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Abstract 

The forecasting errors of discounted-cash-flow valuation and relative valuation to pricing of 

securities of independent companies are studied in a controlled laboratory environment under 

almost perfect capital market conditions. The paper presents an original experimental asset-

market design where production decisions by human managers are responsible for the cash-

flows to the firm. In these conditions of cash-flow uncertainty, asset pricing is examined of 

the two empirically relevant market-institutions; call-auction and double-auction. Our data 

indicate higher risks of mispricing in the call-auction than in the double-auction. For both 

institutions we find that security price-forecasts of the relative valuation approach are 

generally better than those of the discounted cash flow approach. We also look at behavioral 

pattern to find that leveraging, momentum trading, and higher trading frequency do not lead 

to above-average returns. 
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If financial markets fully reflected all relevant information about each security’s risk and 

return (Fama 1991), every accurate valuation approach would estimate the value of a security 

equal to its price.
1
 The approaches most frequently applied by professional investors, security 

analysts and academic researchers to determine the value of any financial asset are relative 

valuation and discounted-cash-flow valuation (Damodaran 2002, 2006). The discounted-cash-

flow valuation approach relates expected future cash flows to combinations of riskless asset, 

risk premium and expected growth rate. The relative valuation approach weights market 

prices of comparable assets. These approaches are theoretically convincing, however, their 

application to empirical data is fuzzy as several input variables are sensitive to fundamental, 

subjective assumptions. As a rule, analysts’ opinions about the value and the price target of a 

financial asset differ as much as their underlying assumptions. Under real-world conditions it 

is therefore extremely difficult, if possible at all, to answer the valuable question; “which of 

the two valuation approaches is more successful at forecasting short-term asset prices?”  

We address this question under almost perfect market conditions in a controlled 

laboratory environment where the sensitive input variables to valuation are unambiguously 

observed.
2
 Investors are symmetrically, transparently informed about the securities in the 

market. There are no taxes or transaction costs, no agency problems arise since interests of 

shareholders and corporate leaders are perfectly aligned, and individual investors are enabled 

to leverage their purchases at the same interest-rates as the companies. Thus, discounted cash-

                                                
1 A commonly held view in financial economics is that prices reflect information to the point where the marginal 

benefits of acting on information (the profits to be made) do not exceed the marginal costs (Fama 1991, p. 1575). 

In equilibrium, the market-price of an asset equals its expected future cash-flows discounted by the risk-

weighted return on the market and also equals the price of an alternative portfolio of assets with the same 

average risk. 

 
2
 The risk-free rate of return is constant and equal to investors and firms. The expected growth-rate and the risk-

measure beta are constant and equal across companies, thus, making them comparable. The cash-flows are 

identical to net income, the payout ratio is constant, and accounting is transparent. The market risk premium is 

implied through the price of the market portfolio.  
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flow valuation can unambiguously be applied.
3
 Relative valuation can also be applied since 

the companies face comparable risks going forward. Our results suggest that the short-term 

forecasting errors of relative valuation are smaller than those of the discounted-cash-flow 

valuation model. For our data, the prediction of the book-value multiple has a better fit than 

the earnings multiple which again has a better fit than the discounted cash-flow model. In 

contrast to its real-world equivalent, the book-value in our sample is fully descriptive of 

liquidation value or accounting fair-value value (Damodaran 2006). As far as we know, no 

other empirical or experimental study has compared these valuation models. Remotely related, 

Bossaerts and Plott (2002, 2004) have investigated asset pricing in the Arrow-Debreu 

economy to find that larger markets rather than smaller markets are more likely to support the 

capital asset pricing model, CAPM. As we make use of the CAPM in the cost-of-equity 

computation, therefore, we employ larger markets only.  

We also investigate an important institutional question that can only insufficiently be 

addressed by equilibrium theory or empirical data analysis. We ask if the choice of the market 

institution plays a role in the efficiency of asset pricing. In particular, we examine the two 

market institutions call auction and double auction, which differ in the frequency of market 

clearing. The call auction market clears only once per period in our adaptation, whereas the 

double auction market clears continuously during a period. If markets are efficient (Fama 

1991), an infrequent market clearing should be sufficient to satisfy liquidity needs and absorb 

liquidity surpluses.
4
 We study the institutional impact on asset pricing in the absence of 

liquidity needs for consumption, so no systematic differences of asset prices should be 

expected. Our experimental evidence shows, however, that the market institutions are not 

                                                
3
 Damodaran (2006) discusses the alternatives, the required assumptions to be made and the limitations of the 

model when dealing with real-world data. We follow the approach outlined in Damodaran (p. 16), adjusting only 

the parameters to the environment. The CAPM is used to estimate the cost of capital; the stable growth rate is 

2% per period; and the payout ratio is 50%. 

