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ABSTRACT 

This dissertation attempts to advance our understanding of price dynamics by 

investigating how prices adjust following a change in demand. Previous work has the 

common feature of an equilibrium that supports collusion among firms. A new 

explanation based upon the private incentives of unilateral market power is offered for 

sluggish or countercyclical price adjustment. 

After discussing the theoretical and empirical literature on the cyclical nature of 

prices and price-cost margins in chapter one, the next three chapters develop and test the 

market power model. The second chapter examines the short-run version of the model. 

The market power of firms changes with the business cycle, and this affects the cyclical 

pricing behavior of firms. Following a decrease in demand in the short-run, capacity-

constrained firms all choosing a market clearing price as a best response may have a 

strong incentive not to lower their prices to the new competitive price. Experimental 

markets with complete information convincingly support the conjecture that unilateral 

market power is a source of countercyclical markups. 

This short-run market power model of cyclical pricing is then extended in chapter 

three to a long-run framework. Di the long-run version of the market power model, 

duopolists simultaneously choose capacity with an uncertain demand in the first stage. 

Once capacity is chosen, the demand is revealed to the firms and they compete in prices. 

The fourth chapter tests the unique implications of the market power model with a 

time series field study. The market power model predicts that real price changes are 



10 

drawn from a distribution with a high variance when output concurrendy is in a 

contractionary state, but from a low variance when output is in an expansionary state. The 

evidence is consistent with the unique prediction of the market power model. 

Chapter five explores other explanations for sluggish price adjustment which have 

received considerable theoretical attention in macroeconomics, but which have been 

subjected to limited direct testing. This chapter uses experimental economies to test how 

menu costs and their interactions with potentially rigid factor costs affect product price 

adjustment-
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I. Introduction and Survey of the Literature in Industrial Organization 

l.I Introduction 

The dynamics of price adjustment are central to economics, yet we know 

surprisingly little about them. The fictional Wakasian auctioneer provides the construct 

of price adjustment that underlies the bulk of microeconomic theory even though it does 

not provide an empirically-supported explanation of price adjustment. In industrial 

organization, many studies have attempted to measure the cyclical movements of price-

cost margins. However, the theoretical models are few, and the statistical evidence is far 

from conclusive. The issue of price adjustment or flexibility is also far from settled in 

macroeconomics. Various schools of macroeconomic thought either assume that prices 

are flexible or develop theoretical models with sluggish price adjustment which lack any 

direct empirical tests. Still, key macroeconomic issues such as the efficacy of monetary 

policy rest on the issue of price flexibility. 

This dissertation attempts to advance our understanding of price dynamics by 

focusing on how prices adjust following a change in demand. Chapters two through four 

investigate a new explanation for sluggish or countercyclical price adjustment- unilateral 

market power. Holt (1989) defines unilateral market power as a single seller's profitable 

unilateral deviation from the competitive price. The market power theory is examined in 

both short-run and long-run contexts and is tested with experimental markets and a time 

series field smdy. Chapter five explores other explanations for sluggish price adjustment 

which have received considerable theoretical attention in macroeconomics, but which 
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have been subjected to limited direct testing. This chapter uses experimental economies 

to test how menu costs and their interactions with potentially rigid factor costs affect 

product price adjustment. 

1.2 Chapter Overviews 

The short-run version of the model of market power model is proposed and tested 

in chapter two. Using the results of Levitan and Shubik (1972), it is first shown that the 

market power of firms changes with the business cycle, and this will affect the cyclical 

pricing behavior of firms. Following a decrease in demand in the short-run, capacity-

constrained firms all choosing a market clearing price as a best response may have a 

strong incentive not to lower their prices to the new competitive price. The pricing 

equilibrium switches fi-om a pure strategy at the competitive price to a mixed strategy, 

resulting in sluggish price adjustment and reduced output. Each firm has the unilateral 

incentive to charge a price higher than the competitive price even when every other firm 

is posting the competitive price. Previous theoretical work on the cyclical nature of 

pricing (Green and Porter (1984) and Rotemberg and Saloner (1986)) has the common 

feature of an equilibrium that supports collusion among firms. Markets in the late 

twentieth century are always changing, making it exceedingly difficult for markets to 

support collusion. The market power explanation provides a broader explanation of 

countercyclical pricing since it does not rest on any form of collusion, implicit or explicit. 

Apart from the data on the Joint Executive Committee railroad cartel in the 1880's used 

to test the Green and Porter model, field data is limited to that available at the two- or 
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four-digit SIC level of aggregation and can only indirectly lend support to theories of pro-

or countercyclical price adjustment. Therefore, a set of experiments is designed to 

directly test this theory of unilateral market power as a catalyst for countercyclical 

pricing. The level of information in the market (private versus complete market 

information on demand and market structure) is varied as a treatment. Markets with 

complete information convincingly support the conjecture that unilateral market power is 

a source of countercyclical pricing. With only private information, it is striking to note 

that there is a hysteresis effect concerning market power, i.e., markets with a history of 

market power continue to exhibit market power following demand shocks. However, 

competitive markets also remain competitive following demand shocks when firms only 

have private information on costs and capacities. 

In chapter three, this short-run market power model of cyclical pricing is then 

extended to the long-run framework of Kreps and Scheinkman (1983). In the long-run 

version of the market power model, duopolists simultaneously choose capacity with an 

uncertain demand in the Hrst stage. Once capacity is chosen, the demand is revealed to 

the Hrms and they compete in prices. It is shown that for the high state of demand the 

competitive price is a pure-strategy Nash equilibrium, and Hrms are producing at 

capacity. However, in the low demand state, foms have unilateral market power, and the 

pricing equilibrium is in mixed strategies resulting in excess capacity. One principal 

finding of interest is that the profit functions are not differentiable for identical capacity 

choices, which in this model precludes the existence of a symmetric equilibrium. Only 

asymmetric equilibria exist because a large firm's profit is solely determined by the small 
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firm's capacity, but a small Hrm's profit is decreasing in its own capacity, bi sum, this 

theory predicts that in equilibrium following a capacity decision firms choose the 

competitive price in high demand states, but price above the competitive price with a low 

demand. 

The unique implications of the model are tested in chapter four, which uses a 

special case of the time series switching regime filter put forth by Hamilton (1989). 

Hamilton's switching regime model decomposes the trends of nonstationary series into 

two regimes. The market power model predicts that real price changes are drawn from a 

distribution with a high variance when output concurrently is in a contractionary state, but 

from a low variance when output is in an expansionary state. The switching regime model 

indicates that fifteen of the seventeen industries investigated at the two- and three-digit 

SIC level have production flucmations corresponding to traditionally dated business 

cycles. Moreover, the price variance for fourteen of these industries is significantly 

higher by an average factor of twelve in the recessionary state. The high variance of the 

real price draw in a recessionary regime is consistent with the unique prediction of the 

market power model. 

Assuming monopoly market power in product markets, chapter five tests two 

hypotheses about price flexibility. The first hypothesis links factor market decisions to 

product price adjustment. When factor prices are flexible, this promotes product price 

adjustment. However, if the incentives of a factor market are such that firms are not 

paying competitive factor prices, then factor prices may be acyclical, diminishing the 

stimulus for product price adjustment. Thus, product prices adjust less when factor prices 
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are less flexible. Wages may be inflexible if firms must pay supracompetitive wages to 

reduce shirldng among employees (see Shapiro and Stiglitz (1984) for a model of 

unenforceable effort). Since the incentive to shirk may not change with changing product 

demands, firms must continue to pay the same supracompetitive wages; this reduces the 

incentive to adjust product prices. In this chapter a three-stage decision game for an 

input/output model is developed which ties firms' input market decisions to product 

pricing decisions. An experiment is then designed to test how factor price flexibility 

affects product price adjustment following product demand shocks. The menu cost 

hypothesis [Mankiw (1985)] is also incorporated into these tests to explore the possibility 

of an interaction effect with the cost adjustment effect. Menu costs are fixed costs of 

changing prices such as printing new restaurant menus or changing product labels. With a 

high probability of inspection, wages are acyclical and product price adjustment is 

obstructed resulting in a permanent reduction in output sold. Moreover, output falls even 

further if firms incur menu costs. Contrary to the predictions of the shirking model, 

wages are procyclical with a low probability of inspection. In this treatment and in the 

control treatment in which effort is perfecdy enforceable, product prices adjust quickly 

despite menu costs and the output sold nearly approaches its pre-demand shock levels. 

1.3 Survey of the Literature in Industrial Organization 

The traditional view in industrial organization is that competitive behavior is more 

likely to be observed in recessions than in periods of high demand. Rotemberg and 

Saloner (1986) question this view with a supergame-theoretic model of countercyclical 
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pricing. This dissertation presents and tests a simple theory of countercyclical pricing 

which is similar to Rotemberg and Saloner but which has a broader interpretation for how 

demand changes alter the private pricing incentives of firms. The source of 

countercyclical pricing is unilateral market power, not collusion. Following a decrease in 

demand in the short-run, capacity-constrained price setting firms may have a strong 

incentive not to lower their prices to the competitive price and retum output to its pre-

shock levels. To my knowledge, there is no theoretical discussion on how a change in 

demand in a market that is initially competitive affects the noncooperative market power 

of firms. As the demand changes, a firm's relative and absolute market power may 

change. 

Green and Porter (1984) develop a model consistent with the traditional view of 

cyclical pricing. With imperfect information on demand, they show that firms price 

competitively in recessionary periods as means to enforce a collusive arrangement in high 

states of demand. Assuming that the level of demand is known prior to the pricing 

decision each period, Rotemberg and Saloner show that implicitly colluding firms price 

more competitively in booms and achieve more monopoly profits in periods of low 

demand. This behavior is consistent with the sluggish price adjustment found at the very 

general macroeconomic level [Rotemberg (1982)]. As Ellison (1994) points out, there 

are several differences in these theories. Apart from the different choice variables (price 

in Rotemberg and Saloner and quantity in Green and Porter), these two papers make 

significantly different assumptions on the observability of demand. Nonetheless, they 

have the common feature of a noncooperative equilibrium that supports collusion among 
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firms. The choice data set used to test the Green and Porter theory of price competition 

with demand fluctuations is the Joint Executive Conunittee railroad cartel in the 1880's. 

Since this is prior to the passage of the Sherman Act of 1890, several studies have taken 

excellent opportunity to test this theory of collusion [Porter (1983), Lee and Porter 

(1984), and Ellison (1994)]. However, translating these theories to the late 20''' century is 

tenuous at best. Firms certainly do not have perfect information on demand with the ever 

changing nature of many markets. Furthermore, empirical tests of post World War II data 

are limited to the SIC level, and it is a quite a leap to assume that ail the Hrms at this level 

of aggregation (even at the four digit SIC level) are successful in supporting collusion. 

Domowitz, Hubbard, and Petersen (1987) examine the empirical evidence on 

cyclical responses of prices and price-cost margins. With a panel data set of industries at 

the four-digit SIC level spanning 1958-1981, they find that more concentrated industries 

have more procyclical margins. As they note, these estimates may be biased upward 

(downward) if marginal cost is greater (less) than average variable cost. Consistent with 

the Rotemberg and Saloner predictions, Domowitz et al. further find that industries with 

high price-cost margins have more countercyclical price movements. It is, however, not 

clear that changes in capacity utilization at an annual level are capturing only business 

cycle movements, for the quantity demanded falls as prices rise. Bresnahan (1989) also 

points out the limitations of cross-industry comparisons of competition when assessing 

the cyclical variations of margins and prices. 

To avoid the problems of using accounting data for estimating the price-cost 

margin, Domowitz (1992) takes an approach which examines total factor productivity. 
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He adjusts the Soiow residual to allow firms to markup the price above marginal cost and 

then permits the markup to vary with the level of aggregate demand as measured by 

capacity utilization in manufacturing. Domowitz's point estimates indicate that there is a 

negative correlation between the markup and aggregate demand movements; however, 

the standard errors are large enough so that the null hypothesis of acyclicality can not be 

rejected. 

The results from Bresnahan and Suslow's (1989) study, however, appear to 

question the theory of countercyclical pricing for the aluminum industry. They develop 

an econometric model of short-run supply, capacity constraints, and long-lived capital. 

Employing a switching regression model, they find stark evidence of two regimes in their 

reduced form quantity-produced and quantity-shipped equations. The implication is that 

in the high demand regime, prices are determined by the vertical portion of a supply curve 

when production is constrained at capacity. But in the second regime when output is 

unconstrained, output falls well short of capacity, and prices are determined by linear 

average variable costs. Bresnahan and Suslow's model is a special case of the long-run 

market power model presented in chapter three. If the demand swings are large enough, 

then the market power model can predict Bertrand pricing at marginal cost in the low 

demand state. 
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2. An Experimental Test of the Short-Run Version of the Market Power Model 

2.1 Introduction 

This chapter uses experimental posted offer markets to directly test whether prices 

are countercyclical when unilateral market power is introduced during periods of low 

demand. The model is a simple short-run version of the market power model in which 

capacity is fixed. The chapter proceeds as follows. Section 2.2 presents an initial partial 

equilibrium design with simple parameters and demonstrates the potential for "sticky" 

prices in an initially competitive market. The model will assume a symmetric 

equilibrium and is based upon the work of Levitan and Shubik (1972). In light of the 

results in chapter three which show that a symmetric equilibrium does not exist in the two 

stage game, the model should be interpreted more as an illustrative example than as a 

general model. An experimental design to test the model is presented in Section 2.3, and 

the results are discussed in Sections 2.4. Section 2.5 offers some concluding remarks. 

2.2. A Simple Short-Run Model 

Let us assume that two firms sell a homogeneous good within the posted offer 

(PO) instimtion and produce to order. The market demand is given by 

( 2 . 1 )  Q ^ ^ a - P  

where is the quantity demanded at price P and a is a demand parameter. Assume 

further that both firms have a zero identical marginal cost of production,' Firms also 
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have large investment costs ensuring small identical capacity constraints, —. Assume that 

k < a  so that the industry cannot supply the entire market at the marginal cost of 

production. &i the short-run, firms do not have the opportunity to expand their capacity. 

The issue of how the customers are rationed is particularly important for this 

model. We will consider one rationing rule for the above assumptions; later we will 

briefly discuss the role of the rationing rule. We will assimie that buyers are rationed 

according to the efficient-rationing rule: viz., customers are rationed according to their 

willingness to pay (as in Tirole, ch. 5). The common alternative to the efficient-rationing 

rule is the randomized-rationing rule: viz., all customers have the same probability of 

being rationed.^ 

For this market, the competitive price is a - k  with each firm supplying their 

k k 
capacity, —, at this price and earn i n g  - ( a-k) in profits. All market surplus is 

2 2 

efficiently allocated among the market participants- a quintessential feature of a 

competitive market. For the competitive price to be a Nash equilibrium in prices, the 

profits from setting a higher price according any firm's individual residual demand must 

be less than or equal to the profits at the competitive price. The residual inverse demand 

above the competitive price for a single firm under the efficient-rationing rule is shown in 

Figure 2.1. It is assumed that the competitor sets her prices equal to the competitive price 

leaving firm i with the residual market demand. The residual inverse demand is 
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(2.2) ':=o-|-9, 

2a 
If A: <—, then the competitive price is a pure strategy Nash equilibrium. As Levitan and 

Shubik (1972) discuss, no firm will deviate and charge a price higher than a - k. 

Furthermore, both firms are producing at capacity. However, if the industry's capacity is 

2a 
greater than —, then the competitive price is not always a pure-strategy equilibrium. 

S 

^ Residual Demand 

N N. 

\ \ 
S \ 

N \ 

k / 2  k  Q  

Figure 2.1: Residual Demand under the EfHcient-Rationing Rule 

Let us assume that k = —and that there is a demand shock. For illustrative 
3 

purposes, suppose that the demand intercept for this product falls from a  to a = ~ a .  
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With this new demand, the competitive price, f a - A: = fa - fa = fa, is no longer a pure 

strategy Nash equilibrium. Prices are not predicted to completely adjust to the shock. 

Since no pure-strategy equilibrium exists, the equilibrium is in mixed strategies. 

Assuming efficient rationing, Levitan and Shubik (1972) solve for the mixed strategy 

equilibrium in closed form. While not very informative for my purposes, the cumulative 

a { p — ^ a )  
mixing distribution for both firms is y .(p) = —. Of more interest is the 

3p(p-^a) 

support of the mixing distribution, which is [f^a, ̂ a]. Note that even the smallest price 

in the support is greater than the competitive price for the low demand. Thus, production 

in the industry will be below capaci^ with the low demand. Prices do adjust downward 

somewhat, but they are sluggish in the macroeconomic sense because the prices in the 

market are already above the new competitive price and there is no pure strategy Nash 

equilibrium competitive price to which the market price can converge. Moreover, 

production is always below capacity even though there is a price which would clear the 

market and return production to its pre-shock levels. Unilateral market power is 

hindering a product market adjustment to a demand shock. This definition of market 

power is from Holt (1989). Holt (1989) turns to the 1984 Department of Justice (DOJ) 

horizontal merger guidelines to define market power for a single seller as a profitable 

unilateral deviation from the competitive equilibrium price. 

In general, if the industry capacity, k, is less than then the demand shock 

must be large enough so that new maximum market capacity for a competive outcome is 
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less than the actual industry capacity. Market power is more likely to be introduced into 

a competitive market following a demand shock the larger the industry capacity. It 

^ k a 
should be noted that if the demand shock is very large so that 

competitive price of zero is again a pure-strategy Nash equilibrium. Thus, extreme 

excess capacity eliminates market power. This outcome is consistent with empirical 

framework and results in Bresnahan and Suslow (1989). 

This model predicts that prices are downward sticky due to market power induced 

by the business cycle. The predictions of this model are not symmetric concerning a 

positive demand shock with an initially competitive market. Prices will always rise when 

demand increases. This asymmetry is consistent with a stylized fact of the business 

cycle- prices are more rigid downward than upward. 

The existence and degree of market power depends, but not critically so, on how 

consumer behavior is modeled. For example, the residual demand from the randomized-

rationing rule of consumer purchases is always greater than under the efficient-rationing 

rule of purchases.^ A firm then prefers the former allocation rule because it presents a 

greater opportunity for maricet power. The model assumes the least favorable rationing 

rule for the Hrms. Each firm has no positive probability that the consumers with the 

highest valuations will still be able to purchase from them should any either one of them 

decide to deviate and charge a higher price. Since the consumers with the highest 

valuations have the greatest opportunity cost of not purchasing in the market, it is 

reasonable to assume that those consumers might arrive Hrst to purchase in the market. 
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Efficient-rationing of all the buyers, however, is no more realistic than a randomized-

rationing rule for all buyers. Beckman (1967) solves for the mixed strategy equilibrium 

in the case of randomized-rationing. If the pre-shock demand is high enough, the 

competitive price will be a pure strategy equilibrium with all firms producing at capacity 

and market power can then be introduced with a lower demand. 

2.3. Experimental Design and Procedures 

2.3.1. Design 

The experimental approach to testing this theory and the issue of cyclical pricing 

in general has the distinct advantage over field studies in that the experimenter can 

control the environment and institution. Since marginal cost information is usually 

unknown in field studies, such studies typically approximate marginal cost with 

accounting variable costs which has obvious flaws. Bresnahan (1989) explains an 

indirect approach to inference, but this assumes equilibrium behavior for the data set 

under consideration. In the laboratory, the experimenter controls the costs and values of 

the experiment and the information via an institution so that one can observe the behavior 

of the market participants as they may or may not converge to an equilibrium. The 

experimenter can impose a shock at will, provide as a reference an exact value for the 

competitive price, and control the precise movement of costs. The pricing behavior is 

then observed for economically-motivated subjects, fa stating the case for experiments so 

strongly, we do not mean to suggest that the accomplishments of field studies are small. 

Field studies are an equally important component of understanding price adjustment. 
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Laboratory experiments are just another tool which can provide insight into the 

adjustment of prices in the business cycle. 

In a related paper, Davis and Holt (1994) investigate how market structure affects 

supracompetitive pricing. In a baseline treatment they allocate the capacity in the market 

among five sellers so that the competitive price is a Nash equilibrium. They introduce 

market power by reallocating the capacity in the market among the sellers so that the 

competitive price is no longer a Nash equilibrium. However, they maintain the same 

level of demand. They also evaluate how merging the capacities of some firms to affects 

supracompetitive pricing. 

Davis and Holt use an NP and PN design where N represents no power market 

(the competitive price is a Nash equilibrium), P represents power, and the order indicates 

the sequence of the designs. While the simple theory in Section 2.2 varies the level of 

demand to introduce market power, Davis and Holt vary the market strucmre to test a 

similar hypothesis. This chapter uses Davis and Holt's design as a starting point. This 

serves several purposes. First, Davis and Holt have already solved for the equilibrium 

mixing distributions for the power designs."^ Secondly, the core of the Holt definition of 

market power, profitable unilateral deviations from the competitive price, can be further 

tested by comparing demand-side induced market power with supply-side induced market 

power. Lastly, by using the exact Davis and Holt parameters for the power design, this 

chapter can evaluate the effects of one of their strongest assumptions. To test their 

theory, Davis and Holt provide complete and full information to the subjects on the 

demand and market organization. In the naturally-occurring economy, firms learn the 
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demand for their product by posting prices and observing the sales and so one of the 

treatments in these experimental posted offer markets is information, hi the full 

information treatment, the demand, costs, capacity and price decisions are public 

information. Li the private information treatment, only the posted prices are publicly 

available. All other information including costs, sales, and profits, is private. Moreover, 

the buyer's purchases reveal the demand to the sellers, directly by their sales and 

indirectly by the posted prices of their competitors. The extent of demand shocks is not 

completely known by firms immediately following the realization that demand has 

changed. Rather, the firms learn privately and from each other how a change in demand 

has specifically affected their market. 

The power and no power markets are illustrated by the demand and supply arrays 

in Figure 2.2. The power design is the same as the five seller power design in Davis and 

Holt's experiments. Sellers are identified by SI, 52, S3, S4, and S5. The large sellers 

(SI and S2) have four units of capacity, one unit at cost of 105 and three units at a 

marginal cost of 259. The small sellers each have one unit of capacity which costs 105. 

