects are:

Constant -1.2239
C1 1.4523 Competitor strategy “cost-plus”
C2 -3.8061 Competitor strategy “share-oriented”
C3 0.6996 Competitor strategy “margin-oriented”
C4 1.65 Competitor strategy “tit-for-tat”
logw -1.5765 Word-of-mouth (WOM) effect (speed of growth)
logr 1.7407 Replacement fraction (severity of bust)
logr*logw         1.3306           Interaction of WOM and Replacement Fraction

Competitor strategy 2 generates by far the worse performance relative to benchmark
(coefficient of C2 is -3.8) and is what we expect given the strategy of competitor 2. In
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fact, Bonferroni post-hoc tests show that only C2 is significantly different from the other
competitor scenarios C1, C3, and C4.

We also tested for a “sequence effect” to see if the particular order in which the
scenarios are being completed contributes significantly to performance. The trial
sequence is, in fact, significant but post-hoc tests reveal that only sequence four is
significantly worse than the others. This sequence included market scenario two and
competitor scenario two which in combination are particularly difficult for the subjects.
Sequence is therefore not included in subsequent statistical models.
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Analysis of Subjects’ Decision Rules
The general linear model and ANOVA show that the greater the dynamic complexity of
the market and of the competitor strategy, the worse the subjects do relative to
potential.  Next we explore the nature of the decision rules subjects used to see if we can
identify the sources of their poor performance and gain insight into the mental models
they bring to the task.  Behavioral decision rules are estimated for target capacity and
price. These rules are generated from analysis of subjects’ logs and written reports of
their strategies. The rules we tested represent just two of many possible rules. But they
do reveal how the weights on the cues that subjects use to make their decisions vary
over trials and treatments (i.e., market scenario M and competitor scenario C).

A more complete description of the form of these decision rules is given in Paich and
Sterman 1993, pp. 1450-1451. The postulated rules generalize the benchmark decision
rules.  We postulate that subjects select the share of the market they seek to capture,
estimate future market demand from prior information, current demand, and recent
demand growth, and invest to balance capacity with demand. Specifically:

C*
t = S* [D0

(1-α0)Dt-1
α0)](1 + gt-1)

α1 (Bt/Ct)
α2,

gt-1 = (Dt-1 - Dt-2) / Dt-2

(3)
where S* is target market share (assumed constant), D0 is the prior expectation of
average industry demand, D is actual demand, gt is the expected fractional growth rate
of demand, B is the backlog (desired production), and C is current capacity.

The proposed decision rule for price P assumes subjects use markup pricing:

Pt = (UPCt) (M*
t),

M*
t = M0 (UPCt / UPC0)

β1 (Bt/Ct)
β2 (CPt-1 / Pt-1)

β3

(4)
where UPC = unit product cost (fixed plus variable) and M* = gross margin. Gross
margin depends on the subject’s response to the demand/supply balance and the policy
for passing cost reductions on to the consumer. As the firm moves down the learning
curve, the subject must decide how much of the cost reduction to pass on to consumers.
All cost reductions are passed into price when β1 = 0, while -1 <= β1 <= 0 indicates price
falls less than costs. Positive values of β1 indicate price falls faster than costs, perhaps
indicating an attempt to build market share and move more rapidly down the learning
curve than the competitor. We further expect that the gross margin will increase when
backlog is high relative to capacity (β2 > 0).

Re-arranging equations 3 and 4 and taking logs gives the following equations for
estimation by regression:

log(Ct*) = a0 +a1log(Dt-1) + a2log(1+gt-1) + a3log(Bt/Ct) + ε1

(5)
log(Pt) = b0 +b1log(UPCt) + b2log(Bt/Ct) + b3log(CPt-1)+ ε2

(6)
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Each rule was estimated separately for all the 22 Executive subjects, and for a similarly
sized random sample of 24 MBA subjects. The mean and variance of the performance
relative to benchmark for the random sample of MBA subjects (mean=-2.49, s.d=12.2)
are within 95% confidence limits of the population mean and variance (mean=-1.55,
s.d.=10.23), and hence the sample is considered to be representative. The error terms are
serially correlated, so the Cochrane-Orcutt procedure for first-order autocorrelation was
used. Table 6 shows the regression coefficients mean and standard deviations.