 
4 Peter Hammond made this comment in personal conversation. 
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equivalently suited for the pricing of risky assets. The call auction market performs 

significantly worse than the double auction market in many important respects. The call 

auction market is less liquid, leads to larger mispricing, and is generally less predictable. 

Great price-jumps between periods frequently cause forced asset-liquidations of leveraged 

investors when excess supply becomes exceedingly positive or negative. The average equity 

premium in our double-auction market is comparable to historical returns in contemporary 

real-world markets, while the call-auction market data are far off. This observation reinforces 

earlier experimental findings that the double auction leads to rather price efficient outcomes 

even in thin markets (Cason and Friedman 2008), and justifies an empirical use of the call 

auction market only in thick markets. 

Having made these statements about the contributions of the paper, the main purpose 

of this project has been to propose a novel experimental design including economic 

production for the laboratory study of asset-pricing. In our view, the proposed design 

represents a realistic, non-ideological laboratory model of financial markets subject to 

tolerable simplifications. We try to closely replicate important features of real-world markets 

in the laboratory rather than solely being focused on tests of existing financial-economic 

theory. In our opinion, given a realistic laboratory design, experimental finance can 

significantly contribute to the understanding of the behavior in financial markets, in particular 

with regards but not limited to addressing important questions of the choice of market 

institutions which cannot be dealt with directly by means of empirical data analysis. The 

presented design is our latest tribute to this idea. 

The paper is organized as follows. In the following section, we point out the 

differences of this experimental design and relate our findings of market behavior to the 

existing literature. In section 2 we present the details of the experimental design and derive 

the testable hypotheses regarding the optimal production decisions for our economy. Section 3 

reports experimental results on the aforementioned two market institutions based on the 
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discounted-cash-flow valuation approach. Section 4 compares the short-term predictions of 

the discounted cash flow model to the ones of the relative valuation approach. Section 5 

informs on market liquidity, volume and momentum for both market institutions. We report 

that liquidity and volume are greater in the double auction market than in the call auction 

market. Price momentum is noticed in both market institutions. Section 6 reports the returns 

to certain trading behaviors like momentum trading, high frequency trading or leveraging 

compared to a passive holding strategy. The empirical literature suggests that market-

participants trade too frequently to be justified by their returns (Odean 1999; Barber and 

Odean 2000). Our data confirm that no excess returns to trading behavior are realized even in 

absence of transaction costs; generally we find no excess returns over a “buy-and-hold” 

strategy for high-frequent trading and momentum-trading behaviors. A main reason for this 

observation is that the trading-frequency correlates with subjects’ level of leverage. Because 

leverage frequently leads to distress and bankruptcy, trading frequency increases risk but not 

necessarily the expected return to the investor. Section 7 discusses debt issues and bankruptcy 

of the experiment in more detail. It turns out that bankruptcies are more frequent and 

debt/equity ratios are higher in the call auction market than in the double auction market 

institution. Section 8 concludes. 

1 Relation to existing literature  

1.1 Design differences 

Compared to earlier asset-market experiments, our experimental design is inspired by real-

world features of financial economics rather than being focused on tests of theory. In this 

regard it differs in many respects to earlier experimental finance literature (see, for instance, 

the surveys by Sunder 1995 and Duxbury 1995). The following differences and similarities 

are emphasized.  