The power design gives both large sellers (SI and S2) a unilateral incentive to 

deviate from the competitive price, 309, and charge a higher price, 539. At the common 

competitive price, a large seller earns profit of 354 from selling four units. Deviating and 

choosing the price 539 means that the firm will sell only one unit for a profit of434. 

Davis and Holt (1994) provide the equilibrium mixing distributions for the large 

and small sellers. For these parameters, the culmulative distribution functions for the 

large and small firms, respectively, are 



27 

329 ^33951 

339.81<p^539 
Z p - m  

2 
Vp(4p-I3l6) 329<p^339.81 

339.81<p<539. 
¥j(P) = i3p-777 

1 

In the no power design the level of demand is simply shifted up by 100 so that a 

profitable unilateral deviation from the competitive price does not exist for either of the 

two large sellers. Davis and Holt report the lower bound for the Edgeworth cycle is 

demand. Thus, we are assured that the competitive price is a pure strategy Nash 

equilibrium in the stage game. 

While the illustrative example in Section 2.2 does not formally produce 

countercyclical pricing in the strictest sense of the word, it does predict sluggish price 

adjustment.^ This experimental design with nonincreasing demand step functions does 

generate counteryclical pricing. With the low demand the large sellers will mix over 

prices ranging from 329 to 539. In the mixed strategy equilibrium, there is a 28.89% 

chance that a large seller will choose a price greater than 409, the competitive price with 

the high demand. In the low demand mixed strategy equilibrium, the small firms will, 

however, always price below the high demand competitive price. But as in the model in 

Section 2.2, none of the firms will be pricing close to the low demand's competitive price 

=354 which is less than the competitive price, 409, with the high 

of 309. 
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Figure 2.2: Supply and Demand Arrays 

2.3.2. Procedures 

Eighteen 90 minute sessions were conducted at the University of Arizona. Each 

subject only participated in one session and many, though not all, had participated in a 
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previous economics experiment. The exchange rate for the large sellers was US$1 for 

2,500 experimental dollars and for the small sellers US$1 for 1,000 experimental dollars. 

Subjects were paid the standard $5 show-up fee plus their earnings from the experiment. 

The average earnings in addition to the show-up fee were $15. Each session consisted of 

60 market periods. 

The six full information experiments were conducted using Davis and Holt's 

identical information setting and instructions concerning the market. Subjects were given 

complete information on the other sellers' costs or capacities. Furthermore, they were 

given complete information on the demand. The subjects were also informed at the 

beginning of the experiment that the structure would remain the same for thirty periods. 

Before the beginning of period 31, the subjects were also informed exactly how the 

demand in the market had changed and that the costs and capacities of the sellers in the 

market had not. Sales, total units offered, and profit information, however, were not 

made public, but obviously they could be imputed from the posted prices. 

In the private information treatment, the subjects were given no information on 

the other sellers' costs or capacities. Furthermore, they were given no information on the 

demand. It was explained to the subjects that the computer would act as a single buyer 

purchasing 6rst from the lowest price seller and then from the second lowest price seller 

until it had purchased as much as it was willing to purchase or until the value of the unit 

to the computer was less than the price of a seller (efficient-rationing). The subjects were 

also not informed at the beginning of the experiment that the demand would change after 

thirty periods, nor that the experiment would last 60 market periods. If they asked such a 
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question, they were assured that the experiment would finish within the 90 minutes for 

which they were recruited. Before the beginning of period 31, the subjects were 

informed that the market had changed, but not how the market had changed. 

For each period, the subject had 40 seconds to submit the price at which she is 

willing to sell the fictitious product and the maximum number of units she is willing to 

sell. If the subject failed to submit new information in a period, last period's decision 

served as the default. Once the 40 seconds in a market period expired, ail the prices in 

the market were displayed to the subjects. Sales, total units offered, and profit 

information, however, were not made public. 

Six sessions had full information, and twelve only had private information. For 

half of the sessions in either information treatment, the no power market was used for the 

first 30 periods followed by the power design for the last 30 periods. To control for 

sequencing effects, the sequence of designs was reversed for the remaining experiments. 

2.4. Experimental Results 

2.4.1. Full Information Demand Induced Market Power Experiments 

The average posted prices for these six sessions are illustrated in Figures A.1 and 

A.2 in Appendix A. A summary and comparison of these experiments with Davis and 

Holt's are given in Table 2.1. Qualitatively, there is no difference between the demand 

induced market power and Davis and Holt's supply induced market power experiments. 

The outcomes in all six NP designs are nearly just as the designs would predict. Sellers 

exert market power when the demand falls which leads to reduced output (11 versus 8 
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units) and prices are greater than the competitive price. In the model presented and tested 

here, the source of countercyclical pricing is unilateral market power, not collusion as in 

Rotemberg and Saloner. foiplicit collusion at the joint proflt maximizing price should 

yield prices at the buyer's reservation value; however, prices never remained close to 539 

in any of the three full information experiments. However, in the PN experiments the 

sellers in one session continue to post supracompetitive prices for the entire no power 

regime. The phenomenon will be discussed later. 

Table 2. I 

Full Information Market Power Experiments 
(12 Sessions Total) 

Source of 
Market Power 

Supply 
(Davis and Holt) 

Design NP PN 

Outcome 
(Occurrences) 

S I S  
0 

C I S  
3 

S I C  
0 

C/C 
0 

S I S  
2 

C I S  
0 

S / C  
1 

C I C  
0 

Source of 
Market Power 

Demand 

Design NP PN 

Outcome 
(Occurrences) 

S I S  
0 

C I S  
3 

S I C  
0 

C I C  
0 

S I S  
I 

C I S  
0 

S / C  
2  

C/C 
0 

Periods 1-30 / Periods 31-60 

No Power C = Competitive Pricing 

P  = Power S  -  Supracompetitive Pricing 
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In order to assess the price dynamics before and after the demand shock, the 

results of 30 pooling regressions are analyzed. Since the subjects are informed about the 

length of a regime and post prices simultaneously, it is reasonable to assume that the 

errors are independent for any /th period of any demand regime within and across 

sessions. The data are pooled according to the /th period of a regime, and an OLS 

regression is run for each of the thirty periods. Each subject contributes two price 

observations to a period t (/=1,2,...,30) data set for a total of 60 observations (five subjects 

per session • six sessions * two regimes per session). For example, for the period 10 data 

set, observations from periods 10 and 40 are pooled across subjects and sessions. The 

theoretical competitive price for the regime is then subtracted from these prices to form 

the data sets. These differences from the competitive price are then regressed on a 

constant, an indicator variable for the ^regime, an indicator variable for the NP sessions, 

and the interaction between the N and NP dummy variables.® Using the results of these 

regressions, 95% confidence intervals are formed for the expected value of the mean 

response of these differences from the competitive price, conditional on the specific 

regime and sequence. The plots of these confidence intervals, rescaled for the particular 

sequence, are shown in Figure A.3. 

In both N  regimes, there is definite attraction to the equilibrium pure strategy 

competitive price. By period 16, the competitive price is within the 95% confidence 

interval for the NP experiments. The P regimes, however, stand out in a stark contrast to 

the N regimes. The prices drift away from the competitive price in both sequences; the 

sellers are capturing more of the available surplus. Notice also that the monopoly price, 
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the reservation price, is never in the confidence interval for any regime. Unilateral 

market power generates countercyclical pricing in the NP sessions, but the history of a 

power regime in the PN sessions appears to impede the convergence to the competitive 

price. 

Just as in Davis and Holt, more prices are observed on the upper end of the 

support than predicted by the mixing equilibrium. Clearly the average price and 

confidence intervals graphs indicate that the firms are not employing mixed strategies. In 

particular, the small firms are pricing well above 339.81 in many cases. We attribute 

these fluctuating prices not to collusion, but to some form of best response behavior 

involving autocorrelation among pricing decisions. For the question being asked in this 

chapter, it is clear that when a pure strategy equilibrium exists in a high demand state, 

prices converge to it, but when the pure strategy equilibrium disappears in a recession, 

prices fluctuate and are more countercyclical than the theoretical prediction. 

To test that there are no quantifiable differences between the demand induced 

market power and the supply induced market power experiments, homoskedastic two-

tailed Mests of the differences of the sellers' prices from the regime's competitive price 

were conducted.^ The differences from the competitive price were pooled within a period 

by design. Figure A.4 indicates that there is no difference between demand and supply 

induced market power in the PN sessions. However, it is quite clear that for periods 50-

60, the sellers experiencing a demand shock are posting prices significantly different (and 

higher) than the sellers which experienced a market structure change. A past history of 
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posting higher competitive prices leads firms to post higher supracompetitive prices even 

when the demand and supply schedules are identical in the power design. 

2.4.2. Private Information Sessions 

As discussed in the previous section, these sessions differ from the original Davis 

and Holt experiments in two ways. First, the no power markets in this chapter are based 

upon the level of demand and not on the allocation of the units among the sellers. 

Secondly, these experiments heuristically probe how the level of market information 

affects the behavior of the sellers. The next two subsections will discuss the effect of 

information on the power design and the stylized facts of Davis and Holt's and my 

experiments. The average prices and signals in the 12 private information sessions are 

given in Figures A.5 - A.6.® 

2.4.2.1. "Stylized Facts" of the No Power and Power Designs 

This subsection discusses the stylized facts of 24 experimental sessions 

sequencing power and no-power designs.^ To draw conclusions on the exercising of 

market power in posted offer markets, this chapter will classify the experiments at four 

levels- design, information, outcome, and behavior. This classiffcation is guided by die 

criteria described below and summarized in Table 2.2.'° 



Table 2.2 

Information and Market Power in Posted Offer Experiments 
[24 Sessions Total including 6 from Davis and Holt (1994)] 

Design 

Information 

Outcome S / S  C/5  S f C  
(Occurrences) 3 0 3 

Behavior B/B'^ BT/B 
T/B'^ B/B 
B/B'^ B/B 

P / N  

FuU 

C / C  
0 

Private 

S / S  
3 

T/T 
T/T 
T/T 

C/5  S I C  
0 2 

B'^/B 
T/B 

C/C 
1 

B/B 

Design 

Information 

Outcome 
(Occurrences) 

Behavior 

N / P  

Full 

S / S  
0 

C f S  
6 

B/B 

B'^/B 
B/B'^ 
B/B'^ 
B/B'^ 
B/B'^ 

5 /C 
0 

C/C 
0 

Private 

S / S  
3 

BT/B 
T 

T/T 
T/T 

C/5  
0 

5/C 
I 

BT/B-^ 

C /C 
2 

B/B 

Periods 1-30 / Periods 31-60 

B = Best Response 
=s Price Cycling 

T = Tacit Collusion 

C = Competitive Prices 
S = Supracompetitive Prices 

No Power 
P ~ Power 

Design: This classification indicates the whether the design is a power (P) or no-

power or competitive {N) design. 



36 

Information: This is the major feature distinguishing the twelve new experiments 

presented in this chapter with those reported by Davis and Holt. Full 

information refers to complete and full information on the demand and 

market organization. In new experiments presented here, the sellers are 

only given private information on their costs and capacities and no 

information on the demand. 

Outcome: An outcome for a regime of 30 periods is classified as competitive (C) if 

the average market price has converged to the competitive price or is 

within 15 units of the market price for the last five periods of a regime.'' 

All other supracompetitive average price patterns (5) are considered to be 

the result of market power. The two regimes per session are separated by 

a forward slash. 

Behavior. The behavior of the sellers is designated as tacit collusion if the average 

price is "smooth" or steadily rising above the competitive price for 

extended periods of time. If prices are falling, the behavior is classified as 

best response, and cycling is indicated with a subsequent caret. Tacit 

collusion necessarily implies a market power outcome, but best response 

behavior does not always result in competitive outcomes. If prices are 

cycling above the competitive prices, the market is clearly not competitive, 

but the sellers are engaging is some sort of best response behavior. 
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At the first level, it is striking to notice that in nine of the twenQr-four sessions the sellers 

exercised market power in both regimes. The number of sessions in the remaining three 

possibilities ate distributed evenly. Mote interestingly, given the information conditions 

in the sessions, the private information sessions dominate the S/S outcomes. Only full 

information experiments result in C/S outcomes, and only private information sessions 

yield C/C outcomes. Both types of information had S/C outcomes. It is also immediately 

evident that of the twelve sessions which exhibited market power in the first regime, 

almost 2/3 of them (also separately when considering the information treatment) also 

maintained that market power in the second regime. 

The role of the design is critical in dissecting the above information. Of nine 

sessions with competitive outcomes in the first regime, only the sessions with fiill 

information on demand and a power design in the second regime are successful in 

exerting market power in the second regime. Without precise information on the 

demand, all the previously competitive sessions remained competitive in the second 

regime regardless of design. Sellers only exert market power after a history of 

competition when they have complete information on demand. 

It is obvious that the private informatioa sessions dominate the S/S outcomes. 

This can be attributed to the fact that both design sequences lead to S/S outcomes without 

information, but only PN designs with complete information have S/S outcomes. It is 

reasonable to conclude that markets successful in exercising market power continue to do 

so despite the information condition. This is in stark contrast to the competition 
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sequencing effect. Furthermore, without information on demand, this market power 

effect is independent of the design. 

Lastly, the observed behavior of the market will provide more insight into the 

outcomes of these experiments. The hysteresis effects can be explained by the behavior 

of the sellers. In the six sessions that are classiHed with SIC outcomes. Three of them 

have some episodes of tacit collusion, but it broke down in the second regime. However, 

the sellers in seven of the nine S/S outcomes with tacit collusion in the first regime are 

successful in maintaining market power in the second regime in large part because they 

are able to retain the tacit collusion. Notice that there are no occasions where best 

response behavior precedes tacit collusion. Moreover, tacit collusion is conspicuously 

associated with the private information treatment. Tacit collusion is intuitively 

consistent with less variable prices which are also changing more slowly. These 

experiments indicate that the lack of speciHc information on demand is conducive to tacit 

collusion. It is possible that the combination of less information and a stable demand 

with infrequent shocks could possibly generate the observed behavior. Future research 

could investigate how more frequent shocks with different variances affect the pricing 

behavior without full market information. 

2.4.2.2. Full vs. Private Information 

The effects of the information difference can be directly tested by comparing my 

six private information experiments with the six Davis and Holt experiments in which 



39 

the 5 seller power design is used in the Hrst 30 periods of the experiment (Sessions 2, 4, 

6, 7, 9, and 11). Without any information on demand, the sellers have no common prior 

on the level of demand and large price adjustments are made from period to period during 

the initial phase of an experiment However, once the initial adjustment phase ends, the 

price changes are slower and the prices are closer together within an experiment due to 

the lack of specific information on demand. An interocular examination of the average 

prices in the first 30 periods of the PiV experiments supports these two hypotheses which 

are conditionally confirmed by statistical tests. 

Hypothesis I: Without information on demand and in the early periods, sellers make 

larger price adjustments each period, and the within-period variance of 

prices is higher. 

Hypothesis 2: Without information on demand and in the latter periods, sellers make 

smaller price adjustments each period, and the within-period variance of 

prices is lower. 

Since the prices are obviously not intertemporally independent, the data are pooled across 

experiments (which are certainly independent) for each period and the following tests are 

conducted for each of the first thirty periods. The absolute value of the change in price 

for each seller is used to evaluate how much prices are adjusting each period. The 

absolute value of the difiierence of the price from the mean price captures the spread of 
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the prices within a market This measure of the price spread for each period in each 

session is fairly unforgiving when a single firm deviates from an otherwise small spread 

of prices; nevertheless, it serves the purpose and yields more data per period for a test. 

Hypotheses I and 2 are also broken down by seller type, large and small. As Figure A.7 

shows, one-sided r-tests indicate that for the first six periods, all prices are changing more 

quickly without complete knowledge of the demand. The p-values are less than .1 for ten 

of the last fifteen periods when all the sellers are included and for twelve of the last 

fifteen for only the small sellers. The evidence is less convincing when comparing the 

large seller behavior. For only six periods in the last half of the regime are the /^-values 

are less than .1, suggesting less information on demand has a minimal effect on how 

much the large sellers change the price each period after the first five periods. 

In the early periods and without complete information on demand, prices are 

farther apart for the first ten periods and closer together for ten of the last fifteen periods 

(see Figure A.8). This pattern of behavior is consistent, though the evidence is less 

striking, when considering the spread of only the small seller prices from the mean small 

seller price. Except for six of the last fifteen periods, the differences in large seller prices 

are the same with and without information on demand. In sum, the data support 

hypotheses 1 and 2 for the markets as a whole and for the small sellers. On the other 

hand, large seller behavior appears to be unaffected by the demand information for any 

extended period of time. 
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2.5. Conclusion 

Following a decrease in demand in the short-run, capaci^-constrained competitive 

firms may have a strong incentive not to lower their prices to the new competitive price. 

Demand shocks can introduce market power into a previously competitive market 

Experimental posted ofter markets support this conjecture when subjects are provided 

with complete information on the market structure. It is clear that the introduction of 

unilateral market power into a previously competitive market spawns countercyclical 

pricing and lowers output. 

A particularly striking result is that with only private information, there appears to 

be a hysteresis effect concerning market power, i.e., markets with a history of market 

power continue to exhibit market power following demand shocks. This observation is 

also supported in some fiill information experiments. However, competitive markets also 

remain competitive following demand shocks when firms only have private information 

on costs and capacities. Li sum, information conditions are very important in explaining 

cyclical pricing. Future research may focus on how the frequency of shocks and role of 

information affects the behavior of the firms. 
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2.6 Endnotes 

' The demand parameter a can be interpreted as the difference between the demand 
intercept and the marginal cost of production. 

^ For reasons not without merit, neither Green and Porter nor Rotemberg and Saloner 
address this issue of modeling consumer behavior. 

^ In economics experiments these allocation rules are also referred to as random queuing 
and value queuing, respectively. 

^ However, as the distribution of Davis and Holt's prices shows, the sellers do not 
employ mixed strategies. The Nash equilibrium mixing strategy is only optimal if the 
other sellers are also employing the Nash mixing strategy. 

^ Using the competitive price as a benchmark for cost on the vertical portion of the supply 
curve, the model in the previous section does generate countercyclical mar/(:i/p5. 

® When appropriate, a dummy variable is also included for the four outlying observations 
noted in Figure A.2. 

^ The results from both homoskedastic and heteroskedastic tests are virtually identical. 

® A price greater than 800 is considered to be a "signal." Most prices greater than 800 
were 1000 or higher. The highest price a subject could submit was 9999, which was 
observed on several occasions. 

' Six of the sessions are Davis and Holt's (Sessions 1-6) and the remaining eighteen are 
first reported here. 

It is recognized that the behavior designation is somewhat arbitrary; nevertheless, it 
relays some information. 

The latter designation is applied to only one private information experimental session, 
our private information Session S with the A/P design; all others meet the former criteria. 
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3. Long-Run Version of the Market Power Model 

3.1 Introduction 

The context for the analysis in this chapter is a Bertrand-Edgeworth framework, 

modified to allow for product demand uncertainty. The model extends the two stage 

model of Kreps and Scheinkman (1983) in which firms make decisions about capacity 

investment followed by decisions about product price. Capacity investments in this 

model are made prior to the realization of the state of demand. This can roughly be 

thought of as corresponding to a situation in which capacity is durable and irreversible 

and once chosen, is fixed over a period of time during which demand may fluctuate up 

and down. Pricing decisions are made after the realization of the state of demand. These 

can be viewed as a short-run decisions made in response to the current demand 

conditions, with each firm's production constrained by their capacity. 

The analysis shows that countercyclical price markups can emerge as an 

equilibrium phenomenon in this long-run market power model. Neither collusion nor tacit 

collusion is required for this result.' addition to equilibrium countercyclical price 

markups, the model makes predictions concerning the variance of output prices that are 

not made by any collusive models. An unexpected outcome of the analysis is the failure 

of the existence of symmetric equilibria in capacity investments. The analysis thus 

provides a contribution to the Industrial Organization literature on endogenous 

asymmetries. 
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Section 3.2 provides the formulation of the model and describes results for the 

pricing subgame. Section 3.3 contains the main results for the complete game and a 

discussion of asymmetric firm sizes. A discussion of market power and price markups is 

provided in section 3.4. Concluding remarks are offered in the Hnal section of the 

chapter. 

3.2 Model Formulation and Subgame Results 

Consider a two-stage game in which two firms produce a homogeneous product. 

In stage one, firms simultaneously choose capacity. The total cost to firm i of building 

capacity x, in the first stage is bxi, where b > 0. Once the capacity x, is installed, the 

marginal cost of production is constant in stage 2 and normalized to zero. 

After capacities are chosen in stage one, the state of demand is "chosen" by 

nature.  L o w  d e m a n d ,  D ( P )  ~ a - P ,  o c c u r s  w i t h  p r o b a b i l i t y  y ,  0  <  y  <  I  -  T h e  p a r a m e t e r  a  

is positive and exceeds the marginal cost of capacity, b\ a can be interpreted as the 

vertical demand intercept minus the marginal production cost. The high demand, D{P) = 

(30 - P, is realized with probability 1 - y, where 0 > I. The firms learn the actual state of 

demand after the capacities are installed but before they post their prices in stage two. 

In stage two the firms simultaneously post their prices. Demand is rationed 

according to the ^cient-rationing rule: viz., customers are rationed according to their 

willingness to pay. For equal prices the demand is divided equally among the firms. This 

is the rationing rule used in the Kreps and Scheinkman (1983) analysis. 
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First we will characterize the subgame equilibrium payoffs in the low demand 

state for all possible capaci^ pairs, (ri, X2). Kreps and Scheinkman develop much of 

what is needed; however, they do not derive explicit payoff functions for all regions of 

the capacity space. The quantity supplied by Hnn i is the minimum of its capacity and its 

demand-rationed order. Kreps and Scheinkman utilize the following notation: 

(3.1) r(x.) = -^(a-x,.), 

is the Coumot reaction function, and 

(3.2) R(Xi) = r(x.) • P(r(jc,.)+x,.) = ̂ {a - x,. )^, 

is the revenue for a firm when it chooses a best response to x„ with P{Q)  -a -Q.  Figure 

3.1 is a plot of the reaction functions for the quantity supplied by each firm. Without 

capacity constraints, each firm would choose to supply a/3 units in a Coumot equilibrium. 