Table 6  Mean and Standard Deviations of Estimated Parameters for Subjects’
Capacity and Pricing Rules (Equations 5 and 6)

MBA
Subjects

(N=91) Exec
subjects

(N=54)

Capacity
Rule:

Mean Std Dev % Sig Mean Std. Dev %Sig

a0 8.399 5.107 73% 8.975 7.480 72%
a1 0.374 0.348 62% 0.329 0.490 57%
a2 0.316 0.949 39% 0.195 0.683 22%
a3 0.214 0.436 53% 0.064 0.401 22%
ρ1 0.570 0.330 71% 0.634 0.255 91%
R2 0.821 0.192 0.828 0.156

Pricing
Rule:
b0 1.343 9.375 43% -0.335 10.419 48%
b1 1.038 4.260 52% 1.191 2.940 63%
b2 -0.106 0.391 51% -0.098 0.112 67%
b3 0.0684 0.470 51% 0.137 0.361 39%
ρ2 0.0631 0.392 78% 0.309 0.270 87%
R2 0.876 0.131 0.902 0.131
ρ1 and ρ2 are the first-order autoregressive coefficients.

“%Sig” column indicates the percentage of trials in which the parameter was significantly different from
zero.

The estimated parameters for the MBAs and executives are very similar.  The greatest
difference is in the mean estimate for a3, (0.214 for MBAs vs. 0.064 for the executives),
indicating the executives paid less attention to the supply/demand balance than MBAs
(only 22% of the estimated values for the executive group were significantly different
from zero, compared to more than half for the MBAs).  However, the difference in the
mean estimate of a3 between the two groups is not statistically significant.

The coefficient b3 in the pricing rule is very small (0.0684 for MBAs and 0.137 for
executives) with less than half significantly different from zero (47% MBAs, 39%
Executives). Surprisingly, subjects appear to pay little attention to the competitor price
when formulating their own pricing decision. This seems unlikely, apart from the case
of Competitor 1 (cost-plus pricing). Eliminating Competitor 1 from the analysis, the
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parameter b3 mean (s.d) is 0.247 (0.293) for MBAs, and 0.257 (0.198) for Executives.
These values are much higher than those estimated with Competitor 1 included, and
show that more attention is paid to the Competitor price when it varies.

Next, we investigate how subject decision weights change with experience and across
market environments by estimating linear models for each estimated parameter in turn
(a0, a1, a2, a3, b0, b1, b2, b3) with subject (Sub), trial (T), word-of-mouth effect (logw),
replacement fraction (logr) and competitor scenario (C) treatments as explanatory
variables (equation 7). EXEC is a dummy variable to distinguish between MBA and
Executive subjects.

Estimated parameter = constant + Sub + EXEC + C + T + logw + logr + ε
(7)

Most of the estimated parameters do not change significantly with experience (trial), or
as the market environment (word of mouth, replacement fraction and competitor
strategies) change. The estimation of parameter b3 (governing the response to
competitor price in the pricing rule) does depend significantly on the competitor
strategy C, with an overall R2 of 47%. The competitor scenario effect has coefficients
(significantly different from zero) for C1=0.48, C2=0.10, C3=0.18 and C4=0.26.  The
weight that subjects place on competitor price does vary significantly with the
particular competitor scenario, but the adjustments are small. There is no clear pattern
to the coefficients, and in estimating six terms in eight models we would expect at least
one effect to be significant at the 5% level just as a matter of chance.  Overall, the results
show that subjects’ decision rules are not sensitive to the dynamic complexity of the
market or the competitor strategy.  More important, there is no evidence of learning
from experience:  subjects do not modify their strategies over time.

Discussion
Th e resul ts sh ow, f irst, th at  pe rf orman ce re lat ive t o pot en tial is poor on  aver age .  Se cond,
pe rf orman ce re lat ive t o pot en tial is si gni fi can tl y wor se in  dy namical ly compl ex 
en vi ron me nts.  Th ir d, th e decisi on  ru le s of the  subjects ar e n ot  re sp onsive t o the  mark et 
en vi ron me nt or  comp eti tor str ate gy .  Fourt h, in  g ene ral, su bje ct s are  not suf fi cie nt ly
re sp onsive t o the  demand su pp ly balan ce , e it her  i n adjust in g t he ir capacit y or in adjusti ng
pr ices.  Fin al ly, t her e is li ttl e evi de nce  t hat  subjects le arn ed fr om ex pe rie nce, an d n o
evidence that the y learn ed fr om th eir  e xpe ri ence how t o do bet te r i n dyn amicall y comple x
en vi ron me nts.  Th ese are  sobe rin g resul ts, b ut consi st ent  with  p rior wor k (Paich and
St er man  1993, Ste rman 1994) .