1) In our experiment, human subjects in the role of managers make production 

decisions in public companies which make regular cash distributions to equity shareholders 
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subject to the company’s profits. These profits are dependent on the efficiency of the 

manager’s decision rather than chance moves of the environment. The inclusion of this 

fundamental uncertainty inherent to equity investment in our framework is a major departure 

from the experimental asset-market literature that is concerned with tests of informational 

efficiency and tests of the rational expectation hypothesis in situations where the set of 

potential future payoffs is prior knowledge. Important contributions of the experimental 

literature have revealed, for instance, that experimental markets with repetitions and under 

conditions of unchanged information are able to disseminate (Plott and Sunder 1982) and 

aggregate information (Plott and Sunder 1988),
5
 and that asset prices converge to expected 

payoffs (Smith et al 1988).
6
 It is crucial to our design that the introduced uncertainty in real-

time is human made. In our opinion, the psychology of investors is different when uncertainty 

depends only on external factors as it would be the case with robot-made chance events or 

even with selected pre-recorded decisions.
7
 Most if not all uncertainty in financial markets is 

human-made and a significant part of it is related to the skills of the corporate manager. 

                                                
5
 If some participants know the true state of the economy, the market disseminates the information so that the 

price converges towards the rational expectation equilibrium (Plott and Sunder 1982). The introduction of a 

futures market increases the speed of convergence (e.g., Forsythe et al. 1982, 1984; Friedman et al. 1984). 

Copeland and Friedman (1991) report enhanced efficiency when information is revealed sequentially. If the 

information about the true state is not known to any individual, but every individual has a part of the information 

and the sum of the parts reveals the true state, the market is able to aggregate this information under certain 

conditions (Plott and Sunder 1988; Sunder 1995; see also Shachat and Srivinasan 2011). 

 
6
 Numerous papers have followed up on the research of Smith et al. who found evidence for mispricing in 

experimental asset markets where a lottery over commonly known outcomes decides on the regular dividend of a 

long-lived asset. The market features bubbles and crashes in this design although market conditions are perfect in 

the sense of the theory. Exact repetition of the market leads to a decrease of the mispricing (Smith et al 1988; 

Ackert et al. 2001, Dufwenberg et al. 2005, Hussam et al. 2008), but mispricing rekindles if the repetitions 

involve a different lottery. It has been suggested that confusion may be a driver of mispricing (Lei et al 2001, 

Haruvy et al. 2007, Cheung et al. 2010, Kirchler et al 2011). Insider information seems to decrease mispricing 

(Sutter et al. 2011) and so seems to do an indefinite horizon with a sudden termination (Camerer and Weigelt 

1991). The setting has been criticized based on its special feature of a decreasing fundamental value which has 

only few real-world equivalents among financial assets. The mispricing nevertheless has also been reported 

when the fundamental value is non-decreasing (Smith et al. 2000, Noussair et al. 2001, Porter and Smith 2003, 

Oechssler et al. 2007). Palan (2009) offers a recent literature review.  

 
7
 In an ongoing study, Jaworski and Kimborough (2011) have included managerial decision making in the asset-

market bubble design of Smith et al. (1988). In contrast to our experiment, however, their experiment involves 

only tape-recorded actions of one manager-subject and not real time and comparable production decisions of 

several manager-subjects as in our case. (In our opinion, there is a real difference in subjects’ psychology to our 

experiment, even if ever so subtle). Dividend payments in Smith et al. can be interpreted as generated from 

decisions of a robot manager.   
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Stakeholders discuss these skills; some managers are considered as bad and some as good or 

of outstanding abilities. The decisions of managers are a main reason for the success or failure 

of a company. A change of the management usually has an effect on the stock price. When 

discussing uncertainty in financial markets and the psychology of people, Soros (2008) has 

referred to reflexivity. This reflexivity is used to predict the behavior of another person. When 

you try to tune into other persons to predict their behavior, you will feel an uncertainty about 

this behavior. When persons act, you differently predict these actions than when chance 

moves or robots act. It is not a mechanical process. Uncertainty is risk-induced through 

human behavior, different from chance-moves according to known probability distributions. 

Today we do not have a complete descriptive theory about human behavior. Therefore, we 

regard important the inclusion of human-made uncertainty to the study of decision making in 

the laboratory asset market. The ex-post measurable risks of holding shares are substantially 

increased by the inefficiency of management decisions beyond the risks of demand growth for 

the company’s products. The managers’ skills at creating value vary largely, spreading from 

returning very little to shareholders to capturing the potential gains entirely. 

2) The demand growth of the company is determined in our setting by an i.i.d. shock 

in every period. This way, chance moves induce risk to the managers’ environment. 