It should be emphasized that Arms are not playing a Coumot game of output choice in 

this model; the Coumot notation and constmctions merely provide a convenient way to 

develop some of the results. 

Suppose that the Hrms have already chosen their respective capacities, xi and X2, 

and have observed that demand is low. Kreps and Scheinkman characterize the subgame 

equilibria for general, concave demand functions. First, we restate Proposition 1 from 

Kreps and Scheinkman in terms of this linear demand model. After this, we discuss the 

nature of equilibria in part (c) of the Proposition and then explicitly derive the net 

revenue functions for which Kreps and Scheinkman only provide bounds. 



Proposition (Kreps and Scheinkman, p. 335) 

In terms of the subgame equilibria, there are three regions of interest which hold 

for both / = I and i = 2 (see Figure 3.1). 

(a) If X, ^ r(Xj) (region A), the unique equilibrium has both firms naming price 

a -x i  -xz  with certainty. The equilibrium revenues are, therefore, x,(a - jC( - xz)  

for firm L 

(b) If X, >Xy > a (region F), both firms net zero revenue and name price zero 

with certainty. 

(c) If X,. > Xj, X, > r{Xj), and Xy < a (x = (x, ,X2) € Au F), then, in equilibrium, 

firm I has expected revenue R( X j ) = } (a-Xj  f , and firm j  has expected revenue 

X 
determined by x and bounded between /?(x, )and —/?(x, ). The equilibrium is 

X-

in mixed strategies. 

(d) The expected revenue functions are continuous functions of xi andxa-

If X is not in A or F, then the stage two equilibrium is a mixed strategy in prices. 

The competitive price is not a pure-strategy equilibrium because at least one firm has a 

profitable unilateral deviation from the competitive price when its rival sets the 

competitive price. Let t|r,(p)be the cumulative distribution function (cdf) for firm L 

Lenuna 6 in Kreps and Scheinkman shows that cdf s in the mixed strategy equilibrium 

for Xj < X, are 
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Figure 3. I: Pure Strategy Pricing Regions 
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Note that y,(p) = —y^Cp) V p s l p , p ) .  Kreps and Scheinkman show that 

p = P(r(jC2) + X2), which for this problem yields ff" firm 2 chooses 

P2=P,  then  f i rm 2  wi l l  no t  be  the  h igh  pr ice  f i rm for  cer ta in .  F i rm I ' s  pr ic ing  
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distribution has a mass point at p when ar2 < x,; firm I sets pi = p with probability 

•*1 

Part (c) in the Proposition provides an exact revenue function for the high 

capacity firm, but only bounds expected revenue for the low capacity firm. Let 7C,(x) be 

the expected revenue in the stage 2 equilibrium for firm /, as a function of capacities. For 

the large firm, 7C, (jc) = /{(xj). We now derive tCJCx) exactly. 

Firm 2 must be indifferent among all prices pe[p , 'p \ ;  i.e., all prices in the 

support of the mixed strategy must yield the same expected revenue equal to 

Suppose that firm 2 sets P2=P, given that firm I mixes according to Vi(p). The 

expected revenue for firm 2 is 

(3.4) v,(p)pmax{0, D(p)-x,} + [l-\if,(p)]pmin{x2,^D(p)}. 

In addition to the two pure strategy regions (A and F) ,  firm 2's expected revenue leads to 

four more regions for its revenue fiinctions. Figure 3.2 depicts these additional revenue 

function regions. The revenue functions ate given in Table 3.1 for ^ x,. They are 

derived from the expected revenue for firm 2 in equation (4). Recall that p=-^ia-X2), 

= DCp)=^(a+X2) .  

For firm 2 capacity levels less than a/3 [regions C and E when Xj <-^D(p) ], firm 

2 produces at capacity when both firms choose the same price. Larger capacity choices in 

regions B and D result in excess capacity for firm 2. When firm Ts capacity is smaller 

than £)(^ = + Xj) in regions B and C, firm 2 still supplies units even though its 
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Figure 3.2: Net Revenue Regions in the Pricing Subgame 

price is greater than firm I's. However, if firm 1 has a capacity greater than 

D(^ = ̂ (a + Xi), firm 2 no longer makes any sales when it prices above firm I; firm I 

supplies the entire market when it is the low price firm. 

Conditional on the high state of demand, there are corresponding regions, A^, Bg, 

Cg, Dg, Eg, and Fg of the capacity space. Subgame equilibrium expected revenues are 

analogous to revenues for the low demand subgames, but with a replaced by a0. Note 
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that the equilibria in the subgame depend upon the actual demand realization. Capacity 

choices in a high demand region may not be in the corresponding region for a low 

demand realization (e.g., xeA^ does not imply thatxeA). 

Table 3. 1 

Revenue Functions and Associated Capacity Regions for X2 ^ 

Region Revenue Functions for Firm i 

x e A  
7c,(x) = x,(a-xi-xj) 

K^ix)  =  x^(a-x i -x^ )  

xs B 
Jt,(x) = Rix^)  =  ~Xj f  

TCzW = v,(^^Z)(p)-xJ+[l-V,(p)]piZ>(^ = 
8x, 

-iXyX^ +ar,) 

x s C  
7C,(J:) = /?(Xj) =-^(a 

2(J^)=V1 i.P)p[P(.p) - 1 + [1 - V1 ip)\pxi -^/?(x2) = ̂ (a 
X, 4x, 

x e D  
JCi(x) =/Z(jCj) =-^(a-^)^ 

TC^Cx) = [ l -y i f  l {p)]p\DCp) = -^(x^ -XjXa-
8x, 

-XjKa+Xj) 

x e E  
n^ ix )  =  R{Xj )=^ia-Xj ) ' ^  

7C 2(x) = [1 - V,(p)]?X2 = -^(x, -x^)(a - Xj) 

x e F  

II 
II 

0
 
0
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3.3 Equilibrium Capacity Investment 

Characteristics of equilibrium outcomes for the two stage game are described in 

this section. Proofs are in the Appendix B. 

Proposition One 

For relatively small values of the demand shock (0 < 5 s 1+6 /a(l -y)) there is 

a unique subgame perfect Nash equilibrium (SPNE) for the two stage game. 

Equilibrium capacity investments are symmetric and equal to, 

.  a(0( l -Y)+Y)-6  -^1=^2= ^  •  

Capacity is fully utilized in both demand states. There is a pure strategy 

subgame equilibrium in prices in each demand state, with prices set to clear the 

market in each state. 

The hypothesis of Proposition One depends on an inequality that includes all four 

parameters of the model. Figure 3.3 illustrates this as region I in the (6,7) parameter 

space. As a simpliHcation to aid understanding, the inequality 6 < 5 can be thought of as 

requiring that the difference in demand between low and high states is relatively small (5 

exceeds unity and depends on parameters a, b and 7). bi such simations, the equilibrium 

pair of capacities is in region A (refer to Figure 3.1), where the pricing subgame involves 

market clearing prices and full utilization of capacity for both Hrnis in both demand 

states. 
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Figure 3.3; (9, y) Parameter Space 

The equilibrium capacity levels in Proposition One correspond to Coumot 

equilibrium output levels for an output choice game with uncertain demand, in which 

output is chosen ex ante. This result is reminiscent of the main result in Kreps and 

Scheinkman (1983) for the two stage model with no demand uncertainty. 

When 9 exceeds 5, so that the difference in demand between the two states is 

larger, the nature of equilibria changes. The next proposition characterizes an 

equilibrium when there is a large difference in demand between the two states. 
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Proposition Two 

For sufficiently large values of the demand shock (6 exceeds 6*, where 6* is a 

constant greater than or equal to S+(2+Y)/(1-y)) there is a symmetric equilibrium 

for the two stage game with capacities equal to, 

, _ a Q { X - y ) - b  

'  '  3 (1-Y) 

This is the only symmetric SPNE. Capacity is fully utilized with high demand, 

but not with low demand. There is a pure strategy equilibrium in each demand 

state; prices clear the market when demand is high and prices equal short run 

marginal cost (normalized to zero) when demand is low. 

The parameters for which Proposition Two applies are in a subset of region n in 

Figure 3.3. The equilibrium capacity pair of Proposition Two is in region F (refer to 

Figure 3.1). The corresponding pricing subgame for low demand is a Bertrand 

equilibrium with prices set equal to short run marginal cost and zero net revenues for both 

firms. When 0 exceeds 5+(2+Y)/(1-Y) the equilibrium capaciQr level for a single firm i, 

x-, exceeds the value of the a parameter. This means that each firm has enough capacity 

to serve the entire market at price equal to marginal cost when demand is low. 

The intuition for Proposition Two is fairly straightforward. If demand in the high 

state is much larger than demand in the low state and both firms have a large amount of 

capacity then both firms will earn zero in the low demand state. So when firms decide 

upon their capacity investment they will balance expected marginal benefit of capacity in 
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the high demand state against the marginal cost of capacity. The equilibrium capacity 

levels in Proposition Two correspond to Coumot equilibrium output levels for an output 

choice game in which zero demand is anticipated in the low state, with output chosen ex 

ante. 

Proposition Three 

For intermediate values of the demand shock (5 < 0 < 5+(2+Y)/(1-Y)) there is no 

SPNE involving symmetric capacities. 

Proposition Three applies to region HI of the parameter space in Figure 3.3. The 

lack of a symmetric equilibrium is a surprising result, given the symmetric payoff 

specification of the model. The intuition for this result is based on the marginal value of 

capacity in the low demand state. When 6 takes on an intermediate value any candidate 

for a symmetric equilibrium capacity pair is in region B (see Figure 3.2). demand is 

low and capacities are in ^ then the subgame equilibrium involves mixed strategies in 

prices and excess capacity for one or both firms. In ^ a larger firm has zero marginal 

revenue for capacity and a smaller firm has negative marginal revenue for capacity. That 

is, additional capacity for a smaller firm actually lowers its net revenue in the low demand 

state (and also lowers the net revenue of its larger rival). On the 45° line in B the net 

revenue function for the low demand state is continuous but not differentiable; the left 

hand derivative is negative and the right hand derivative is zero. This lack of 
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differentiability on the 45° line in region B carries over to a firm's total expected value as 

a function of capaciQr; at a symmetric pair of capacities each 6rm would have a unilateral 

incentive to deviate from its capaci^ level. 

The next proposition provides a partial characterization of equilibria. 

Proposition Four 

Suppose that 5 < 9 < 6 + (2/3+Y)/(1-Y) and y < 8/11. Then there are at least two 

SPNE which involve asymmetric capacity investments, fii such an equilibrium 

firms play asymmetric mixed pricing strategies and set prices above the market 

clearing level in the low demand state. Prices are set at the market clearing level 

and capacity is fully utilized in the high demand state. 

Proposition Three established non-existence of a symmetric equilibrium for 

intermediate values of 6 (region 01 of the parameter space). Essentially what is 

happening is that both firm's reaction functions (technically each firm has a reaction 

correspondence; for some values of the other firm's capacity a firm may have more than 

one best response) have a downward jump across the 45° line. The parameter 

restrictions in Proposition Four define a subset of region m of the parameter space; this 

subset is in the lower left portion of region ID. For these parameters there is one crossing 

of reaction functions below the 45° line in region B and one crossing above the 45° line 

in B. A graph of reaction functions is provided in Figure 3.4 for a numerical example. 
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Figure 3.4: Reaction Functions 

(a=lO, fe=l ,Y=.2 ,0=l .5 )  
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What sustains the asymmetric position of firms as an equilibrium outcome? Note 

that in the high demand state the marginal revenue for capaciQr for the larger firm is 

smaller than the marginal revenue for capaci^ for the smaller firm. Since the firms have 

the same marginal cost of capacity investment, there must be a corresponding difference 

in the marginal revenue for capacity in the low demand state. Specifically, marginal 

revenue for capacity for the smaller firm in the low demand state must be negative, since 

marginal revenue for capacity for the larger firm is zero in the low demand state. An 

asymmetric equilibrium capacity pair can lie in region B, since the marginal revenue for 

capacity is always negative for the smaller firm in B. An equilibrium could not occur in 

the interior of region C for instance, since the smaller firm has positive marginal revenue 

for capacity in C. 

The magnitude of the asymmetry in capacities in Figure 3.4 is relatively small; 

the small firm has 95 % of the capacity of the larger firm. This relatively small difference 

in capacities has been a feature of all of the numerical examples we have examined that 

fall within the scope of Proposition Four. However, large asynunetries in capacity are 

possible in equilibrium when the demand difference between high and low states is large, 

as the following discussion indicates. 

Proposition Two applies to situations in which there is a large demand difference. 

What role does 0* play in Proposition Two? Consider the best response of firm i to x'j 

when 9 exceeds 6+(2+Y)/(1-Y). Capacity level xl is a local maximum for firm i, since this 

capacity maximizes, (1-Y)(a0 -x,- -xpx,. -bx^ . However, if firm i reduces its capacity 
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below a then its net revenue in the low demand state becomes positive. This net revenue 

can become large enough so that firm i can reach a global maximum at some capaciQr 

level smaller than a. When this occurs, the capaci^ pair in Proposition Two is not an 

equilibrium. The restriction that 0 exceeds 0* insures that x/ is a global maximum for 

firm i in response to Xy. 

Table 3.2 provides a numerical example with a large demand difference, but not 

large enough to insure the existence of a syirmietric equilibrium. The reaction functions 

both have downward jumps across the 45° line, so that there is not a symmetric 

equilibrium. There are two asymmetric equilibria, which involve large differences in 

capacities for the two firms. These equilibria occur at the boundaries of the D and E 

regions in Figure 3.1. 

Table 3.2 

Example: Equilibria with Large Asymmetries 

Parameters 

a b Y 

0.75 

0 

10 1 5.2 

Equilibrium Capacities 

(or,, X2) = (13.93,3.33) (xi,jC2) = (3.33,13.93) 

High Demand Low Demand 

Competitive Price (SR) 

Min Equilibrium Price 

Max Equilibrium Price 3.33 

0.0 

0.8 

34.74 

34.74 

34.74 
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Asynunetric firm size seems to be a common feature of manufacturing industries. 

Roller and Sinclair-Desgagn6 (1996) summarize the literature that seeks to explain 

asymmetric firm sizes. They divide explanations into two Qrpes: (1) organizational, (2) 

technological and demand/based. The contribution in this chapter is of the second type. 

The possibility of excess capacity when demand is low can introduce a "kink" in payoffs 

when firms have equal capacities. A related result appears in Davidson and Deneckere 

(1986). They modify the Kreps and Scheinkman (1983) analysis to allow random 

demand rationing, rather than efficient rationing. This change in the rationing rule can 

create incentives for capacity investment such that excess capacity emerges in 

equilibrium.^ For small costs of capacity, Davidson and Deneckere find that reaction 

curves (in capacity space) are discontinuous and that only asymmetric equilibria exist. 

We conjecture that the introduction of random rationing into this analysis would reinforce 

the tendency toward asymmetric equilibria (and perhaps increase the magnitude of 

asymmetries). 

3.4 Discussion; Market Power and Price Markups 

The analysis developed above challenges the traditional view in Industrial 

Organization that competitive behavior is more likely in recessions than in booms. The 

key ingredients in the model are random demand fluctuations, capacity constraints (that 

must be fixed prior to the realization of demand), and a small number of price-setting 

sellers. In the equilibria that we describe in Proposition Four, duopolists have market 

power for low demand realizations, but not for high demand realizations. This means 
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that prices are equal to the short run competitive price when demand is high and prices 

exceed the short run competitive price when demand is low. 

A price markup is often defined as the amount by which price exceeds marginal 

cost. Li this model, short run marginal cost is not defined for output equal to a Hrm's 

capacity. The short run competitive price seems to be a natural choice for a benchmark. 

If prices are set competitively then the existing production capacity is utilized efficiently 

as demand fluctuates. My definition of a price markup is the amount by which actual 

price exceeds the short run competitive price. Using this definition, the equilibria 

characterized in Proposition Four exhibit countercyclical markups. The market power 

embodied in equilibrium behavior yields a larger reduction in output when low demand 

occurs than would occur if firms behaved competitively. Equilibrium behavior can be 

viewed as a form of price stickiness; if demand switches between a high and low level, 

price does not fall as much as it would under competitive conditions. Unilateral market 

power serves to exacerbate output fluctuations that are caused by exogenous demand 

fluctuations. 

The main altemative theory of countercyclical markups from the bidustrial 

Organization literature is Rotemberg and Saloner's (1986) (hereafter, RS) analysis of 

oligopoly pricing over the business cycle. RS analyze an infinite horizon duopoly model 

in which demand fluctuates randomly between low and high levels (as in this model, RS 

assume that demand is observable prior to price-setting in each period). They 

characterize the optimal collusive mechanism that can be supported as a noncooperative 

equilibrium. RS show that the optimal mechanism involves countercyclical markups over 
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marginal cost; the markup must be lower during a boom than a recession because 

without a lower markup, the incentive to cheat would rise during boom periods.*^ 

Staiger and Woiak (1992) extend the RS analysis of dynamic oligopoly pricing to 

allow firms to make production capacity choices. A single period in Staiger and WoIak 

has the same structure as this model; firms make capacity choices, the state of demand is 

revealed, and then Hrms make price choices. Staiger and Wolak characterize the optimal 

collusive mechanism that can be supported as a noncooperative Nash equilibrium and 

find that rich patterns of pricing behavior can emerge as demand fluctuates. Their analysis 

utilizes symmetric equilibrium strategies for the single period game; these serve as 

reversionary strategies for the collusive mechanism. However, one can show that a 

symmetric equilibrium does not exist for the single period game of their model. The 

Staiger and Wolak model has the same type of "kink" in the payoff function at symmetric 

capacities as the payoff function in this model (see Proposition Three, above). It would 

seem to be worthwhile to reconsider the analysis of optimal collusion based on 

asymmetric reversionary strategies. 

The unilateral market power analysis of the present chapter does not rely on 

collusion or on tacit collusion. While collusive arrangements undoubtedly exist, it seems 

that it is unlikely that they are common in modem industrialized economies. There are 

frequent and unpredictable changes in technological conditions, factor prices, product 

demand, and even in the identity of suppliers in many markets. Collusive (tacit or 

explicit) arrangements are quite difficult to sustain in such environments.^ 



62 

Regardless of one's view of the likelihood of collusive behavior, the existence of 

countercyclical markups and, if they exist, the sources of countercyclical markups are 

empirical questions. Domowitz (1992) finds that price markups tend to be 

countercyclical in concentrated industries that produce durable goods.^ He interprets this 

evidence as support for the collusion model. However, the unilateral market power 

model and the optimal collusion model are both capable of generating countercyclical 

markups. One potentially observable difference is a price variance implication of the 

unilateral market power that is not present in the optimal collusion theory. The unilateral 

market power model predicts a higher variance in price levels for prices set during 

periods of low demand than for prices set during periods of high demand. Chapter 4 

investigates this implication of the model using time series data on prices and production 

for two-digit SIC manufacturing industries. For 15 of these industries, recessionary 

periods can be clearly distinguished from non-^recessionary periods. Wilson finds that the 

data are consistent with the variance implications of the unilateral market power model 

for 14 out of these 15 industries. 

3.5 Concluding Remarks 

The Industrial Organization literature has focused on collusion as a potential 

explanation of why output prices might be relatively inflexible (or sticky) during business 

cycle fluctuations. This chapter has proposed an alternative explanation that is based on 

unilateral market power. The basic idea is that capacity constraints can create incentives 

such that firms find competitive pricing to be in their interest when demand is high, while 
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firms find that they have market power when demand is low. This leads to 

countercyclical price markups. The analysis shows that countercyclical markups can 

emerge as a long-run equilibrium phenomenon in a model in which firms invest in 

capacity before the state of demand is revealed. The unilateral market power explanation 

for countercyclical price markups requires neither tacit collusion nor explicit collusion. 

Although payoffs for firms are symmetric, we have shown that a sjonmetric 

equilibrium may fail to exist. If firms have equal capacities and demand is low then the 

marginal expected revenue for capacity can be discontinuous. This discontinuity in 

marginal payoffs can cause reaction curves (in capacity space) to be discontinuous with 

the only crossing occurring at asymmetric capacities. In an asymmetric equilibrium the 

smaller Hrm is discouraged from expanding because, in the event that demand is low, 

their expected revenue is decreasing in their own capaciQr. 

There are several possible directions for future research. The results presented in 

this chapter are based on a fairly simple model, with linear demand and a two-point 

distribution for demand shocks. It would be useful to know whether the results can be 

generalized to a model with a less restrictive demand function and a continuous 

distribution of demand shocks. The conjecture is that symmetric equilibria in capacities 

would not exist. It may be possible to apply results on submodular games to show 

existence of asynmietric equilibria in capacities.- This approach is used in a recent paper 

by Amir and Wooders (1996) in an analysis of an R&D investment game in which no 

symmetric equilibria exist. It may also be useful to consider the implications of a more 
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fiilly dynamic model based on irreversible investment and richer patterns of demand 

fluctuations (e.g., correlated demand flucmations). 
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3.6 Endnotes 

' In a model with capacity constraints, we define a markup as the amount by which price 
exceeds the short-ran competitive price. The short-run competitive price is determined 
by the intersection of the demand and either the constant marginal cost or the vertical 
portion of the supply curve. A countercyclical markup by this definition maintains the 
spirit of its use in other contexts, namely that in recessions a larger price markup further 
reduces production and social welfare. 

^ The hypothesis of Proposition Two is that 0 exceeds 0*, where 0* is a critical value 
greater than or equal to 5+(2+Y)/(I-Y). The role of 0* will be discussed later in section 3. 
The determination of 0* is explained in the proof. 

^ A key result in Kreps and Scheinkman (1983) is that in equilibrium there is no excess 
capacity. 