Th e pri ci ng be havior of the  subjects warrant s spe cial con si der at ion .  Re call fr om th e
an al ysi s of th e b en chmar k decisi on  ru le  th at  th e opt imal value  of b 2, th e coe ffi ci ent  t hat 
re lates t he de man d/sup pl y b al ance to pr ice , is 2.5, wh ich  i mpl ie s t hat a 1% i ncrease  in  t he
de mand/su ppl y bal an ce cause s a 2.5% i ncrease  in  p rice. Th e ave rage estimat ed value  of b 2
for bot h the  MBAs and th e e xe cut ives was -0.1; over  75% of th e e st imate d coe ffi ci ent s wer e
ne gative. A ne gat ive val ue for b 2 i mp lie s that the  subjects re du ced p ri ce in  re sp onse to
lowe r p roduct avail abi li ty, e xactl y t he  op posit e of th e opt imal response . Those  esti mat es of 
b3 th at  we re  posi tive wer e gen er all y much small er th an th e opt imal val ue .
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Ap paren tl y, th e sub jects in  t he ex per iment , focused on  main tai ni ng marke t share , r eason 
th at  th ey  mu st  of fset th e r educt ion i n produ ct at tract ive ne ss cause d by long de liver y t imes
by  l owe ri ng pr ice s.  H oweve r, lowe r p ri ces, by in cre asing  p roduct att racti ven ess, actuall y
worsens t he de liver y sit uat ion. Th e r esult  i s a p osi ti ve fe edb ack, a vicious cy cle  of
de te rioratin g customer  service, lower  p rices, and st il l wor se se rvi ce .  Fu rth er mor e, si nce i n
th e real wor ld cu st ome rs have  he te rog en eou s taste s, th e e ff ect  of l ower pr ice s and l ong 
de li ver y times is t o systemat icall y dri ve away th ose  cust omers who ar e del ive ry  se nsiti ve 
an d pri ce  in se nsi ti ve wh ile  attr actin g those  cu st ome rs wh o, for reasons of  li mi ted f unds,
ar e wil li ng to wait  long er to save  a fe w dol lar s. Consequ en tly , a f ir m t hat cut s p ri ce to
main tai n att racti ve ness as se rvi ce  de te riorates will  f ind i ts cu stome r mix  ch an gin g to favor 
pr ice sen sit ive b ar gai n hun te rs. That  i s, th e f ir m systemat icall y i ncrease s t he  el asticit y of its
de mand cu rve , incre asi ng  it s vul ne rab il ity  t o p ri ce compe ti tion at th e same t ime t he y
in vi te a pri ce  war.

Th e decision  t o l ower pr ice  when  p roduct availabi lit y is poor has b ee n observed in  many 
re al  si tu ati on s. For e xampl e, Ap pl e Comput er  su ff ere d sever e shortage s of inn ovati ve  ne w
pr oduct s (Wall  St re et Journ al  Au gu st 11, 1995). The backl og  of  u nfi ll ed or der s gre w
su bstan ti all y and mark et  sh ar e declin ed. H oweve r, Ap pl e r educe d pri ce  by  as much as
40% on some of  th e ite ms th at  we re  in  shor t sup pl y. In  addi tion, IBM has made  simi lar
de ci sions in  t he PC mark et.