Observing the demand of the past and knowing the expected future growth, managers make 

decisions over price and production capacity to serve their stochastically growing market. 

Equity investors receive transparent, realistic information on the risk and returns of the 

companies but there is uncertainty about future outcomes which are dependent on managerial 

decisions and demand. The financial statements are simplified compared to the real-world and 

can easily be compared between companies.  

Most contributions in the experimental finance literature have been concerned with 

stationary settings. The dynamics are limited to the trader’s account balance which is carried 

forward, but do not concern the cash-flows of the underlying business. In one experimental 
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study that applies an algorithmic constant growth environment by Bloomfield et al. (2006) it 

is reported that the choice of financial reporting format (in particular, the inclusion or 

exclusion of equity-correlated unrealized gains and losses) and investment levels can have an 

impact on market value and volatility.
8
 In the oligopoly literature, however, Becker and Selten 

(1970) consider demand growth through sales-growth in the complex management game 

SINTO to find that subjects learn to adapt to the demand situations. Even closer to our 

production-sector approach is the oligopoly game with price variation and investment by 

Selten (1967), where demand grows in time and production in a given period is the minimum 

of capacity and demand. Selten (see also Tietz 1967) reports that management decisions are 

generally inefficient but efficiency increases with subjects’ experience. In our study, we 

consider monopolies rather than oligopolies to reduce unnecessary complexities for investors 

and for the valuation analysis.
9
  

3) Our design enables subjects to simultaneously trade multiple multi-period lived 

assets. Although the financial economics literature is generally concerned with portfolio 

choice, the experimental literature has mostly focused on markets for one security. There are 

few exceptions. O’Brien and Srivastava (1991) investigate information aggregation in a two-

stage state-contingent setting with three or four assets to find that subjects exploit arbitrage 

possibilities and that complexity decreases information aggregation. Levy (1997) studies an 

experimental call auction market that involves one observation with 64 subjects. Subjects 

trade over ten periods in ten equity securities for which expected returns and risks are known 

and realizations are drawn from a normal distribution. Levy reports that although subjects’ 

portfolios are not mean-variance efficient, the mean returns are generally and positively 

                                                
8
 The experimental design by Levy (1997) involves presentation of similar but less complete information than in 

our study. The experimental design has a similar effect than exponential growth as the book-value which is paid 

out at the end of the experiment increases through compounding of stochastic returns. 

 
9 The experimental approach makes it possible to accurately determine the optimum management decision for 

each point on the growth path, and thus the amount of money left on the table. 
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related to risk, thus, qualitatively giving support to the capital asset market model, CAPM. 

Bossaerts and Plott (2002, 2004) study convergence to the CAPM in a three-state, three-asset 

Arrow-Debreu market economy under the assumption of identical covariance-risk pricing.
10
 

They report that prices in this environment generally have a tendency towards the equilibrium 

prediction of the CAPM, but fully reflect the covariance risk only in large markets with at 

least 19 traders and a judicious choice of trading interface and not in smaller markets. 

Bossaerts et al. (2007) report a perturbed version of the CAPM can accommodate prices in the 

thin market, too. In our multi-period environment we investigate thus larger markets only, as 

we apply the CAPM to determine the cost of capital following Damodaran (2002). Ackert et 

al. (2006) investigate market-mispricing of two financial assets involving different amounts of 

risks to find that subjects take more risks if they are allowed to leverage on purchases and 

sales (see also Fisher and Kelly 2000, and Ackert et al. 2009).  

4) Subjects can use leverage to purchase and short-sell assets under realistic collateral 

requirements. Subjects including managers get a fixed return on their cash holdings, and pay a 

higher interest-rate on borrowed money similar to Selten (1967). Most experimental studies 

do not enable leverage. If borrowing is allowed, usually a zero interest rate is applied (see 

Sunder 1995, Duxbury 1995). However, in the setting of Bossaerts and Plott (2002, 2004) a 

zero-coupon bond is traded, and in Fischbacher et al. (2011), the interest rate is flexibly 

adjusted to the bubble-size in the setting of Smith et al. (1988). The experimental design of 

Smith et al. has been used for studying the effects of short-sale and borrowing (King et al 