The Rotemberg and Saloner (1986) analysis is sometimes interpreted as an explanation 
of countercyclical price levels. Indeed, if marginal cost is constant then countercyclical 
markups are equivalent to countercyclical price levels. However, RS show that if 
marginal cost increases with output then countercyclical markups need not yield 
countercyclical equilibrium price levels. 

^ The Rotemberg and Saloner (1986) and Staiger and Wolak (1992) analyses implement 
the collusive mechanism as a noncooperative Nash equilibrium. This might seem to 
address concerns about its viability. However, misperceptions of payoffs and/or small 
mistakes by players can cause play to deviate from the collusive path and revert to the 
equilibrium of the stage game. 

^ The point estimate indicates countercyclical margins, but the standard errors are large 
enough so that the null hypothesis of acyclicality cannot be rejected. 
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4. Evidence on Market Power in Countercyclical Markups 

This chapter tests the market power model of countercyclical markups with a time 

series field study. The first section uses a numerical example of Chapter 3*s model to 

illustrate the testable predictions of the model. The remaining sections discuss 

Hamilton's (1989) time series switching regime filter and its application to testing the 

market power model. 

4.1 Numerical Example and Model Predictions 

The following is a numerical example for a = 10, b .2, and 0 = 1.5. The 

first order conditions in (4) yield the equilibrium capacity choice, x - (4.63, 4.49). Figure 

4.1 depicts the solution to this example in the capacity space regions. When the demand 

is high, X is in the region and the competitive price is a pure strategy Nash 

equilibrium in stage 2. However, x is in the B region when the demand is low and so the 

stage 2 equilibrium is in mixed strategies. The pricing subgames and the equilibrium in 

the full game are illustrated in Figure 4.2. For the high demand, D{P) = 15 - P, the 

competitive price of 5.88 is a pure strategy Nash equilibrium. But when demand is low, 

D{P) = 10 - P, X is in the region. Each seller has unilateral market power to deviate 

from the competitive price which is 0.88. The support for the equilibrium mixing 

distributions when the demand is low is [1.64, 2.76], which means the industry always 

has excess capacity when the low demand is realized. Notice also that the markup above 

marginal cost for the last unit is procyclical just as Domowitz, Hubbard, and Petersen 



(1987) find. However, unilateral market power generates a countercyclical markup 

relative to the competitive price. 
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Figure 4.1: Equilibrium Capacity Choice in the Full Game 
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The principal prediction of the market power model is that prices are more 

variable in busts than in booms. Furthermore, during periods of low demand the draws of 

the prices come from a skewed distribution given the nature of mixed strategy 

equilibrium and unilateral market power. Lastly, the model predicts that prices and 

production have a negative covariance in busts. 

P 

PI 

p 

p 

T 

Q 

Figure 4.2: Pricing Subgames and the Equilibrium in the Full Game 
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4.2. Testing the Model with the Switching Regime Filter 

4.2.1. The Approach 

The attractive feature of time series methods is that the series determines the time 

path of the unobservable state vector. For example, a break is not imposed at a particular 

observation; instead, the data determine if a strucmral break is present at any particular 

point in time. More casually, time series methods let the data do the talking and 

minimize the effects of the researcher's preconceived notions. Hamilton (1989) proposes 

a non-linear filter and smoother for a discrete-valued unobserved state vector. As with 

the Kalman filter, the path of the observed series is used to draw inference on the 

unobservable state vector, but Hamilton's algorithm is neither linear nor continuous. 

The probabilistic switch from one state to another is assumed to follow a Markov process. 

Hamilton applies this technique to U.S. data on real GNP. The unobserved state is 

assumed to be one of two growth rates, "high" or "low". As he notes, the maximum 

likelihood estimation for such a model could lead to two different positive growth rates, 

but he finds that the best empirical fit of the data indicates that the low growth of output 

is actually output contraction. Furthermore, the business cycle dates from Hamilton's 

filter closely correspond to the traditional NBER dates. The unobservable state is only 

one of many influences on the growth rate so that output could be falling even though the 

economy is in the "high" growth rate state. This approach to the issue of countercyclical 

pricing is particularly appealing because the data will determine when an industry 



70 

switches regimes and whether relative price changes are more variable or not in 

recessions. 

Another interpretation of the two stage model discussed in the previous section is 

that firms are producing to stock with an uncertain demand. When the demand is 

revealed at the time of sale, the firms then compete in prices to sell their units. 

Hamilton's filter decomposes industry production into stochastic segmented trends which 

presumably correspond to the business cycle. When production is trending down during 

busts, the model predicts that the changes in price over time will have a larger variance 

than when production is growing during booms. Furthermore, changes in price are 

predicted to be skewed to the right due to unilateral market power in recessions. Because 

the unobservable state is only one of many influences on the growth rate of production, 

the third prediction of the model is that changes in production and price have a negative 

covariance in busts. 

4.2.2. The Time Series Model 

The model has the same form as the one used by Engel and Hamilton (1990) to 

test the hypothesis of uncovered interest parity. Let y, be a two-dimensional 

vector at date t where qt is the percentage change in production and p, is the percentage 

change in price. The fundamental assumption of the econometric model is that there 

exists an unobservable variable, St, which characterizes the "state" at date t. This 

unobservable state variable takes on the value of one or two. Depending on the state, the 

contemporaneous changes in the growth rates of production and real prices are drawn 
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from a , ft,) distribution. Thus, when St ~ I, yt is drawn from one bivariate 

normal distribution but when St ~ 2, yr is drawn from a different bivariate normal 

distribution. 

The evolution of the state variable is assumed to be governed by the following 

Markov chain process: 

(4.1) llJr-l= l)=Pii 
/7(J, = 2I Jf-i =2)=P22 
p(j,= 1IJM=2)= 1 -P21 
p ( j ,  =  2 l  J r - l  =0=1  -pu -

Only through jf-i do past realizations of y and 5 affect the unobservable state variable. 

Note that the draws of y, are not independent draws from a mixture of normal 

distributions. The inferred probability that y, is drawn from one distribution depends on 

all the realizations of y prior to time t. This approach differs from the Bresnahan and 

Suslow switching regime regression in that all prior information is used to infer the 

current probability that y, is drawn from a particular distribution. 

The bivariate model of stochastic segmented trends permits a wide variety of 

behavior for the series. First, the industry mean production growth rates may pick up 

slow or fast growth rates of production for an industry. The production growth rates 

could also be the same in both regimes, or one state reflect recessionary periods and the 

other expansionary growth. Likewise these combinations are possible for the 

contemporaneous real prices regimes. Furthermore, in describing a particular state, , 
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there are many possible ways to mix these combinations of estimates of the means for the 

production and real price changes. 

4.2.3. Filtering and Estimation 

The model described above requires estimating twelve parameters, 

0 = (Hp ^22)'- The sample log likelihood function 

Iogp(y7.,y7--,.—,yi;0) which is to be maximized with respect to the unknown 

parameters of 9, can be constructed from the conditional likelihood of y,. The conditional 

likelihood of yr. p(yf'yt-i."->yii®). is a byproduct of Hamilton's (1989) filtering 

algorithm. With a maximum likelihood estimate, 0, we can infer the probability that y, 

was drawn from a particular state S[ based on the all information available at time t. 

A 
p(^,ly,,...,y,;0). Furthermore, a full sample smoother can be used to draw inference on 

the  r eg ime  a t  da t e  t  us ing  a l l  t he  i n fo rma t ion  ava i l ab l e  ex  pos t .  / ? ( J , l y y , - ;©) .  

We will first briefly outline the steps in Hamilton's (1989) filter suppressing the 

notation for the twelve population parameters. The switching regime filter is based upon 

the definition of a conditional probability, A and B are any two events and 

theP(A)^0, the conditional probability of B given A is ^(^'A) =—The 
"(A) 

smoothing steps follow directly fi'om the filter starting at the end of the sample and 

working back and are not presented here. The reader is directed to Hamilton (1989) for 

the details of smoothing the inferences. 
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4.2.3.1. TheFater 

The unconditional distribution of the state of the first observation is 

y 1 /\\ (I "Paz) p(s, = 1;0) T 
(X -Pn)H\^ -Pn)  

and of course p(j, = 2;0) = 1 — p(j, = l;9). The steps of the filter to find the inference 

of the probable regime at date r are as follows: 

Step 1: Calculate 

= S,ly,_„y,_2,...,yi) = p(5, =5,l5,_, =S,.,)xp(5,_, =5,_,ly,_,,y,_2 y,) 

where is given by (4.1).' Applying the Markov switching 

probabilities, this first step "forecasts" the inferred probability at time t that the state is s, 

= St using all the information available up until r-1. 

Step 2: From the definition of conditional events, calculate the joint conditional 

density of y, and j,: 

p(y„j, =5,ly,_i,y,_2,...,yi)= p(y,l5, =S„y,_„y,_j,...,y,)xp(5, =5,ly,_„y,_2 y,), 

recalling that we know that y,lj, ~ ) • 

Step 3: The conditional likelihood can now be trivially found by summing over 

the two possible states: 
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2 

p(y,iy,-t.y,_2..".yi)=Sp(yr'^r ='y,iyr-i.yr-2."-.yi)-
x,=l 

Step 4: As a result of Step 3 we have an "updated" inferred probability at time t 

that the state is St s St using all the information available at time t. 

D f i - 5 i v v  V  ,  1  P(y,.i,=.5,iy,-I.y,-; y,) 

4.3.2.2. Maximum Likelihood Estimation 

Two issues arise when attempting to find the maximum likelihood estimate of 0. 

Both involve the process of finding the global maximum of the sample log likelihood 

function. From Step 3 we can determine the sample log likelihood function as the sum 

of the conditional log likelihoods: 

r 

logp(yr.yr-p-.yi)=2'ogp(yr'yr-i'--yi) • 
f=i 

As in Hamilton (1989) the sample log likelihood can be maximized using numeric hill-

climbing methods, but systems with a large number parameters (e.g. twelve) often have 

many local maxima and require lengthy computing time. Hamilton (1990) shows how 

the switching regime Hlter can be estimated using the EM (expected maximum 

likelihood) algorithm developed by Dempster, Laird, and Rubin (1977). With the EM 

algorithm analytic derivatives are easily calculated from smoothed inferences. 

Furthermore, systems with larger number of parameters, as in the bivariate model 
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employed here, do not require additional iterations or computing time because the 

analytic derivatives are calculated from the smoothed probabilities. 

In addition to choosing the method for maximizing the likelihood function, 

another problem arises when the mean of the Hrst state is set exactly equal to the first 

observation and the variance of the first state is allowed to vanish. In such a case the 

likelihood function blows up to infinity. Hamilton (1991) offers Bayesian priors as a 

solution to this problem. These positive Bayesian priors imply that one is now 

maximizing a generalized objective function which is not subject to these singularities. 

The first order conditions from maximizing the log likelihood function with and without 

the Bayesian priors are given in Hamilton (1990) and Engel and Hamilton (1990). In 

practice we find that this potential singularity in the likelihood function is not a problem 

with our data. 

4.2.4. The Data 

The price and output measures considered for this study are monthly time series. 

The Federal Reserve publishes indices of industrial production closely associated with the 

Bureau of Labor Statistics' Producer Price Index commodity series at the monthly level.^ 

For this study we limit ourselves to considering industries first at the two-digit Standard 

Didustrial Classification level and then at the three-digit level if there are industry 

definition problems at the two-digit level. 

The PPrs at various levels of aggregation are the natural choice for the price 

series.^ To form a relative industry price, p,, the aggregate PPI is used to deflate an 
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individual industry price index. If the corresponding PPI for an industry at the two-digit 

SIC level is too broad, we then look at industries at the three-digit level where we can get 

a closer match of the production and producer price series. The industries and associated 

price indices included in this study are listed in Appendix C in Table C.I. 

The first observation for y, is either January, I960, or the earliest date following 

January, 1960, when both price and production series data Hrst become available; the 

final observation is December, 1995. The originally unseasonalized price and production 

series are also individually deseasonalized using Harvey's (1993) basic structural model 

(pp. 142-44). In terms of the notation in the model described above, qt is 100 times the 

difference in natural logs of the index of industrial production, and p, is 100 times the 

difference in natural logs of the corresponding price index. 

4.3. Estimates and Business Cycle Specifrcation Testing 

The maximum likelihood estimates of 0^ for twelve industries at the two-digit SIC 

level and five industries at the three-digit level are reported in Table C.2 in Appendix C. ̂  

It is clear from the estimates that the filter is capturing the dynamics of business 

cycles as opposed to structural changes in positive growth rates. For fourteen of the 

seventeen industries, the production mean growth rate is statistically different from zero 

in state 1. The mean change in production for state 2 is also negative for these fourteen 

industries, but not always statistically different from zero. 

The production growth rates for the newspaper (SIC 271) and metalworking 

machinery (SIC 354) industries are not statistically different from zero in state 1 or 2. 
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Leather (SIC 31) production is trending down for the entire sample, and the mean growth 

rate in production in the food (SIC 20) industry is constant. 

A Wald statistic for testing whether the means for one of the component series, 

, are different across states is given by 

(^1 
var(ji,) + var(M2) - 2c6v(^i, )' 

which is asymptotically distributed xf. The asymptotic variance and covariance of the 

parameters denoted by var(jl,) and c6v(jl,,^^)are estimated from the inverse of the 

negative of the matrix of second derivatives. These statistics for the production and price 

series are reported in Table C.3 in Appendix C. Supercripts on the means denote the 

series: production (q) and price (p). Ten of the industries have p-values less than .1 

indicating that production is significantly growing in state 1 and contracting in state 2. 

Figure C.l reports the estimated smoothed probability, p(j,(y,,...,yr;0), that the 

industry is in the recessionary regime (state 2) at date t.^ The smoothed inferences 

obviously correspond to the traditional NBER dates of business cycles. A reasonable 

A 
criteria for inferring that the recessionary regime is more likely is p(j, = 2ly, ,...,yj.;0) > 

.5. Using the chemical (SIC 28) industry as an example, the filter dates the beginning of 

the 1973-75 recession as December, 1972, nearly a whole year earlier than the NBER date 

of 1973:IV. This first month of the recession in the mid I970's is nearly uniform among 

these 17 industries further bolstering the claim that the filter is capturing the dynamics of 

the business cycle. The turning point in April, 1975, however, is identical to the 
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conventional NBER date, 1975:IL The chemical industry also experiences contractions 

conforming to the traditional recessions of 1980, 1981-82, and 1990-91. These, too, are 

present in the other industries but with more variation in the starting and ending dates. At 

the monthly and industry level the algorithm also indicates the common feature across 

industries of contractions in the early months of 1986 and in the latter half of 1994, but 

these rarely last more than three months. 

Note that the filter also makes quite compelling conclusions concerning the 

regime. The smoothed probabilities are either very close to 0% or 100%. There are only 

6 inferences between 40% and 60% for the chemical industry. The lumber (SIC 24) 

industry is an exception with frequent regime switches and more months with less 

conclusive inferences on the state. 

The estimated switching probabilities can be used to calculate the expected 

duration of a regime. A regime i is expected to last (1 - pu)'^ months. The postwar 

historical average recession according to NBER dating is 4.7 quarters which would imply 

that the probability of remaining in the production contraction regime is 92.01%. Many 

of the industries have much smaller probabilities suggesting shorter recessionary periods 

at the industry level. 

Engel and Hamilton (1990) use a general null hypothesis to test whether a series 

follows a random walk against the alternative of the two state regime model. The 

Markov switching probabilities are not identified in the model when 

|i( = (Xj ^ = £22, but asymptotically valid tests of the following null hypothesis do 

exist: 



79 

^o' Pii ~^~P22» M-i ^P-2» ^d£2j 

Following Engel and Hamilton, we test the null hypothesis of a random walk with both a 

Wald and likelihood ratio statistic. The Wald statistic is given by 

\~Pl\ ~(^~P22)J ss 
var(pii) + var(p22)+2c6v(^„,p22) ' ' 

The likelihood ratio test compares the unconstrained log likelihood to the largest log 

likelihood when pn = 1 - pn and is asymptotically distributed as xl. Table C.4 in 

Appendix C reports the results from these tests. The Wald test statistics are all larger (in 

some cases much larger) than the likelihood ratio test statistics, but the even the latter 

soundly rejects the null hypothesis of a random walk in favor of the two regime model. 

In sum, the two-state switching regime model is capturing the dynamics of the business 

cycle for these industries. 

My model makes no predictions concerning the movements of the levels of the 

(potentially trending) prices. Columns 3 and 4 in Table C.3 report the results of Wald 

tests of the null hypothesis that the growth rate of real prices is identical for both regimes. 

The chemical (SIC 28) industry is the only industry with countercyclical pricing trends, 

and the nonferrous metals industry (SIC 33:3-6, 9) is the only industry with strong 

procyclical trends in real prices. 
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4.4. Testing the Predictions of the Market Power Model 

4.4.1. Estimates of the Price Variance 

The primary testable implication of the market power model is that the variance of 

the price changes, is greater in the recessionary regime than during times of 

production growth. No other theory of price formation during the business cycle 

explicitly makes this prediction. Using a likelihood ratio test, the null hypothesis which 

we now test is 

The results from these tests are reported in Appendix C in Table C.5. 

For every industry, save one, we can soundly reject the null hypotheses of equal 

price change variance draws across regimes. As the estimates in Tables C.2 and C.3 

show, the recessionary variance for price changes is anywhere from 6 to 17 times the 

variance in the positive production growth state. For these sixteen industries, the average 

ratio of the state 2 price variance to the state 1 variance is a striking 11.69. Given that the 

inferred probabilities of being in either state are very close to 0% or 100%, we are all the 

more confident that the prices are much more variable in a recession than in an 

expansion. 

The lone exception is the nonferrous metals industry (SIC 33:3-6, 9) for which the 

estimates of the price variance are nearly identical. Notice from Tables C.2 and C.3 that 

the nonferrous metals industry is the only industry which has different mean price growth 

rates across regimes and which has negative price changes in recessions and positive 
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price changes in expansions. Using pis, = 2ly, ,...,yr;0) > .5 as the criteria for dating a 

recession, the levels of the real price by state are shown in Hgure C.2 for the nonferrous 

metals industry. Prices almost uniformly rise during expansions and fall during 

recessions, and as mentioned earlier, these price changes have equal variances. The sharp 

rise in the level of real prices as the industry reaches the peak of the business cycle is 

consistent with the Bresnahan and Suslow model in which firms are producing at the 

vertical portion of the short-run supply curve. Bresnahan and Suslow document how 

competition has increased in the aluminum market by observing that the Herfindahl index 

and concentration ratios fall for the U.S. aluminum industry from 1957-1982. Large 

demand changes for this industry coupled with tough intra-industry competition are 

consistent with the market power model when demand shocks are very large. 

In addition to market power, another source of increased price variation during 

contractions may be more variable input prices. If input prices have a greater variance in 

recessions, then the firms' pricing decisions may vary as a result. This explanation, 

however, is not consistent with current New Keynesian research which contends that real 

wages are acyclical and rigid because Hrms pay efficiency wages (see Yellen (1984) for a 

sununary of reasons why firms may pay supracompetitive wages). Setting aside potential 

industry specific reasons for differences in non-market power price variation, the food 

(SIC 20) industry may provide some insight into how much of the increase in the price 

variance is due to reasons other than market power. Production in the food industry is 

growing at a constant rate with little change in variation throughout the sample (see Table 
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C.2). Nevertheless, it still experiences distinct regime shifts due primarily to changes in 

the variance of real prices but also in part to changes in the mean growth rate of prices 

(see Tables C.3-C.5). The food industry convincingly switches to state 2 in the mid 70's, 

early 80's, and early 90's when the rest of the economy is in a recession. Even though 

production does not slow, the food industry's price variation increases by nearly a factor 

of six. This increase in the price change variance is the smallest of all the significantly 

different variances (Table C.5). Excluding the leather (SIC 31) industry which is always 

in a state of declining production, the average ratio of the state 2 price variance to the 

state 1 variance is 12.20 for the remaining fourteen industries. In other words, if there are 

other sources besides market power for a higher price variance in recessions, they are 

likely not responsible for all of it. 

The estimates in Table C.2 only lend qualified support for the negative covariance 

of price and production changes. Twelve of the fifteen industries which experience 

production downturns have negative covariances in state 2, but only the metalworking 

machinery (SIC 354) is statistically significant. The more volatile lumber industry (SIC 

24) has a statistically positive covariance, but the two other positive covariances are 

insignificant. 

4.4.2. Distribution of Price Draws 

We have assumed that y, has a bivariate normal distribution in both states. 

Assuming that expansionary prices changes come from a normal distribution, the model 

would then predict that recessionary price changes come from a non-normal distribution.^ 
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Following the work of Newey (1985) and Hamilton (1996), we make use of the score 

statistics in tests that certain moment restrictions of the normal distribution hold for the 

data for both regimes. In particular, we will take the standard approach and examine the 

third and fourth moments, jointly and individually for each series. The null hypothesis 

then implies the following expectations hold for the joint test: 

=S,\yi,...,yr;QXy, -|i,,)4 = 0and 

2 

1. J1=I 

(J* 
4 .yr;0)- (y,-^,)'-3 

(J* 
4 > (y,-^,)'-3 

K p .  

= 0 

Hamilton (1996) provides the scores for the univariate case which can be naturally 

extended to the bivariate model. The sample counterparts to the above moment 

restrictions are 

I ^ 
r=-i 

* rsl 

A 
XP(J, =5,lyi,...,yr;0)(y, -|i,,)' 

(y,-ji,,)^-3 

j,=i 

2 

Xp(J,  =S , ly , , . . . , yr ;0 ) -
^=t 

d* 

L •ffi', 

Let M be the Fx4 matrix whose row is given by 

r 

Xp(^, ='S,iy, yr;®)(yc 2P(J, =5,lyi yr;0) 
j,=i 

(y.-nJ'-3 

and let the matrix D be the rxl2  matrix of scores. For 

S =-^(M'M-M'D(D'D)"'D'M), the Wald statistic, rr'S"'r, is asymptotically 
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distributed as a and tests whether qt and pt are Jointly normally distributed. For only 

testing one restriction (column) of M, the test statistic is asymptotically xi'. 