As anot he r e xampl e, Pe op le Ex pre ss Ai rl ine s fel l victi m t o just thi s dyn amic. Init ially ,
Pe op le Ex pre ss of fe red l ow fares and good se rvi ce . But  it s ver y low f are s led t o r ap id
gr owth, causin g staff sh ort ag es, r api d hir in g, a decli ne in  empl oye e exp er ien ce , and ot he r
op er ati on al pr obl ems r esult in g i n a sharp de cli ne  in  cust omer se rvi ce . Con seq ue ntl y, th e
cu st ome r mix  shif te d f rom b ot h b usine ss an d discr eti on ary  ( stu de nt, vacati one r) 
passeng er s i n the  e arl y day s to a customer  b ase  almost  ex cl usi ve ly made up  of  p rice- 
se nsiti ve  di scret ionar y trave ler s. Wh en  comp eti tors th en cu t p ri ces t o mat ch Pe opl e’s f ar es,
Pe op le lost th e onl y r emain in g dimension of produ ct at tract ive ne ss in  wh ich i t had an
advantage  an d was soon  f orced to t he br ink  of b an kru pt cy an d a f orced sale  to F ran k
Lore nzo’s Te xas Int ern at ion al  (Ste rman 1988, Gr ah am et  al  1992).

Th e MOF  h ypoth esi s can  accoun t f or  th e sig ni fican t dif fer en ce be twe en  su bject s'  re sp onses
to supp ly /de mand imbal an ces and th e opt imal response . The  MOF holds t hat  i n
de te rmi ni ng th eir  choi ce s decisi on  make rs ig nor e imp or tan t fee db ack  l oop s. In  t he model ,
an  i mport ant  f eedback loop li nks p roduct availabi lit y, mark et sh are , and orde rs. As shown 
in  F igu re  4, an i ncrease  in  n ew or der s incre ase s the  orde r backl og an d r educe s produ ct
avai lab il ity . Lower  avai lab il ity  r edu ce s mar ket  shar e and orde rs. Thi s cau sal  chai n cre at es
a goal se eki ng  fe edback loop that bal an ces supp ly  an d deman d.
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Fi gure 4  Feedback Str uctur e of Si mul at ed Mo del 
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Th e cau sal l in k b et wee n order s and pr oduct  avai labil it y mak es it  op ti mal  t o r ai se pr ice 
wh en  avai lab il ity  f all s. Assu me th at or der s une xp ect edly in cre ase. Be cau se  capacit y
acqu isi ti on takes t ime , addit ion al  or de rs re duce produ ct avail ab ili ty  an d mar ke t share. By
it se lf, r aisin g p ri ce would f urt he r r educe  mark et  sh ar e and or de rs. H owe ve r, th e r educt ion
in  orde rs caused by  th e hig he r p ri ce improve s availabi lit y and p ush es sh ar e b ack u p. Th e
hi gh er pr ice  r edu ce s orders t o some deg ree , but  n ot en oug h to of fse t the  r eve nu e g ai n
fr om a hi ghe r pri ce  pe r uni t. Consequ en tly , rai si ng pr ice  i n r espon se  to l owe r avail abi li ty
si gn ifi cantl y incre ase s profi t.

Th e MOF  h olds that decision  make rs coul d f in d i t dif fi cul t to de ter mi ne th e p ol icy 
impl icati ons of t he  fe edback str uctur e descr ibe d in Fi gur e 4. In  th is si tu ati on , t he  de ci sion
make r mig ht use a simp le r men tal  mode l of th e sit uat ion t hat i gn ore s the  g oal  seek in g
loop . An examp le of  a si mpl if ied ment al  mode l i s shown  in  F igu re  5. In t he  si mp lif ie d
me nt al model , produ ct avail ab ili ty  is n ot conne ct ed to th e order  back log  and does not
de pe nd on  past  pr icing  deci si ons.

Fi gure 5 Sim pl ifi ed Feedback Loo p Str uctur e of Si mul at ed Mo del 
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Th e simpl ifi ed me nt al model  shown in Fi gur e 5 h as ve ry  di ff ere nt  poli cy impli cations th an 
th e men tal model sh own  i n F ig ure  4. Assume  t hat  mark et  sh ar e i s det er min ed by  t he same
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eq uation as in  th e ful l simul ati on  an d that the  deci si on maker  maxi mi zes p rof it  for a sin gle 
pe ri od. F or th e model in  Fi gu re 5, it  can be  sh own t hat t he  op ti mal  r esp on se to lowe r
pr oduct  avai labil it y i s alway s t o lower  pr ice.