1993; Ackert 2006; Haruvy and Noussair 2006; Füllbrunn and Neugebauer 2011). The results 

indicate that borrowing [short-sale] capacities increase [decrease] the mispricing in this 

setting. Only the latter study involves similar margin requirements as the present study. In the 

other studies, including Bossaerts and Plott (2002, 2004), margin requirements are unrelated 

                                                
10
 Kroll et al (1988) study the CAPM with three assets in a non-market setting. They find that subjects do not 

react to changes in correlation risk. Weber and Camerer (1998) also investigate (and support) the existence of the 

disposition effect in an individual decision experiment with seven assets.   
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to market values. Bhojraj et al. (2009) investigate margin requirements and report that 

convergence to equilibrium is weaker when margin requirements are relaxed, that is, when 

less collateral is required for the assuming of a short position. In the present study, we do not 

investigate the effects of changed margin requirements, but we do report on the investors’ 

performance depending on their leverage. 

5) Finally, overleveraged investors face forced liquidations of asset positions with 

unfavorable price swings, that is, when debt exceeds equity. The initial margin requirements 

in our markets are adapted from the real world. Thus, shorts are forced to cover in the bull 

market, and leveraged long positions must be liquidated in the bear market, as described in 

Selden (1912). Since in our data the forced liquidations of positions can lead to investors’ 

bankruptcy, we find that subjects who use leverage to increase their profits do underperform 

the market. Similarly to Bhojraj et al. (2009) who consider margin calls for short-sales but 

report no price effect, we find only a limited price impact of margin calls on short positions. 

However, the price effect of liquidated long positions is notable in our data.  

1.2 Comparison of market institutions 

We investigate the market behavior of the two double-sided institutions call auction and 

double auction. Important stock exchanges around the world, including at New York, London, 

Tokyo and Frankfurt, employ these institutions. In our design, the call auction market clears 

once whereas the double auction clears continuously throughout the period. The behavior of 

these institutions has been discussed in theoretical and empirical work including experiments. 

Theissen (1998) provides an excellent survey over this literature. The theoretical comparison 

has not come to a unanimous result (Theissen 1998). One great problem with the theoretical 

comparison of the two institutions is that there is no commonly accepted solution to the 

double auction (see Friedman 1993a). However, Kyle (1985) models the double auction as an 

infinitely repeated call auction. Generally, the call auction is suggested to be more 

informational efficient than the double auction (Madhavavan 1992), that is, insiders can take 
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less advantage of their information in the call auction. This result has been confirmed by 

experimental evidence (Schnitzlein 1996, Theissen 1998). However, the assumptions on 

which these theoretical results are based are restrictive (Theissen 1998, p 164-165). Empirical 

studies have been more concerned with trading volume and market liquidity. Studies of 

changing in trading systems on particular exchanges, find that trading volume is higher in the 

double auction market (see, e.g., Amihud et al. 1997). Liquidity seems generally better in the 

double auction (Lauterbach 2001), but trading costs for small transactions seem higher (Kehr 

et al 2001), and thinly traded stocks seem to perform worse than in the call auction market 

(Easley et al. 1996). Some experimental papers have investigated the related issue price-

efficiency of the two institutions with laboratory data. Smith et al. (1982) have shown that the 

double auction is more efficient than various versions of the call auction in aggregating 

information (see also Friedman and Rust 1993). Yet hybrid versions of the call and double 

auction seem to reach a comparable level of efficiency (Cason and Friedman 2008). 

Schnitzlein (1996), for instance, reports similar price efficiencies for an Arrow-Debreu 

security market when the call auction clears four times per period. In the present study, the 

once-clearing call auction has a lower trading volume and is less liquid, that is, exhibits a 

larger bid-ask spread than the double auction.
11
 Since lower liquidity implies higher trading 

costs, one should expect that the expected returns are higher than in the double auction market. 

It turns out that the opposite is the case; returns are lower in the call auction, even displaying a 

negative risk premium.  