The results of the joint and individual tests for skewness and kurtosis are reported 

in Table C.6 in Appendix C. Column 2 reports the statistic for the joint test of normality 

for both regimes. There are clear rejections for all industries except food (SIC 20). Most 

of the individual series reject the null hypotheses of no skewness and/or kurtosis equal to 

3. Recall that the moments being tested include both states. 

Histograms of the price draws by state are shown in Figure C.3. A price change is 

A 
considered to be in state j  { j - l ,  2) if = yly, ,...,yr;0) >5. These histograms indicate 

that the price draws in state 1, the expansionary state, are generally drawn from a normal 

distribution whereas the state 2 draws clearly are not. The variances of these draws are 

larger as our tests above indicate, and the skewness and non-normal kurtosis detected in 

the conditional moment tests is apparently coming from the recessionary price draws. 

Many of the industries have state 2 price draws with means shifted to the left, but with 

longer tails to the right.^ This is consistent with the skew of the mixing distributions in 

Chapter 3. Other industries like electrical machinery (SIC 36) and metalworking 

machinery (SIC 353) appear to have bi-modal price distributions during recessions. 

Another observation is that the extreme price draws are almost always in the recessionary 

regimes. Given that the expansionary state dominates the sample, this is a particularly 

stark result 
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4.5. Concluding Remarks 

The theoretical and empirical study of product market pricing over the business 

cycle has received a considerable amount of attention. Our findings largely support the 

unique predictions of the market power model. Price changes are much more variable in 

recessions than in expansions, and the distributions of these price changes in recessions 

are distinctly unlike their expansionary counterparts. While the negative covariance of 

price and production changes is less compelling, I take these results together with the 

direct support of experimental markets (Chapter 2) as persuasive evidence in favor of the 

market power model. In contrast to the collusion theory of countercyclical pricing which 

focuses on joint profit incentives, this research suggests that the private incentives for 

pricing fluctuate with the business cycle. Price adjustment is sluggish because firms 

unilaterally choose supracompetitive prices during recessions. Future research may focus 

on how industry concentration affects the variance of price changes at a more 

disaggregated industry level and how the cyclical (or acyclical) namre of costs affects the 

unilateral market power incentive. Forming larger systems by grouping industries 

together may also improve efficiency and increase the number of significant parameters. 
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4.6 Endnotes 

' Capital letters for the state denote a specific realization of the state. 

^ The Federal Reserve data was downloaded from the EconData service of InforM at the 
University of Maryland. Their WWW site can be found at 
http://www.inform.umd.edu:8080/EdRes/Topic/Economics/EconData/.www/contents.ht 
ml. 

^ The PPI data was downloaded from the BLS World Wide Web site 
http://stats.bls.gov/sahome.html. Choose the Producer Price Index-Commodities option. 

I thank James Hamilton for kindly distributing his Gauss code with which I replicated 
his results. The code was moditied for the likelihood ratio tests and bivariate conditional 
moment tests. 

^ The following industries are not included: Tobacco (SIC 21), Textiles (SIC 22), Apparel 
SIC (23), and bistruments (SIC 38). The real price of tobacco was fairly constant from 
January, 1960, to August, 1982, after which it began a nearly deterministic climb from 
102 in September, 1983, to 234 in July, 1993. Then the real price fell 24% in August, 
1993, only to not change much from that for the rest of the sample. Clearly a more 
complicated model explaining these events is necessary before the switching regime 
model is applied. The BLS does not publish a price index solely for textiles, but one for 
Textiles and Apparel. It did publish a separate series for Apparel, but it ends in 1977. 
There is also no price index which adequately captures the general industry, Listruments 
(SIC 38). The Hve industries at the three-digit level represent three industries for which 
good measures of the price could not be found at the two-digit level. 

^ The evolving probabilities are similar to the smoothed inferences. Using the all the 
information in the sample reduces the "noise" in the some of probabilities within a 
recession. For example, six months into the 1973-75 recession, the probability of being 
in the recessionary state falls from 99% to 70%, but using all the information in the 
Scunple revises that estimate back to 99%. 

^ If the distribution of price changes is indeed skewed, then the estimates in Table III are 
consistent quasi-maximum likelihood estimates. 

^ These conditional moments tests are likely influenced by a common outlier in August, 
1973. Food prices jumped 9% that month causing the overall PPI to rise abruptly. For 
many industries, this real price draw around -5% is the lone outlying negative real price 
change. 

http://stats.bls.gov/sahome.html
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5. Monopoly Pricing with Menu Costs and Endogenous Efficiency Wages 

5.1 Introduction 

New Keynesian economists claim that short run economic fluctuations are best 

explained by short term price stickiness. Two of these macroeconomists have even 

prepared a "Sticlqr Price Manifesto," advocating the principles of sticky prices [Ball and 

Mankiw (1994)]. They survey the theoretical and empirical support for their beliefs that 

sticky prices are the best explanation for the short run real aggregate economic effects of 

monetary policy. Ball and Mankiw (1994 p. 137) purport that the cornerstones of sticky 

price theory are "...imperfect competition, small 'menu' costs of nominal price 

adjustment, and 'real rigidities'." Other features of the New Keynesian business cycle 

theory include aggregate demand externalities [Blanchard and Kiyotaki (1987)], staggered 

price setting [Ball and Cecchetti (1988)], and coordination failures [Cooper and John 

(1988)].' This chapter reports the results of an internal test of New Keynesian price 

stickiness with a speciAc focus on two rigidities, one in the product market and the other 

in the labor market. We use experimental economies to test these cornerstones of New 

Keynesian economics. The advantage of the experimental approach over fleld studies is 

that the experimenter has control over the environment in which economic agents are 

making their decisions. Furthermore, experimental markets invite direct observations on 

the dynamic behavior of the market participants. Apart from a few theoretical studies 

[e.g. Caplin and Spulber (1987) and Caballero and Engel (1993)], much of the theoretical 
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research in New Keynesian economics uses static models when the principal issue is 

dynamic behavior. 

The chapter tests two hypotheses of price flexibility. The first is an impediment to 

nominal price adjustment which is a necessary condition for a theory of sticlqr prices. 

Mankiw (1985) introduces nominal price friction into macroeconomic models via a 

monopoly market with menu costs. These menu costs are small costs of changing 

nominal prices, such as printing new restaurant menus or changing product labels. 

Mankiw shows that menu costs have large consequences for social welfare when 

considering the impact of aggregate demand shocks. 

The second hypothesis links factor market decisions to product price adjustment. 

While menu costs are a necessary component of the sticky price explanation for business 

cycles, they are not sufficient. Ball and Romer (1990) assert that menu costs in the 

naturally-occurring economy are not large enough to exert real effects. Changes in real 

costs following nominal price rigidities overcome the private incentives for not adjusting 

nominal prices. Flexible factor prices promote product price adjustment. However, if 

the incentives of a factor market are such that firms are not paying competitive factor 

prices, then factor prices may be acyclical, diminishing the stimulus for product price 

adjustment. Thus, product prices adjust less when factor prices are less flexible. Wages 

may be less than flexible if firms must pay supracompetitive wages to reduce shirking 

among employees (see Shapiro and Stiglitz (1984) for a model of unenforceable effort). 

Since the incentive to shirk may not change with changing product demands and wages is 

not determined by the supply of labor, firms must continue to pay supracompetitive 
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wages, and this reduces the incentive to adjust product prices. In this chapter a three-

stage game for an input/output model is developed tying firms' input market decisions to 

product pricing decisions. An experiment is then designed to test how factor price 

flexibility affects product price adjustment following product demand shocks. The menu 

cost hypothesis is also incorporated into these tests to explore its interaction with the cost 

adjustment effect. 

As a preview of the results, we find that with a high probability of inspection, 

wages are acyclical, and output sales are lower when firms incur menu costs following a 

demand contraction. However, with a low probability of inspection or when effort is 

perfectly enforceable, wages are procyclical, and despite the presence of the same menu 

costs the output sold nearly approaches its pre-demand shock levels. The wage changes 

overwhelm the menu cost effect. 

This chapter is organized as follows. Section 5.2 discusses the New Keynesian 

principles of sticky prices. Section 5.3 describes the experimental setting for the test of 

the three cornerstones. Section 5.4 presents a specific model for testing. Section 5.5 

outlines the different treatments and explains the experimental procedures. Section 5.6 

discusses the experimental results. Conclusions are offered in Section 5.7. 

5.2. The Comerstones of Sticky Prices 

5.2.1. Menu Costs and Imperfect Competition 

This chapter will first briefly review Mankiw's menu cost theory, for it lays a 

foundation for the rest of the chapter. Mankiw presents a simple static model of a single 
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monopolist who faces a constant marginal cost fiinction and an inverse demand function 

both dependent on a nominal scale variable. This nominal scale variable may be nominal 

GNP, the overall price level, or the money stock as Mankiw points out. Before each 

period, the profit-maximizing monopolist equates nominal marginal revenue and nominal 

marginal cost to determine the level of output to offer for sale. Simultaneously, the 

monopolist sets the nominal price for those units as revealed to him/her by the expected 

inverse demand function. After the actual level of nominal aggregate demand is known, 

the monopolist can change his/her price ex post to maximize profits by incurring a menu 

cost. Suppose that the nominal monopoly price chosen in advance is pJV*, where Pn is 

the monopoly price and N' is the expectation of nominal aggregate demand. If the actual 

level of N is less than N', then the observed price is po-Pm(N'/N), which is greater than 

Pm- The firm may choose to decrease the price from po to pm only by incurring a menu 

cost, z. Mankiw assumes for the scope of his paper that the firm cannot index the price to 

N ex ante. The nominal price rigidity is the result of the following principle: the 

reduction of a monopolist's profits associated with po is less than the menu cost if and 

only if the firm ex post does not reset its price. 

Wilson (1996a) tests the Mankiw theory of menu costs. The nominal price friction 

theory as outlined above is a static theory. My experimental design includes two 

treatments- a static decision treatment and a dynamic decision treatment. Subjects in the 

static menu cost treatment are given the following two options for each of the next twelve 

periods beginning in period thirteen: choose the theoretical monopoly price from the 

previous twelve periods or choose any other price and incur a cost that will be subtracted 
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from their profits. The profits in each period are independent of the profits in any period. 

Each decision, however, is obviously not independent of the others, for the price from 

previous periods reveals information to the monopolist Subjects in the dynamic menu 

cost treatment are given the option to keep last period's price or reset the price and incur a 

cost. In this treatment, each period^s decision affects future periods' proHts. The 

procedures for both treatments are the same for another set of twelve periods except that 

the monitor informs them that the quantity purchased at each price and their cost of 

production will both increase. 

The static experiments verify that without perfect information on an inverse 

demand, monopolists conform to Mankiw's theory of menu costs. Nominal aggregate 

demand fluctuations have real economic effects in a static situation. However, given a 

highly favorable monopoly environment, the experiments in the dynamic setting suggest 

that menu costs have no long-run effects, and if there is a short run effect, it dissipates 

very quickly even if the absolute size of these menu costs is quite large. In some cases 

the menu costs are over 30% of one period's proHts. Even without detailed information 

on demand and its shocks, the subjects adjusted their prices to the new monopoly prices 

after a shock. 

This initial research serves dual purposes. First, it investigates the impact of 

menu costs on output when nominal aggregate demand fluctuates and directly tests the 

microfoundations of the New Keynesian economics. Furthermore, it provides an 

empirical foundation for a larger study of business fluctuations and market imperfections. 
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These experiments will serve as a reference point for analyzing firm behavior during 

demand shocks when a Hrm's costs are endogenous and subject to potential real rigidities. 

5.2.2. Real Rigidities and the Ef&ciency Wage Hypothesis 

Ball and Romer (1990) and Romer (1993) argue that the case for small nominal 

frictions affecting aggregate economic activity rests on the existence of real rigidities. 

They contend that with a relatively inelastic supply of labor, a not too unrealistic 

assumption, a decline in aggregate output leads to a large decrease in the real wage, 

overwhelming any obstacles to nominal price adjustments. Intuitively, menu costs are 

simply not large enough to explain large business fluctuations. 

Consider for now the following simple production function, 

(5.1) g(0=a£ 

with the following marginal cost function, 

(5.2) MC = wla 

where a is the marginal product of labor, £ is labor, and w is the real wage. 

Furthermore, assume that following a contraction in nominal aggregate demand, all other 

Hrms do not adjust their prices. Then as Romer (1993) explains, aggregate real output 

(demand) falls. Since less output in the economy is produced, less labor is demanded 

(assuming the supply of labor is upward sloping) and the real wage falls. Thus, the real 

marginal cost for the firm should fall, but this is precisely what real rigidities impede. 

Real marginal cost may not fall sharply for the real wage may not decrease sharply. 

Figure 5.1 depicts an extreme polar case (for illustrative purposes) of a real rigidity in 
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which marginal cost does not fall at all when the demand falls. Akerlof and Yellen 

(1985) explain how the presence of efficiency wages implies that real wages are not 

procyclical and hence are a source of a real rigidity, fo any case, the loss associated with 

the failure to adjust the price when there is a small menu cost (the menu cost is still large 

enough to offset the private gain in profits for the monopolist) is shown in Figure 5.1 by 

C. Real rigidities are also possible on the demand side. Romer (1993) remarks that a 

procyclical elasticity of demand also reduces a firm's incentive to adjust its price during 

aggregate demand contractions. 

Figure 5.1: Real RigidiQr and Welfare Loss 

In the next two sections, this chapter will develop an experimental design to test 

the shirking model of efficiency wages. This design will then be incorporated into an 
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input/output market model as a source of a real rigidity for a monopolist. Thus, the goal 

of this research is to test the efficiency wage theory on its own and in tandem with the 

nominal price friction theory. This will be the first controlled test of the "New Keynesian 

Synthesis." 

Keynesians use efficiency wage models to explain involuntary unemployment. 

Yellen (1984) reviews the microfoundations for equilibrium wages above the market 

clearing level. Employers may pay efficiency wages to improve employee performance. 

Efficiency wages provide incentives for employees not to shirk at their work. Firms may 

also pay supracompetitive wages to strengthen the employer-employee bonds and 

therefore reduce labor turnover and the costs associated with hiring new employees. 

Efficiency wages further serve as a screening device to reduce the adverse selection 

effects of hiring employees from a heterogeneous labor force. Employee perception of 

fair wages could also lead firms to pay nonmarket clearing wages. 

This test utilizes the first justification for efficiency wages, the shirking model, as 

the means for introducing a real rigidity. The threat of firing is a very real discipline in 

the naturally- occurring economy and certainly not a new concept. A notable contribution 

is Shapiro and Stiglitz (1984).^ They present a shirking model of equilibrium 

unemployment in which the firing of shirkers is dependent upon the rate of 

unemployment. Shapiro and Stiglitz derive a no-shirking condition which leads to an 

involuntary unemployment equilibrium. For ease of experimental implementation and 

perhaps as a stronger test of the theory, the model presented here is a static version of the 

Shapiro and Stiglitz model. 
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Fehr, Kirchsteiger, and Riedl (1996) explicitly test a version of the shirking model 

of unemployment. In their model, the employers offer a contract specifying a wage, an 

effort level, and a penalty payment, the worker is caught shirking (the probability of 

detection is 1/2), then the worker must pay the penalQr specified in the contract. In their 

experiments, the workers chose an effort level from a uniform distribution. Fehr et al. 

find that an increase in wages reduces shirking and that some workers remain 

involuntarily unemployed because firms do not offer contracts to them.^ However, they 

also find that firms offer contracts with lower wages than predicted by their model and 

that employee shirking is not completely eliminated with the supracompetitive wages. 

Wilson (1996b) tests the shirking model's comparative static predictions. These 

experiments reveal the following differences in behavior with a lower probability of 

inspection: (i) firms offer lower wages, (ii) firms post fewer contracts, and (iii) workers 

shirk more. The theory, however, predicts that firms' wages are higher with a lower 

probability of inspection. Fehr et al. speculate that firms may want to reduce their 

exposure to shirking with lower wages, and Wilson confirms this conjecture by varying 

the inspection rate. Wilson also Hnds that the rate of shirking does vary directly with the 

wage, but a large increase in the wage only has a small effect of reducing the rate of 

shirking. 

5.3 Experimental Setting 

hi one of the first interrelated market experiments, Goodfellow and Plott (1990) 

test a competitive model of two simultaneous double auction markets, one of which is an 
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input market and the other an output market They find that the prices in the two markets 

are converging to the theoretical competitive predictions, but do not actually achieve 

them. This is mostly due to the short duration of the experiments; their experiments last 

only four, five, and six periods. Goodfellow and Plott's design serves as the foundation 

for building this design. 

Portions of the model and its experimental version presented in Section 5.4 are 

reflections of the Mankiw (1985), Goodfellow and Plott (1990), Shapiro and Stiglitz 

(1984), and Blanchard and Kiyotaki (1987) models. Blanchard and Kiyotaki use a 

general equilibrium model of monopolistic competition and market imperfections to 

explain movements in output correlated with aggregate demand disturbances. In this 

experimental test, there are M+1 markets, M of which are distinct output markets each 

supplied by a different monopolist. Separating the output markets reduces the complexity 

of the model and allows for a cleaner analysis of the monopolists' pricing decision and 

output sales which are by design independent of any strategic product market behavior. 

Furthermore, this design excludes the possibility of any aggregate demand externalities 

affecting behavior. While this is certainly an interesting feature of New Keynesian 

economics, the focus here is on the effects of menu costs and real rigidities. To control 

for possible strategic withholding by buyers in the output markets, the demand in those 

markets is simulated. The model presented here has one common competitive input 

market in which all M monopolists compete for the homogeneous input.^ There are N* 

units of an input good equally supplied by L human sellers.^ Each monopolist possesses 

the technology capable of transforming units of the input good into his/her distinct output. 
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Thus, the demand for the input good is derived from the demand for the output good. 

The input good and output goods cannot be carried over from period to period, i.e., they 

are both perishable. Trades in all markets occur in real time, and production is to order 

(just-in-time manufacturing). Firms ^t post a price in the output market and receive 

orders for their product. They then enter the labor market and post bids for employees' 

work. The details of the labor market setting with worker shirking will be discussed in 

Section 5.5. 

As is common in many experimental markets, the output markets are posted offer 

markets (Coursey, Isaac, and Smith (1984), Harrison and McKee (1985), Harrison, 

McKee, and Rutstrom (1990), Isaac, Ramey, and Williams (1984), and. Smith (1981)). 

The posted bid institution is the natural choice for the input (labor) market In the 

naturally occurring economy, firms offer wages to employees, and they either accept or 

reject the bids for their work. 

5.4. The Input/Output Model 

5.4.1. Worker Decisions and the Supply of Labor 

As stated above, in this economy there is a fixed number, N*, of homogeneous 

units of labor, which the L^N* workers are willing to sell to enjoy the compensation 

from employers (presumably to consume products). But for each unit of the labor, the 

workers dislike the effort required for receiving that compensation. Assuming additive 

utility in units of work, a simple utility function for each unit of labor which captures this 

description of the labor force is 



(5.3) U'{w,e) = w-c{e) y = l,2,....Ar» 

where w is the wage, e6 {e,e} is the effort of an employee, and c(e) = 
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£ ® = £ - .1-
~ "2. IS the 
c  c  =  e  

disutility of work with c > c > 0 and e > e > l .  Similar to Shapiro and Stiglitz (1984), 

workers choose to either exert a single effort e = e or put in minimal effort e = e. It is 

further assumed that the cost to the firms to monitor the effort of each employee is 

prohibitively high, but that firms do have at their disposal an exogenous, costless 

monitoring device that randomly inspects employees. With known probability q, a firm 

can inspect an employee and observe the effort of the employee. They can then fire a 

shirker, paying him the unemployment wage, . The four possible payoffs for the 

employees arising from this model are shown in Table 5.1. 

Table 5. I 

Emplovee Pavoffs 

Work Shirk 
Inspected [9] 

Not inspected [1-q] 

w —c w  — c  
u 

w —c w—c 

To induce the workers not to shirk requites that 

(5.4) w-c ^g(w„ —c)+(l-^)(w-c) 

Combining terms yields the following no-shirking condition (NSC): 
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(5.5) 

Notice that just as in the Shapiro and Stiglitz (1984) model, the critical no-shirking wage 

increases as the unemployment wage and the cost of the high effort level increase and as 

the probability of detection decreases. As mentioned earlier, this NSC is much stronger 

than Shapiro and Stiglitz's; their NSC is upward sloping and asymptotic to the supply of 

labor. This model explicitly eliminates the unemployment rate and infinite horizon 

effects in the Shapiro and Stiglitz NSC. 

5.4.2. Labor Market Setting 

All workers have perfect information on the job opportunities, i.e., all wages are 

publicly posted. Each firm posts bids for each unit of the input it would like to purchase 

as if it were placing an advertisement in the newspaper each period. The workers then 

peruse the "want-ads." Workers are randomly queued each period to select contracts. If 

the applicant accepts a posted wage, then the worker and firm have agreed to a one-period 

contract.^ In each contract, the firm agrees to pay the employee for his/her experimental 

unit of work if the employee works or shirks without detection. However, if the firm 

catches the employee shirking, the firm may fire the employee and pay the unemployment 

wage. To control for reputation effects, all workers anonymously accept contracts.^ 

After the firm and employee agree to the wage contract, the employee privately 

decides to either work or shirk. The firms then observe the resulting output. They may 

also receive information from a random inspection of their employees. The firms are 
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required to pay all employees the wage specified in the contract unless the firms receive 

information that a worker has been caught shirking. If a random inspection uncovers a 

shirker, they then fire the shirker and pay him the unemployment wage. An exogenous 

government pays all the involuntarily unemployed the unemployment wage. 

The inspection procedure requires further explanation. Both the firm and the 

employee know that there is an exogenous probability, q, that the laborer will be 

inspected and that the quality of his/her work revealed to the firm at that time. The 

inspection is costless and completely exogenous to the system. The chance that a firm can 

inspect an employee is determined by a random draw, ff the random draw indicates that a 

firm can inspect a worker, then that information is relayed only to that firm and worker. 