In  othe r wor ds, a deci si on maker  who used th e simpli fi ed me ntal model  woul d decide  t o
lowe r p ri ce in  re sp onse to lower  avai labil it y. In  addi tion, for the  specif ic paramet ers i n t he 
si mu lat ion model, t he op timal  valu e of the  p arame ter  b 2 i s about  -0.12 wh ich i s ver y close 
to t he average  esti mat ed valu e f or  th e sub je cts. The  stat ed rati onale  for reducing  p rice in
re sp onse to poore r avail abi li ty could b e someth in g l ik e t he  foll owi ng . Lower avail ab ili ty 
has reduced marke t share  an d, in  orde r to compe nsate , pri ce  sh ou ld be  re du ced. The 
lowe r p ri ce wi ll in duce customer s to wait un til  t he pr odu ct  is avai lable , incre ase  orde rs,
an d imp rove pr ofi tabil it y. A pri ce  in cr ease wou ld "p un ish  t he cu stome r" an d u lt imate ly
re du ce pr ofi tabil it y.

On e exp lanat ion f or  th e sub je cts' pri ci ng be havior i s that the y fou nd an  e xce ll ent  solu ti on
to t he wr ong  p rob le m. Th e sub jects' p ri cin g str at egy  work s wel l in th e simpli fi ed
en vi ron me nt de scr ib ed in  Fi gu re 5. Th e same str at egy  p erf or ms poorl y in th e act ual 
en vi ron me nt de scr ib ed in  Fi gu re 4. A me ntal model  th at  ig nores t he fe edb ack con necti on
be tween  p rice and f utu re  avai lab il ity  g ene rates deci si ons t hat  are th e opp osi te  of  t he
corr ect  deci si ons.

In  e sse nce, if  th e syste m wer e i n equ il ibr iu m ( if  capacit y adjusted r api dl y t o deman d),
de li ver y del ay  woul d b e indep enden t of pri ce , and a dr op in  mark et sh are  coul d be of fse t
by  l owe r pri ce s.  But in  th e simul ati on  as i n t he  re al  worl d, capacit y adjust me nt takes t ime ,
th e fir m is of ten  i n disequ il ibr iu m, an d p ri ce is st rongl y cou pl es to de li ver y del ay .  Th e
su bject s app ear t o assume i mp licit ly th at th e mar ket  and fi rm ar e i n equ il ibr iu m, de spi te 
th e fact that evi de nce  t o t he  cont rar y was avai lable  t o t he m at all  t ime s dur in g t he 
ex pe rimen t.  We con jectu re th at th e e mp hasis on  e qui li bri um an d comparat ive statics in
econ omi c the or y and cour se work may con tri bu te to th is er ror.

Ou r stu dy  di d not  coll ect con cur re nt ve rbal protocol s or ot her  r eal -t ime  metr ics of peopl e’s
re asoni ng , so we cannot prove  th at  th ey  used a si mpl if ied ment al  mode l l ik e t he  on e
de scrib ed in  F igu re  5. We can  say that a h yp oth et ical decision  make r who u sed t he
si mp lif ie d men tal  mode l and atte mp ted t o max imi ze  pr of it would h ave  g ene rated p rice
de ci sions th at  we re  consist en t wit h t he  su bject s'  actu al pr ice  deci si ons. However, t he
su bject s'  actu al de cisions could h ave  r esu lt ed fr om some ot her  ment al  mode l.  F oll ow up 
st udy wou ld be  re qu ire d to an swe r the  q uesti on de fin it ive ly .

It  i s p ossib le  th at  fact ors n ot in clu de d i n the  mode l cou ld make  it  opti mal f or  re al -worl d
fi rms ( compu te r man ufact ure rs, f or  ex ample ) to re duce pri ce  in  t he face of  pr oduct 
sh or tag es.  Pr ice  cuts coul d be ne cessary to main tai n the  l oyalt y of the  deal er  ne twork  or t o
pr omote  an i mage of  pr ice compet it ive ne ss or  fair ness. Many  re al  mark ets i nvolve mor e
comp eti tors th an ou r e xp eri me nt, so t he  scop e f or  coll usi ve  be havior is le ss.  It is not
ob vi ous t o what e xt ent  t hese factors would chan ge  th e opt imal re sponse t o
su pp ly/de man d imb al ance. Gi ve n t he  importance of pri ci ng for b ot h short-te rm an d
long -te rm pr of itabi lit y, th is is an i mp ort an t t op ic for f ut ure  r ese ar ch.
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