No other worker or firm receives the information from a random inspection. 

5.4.3. The Output Markets and the Demand for Labor 

There are Af identical markets each supplied by one of the M firms who compete 

only for their one input in production, labor. Each firm faces the same linear demand for 

their product, namely, 

(5.6) / = 1.2,...,M, 
b 

where P, is the price of good Xi for firm i. The production function for each monopolist 

is a function of the quality of units of labor and is assumed to be 

N, 
(5.7) i = 

t=i 
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where Ni is the number of units of work employed by firm i. 

The total cost of production, assuming a firm pays the same wage for each unit of the 

input, is 

(5.8) TC^wNf. 

There are no fixed costs of production. 

5.4.4. Equilibrium 

The equilibrium in this experimental system is assumed to be subgame perfect. 

That is, in the last stage, the decision to work and not shirk is determined by equation 

(5).* The firms then determine the quantity of high effort labor demanded from the 

following maximization problem given the equilibrium wage necessary to induce high 

effort work in the last stage. Specifically, the firm's maximization problem is 

(5.9) max 
"t 

subject to X, = IN I 

where the firm's price is determined by the monopolist's inverse demand function. After 

substituting the inverse demand function for P,- and then the production function for X,, 

the individual monopolist's demand for the input good can be solved from the first order 

conditions and is 

(5.10) 

The market demand for the input good, the summation of the M firms' input demands, is 



(5.11) N''^ 
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Af(ai"—w) 

2be^ 

where w is the equilibrium wage given by the NSC. 

From equations (5.6), (5.7), (5.10) we can then solve for the equilibrium price 

posted in each of the monopoly markets given the equilibrium of this subgame. The 

price in each output market is 

ae+w 
(5.12) pr = 

2e 

5.5. Design and Procedures 

5.5.1. Treatment and Implementation of the Model 

The Hrst obvious treatment in these simultaneous input/output experiments is the 

flexibility of wages. To assess die effects of acyclical wages in the shirking model, a 

market is needed in which the workers theoretically should not shirk at the competitive 

wage. If the probability of detection is one, and w^+c-c is less than the competitive 

wage, then the input market should clear at the competitive wage. This treatment will 

provide a benchmark for analyzing the impact of unenforceable effort contracts on 

product price adjustment. Since firms offer lower wages with a lower probability of 

inspection when the risk neutral no shirking constraint is held constant [Wilson (1996b)], 

firm behavior might also vary with the business cycle. To uncover what the effects these 

differences in behavior have on product price adjustment, two different real rigidities are 

implemented. The probability of inspection and cost of high effort are varied so that the 

two risk-neutral theoretical NSC's are nearly equivalent. 
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To complete this test of the New Keynesian Synthesis, the other treatment will 

introduce menu costs on the monopolists for changing their output prices. Each 

experiment consists of a ijiinimum 25 periods. After twelve periods with the initial 

parameterization, the monopolists are informed that their consumers will purchase fewer 

units at each price than they did before, but they do not know how much consumers have 

reduced their purchases. Then beginning with period thirteen, all the monopolists in the 

same economy are either subject to a small menu cost or not. If menu costs are present, 

they are informed that they will incur an additional cost for changing their product price 

every time they alter their price from the previous period. The small menu cost is one 

such that the change in profits from resetting the price to the new monopoly equilibrium 

price is greater than the menu cost despite the real rigidity in their input prices. 

The following parameterization of die model input^output model maintains 

symmetric equilibrium outcomes for all the subjects of the same type. For the model in 

Section 5.4,  the economy parameters common to all  experiments are as follows; e  =4,  

e = I, c = 84, L= 4, M =s 4, and = 12. For the real rigidity treatment, the NSC is 240 

when ^.50 and c = 198 and nearly the same (NS0242) when ^=.37 and c = 169. The 

inspection rate is constant throughout an entire session. The initial demand parameters for 

the first twelve periods are a s 124 and b =2. With discrete levels of production, the 

demand for labor is a step function. The derived demand for labor is shown in Figure 5.2. 

In the real rigidity sessions, N*=20 so that in the theoretical equilibrium each Hrm 

employs four units of high effort labor leaving four units involuntarily unemployed. To 

directly compare the production with and without a real rigidity, the supply of labor is 
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reduced in the no teal rigidity sessions (^*=16) so that the theoretical predictions for 

production are the same. The competitive wage can be as low as 208 and as high as 272. 

Table 5.2 displays the treatments and mnemonics of the four different types of 

experimental sessions. 

I 
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Figure 5.2: Supply and Derived Demand for the Input 

The output demand shock is imposed by letting a = 108 for periods 13-25. The 

no- shirking constraint does not change when the product demands change, so that with a 

lower output demand, the unemployment in the real rigidity treatment climbs to 8 units 

(on average two for each subject). In the no real rigidity treatment, the competitive wage 

tunnel shifts down to include wages from 144 to 208. With perfectly enforceable labor 

contracts, the labor market should clear with workers choosing high quality units. Each 



Table 5.2 

Design Treatments 
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No real rigidity 
q ^ \  

N*^\6 

Real Rigidity 
q<l 

N*^20 
No Menu Costs 

NF (c = 169) NR50 {q=.5Q and c = 198) 

NR37 {q=31 and c = 169) 

Menu Costs 
A/F(c = 169) MR50 (^.50 and c = 198) 

MR37 (^.37 and c = 169) 

unemployed unit of labor receives the unemployment wage from the exogenous 

government and does not incur any cost of effort. This creates a 12 experimental dollar 

opportunity cost for workers so that the observed competitive wage after the demand 

shock in the no real rigidity treatment will meet or exceed 181. The theoretical 

predictions for wages, utility for an employed unit of labor, profits, and production for the 

two product demand regimes are summarized in Table 5.3. It is assumed that the firms 

pay the workers the lowest competitive wage in both demand regimes with no real 

rigidity. 

If a monopolist does not change her price in the R50 treatment following the 

demand shock, she will earn profits of 256 from selling 8 units at a price of 92. As Table 

5.3 shows, the profits from adjusting her price to the new monopoly price are 288. Thus, 

the cost of changing the product price is set at 32 in the menu cost treatment. 
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Table 5. 3 

Theoretical Predictions 

F R50 R37 
w=209 vv=240 w=242 

High Demand £/=40 l/==42 U>^13 
Periods 1-12 n'=636 n'=512 n'=504 

a =124 r=16 X'=16 
WsslSl w=240 vi«242 

Low Demand U'=42 C/=73 
Periods 13-25 n^92 n'=288 n'=282 

fl= 108 Ar=16 X^=12 X*=12 

Note the special features of this design. The R50 and R37 economies have nearly 

identical product market predictions before and after the demand shock is imposed in 

period 13. Worker outcomes, however, differ in these treatments because the probability 

of inspection and cost of high effort vary. Worker utility per unit of employed labor is 

nearly the same for the F and R50 economies prior to the shock, but they differ in their 

post-shock predictions, bi the F treatment and in the absence of menu costs, output 

should return to its pre-shock levels as the firms completely shift the burden of the shock 

to the buyers. This feature of the design is not intended to be a realistic parallel to the 

naturally-occurring economy, but will be used as a control for assessing how the R50 and 

R37 economies adjust following shock. 

5.5.2. Experimental Procedures 

Twelve experimental sessions were conducted in this test of Keynesian rigidities.' 

There are two replications of each of the real rigidity treatments shown in Table 5.2, and 
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four replications of the MF cell. No sessions were conducted for the NF cell because as it 

will be discussed in the results, menu costs have almost no statistical effect on output sold 

in the MF sessions. Each experiment consists of four major stages. First firms decide 

what price to post. The subjects are given the "strike price," the price at which the 

computer product buyer would order exactly one unit of output. After choosing and 

confirming their product price, the firms receive an output good order. Firms are required 

to round their prices to the nearest even experimental dollar so that they would receive a 

whole number output order. This feature makes the revenue function smooth and 

eliminates local maxima in the profit function which might hinder price adjustment. In 

the second stage, firms post bids for each unit of the input they would like to purchase; 

each bid specifies a desired effort level and wage. Assuming that all their bids are 

accepted and they receive the desired effort, the computer reminds the firms how many 

more units of output are needed if the firm desires to fulfill its order. The firms receive 

no penalty for not completely fulfilling an order. The computer then randomly queues a 

worker to select up to five contracts. All bids are displayed at every terminal. A contract 

changes color when it is chosen allowing firms to observe the order in which the contracts 

are selected. After each worker has an opportunity to choose contracts, they privately 

decide which effort level to choose. The profit if the contract is inspected or if it is not is 

calculated for the subjects as they toggle between the choice of effort levels. Once the 

worker chooses an effort level, the random inspection of contracts is conducted, and the 

results are privately displayed for each subject. The input units are automatically 
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converted into output and sold according to the market demand curve. Extra output is 

discarded, for it perishes at the end of the period. 

As a control for reputation effects, the identities of the workers are not revealed. 

Contracts, however, are posted by firm number. The probability of inspection, 

unemployment wage, and costs of effort levels ate public information. Workers are 

informed that the Hrms can sell one unit of output from each low effort input unit and 

four units of output from high effort The firms' product prices, however, are private. 

The firms are also not informed as to how many units of labor each of the four workers 

could sell. 

All references to a labor market are avoided in the instructions. Workers are 

designated as input sellers, and the unemployment wage is called a standing bid. The 

instructions refer to the high and low effort levels as Grade Z and Grade Y, respectively, 

and the word "shirk" is never used to describe choosing Grade Y for a Grade Z contract 

All subjects also complete a quiz after reading the computerized instructions to insure 

that they understand how an input seller's profits are calculated. The firms also work 

through an example of how their profits are calculated for three different scenarios. 

Each session includes two practice periods and a minimum 25 market periods lasting 

approximately 2 hours." The subjects were not told how many periods the experiment 

would last and if they asked, they were told they would finish within the 2.5 hours for 

which they were recruited.'^ 

Since some groups move at a faster pace than others, up to a maximum 8 periods 

are added to an experiment if the group was finishing well within 2 hours. The demand 
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intercept shifted up from a=108 to 120 for these periods, and menu costs remained in 

effect for the sessions in that treatment The firms were informed that their product 

demands would remain constant unless they were notified to the contrary. Prior to period 

13 (period 26), the firms were notified that the computer buyer would purchase fewer 

(more) units at each price than in the previous rounds. 

In addition to the computerized instructions and quiz, all subjects had experience 

in just the input market a day or two earlier in the week. The results of these experiments 

are reported in Wilson (1996b). As part of a test of the shirking model's comparative 

statics, eight sessions reported in that paper use the same input market parameters in the 

R50 and R37 economies. All subjects in the sessions reported here retained their 

respective roles on the second day. The firms had also previously participated in an 

experimental posted offer monopoly market with a computer simulated buyer. The firms 

were paid for their final decision in the ll* period of this 15 minute monopoly 

experiment with constant marginal costs. 

5.6. Results 

The principal observations are summarized as Results 1-6. The data are analyzed 

at the individual level (the principal advantage of experiments) and at the economy 

(session) level. Since the real effects of price adjustment in the economy are the central 

question of this study, the natural variable of interest is units of output sold. The 

following dununy variables are used to explain the amount of output sold, y,,, by firm i at 

time t: 
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Rigidi = I when firm i has 50% or 37% chance of inspecting an employee, 0 otherwise; 
Rigid 37[ s I if firm i has a 37% change of inspection an employee, 0 otherwise; 
Menuit - 1 when firm i faces a menu cost in period r, 0 otherwise; 
Period r-St - 1 for periods r though s in period r, 0 otherwise; 
MPeriod r-su = Menuu * Period r-St\ 
RPeriod r-su - Rigidi * Period r-St for />12; 
Rigid*MenUit = Rigidi * Menuu', 
Rigid 37*Menuu = Rigid 37i * Menuu\ and 
Economy ji = I when firm i is Economy j, 0 otherwise 
{Economy j&{NR5mi, NRSOWl, NR37^\, m37Wl, MRSmi, MR37n, MF#1, MF#2, 
MF#3}). 

These variables are collectively represented by the matrix, in the random effects 

model 

(13) y,, + 

where m, is the random disturbance for firm /, constant for all periods, and e,, is the 

random disturbance varying across firms and periods. The dummy variable. Rigid 37i, 

and an interaction effect. Rigid 37*Menui,, are included to determine if the type of real 

rigidity (50% vs. 37% inspection) affects the number of units sold. The dununy variables 

for the periods, MPeriod r-su and RPeriod r-sn, will capture any dynamic adjustments 

following the demand shock which can be attributed to the different treatments. Lagrange 

multiplier statistics reject the null hypothesis of no random effects. 

The dununy variables in x,-, are appropriately adjusted to form Xyr, the indicators 

for Economy j in period t for the OLS model of output sold, Yji, 

(14) y^=A+b'X^+e., 

The estimates from these two models are presented in Appendix D as Tables D. I and D.2. 
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Figure 5.3 illustrates the differences across treatments for the input markets. The 

rate of shirking on high effort units in each economy is also investigated with a regression 

model including some of the variables from X/r and obviously only including data from 

the R50 and R37 economies. The following explanatory variables for Economy j at time t 

are also added to this regression reported in Appendix D in Table D.3; 

Average Bidjt is the average contracted bid for high effort work in Economy j; 
No Bidjt = 1 when no bids for high effort units were posted, 0 otherwise; and 
Period r-s*Rigid 37j - Period r-S[*Rigid 37j. 
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Figures. 3; Average Bids for High Effort Labor 

Result 1: Wages and output are lower than what the theory predicts for the real 

rigidity treatments. The flexible wages are, on average, equal to the competitive wage. 
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Support: Figure 5.3 illustrates the average bid for high effort work for the three 

cases. It is quite noticeable that the average bid for the real rigidity treatments is always 

less than the risk neutral prediction. This is consistent with the experimental results of 

FKR (1996) and Wilson (1996b) which both conclude that firms may reduce their 

exposure to the risk of shirking by lowering their bids. 

Just as in Wilson (1996b) the average bid in the R37 treatment is substantially less 

than the average R50 bid. Controlling for the change in the cost of high effort, Wilson 

finds that contrary to the theory, lowering the probability of inspection by 13% reduces 

the average bid by 13. The average bid for high effort work for the last five periods of the 

50% and 37% inspection sessions in Wilson (1996b) are 229 and 204, respectively. As 

Figure 5.3 shows, the corresponding average bid in these economies is near the ending 

levels in the experience-gaining input market sessions. This suggests that the firms' 

learning effects in the input market are small. (The spikes in the R37 and R50 economies 

are due to a subject who had been bumed by shirking in the previous round.) The average 

wage in the economies with 100% inspection is almost always within and not surprisingly 

at the lower end of the competitive wage tunnel. 

Wilson (1996b) also finds that the Hrms reduce the number of contracts in 

response to shirking. This is also true in these experiments. At the Hrm level, the 

presence of the real rigidity lowers the amount of output sold by 8 units (or 2 high effort 

contracts), and at the economy level, product sales fall by 33 units (approximately 8 units 

times 4 firms).Models 2 and 3 indicate that after accounting for random effects there is 
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no di^erence between output sales in the R50 and R37 treatments, but when aggregated to 

the economy level, R37 economies sell 7 units less than the R50 economies.''^ 

Result 2: Wages in the R50 treatment are acyclical just as the theory predicts; 

however, R37 wages are slightly procyclical. Wages in the F treatment are highly 

procyclical. 

Support: Figure 5.3 again clearly illustrates this result. The R50 bids are not 

correlated with the demand regimes; furthermore, the F bids strongly follow the induced 

business cycle. These experiments also show that there is a tendency for firms with only 

a 37% inspection to lower their bids when their product demand falls. The average F bid 

falls from 214 in period 12 to 183 in period 25, and the average R37 bid fall from 199 to 

187. Thus, even with the possibility of worker shirking, wages can be somewhat flexible. 

This result for the R37 treatment is not predicted by the shirking model. 

Result 3: Apart from movements in the wage, the rate of employee shirking is 

acyclical. 

Support: The regression results in Table D.3 indicate that the type of real rigidity 

and the period have no effect on the percentage of contracts shirked. As expected, the 

average bid is inversely related to the rate of shirking. Thus, when the wage in the R37 

experiments falls by about 13 experimental dollars with the low demand, the incidence of 
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shiridng rises by S.5%. One could reasonably hypothesize that when the product demand 

falls and the resulting number of bids for high effort then also falls that the higher rate of 

unemployment might alter the shiridng behavior of workers. There appears to be no 

support for such a conjecture. 

Result 4: The mere presence of a real rigidity temporarily prolongs the reduction in 

output sales following a demand shock, but this effect eventually disappears. 

Support: In period 13 there is a stark reduction in output sold for all firms as they 

assess the magnitude of the demand shock. The firms with incomplete contracting for 

high effort labor sell 1.5-2 units less for Periods 16-19, but by Period 22 this effect is 

gone (see the RPeriod r-s variables in Table D.l). At the economy level. Table D.2 

shows that this effect disappears in Period 20. 

Result 5: At the individual level, menu costs alone have a very small or insignificant 

impact on the number of units sold by a firm. At the economy level, there is no statistical 

evidence that menu costs reduce output sales. 

Support; Li eight sessions, menu costs are imposed starting in period 13. Estimates 

from Model 2 of the individual sales show that menu costs reduce output sales by one 

unit in Period 13. Units sold also fall by another unit in Periods 14 and 15 and arguably 

as well in Period 16 and 17, but for the next four periods menu costs only reduce output 

sales by a total of one unit. Then in Periods 22 and 23, there is no effect of menu costs on 
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output (Menu + MPeriod22-23 = -1.2892 + 1.3788). This trend is consistent with the 

flndings in Wilson (1996a) which reports that monopolists quickly adjust their product 

prices in response to proportional shocks to demand and marginal cost. At the economy 

level, no reduction in output can be solely attributed to menu costs in any period. 

We cannot firmly conclude, however, that output returns to the pre-shock level in 

Periods 11 and 12. There is weak evidence that output is returning to its pre-shock levels 

in Model 3 and at the economy level. Model 2 estimates strongly point to a permanent 

reduction in output regardless of treatment. Part of this can be explained by the following 

observation. Often in the F treatment, firms eventually try to cut their bids to 181 so that 

a worker's utility is just equal to her opportunity cost of receiving the unemployment 

wage from the government. Many times a worker refused to take such bids and so a firm 

was unable to sell 4 units of output for each bid left in the market. The firms soon 

realized that raising the bid slightly above w^-^c was acceptable to most workers. 

Result 6; Menu costs do have a significant impact on output sales in the presence of 

an observed real rigidity. 

Support: After accounting for the economy-specific effects, the dual presence of a 

real rigidity and menu costs reduces output sold by 2-3 units for each firm. All models 

strongly support this result (see the estimated coefficient for Rigid*Menu). At the 

economy level, 10 units less are sold when both Keynesian rigidities are present. This 

result together with Result 4 verifies the claim by Ball and Romer (1990) that "small" 
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menu costs are simply not enough to have real effects on the economy. Real rigidities are 

a necessary component of a Keynesian explanation for business cycles. 

Final Observation: Only the interaction of inflexible input costs with menu costs 

reduces the amount of output soldfollowing demand shocks. 

Support: This observation follows from the results discussed above. First, we can 

see that the R50 costs are acyclical and that the R37 and F costs are procyclical. Then we 

have the result that menu costs alone do not hinder individual price adjustment and only 

temporarily slow economy-wide adjustment. Lastly, we have the result that menu costs 

and real rigidities together can lower output sales. The estimates from all regressions 

show that flrms facing the 50% rigidity and menu costs sell 2-3 less units of output when 

the demand falls. However, the firms facing the 37% rigidity and menu costs sell no 

fewer units since their costs are flexible. (At the individual level, Rigid*Menu + 

Rigid37*Menu- -2.5806 + 2.5455, and at the economy level, Rigid*Menu + 

Rigid37*Memt= -9.6641 + 9.0214). This result stands out even more when one considers 

that the average bid falls by on average only 12 experimental dollars per unit after the 

demand shock. The Arms in the F treatment have highly procyclical wages (wages fall by 

30 experimental dollars) and their output nearly returns to its pre-shock levels despite 

menu costs. 
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5.7. Conclusion 

For the first time we have directly observed the workings of economies with 

Keynesian rigidities in both the factor and product markets. The main result of this 

chapter is that factor prices must be acyclical and be combined with menu costs in the 

product market in order to generate New Keynesian outcomes. While these experiments 

internally verify a New Keynesian explanation of business fluctuations, they also reaffirm 

and introduce some important qualifications to New Keynesian predictions. As it has 

been previously argued, menu costs alone are not sufficient to lower output following 

demand shocks which persist for several periods. Furthermore, as the 37% inspection 

treatment shows, not every model which predicts acyclical wages will reduce output 

further when combined with menu costs, ff input costs are flexible, there is little or no 

additional reduction in output following a demand shock which can be attributed to menu 

costs. 

These observations pose some new challenges and offer directions for future 

research in the study of business fluctuations. First, these data suggest that research 

should focus on the flexibility of factor costs if we are to gain a better understanding of 

price adjustment and its effect on output Moreover, this theoretical and empirical 

research should take special care in investigating the behavior in these factor markets 

when combined with product markets. By design, the firms in these experimental 

economies are monopolists which means changes in output sales can be directly 

attributed to the treatments. Future research may focus on how strategic market behavior 

interacts with real rigidities and menu costs. Finally, it should be noted that these 
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experiments are only an internal test. It remains to be seen how these New Keynesian 

explanations perform relative to the business cycle interpretations of the other schools of 

thought. 
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S.8 Endnotes 

'See also Mankiw and Romer (199la,b) and Blanchard and Fischer (1989) for collections 
of New Keynesian research. 

^See also Bowles (1985). 

' Fehr, Kirchsteiger, and Riedl (1996) also induce a form of structural unemployment in 
their design by including more workers than firms in the market and limiting each firm to 
offering one contract 

•'There is one other major difference; this input/output model is also not a general 
equilibrium model. Lian and Plott (1993) run a series of experiments on a general 
equilibrium model of an economy in which they investigate, among other things, how 
"helicopter drops" of fiat money affect the ratio of prices in the two markets. 

^ Since economists are not above the principle of scarcity, each input seller subject will 
N* 

have — units to sell. 
L 

^ One obvious treatment of interest in future designs is to allow the firm and the 
employees to agree to multi-period contracts. This makes the work/shirk decision much 
more complicated and the firms' contract offers more realistic. 

^ Another interesting treatment would allow firms to refuse to hire workers with 
identifiable histories of shirking. This would produce true heterogeneous labor. 

^We further assume that a rational firm will only pay the minimum wage necessary to 
induce the worker not to shirk and that an employee when indifferent between working 
and shirking would choose to work. 

^ Two more sessions were conducted as pilots prior to the twelve experiments reported 
here. ]h the first pilot, the probabiliQr of inspection was .25. The workers shirked so 
much that two firms went bankrupt; the other two firms "locked" out the workers 
preferring to not to risk the earnings they had already accumulated. In the second pilot 
experiment, the probability of inspection was 1, and the total number of units of labor 
was 20. It was observed that input prices remained very close to the workers' oppormnity 
cost prior to the demand shock. Therefore, the wages did not have far to adjust 
downward with the shock. 

The copies of the computerized instructions, screen designs, and quiz are available 
upon request. 
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''One session was terminated after 22 periods when a subject accidentally rebooted her 
machine. A lost connection in the program prevents it from advancing to the next stage. 

'̂ Each subject was paid $5 for showing up on time and earned on average an additional 
$22.25 from their decisions in the experiment. The subjects were undergraduate and 
graduate students in the Business College. There was never more than one graduate 
student in any session, and no subject participated twice. Firms were given a capital 
endowment of 850 to avoid losses. It is public knowledge that if a subject has a negative 
balance for three consecutive periods, their participation in the experiment would end, but 
they would not owe the experimenter. Two of the 48 firms maintained a negative balance 
for three consecutive periods. At the time of bankruptcy, the two firms were privately 
told that they would be paid $5 if they decided to remain for the duration of the 
experiment and keep the program advancing to the next stage without making any 
decisions in the economy. Both subjects accepted the offer. 

The estimated coefficient on Rigid as reported in Table IV for Model 2 is -8.1541. At 
the economy level. Table 5 reports that the estimate is -33.513. 

Model 2's estimated coefficient on Rigid37 is -2.3456, but the p-value is .39165. 
However, at the economy level the coefficient of -7.3217 has ap-value of .01161. 
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Figure A.3 
Confidence Intervals for the Mean Response 
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Figure A.4 
Demand Induced versus Supply Induced Market Power 
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Power / No Power Design 
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Figure A.7 
Test of Changes in Prices and the Role of Information 
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Figure A.8 
Tests of the Spread of Prices and the Role of Information 
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Appendix B; Proofs for Ch^ter 3 

Proof of Proposition One: 

Consider x] 6[0,a/3). If (x,.,jcp 6 A, then 

Vi{Xi,x]) = (I-Y)x,.(a0 -Xi -x]) + Yx,(a -xf-x])-bx^. 

v, ( • , X j )  is strictly concave inX, and reaches a local maximum at, 

x,(x;)=i(a(ea-Y)+Y)-fe-x;.). 

Note that (x^(Xj),Xj) e A since 0 < 6 implies that a(0(l-Y) +Y ^ ^ • Output 

x-  (Xj  ) i s  also a unique global maximum of v, (x , ,  x] ) since v, is continuous in x, and, 

3v,.(x,,x') a-x]  aQ-x]  
r-^-^ = (l-Y)(a0-2x,-x;)-6<O for-^<x,<—^ 
ox,- ' Z z 

and 

0v,(x,,xp aQ-x ' j  
\  '  =-b<0 forx,>— 

3  X , -  ' 2  

Note that x^Cxy*) = x,- *, so (x,*,x2*) is an equilibrium (SPNE), and is the only 

equilibrium in which both outputs are less than or equal to a/3. 

In order to establish uniqueness, we must rule out equilibria in which one or both 

outputs exceed a/3. Consider first the case in which both outputs exceed a/3. Ifx, >xy 

then firm i has zero marginal revenue for capaciQr in one or both demand states. If 

X e Ag, then Hrm /'s payoff is differentiable and equals. 
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dVi(Xi ,Xj)  
— = (l-y)(a0-2xi -Xj) -b<0.  The inequality follows fromx,- >xy > a/3 

and 6 < 5 . If x ^ ^4,, then firm i  receives zero marginal revenue for capacity in both 

demand states and its marginal value for capaciQr is < 0. So, if x, > xj > a/3, then firm i 

cannot be making a best response toxj. If jc- = Xj e (a / 3,a0 ] then the value function 

for firm i  (and for firmy) is not differentiable, since x lies on the 45° line in region B 

and/or . At such an x vector, the left derivative of net revenue with respect to capacity 

is strictly less than the right derivative with respect to capacity (the proof of this claim is 

developed in the proof of Proposition Three). Such a point could not be a best response 

for either firm. If x, = Xj > aB , then both firms have a marginal payoff of -6 < 0. 

Consider next the case in which one firm (say firmy) has capacity between zero and a/3, 

inclusive, and the other firm (i ^ y) has capacity in excess of a/3. Can such a capacity 

pair be an equilibrium? The first part of this proof established that the global best 

response for/ to Xj e[0,a/3] is, x,.(xy) »i-(a(0(l-Y)+Y)-fc-Xy). x,.(xy) may 

exceed a/3, so that firm i could be making a best response to x/ at the candidate capaciQr 

pair. Note that (x, (xy), x^) € A since 6 < 6 . So, the fact that i is making a best response 

to xj implies that the candidate pair is in region A. Firm fs payoff is differentiable with 

respect to capacity whenx is in set A and equals, 

= alB(l-Y) + Yl-2x^. -X.. -6 > apd -Y) + Yl-X, - 2x, -Z,. 
a X i  '  '  
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The inequality follows because xy <x,-. The right-most expression is equal to zero, since 

i is hypothesized to be making a best response to xj. So, at a candidate pair in which i is 

making a best to xj, firm j cannot be making a best response to X[. There are no equilibria 

withXi>a/3 and O^Xj ^a/3.U 

Proof of Proposition Two: 

The hypothesis of the proposition yields, 0 > 8 + (2 + y) / (1 - y). This inequality 

implies that x{ = s (a0(l -y) —b) /3>a. The remainder of the proof establishes 

conditions under which x' is the best response for firm i to x'j. 

If Xi e (a , (ad -Xj)  /2) then the pair (x, ,jcp is in set Ag and the value function 

for I is, 

V, (x,,xp = (I -y )x,.(a0 - x,. - xp -bx^. 

This function is strictly concave in x, and attains a local maximum at x- = x/. If 

X, > (a0 - X 'J)/2 then the capacity pair is outside of set A, and firm i is the larger firm 

and has zero marginal revenue for capacity in both demand states. So, the value for firm/ 

attains a maximum at x/ for x,. > a. 

Consider next the value for firm i  when x,- € [0,a]. For capacities in this range, 

firm i is the smaller firm and has positive expected net revenue in the low demand state; 

the payoffs are given by the net revenue function for the small firm in regionD, when 

X, e [0,a / 3) and in region E when x,. e [a / 3,a]. By Proposition One in Kreps and 
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Scheinkman (1983), expected net revenue in the low demand state for i is bounded as 

follows: 

TC,.(x)^y(a-x,.)^; 0<x,. <a. 
4 

For X, e [0,a / 3) (i.e., in region D) a tighter bound on tc, can be provided as follows: 

7C,-(x)=^x,.(a-x.)(l—^)<^x,.(a-x.)<^; 0<x. <a/3.  
2 Xj 2 9 

The first inequality follows because firm / has smaller capacity than firm j. The second 

inequality follows because the function x, (a — x,) / 2 is strictly increasing in x, over 

[0,fl/3). Also, note that the function (a - x,)V4 is decreasing in x, and is less than or equal 

to a^/9 for x, e [a / 3,a]. So, the expression a^/9 provides an upper bound on expected 

revenues for firm i in the low demand subgame, if x, is less than or equal to a. 

The upper bound for expected revenue in the low demand state allows us to bound 

the value function for firm i. 

V .  (x,., X j ) <ya^ / 9 + (I -y )x,. ( a d  - x,. - xp -bx^, 0 < x,- ^ a. 

This upper bound on the value function is increasing in x, and reaches its maximum at x, 

= a. This implies, 

V, (x,..xp ̂ /9 + (1 -y)a(a0 -a -xp-ba = a^(y /9-(1 -y)) +a(2 +y)x/, 0 < x,. < a. 

The maximum value for firm i for capacity choices between zero and a is bounded above 

by an expression that is linear in x,. On the other hand, the value for firm i at x,. = x/. 

may be written as. 
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v,•sv,(J:;,J:;) = (l+2Y)(x;)^ 

Since tlie proposed equilibrium capacity, x ' ,  is itself (linearly) increasing in 0 and v,* is 

proportional to the square of x-, there exists some 0 * such that v,* exceeds the upper 

b o u n d  o n  f i r m  i ' s  v a l u e  f o r  c a p a c i t i e s  b e t w e e n  z e r o  a n d  a ,  f o r  a l l  0  >  0 L e t  

0* s max{0 ',5 +(2 +y) / (1 -y)}. Then x' is a best response to x'j if 0 >0*. Note 

that if 6 + (2 +Y) / (I -Y) < 0 < 0 * then firm i  may eam higher profit by choosing a 

capacity smaller than a rather than by choosing x' in response to x'j.W 

Proof of Propositioii Three: 

Proposition One established that a syirmietric equilibrium capacity pair could be 

in region A only if 0 < 8. The proof of Proposition Two established that a symmetric 

equilibrium capacity pair could be in region F only if0>S+(2+Y)/(l~*Y) - These two 

results imply that if 5 <0 < 5 + (2 + y) / (I -Y) then candidates for a symmetric 

equilibrium pair must lie in region B. These equilibrium candidates have capacity levels 

between a /3  and a.  

Consider subgame equilibrium net revenue in the low demand state as a function 

of capacities. This function is continuous in capacities. However, this function is not 

differentiable in own capacity when the two firms have equal capacity. The right hand 

derivative is zero. The left hand derivative is. 
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Bx.. 
^ (a  — 3y)(a  — y ) / iy<0;  a /3<y<a.  

The value function for a firm includes the subgame equilibrium net revenues in the low 

demand state weighted by probability Y- This value function inherits the non-

differentiability property of subgame payoffs at symmetric capacity pairs in region^. At 

any such capacity pair, each firm would have a unilateral incentive to either increase or 

decrease (or both) its capacity. • 

Proof of Proposition Four: 

The proof will establish that reaction functions cross twice in set B; once above 

the 45° line and once below. The proof focuses on the portion of capacity space with 

xi > X2 (on or below the 45° line). 

Consider the locus of points defined by, 

(B4.1) x,=:i(ae(l-Y)-b-x^). 

This locus of points defines a straight line, designated as in Figure Al. The 

assumption 6>5 implies that this line lies outside of set A. The inequalities, 

0 < 5 + (2 / 3 + Y) / (I-Y) < 5 + (2 +Y) / (1 -y) imply that this line is in the interior of 

set Ag (the set of capacities for which capacity is fully utilized in the high demand state 

subgame). 
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/infirm one's best response to xz is to choose xi>xz then this best response will be 

given by (B4.1). This is true because when jci>r2, firm one earns zero marginal revenue 

from capacity in the low demand state, and firm one would be choosingjci to maximize, 

(l-Y)(fl0-x, -X2)Xi +y(a-Xj)^/4-fcx,, as longasxi€>le. 

Let point g represent the intersection of ^ and the 45° line; this occurs at 

X, = ^2 =(a0(l-Y)-6)/3. Let point represent the intersection of and a horizontal 

line at X2=a/3. The assumption that 0 < 5 + (2 / 3 + y) / (1 -y) insures that h lies on the 

boundary of sets B and C (and not on the boundary of sets D and E). 

The next step is to construct part of the reaction function for firm 2 and to show 

that this intersects between points g and h. Let be the line defined by, 

(B4.2) X2=i(a0(l-y)-^>-x,). 

When X2 satisfies (B4.2), marginal net revenue from the high demand state minus 

marginal investment cost is zero, as long as jc £ A,. Equation (B4.2) will not define the 

reaction function for firm two (whenx2^ xi), but it does serve as a useful benchmark. If 

X e Ag and x^ < (a0(l-y) -ft-x,) /2 then the marginal revenue for capacity for firm 

two (the smaller firm) in the high demand state exceeds the marginal cost of capaciQr, b.  

Note that  r \  and rz  in tersect  a t  point  g.  

Consider firm two's best response to values of xi  between the xi-values at points g 

and h. If Xj < (a0(l -y) -fc - x,) /2 (i.e., vertically below ) then x e and capacity 
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is fiilly utilized in the high demand state. In addition, if < (a6(l ~ y ) - b - X y ) l l  then 

the marginal revenue of capacity for firm two in the high demand state exceeds the 

marginal cost of c^acity, b. As xz increases from zero to a/3, capaciQr may be in set A or 

C or £. In sets A and C, the marginal revenue of capaciQr for firm two in the low demand 

state is positive. This means that the value function for firm two is increasing in its own 

capacity, forx pairs in A and C. If xe£ then net revenue for firm two in the low demand 

state can reach a local maximum forx2 e (0, a/3) and then decline as xx increases to a/3. 

This introduces the possibility that the best response for firm two is a value ofx2 < a/3, so 

that j:e£. However, it can be shown that the two assumptions made regarding parameters 

values in Proposition Four imply that value for firm two is increasing inj:2 for jceE (to 

prove this claim you can show that net revenue in high demand minus investment cost 

rises more than net revenue in low demand can decrease asxi rises). Now consider 

X2 6 [a / 3, (flS (1 - Y)-fc-Jc,)/2); this means that x is in the shaded region in Figure 

B.l. This shaded region is a subset of set IfxsB then the value fiinction for firm two 

is, 

=7JC2(J:)+[(1-Y)(a0 -X, -x^)x2 -bx^] .  

The term in square brackets is increasing in *2 for Xj < (a0 (l-Y)-fc-x,)/2 and has a 

zero derivative at Xj =(a0(l-Y)-^'-x,)/2 . The function ic2(x) is strictly decreasing 

in X2. These characteristics of the functions that comprise V2(x) imply that V2 is 

maximized at a value of Xj 6 [a / 3,(a9(l - Y)-b-x^) H). Ifxefl then. 
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3^v,(x) ^ y3(x,-x,) V Y3 « 
=-2(1-7)+-^-— ^<-2(1-y)+Y<0, 

CrJt'j J  ̂

ifY<8/ll, and 

_ 2 \  3^V2(X) f3x2''-a^ " =-(1-y)+Y 
axjox, 8x,' 

<-(i-y)+t<O. 
4 

if Y< 8/11, since xz<xi < a. So, the assumption y< 8/11 is sufficient for vaOc) to be 

strictly concave inx2 and to have a negative cross-partial derivative, ifx e B. This means 

that there is a unique best response for firm two that is in the shaded region in Figure B. 1; 

this best response is non-increasing in xi. The locus of best responses for firm two in the 

shaded region traces out a portion of firm two's reaction function. This reaction function 

crosses 7^ once in the shaded region. The crossing point is an equilibrium pair of 

capacities. • 



Figure B.l 

Aid for the Proof of Proposition 4 



Appendix C: Tables and Figures for Chapter 4 

Tabled 

Industries and Associated Price Indices 

Industry SIC Code Price Index (BLS series) 
Foods 20 PPI, Processed foods and feeds (wpu02) 
Lumber and products 24 PPI, Lumber and wood products (wpuOS) 
Furniture and fixtures 25 PPI, Furniture and household durables (wpul2) 
Paper and products 26 PPI, Pulp, paper, and allied products (wpu09) 
Newspapers 271 CPI, Newspapers (cuui(XXX)se5901) 
Chemicids and products 28 PPI, Chemicals and allied products (wpu06) 
Petroleum products 29 PPI, Petroleum products refined (wpu057) 
Rubber and plastic products 30 PPI, Rubber and plastic products (wpu07) 
Leather and products 31 PPI, Leather (wpu042) 
Clay, glass, and stone products 32 PPI, Nonmetallic mineral products (wpul3) 
Nonfetrous metals 33:3-6,9 PPI, Nonferrous metals (wpul02) 
Fabricated metal products 34 PPI, Fabricated structural metal products (wpul07) 
Agricultural machinery and equipment 352 PPI, Agricultural machinery and equipment (wpul 11) 
Construction machinery and equipment 353 PPI, Construction machinery and equipment (wpul 12) 
Metalworking machinery and equipment 354 PPI, Metalworking machinery and equipment (wpul 13) 
Electrical machinery and equipment 36 PPI, Electrical machinery and equipment (wpul 17) 
Transportation equipment 37 PPI, Transportation equipment (wpul4) 



Table C.2 

Maximum Likelihood Estimates 

Parameter Food Lumber Furniture Paper Newspaper 
(SIC 20) (SIC 24) (SIC 25) (SIC 26) (SIC 271) 

0.219 (0.043)» 0.261 (0.111) 0.382 (0.091) 0.334 (0.071) 0.044 (0.061) 

0.040 (0.029) 0.051 (0.064) -0.065 (0.021) 0.033 (0.023) 0.125 (0.034) 

0.200 (0.077) -0.075 (0.311) -1.031 (0.357) -0.040 (0.242) -0.360 (0.225) 

th' -0.168 (0.118) 0.062 (0.252) -0.297 (0.213) 0.177 (0.142) -0.069 (0.260) 

Pll  0.991 (0.007) 0.941 (0.019) 0.985 (0.008) 0.976 (0.011) 0.986 (0.011) 

P22 0.972 (0.020) 0.844 (0.047) 0.878 (0.059) 0.893 (0.042) 0.921 (0.051) 

a,  0.S81 
(0.047) 
-0.067 

(0.023) 

-0.067 
(0.023) 

0.244 
(0.022) 

3.048 
(0.302) 

0.192 
(0.109) 

0.192 
(0.109) 

0.792 
(0.108) 

2.850 
(0.221) 

0.009 
(0.035) 

0.009 
(0.035) 

0.145 
(0.012) 

1.552 
(0.151) 
-0.041 

(0.029) 

•0.041 
(0.029) 

0.152 
(0.015) 

0.916 
(0.125) 
-0,094 

(0,035) 

-0.094 
(0.035) 

0.267 
(0.028) 

0.647 
(0.089) 
-0.064 

(0.092) 

•0.064 
(0.092) 

1.423 
(0.218) 

9.269 
(1.481) 

3.628 
(0.886) 

3.628 
(0.886) 

6.406 
(1.060) 

4.351 
(0,964) 
-0.004 

(0.441) 

-0.004 
(0.441) 

2.073 
(0.489) 

3.451 
(0.625) 
-0,338 

(0.259) 

-0.338 
(0.259) 

1.482 
(0.275) 

1.841 
(0.580) 
-0.441 

(0.344) 

•0.441 
(0.344) 

2.631 
(0.661) 

^Standard errors are in parentheses. 



Table C.2 (continued) 

Maximum Likelihood Estimates 

Parameter Chemicals Petroleum Rubber Leather Stone, Clay, 
(SIC28) Refining (SIC 30) (SIC 31) and Glass 

(SIC 29) (SIC 32) 
0.496 (0.043)» 0.273 (0.070) 0.648 (0.095) -0.238 (0.083) 0.258 (0.093) 

-0.076 (0.023) -0.049 (0.086) -0.089 (0.024) -0.002 (0.076) 0.029 (0.021) 

-0.423 (0.205) -0.023 (0.126) -0.147 (0.472) -0.257 (0.196) -0.623 (0.301) 

0.519 (0.210) 0.202 (0.379) 0.004 (0.135) 0.324 (0.353) -0.073 (0.197) 

Pu 0.981 (0.008) 0.960 (0.019) 0.969 (0.011) 0.980 (0.010) 0.983 (0.008) 

Pn 0.873 (0.049) 0.941 (0.034) 0.874 (0.041) 0.948 (0.024) 0.876 (0.056) 

0.621 -0.031 1.056 0.146 2.741 -0.065 1.819 -0.025 3.147 0.041 
(0.047) (0.018) (0.120) (0.099) (0.236) (0.039) (0.186) (0.104) (0.234) (0.036) 
-0.031 0.173 0.146 1.592 -0.065 0.172 -0.025 1.451 0.041 0.147 

(0.018) (0.016) (0.099) (0.188) (0.039) (0.014) (0.104) (0.135) (0.036) (0.013) 

"2 2.014 -0.429 2.214 -0.172 17.940 0.155 4.061 0.450 4.188 -0.493 
(0.413) (0.298) (0.264) (0.566) (2.925) (0.561) (0.544) (0.708) (0.893) (0.406) 
-0.429 2.291 -0.172 24.045 0.155 1.517 0.450 14.989 -0.493 1.992 

(0.298) (0.485) (0.566) (3.185) (0.561) (0.252) (0.708) (2.158) (0.406) (0.424) 
^Standard errors are in parentheses. 



Table C.2 (continued) 

Maximum Likelihood Estimates 

Parameter Nonferrous Metals Fabricated Metals Agricultural Construction Metalworking 
(SIC33:3-6,9) (SIC 34) Machinery Machinery Machinery 

(SIC 352) (SIC 353) (SIC 354) 
0.494 (0.130) 0.318 (0.070) 0.505 (0.185)* 0.393 (0.096) 0.116 (0.116) 

0.602 (0.121) 0.021 (0.020) 0.044 (0.032) 0.053 (0.029) 0.054 (0.024) 

th' -0.727 (0.333) -0.695 (0.229) -1.179 (0.503) -1.321 (0.327) -0.524 (0.374) 

-1.270 (0.222) 0.003 (0.202) 0.077 (0.146) 0.138 (0.189) 0.083 (0.229) 

Pu 0.943 (0.022) 0.984 (0.008) 0.962 (0.017) 0.976 (0.012) 0.988 (0.008) 

Pn 0.879 (0.046) 0.896 (0.045) 0.893 (0.044) 0.897 (0.045) 0.913 (0.047) 

a. 2.975 
(0.335) 
-0.093 

(0.172) 

-0.093 
(0.172) 

2.040 
(0.210) 

1.414 
(0.134) 

0.001 
(0.024) 

0.001 
(0.024) 

0.138 
(0.011) 

5,739 
(0.666) 

0.073 
(0.076) 

0.073 
(0.076) 

0.174 
(0.020) 

2.014 
(0.210) 
-0.030 

(0.042) 

-0.030 
(0.042) 

0.207 
(0.019) 

3.730 
(0.319) 
-0.061 

(0.049) 

-0.061 
(0.049) 

0.171 
(0.016) 

^2 8.642 
(1.340) 
-0.170 

(0.443) 

-0.170 
(0.443) 

2.059 
(0.313) 

2.150 
(0.434) 
-0.204 

(0.2%) 

-0.204 
(0.296) 

2.403 
(0.490) 

14.719 
(2.608) 
-0.489 

(0.553) 

-0.489 
(0.553) 

1.566 
(0.278) 

5.834 
(1.107) 
-0.736 

(0.467) 

-0.736 
(0.467) 

2.370 
(0.456) 

4.771 
(1.155) 
-1.295 

(0.547) 

-1.295 
(0.547) 

2.305 
(0.549) 

'"Standard errors are in parentheses. 



Table C.2 (continued) 

Maximum Likelihood Estimates 

Parameter Electrical Transportation 
Machinery Equipment 
(SIC 36) (SIC 37) 

0.60S (0.073) 0.347 (0.165) 

-0.070 (0.020) 0.035 (0.030) 

^2 -0.262 (0.297) -0.569 (0.607) 

-0.135 (0.221) -0.157 (0.168) 

Pit 0.987 (0.007) 0.965 (0.018) 

Pn 0.890 (0.054) 0.870 (0.060) 

n. 1.897 
(0.156) 
-0.026 

(0.028) 

-0.026 
(0.028) 

0.149 
(0.012) 

5.397 
(0.662) 
-0.036 

(0.066) 

-0.036 
(0.066) 

0.165 
(0.020) 

"2 3.490 
(0.828) 
-0.474 

(0.417) 

-0.474 
(0.417) 

2.254 
(0.508) 

22.327 
(4.255) 

0.120 
(0.734) 

0.120 
(0.734) 

1.666 
(0.356) 

""Standaid errors are in parentheses. 
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Table C.3 

Tests of Different Means across Regimes 

Industry Horm" 

Ha: H," 
Wald Test p-value Wald Test p-value 

Food (SIC 20) 0.046 (0.830) 2.832 (0.092) 

Lumber (SIC 24) 0.930 (0.335) 0.002 (0.969) 

Fumimre (SIC 25) 14.039 (0.000) 1.165 (0.280) 

Paper (SIC 26) 2.006 (0.157) 0.951 (0.329) 

Newspaper (SIC 271) 2.822 (0.093) 0.530 (0.467) 

Chemicals (SIC 28) 19.296 (0.000) 7.836 (0.005) 

Petroleum ReHning (SIC 29) 3.674 (0.055) 0.408 (0.523) 

Rubber (SIC 30) 2.638 (0.104) 0.445 (0.504) 

Leather (SIC 31) 0.007 (0.933) 0.796 (0.372) 

Stone, Clay, and Glass (SIC 32) 7.619 (0.006) 0.261 (0.610) 

Nonferrous Metals (SIC 33:3-6,9) 11.179 (0.001) 77.682 (0.000) 

Fabricated Metals (SIC 34) 15.873 (0.000) 0.008 (0.930) 

Agricultural Machinery (SIC 352) 8.881 (0.003) 0.047 (0.828) 

Construction Machinery (SIC 353) 23.928 (0.000) 0.195 (0.659) 

Metalworking Machinery (SIC 354) 2.495 (0.114) 0.016 (0.899) 

Electrical Machinery (SIC 36) 7.764 (0.005) 0.085 (0.771) 

Transportation Equipment (SIC 37) 1.982 (0.159) 1.197 (0.274) 
Note: Statistics are asymptotically Asymptotic p-values less than .1 are in bold. 



Table C.4 

Tests of Random Walk Against the Alternative of Regime Switches 
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Industiy Ho:pn = I -pn 
HarPu# 1-^22 

Ho^Pll = I -P22 Industiy 

Wald Test A-value LRTest* p-value 
Food (SIC 20) 1649.486 (0.000) 85.360 (0.000) 

Lumber (SIC 24) 194.210 (0.000) 94.136 (0.000) 

Furniture (SIC 25) 192.707 (0.000) 117.768 (0.000) 

Paper (SIC 26) 339.080 (0.000) 125.186 (0.000) 

Newspaper (SIC 271) 254.990 (0.000) 94.182 (0.000) 

Chemicals (SIC 28) 280.293 (0.000) 130.936 (0.000) 

Petroleum Refining (SIC 29) 342.617 (0.000) 164.830 (0.000) 

Rubber(SIC 30) 365.857 (0.000) 170.384 (0.000) 

Leather (SIC 31) 1074.828 (0.000) 98.730 (0.000) 

Stone, Clay, and Glass (SIC 32) 206.271 (0.000) 106.786 (0.000) 

Nonferrous Metals (SIC 33:3-6,9) 208.662 (0.000) 68.682 (0.000) 

Fabricated Metals (SIC 34) 328.788 (0.000) 164.158 (0.000) 

Agricultural Machinery (SIC 352) 263.726 (0.000) 75.470 (0.000) 

Construction Machinery (SIC 353) 308.673 (0.000) 128.354 (0.000) 

Metalworidng Machinery (SIC 354) 334.039 (0.000) 91.922 (0.000) 

Electrical Machinery (SIC 36) 237.644 (0.000) 130.180 (0.000) 

Transportation Equipment (SIC 37) 138.470 (0.000) 93.250 (0.000) 
Note: All statistics are asymptotically Xi • Asymptotic p-values less than .1 are in bold. 
* Both the restricted and the unrestricted likelihood functions were estimated without the 
Bayesian correction. 
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Table C.5 

Test of Different Price Variances Across Regimes 

bidustry Ho: =<^l, 

H.: 

LRTest p-value 
Food (SIC 20) 68.274 (0.000) 5.86 

Lumber (SIC 24) 109 J08 (0.000) 8.14 

Fiuniture (SIC 25) 142.410 (0.000) 14.38 

Paper (SIC 26) 144.794 (0.000) 9.84 

Newspaper (SIC 271) 99.566 (0.000) 9.91 

Chemicals (SIC 28) 421.102 (0.000) 13.32 

Petroleum Refining (SIC 29) 256.162 (0.000) 15.15 

Rubber (SIC 30) 149.436 (0.000) 8.88 

Leather (SIC 31) 219.260 (0.000) 10.36 

Stone, Clay, and Glass (SIC 32) 169.534 (0.000) 13.68 

Nonferrous Metals (SIC 33:3-6,9) 0.002 (0.964) l.Ol 

Fabricated Metals (SIC 34) 292.092 (0.000) 17.65 

Agricultural Machinery (SIC 352) 103.262 (0.000) 9.23 

Construction Machinery (SIC 353) 121.596 (0.000) 11.61 

Metalworidng Machinery (SIC 354) 119.200 (0.000) 13.54 

Electrical Machinery (SIC 36) 201.972 (0.000) 15.20 

Transportation Equipment (SIC 37) 144.254 (0.000) 10.29 
Note: Statistics are asymptotically Xi • Asymptotic p-values less than .1 are in bold. 
* Both the restricted and the unrestricted likelihood fiinctions were estimated without the 
Bayesian correction. Hence, the estimates of the variance differ slightly firom those in Table 
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Table C.6 

Conditional Moment Normality Tests (Skewness and Kurtosis) 

Test: Joint Test of 
Normality 

Variable: Yt 
Industry 
Food (SIC 20) 2.459 

(0.652) 
Lumber (SIC 24) 56J38 

(0.000) 
Furniture (SIC 25) 18.922 

(0.001) 
Paper (SIC 26) 8.984 

(0.062) 
Newspaper (SIC 271) 15.823 

(0.003) 
Chemicals (SIC 28) 10.670 

(0.031) 
Petroleum Refining (SIC 29) 10.007 

(0.040) 
Rubber (SIC 30) 23.788 

(0.000) 
Leather (SIC 31) 9.241 

(0.055) 
Stone, Clay, and Glass (SIC 32) 54.066 

(0.000) 
Nonferrous Metals (SIC 33:3-6,9) 24.333 

(0.000) 
Fabricated Metals (SIC 34) 10.023 

(0.040) 
Agricultural Machinery (SIC 352) 22.579 

(0.000) 
Construction Machinery (SIC 353) 22.526 

(0.000) 
Metalworking Machinery (SIC 354) 22.620 

(0.000) 
Electrical Machinery (SIC 36) 44.848 

(0.000) 
Transportation Equipment (SIC 37) 36.802 

(0.000) 

Note: Column 2 statistics are asymptotically X4 • Asymptotic p-values less than .1 are in bold. 
The maximum likelihood estimates used in the calculations of the score were estimated without 
the Bayesian correction. 



Table C.6 (coatinued) 

Conditional Moment Normality Tests fSkewness and Kurtosis)* 
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Test: 
Skewness Skewness Kurtosis Kurtosis 

Variable: qt Pt It Pt 
Industry 
Food (SIC 20) 0.271 1.228 0.113 0.123 

(0.603) (0.268) (0.736) (0.726) 
Lumber (SIC 24) 1.844 23.516 4.696 4.023 

(0.175) (0.000) (0.030) (0.045) 
Furniture (SIC 25) 0.312 7.439 2.550 1.962 

(0.577) (0.006) (0.110) (0.161) 
Paper (SIC 26) 3.222 4.427 4.085 3.397 

(0.073) (0.035) (0.043) (0.065) 
Newspaper (SIC 271) 2.181 10.625 3.697 2.993 

(0.140) (0.001) (0.055) (0.084) 
Chemicals (SIC 28) 4.349 2.088 0.309 4.218 

(0.037) (0.149) (0.578) (0.040) 
Petroleum ReHning (SIC 29) 0.003 1.656 2.084 8.345 

(0.959) (0.198) (0.149) (0.004) 
Rubber (SIC 30) 12.757 12.229 5.255 

(0.000) (0.052) (0.001) (0.022) 
Leather (SIC 31) 3.682 0.768 2.003 4.556 

(0.055) (0.381) (0.157) (0.033) 
Stone, Clay, and Glass (SIC 32) 2.474 18.137 7.921 5.938 

(0.116) (0.000) (0.005) (0.015) 
Nonferrous Metals (SIC 33:3-6,9) 0.279 0.242 0.168 23.606 

(0.598) (0.623) (0.682) (0.000) 
Fabricated Metals (SIC 34) 0.107 0.107 6.800 3.993 

(0.744) (0.744) (0.009) (0.046) 
Agricultural Machinery (SIC 352) 1.473 10.208 0.478 4.401 

(0.225) (0.001) (0.489) (0.036) 
Construction Machinery (SIC 353) 5.128 0.042 3J01 14.826 

(0.024) (0.838) (0.061) (0.000) 
Metalworking Machinery (SIC 354) 1.076 9.348 0.055 2.626 

(0.300) (0.002) (0.814) (0.105) 
Electrical Machinery (SIC 36) 3.755 15.090 1.693 3.317 

(0.053) (0.000) (0.193) (0.069) 
Transportation Equipment (SIC 37) 1.288 11.152 9.713 3.963 

(0.256) (0.001) (0.002) (0.047) 

Note: Statistics in columns 3-6 are asymptotically Xi • Asymptotic p-values less than .1 are in 
bold. The maximum likelihood estimates used in the calculations of the score were estimated 
without the Bayesian correction. 
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Smoothed Probabilities of State 2 (Recessionary State) 
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Smoothed Probability of State 2 (Recessionary State) 
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Smoothed Probability of State 2 (Recessionary State) 
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Figure C If 
Smoothed Probability of State 2 (Recessionary State) 
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Figure C.3a 
Histogram of Price Changes by State 
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Figure C.3b 
Histogram of I^ce Changes by State 

Fmiitiire (SIC 25) 
•Sfafr: 

[• 
£ 1 -

0 -I niiHtiiiitiiiiiiiiiiiBWWWWHWWIMMWmtHiiiiitumiitiiiiiiiil  

Furniture (SIC 25) 
70 iSfafp 
60 -

& 50 -
I 40 -
§• 30 -
£ 20 -

10 -
0 iiiiiiiiiiiiiiiiiifiiiiiiMtwtffWWWWWWHwwfH-iiniiiiiiiiiiitiiiiiiii  

8 a R { 5 8 a s ? ! q 8 ? ! s a 8 ? ; s ? s 8  

Paper (SIC 26) 
8 State 2. 

6 -

4 

I . . .  
0 4 lllllllHlllllllimitlllHWMWWWMWWIWWWffWllllllllllllIllllll  

8 .  » S ! S 8 » 9 ; ? 2 8 i ? 9 ; » S ^ ^ » 8  

60 
50 -
 ̂40 -I 30 • 

f 20--
1 0 -

0 -I 

P&pcr(SIC26) 
Statft. 

iiiiiiiiiiiiiiiiiiiiiiiiiiiimwWWWWWWiiiiiiiiiiiiiiitiiiiiiiiiiiimii 



Hguie C.3c 
Histogram of Price Changes by State 

Newspaper (SIC 271) 
Statr 

iiimi tiiiiiiiiiiiMill iiiiiiiiiiiiiiiiiim 

40 

30 -• 

i. 20 -

f  1 0 - -

Newspapcr(271) 
iSfatf I 

iiiitiiiiiiiiiiiiiiiiiiiiiiim wiiiiiiiiiiiiiiiiiiiiiiimiii 

Chemicals (SIC 28) 
•Srafr?. 

i i n w i i i i t i i i i i i i i i i i i i i i i i  I H I t l l l l l l l  

60 J 
50-

1' 
AO • 

r 
V) -

r 20 • 
10 -
0-H 

Chemicals (SIC 28) 
Sfafr 1 

HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 



Hguie C.3d 
Histogram of Price Changes by State 
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Figure C.3e 
Histogram of Price Changes by State 
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Figure C.3f 
Histogram of Price Changes by State 
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Figure C.3g 
Histogram of Price Changes by State 
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Figure C.3h 
Histogram of Price Changes by State 
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Figure C.3i 
Histogram of Price Changes by State 
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Appendix D: Estimates from Chapter 5 

Table D. I 
Estimates from OLS and Random Effects Model of Individual Units Sold 

Model I Model 2 Model 3 
OLS, no subject Random Effects Random Effects 

dummies (autocoirelation) 
Variable Estimate p-value Estimate p-value Estimate p-value 
Constant 16.101 .00000 16.102 .00000 17.852 .00000 
Menu -1.2860 .45646 -1.2892 .03195 -1.2710 .22633 
Rigid -8.1541 .00000 -8.1541 .00288 -7.9810 .00250 
Rigid*Menu -2.5806 .00557 -2.5806 .00000 -2.2893 .00037 
Rigid 37 -2.3456 .00110 -2.3456 .39165 -2.9217 .26999 
Rigid 37*Menu 2.5455 .00245 2J455 .00000 2.2766 .00012 
Period 1-2 .10417 .86073 .097703 .63640 .12531 .77619 
Period 3-4 -.20833 .72567 -.20833 .31335 -.19599 .61401 
Period 5-6 -.18750 .75215 -.18750 .36420 -.16812 .66419 
Period 7-8 .33333 J7450 J3333 .10671 .33577 .38348 
Period 9-10 -.12500 .83325 -.12500 .54522 -.13442 .71659 
Period 13-13 -3.8321 .05837 -3.8299 .00000 -4.0727 .00073 
Period 14-15 -1.6446 .29943 -1.6424 .00291 -1.6854 .10961 
Period 16-17 .60540 .70248 .60755 .27071 .47888 .64828 
Period 18-19 -.51960 .74303 -31745 .34821 -.76389 .46676 
Period 20-21 -.39460 .80338 -.39245 .47680 -.33068 .75259 
Period 22-23 -2.2109 .16738 -2.2087 .00007 -1.8470 .07954 
Period 24-25 -2.2993 .15753 -2.2971 .00005 -1.9463 .06470 
Period 26-33 .15884 .83238 .15944 54156 .22174 .66129 
MPeriod 14-15 -1.2500 .48281 -1.2500 .04375 -1.4057 .16113 
MPeriod 16-17 -1.1562 .51624 -1.1563 .06215 -1.3144 .21735 
MPeriod 18-19 .28125 -87453 .28125 .65055 .34647 .74694 
MPeriod 20-21 -1.0000 .57450 -1.0000 .10671 -1.0960 .30797 
MPeriod 22-23 1.3788 .44453 1.3788 .02803 1.0037 .35527 
MPeriod 24-25 .52965 .77296 J2965 .40714 -.10265 .92642 
MPeriod 26-33 1.3153 .44232 1.3169 .02710 1.0495 .31383 
RPeriod 13-13 -.046372 .97791 -.046372 .93660 .25109 .80454 
RPeriod 14-15 .14113 .91500 .14113 .75908 .25566 .77170 
RPeriod 16-17 -2.1089 .11072 -2.1089 .00000 -1.8642 .03378 
RPeriod 18-19 -1.6401 .21481 -1.6401 .00037 -1.3555 .12264 
RPeriod 20-21 -.92137 .48590 -.92137 .04526 -.92977 .28921 
RPeriod 22-23 -.41759 .75563 -.41759 .37120 -.56276 .52406 
RPeriod 24-25 .48328 .72466 .48328 .31149 .36569 .67941 



Table D.l (continued) 
Estimates from OLS and Random Effects Model of Individual Units Sold 

Model 1 Model 2 Model 3 
OLS, no subject Random Effects Random Effects 

dummies (autocotrelation) 
Variable Estimate p-value Estimate p-value Estimate p-value 

MRSm -IJ820 .03808 -1.3837 .61311 -2.8264 .28446 
NRSOWl -.20824 .75609 -.20992 .93886 -13350 .56099 
A/RJ7#l -2.4049 .00054 -2.4128 J7811 -2.9430 .2622 
NR37W1 2.4142 .00043 2.4125 .37811 2.1435 .41784 
MRSmi 6.1347 .00000 6.1347 .02480 3.9505 .12865 
MR37%\ 5.9093 .00000 5.9093 .03072 4.0634 .11899 
A/F#l -.18182 .71953 -.18182 .94695 -.10227 .96892 
MFWl -1.7878 .00059 -1.7878 J1298 -2.6016 .32177 
MFWh -2.2107 .00006 -2.2107 .41866 -3.9636 .12755 

LM test vs. 117.83 .00000 36.845 .00000 
OLS 

< 14.391 12.409 

16.920 15.572 14.600 

P .21670 
fd 56.13% 56.13% 48.39% 
N 1376 1376 1328 
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Table D.2 
OLS Estimates of Economv-Wide Sales of Output* 

Variable Estimate p-value** Variable Estimate p-value** 
Constant 64.352 .00000 RPeriod 13-13 -.41578 .90093 
Menu -5.3741 .24344 RPeriod 14-15 .33422 .94167 
Rigid -33.513 .00000 RPeriod 16-17 -8.6658 .06574 
Rigid* Menu -9.6641 .00149 RPeriod 18-19 -6.7908 .07086 
Rigid 37 -73217 .01161 RPeriod 20-21 -3.9158 .36349 
Rigid 37*Menu 9.0214 .00272 RPeriod 22-23 -1.8390 .67250 
Period 1-2 .72174 .78332 RPeriod 24-25 1.8466 .68204 
Period 3-4 -.83333 .64848 NR50W\ -4.617 .10528 
Period 5-6 -.75000 .68318 NR50W1 .063593 .98089 
Period 7-8 1.3333 .44754 NR37*l -10.784 .00000 
Period 9-10 -JOOOO .74957 NR37n 8.4924 .00009 
Period 13-13 -15.047 .00224 A#R50#1 25.413 .00000 
Period 14-15 -6.2973 .22481 M/?i7#l 22.838 .00000 
Period 16-17 2.7027 .61452 MF#1 -.72727 .60277 
Period 18-19 -1.7973 .67572 MFWl -7.1511 .00000 
Period 20-21 -1.2973 .79092 MFWi -8.8428 .00000 
Period 22-23 -8.6240 .06820 
Period 24-25 -9.0597 .08245 
Period 26-33 .68620 .78799 
MPeriod 14-15 -5.0000 .30647 
MPeriod 16-17 -4.6250 .39105 
MPeriod 18-19 1.1250 .78639 
MPeriod 20-21 -4.0000 .37948 
MPeriod 22-23 5J768 .20697 
MPeriod 24-25 2.2624 .61977 
MPeriod 26-33 5.4915 .24590 

51.639 

88.08% 
N 344 

^Correcting for serial correlation had little effect on the point estimates and on the p-
values. 
**The standard errors are fo)m White's consistent estimator for the covariance matrix. 



Table D.3 
OLS Estimates of Economv-Wide Shirking 

Variable Estimate p-value 
Constant 142.78 .0000 
Menu 2.7040 .6384 
Average Bid -.42440 .0076 
Period 13-13 11.749 .1629 
Period 14-25 -.31591 .9537 
Period 26-33 -.69467 .9595 
Period l4-25*Rigid 37 -4.7970 .4542 
Period 26-33*Rigid 37 -6.1614 .6658 
NRSmi 4.4314 .5670 
NR5<m 1.8321 .8336 
NR37m 25.741 .0002 
NR37W1 .92606 .8911 
MR5(m\ -19.822 .0044 
MR5(m 14.821 .0373 
MR37n -29.725 .0000 
No Bid -164.552 .0000 

(S" 436.39 
47.07% 

222 
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