1.3. Valuation and momentum 

The financial economics literature agrees the value of an asset can be measured by its 

discounted cash flows (Damodaran 2002). The risk adjusted discount rate to the cash flows to 

                                                
11
 Theissen (1998, 318) suggests that volume may be higher in the double auction market of one security because 

it is not possible to buy and sell at the same time. In the market with several securities, like ours, this argument 

loses grip. However, Cason and Friedman (2008) report that trading volume and efficiency are similar in the 

double auction and the repeatedly-clearing call auction. 
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equity is the cost of equity, which according to the CAPM (Sharpe 1964; Lintner 1965; 

Mossin 1966) is determined by the risk premium, beta and the risk-free rate. Under the 

assumption that the market is efficient, the value of the stock equals market price. Hence, for 

given expected equity cash-flows, beta and risk-free rate, the risk premium can be implied 

from the market data in the experiment. Frequently the equity beta is empirically estimated 

from historical market data. Applying such market model estimation to our data, we find that 

the forecasting error of the discounted cash flow model increases compared to the forward 

looking beta. Equivalently, in an efficient market the price of each company must reflect the 

opportunity investments in the market. Since in the experiment each company is subject to the 

same level of risk going forward, the price of each share of equity must be equal to the market 

multiple of the company’s book and earnings. In sum, if the market is efficient, so that the 

risk-return trade-off of assets is depicted on the security market line, any correct investment 

valuation model must yield the market price as intrinsic value of the asset. However, value 

investors who apply investment valuation including discounted cash flow analysis or relative 

valuation believe that the market is wrong to some extent.
12
 Predictable evidence of short-

term market mispricing has been reported empirically (Shiller 1981; De Bondt and Thaler 

1985, 1990), and in simple experimental settings (Smith et al 1988). We observe short-term 

momentum in our markets which partly results from the debt spiral that forces participants to 

liquidate leveraged positions. Stock price returns are positively correlated with those of the 

prior period. Purchasing the winner stock and disposing of the loser stock of the last period 

could be a profitable strategy (Jegadeesh and Titman 1993). However, we find that subjects 

who actually follow the trend do not outperform the market. One would also expect that those 

who trade more frequently or those who use more leverage do so because they are able to 

                                                
12
 Subscribers to the discounted cash flow analysis believe that the market is generally wrong but it is able to 

price market risk correctly; believers in relative valuation think that the market-price is wrong for the single 

security although being right on average (Damodaran 2002). Both models have been investigated in empirical 

studies with mixed results although the data are generally supportive (Damodaran 2006). Experimental tests of 

the CAPM have reached at similar conclusions (Levy 1998; Bossaerts and Plott 2004). 
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extract value from the market, but, on average, frequent trading and the usage of leverage are 

not beneficial to investors. Thus, we confirm with laboratory data empirical findings on the 

poor performance of private investors’ trading behaviors (Odean 1998; 1999).  

2. Experimental design & theoretical considerations  

2.1 General design issues 

The experimental design involves two types of subjects. The first type shortly called manager 

serves as the manager of a publicly-held monopolistic firm. Similar to the oligopolists in 

Selten (1967), the manager makes production decisions by choosing the capacity and the price 

of the product. The compensation of the manager is a fixed share of the long-term cash-flows 

to equity. The second type referred to as investors is an investor who makes investment 

decisions in the shares of the company. Investors own and trade the equity-shares of the 

company in the market. The managers do not participate in the asset market. Investors earn 

capital gains by trading, receive the cash dividends distributed by the company, and get 

interest payments on their cash holdings.  

In each experimental session, a total of 23 subjects participate; 3 subjects as managers 

and 20 as investors. The manager and investors make their decisions simultaneously. The 

period-length is fixed at 150 seconds; after this time the markets close, the manager’s 

production decisions are implemented, the company net earnings are computed.  

The experimental tasks for both types are relatively complex compared to the simple 

games that are usually conducted in the economics laboratory. However, subjects’ tasks are 

far less complex than the corresponding real-world tasks since experimental subjects are 

endowed with the relevant information. Managers have forward-looking information about 

the possible outcomes of their own decisions. Investors are symmetrically informed about the 

risks and returns of the companies’ businesses. Although they do not have exact information 

about the monopoly model, they have general information about the production-task and the 

assets, which should enable them to form their expectations about the future outcomes. In 
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contrast to real-world financial decision-making, the optimal behavior can be computed for 

both types. All relevant information is transparently presented to subjects in tables and charts. 

The fair pricing of cash-flow related news as included in quarterly financial reports is possible 

in an unambiguous way. No transaction costs, corporate taxes, income taxes or other fees for 

trading of shares are levied. As transactions are instantaneous, the income equals cash flow. 

Borrowing of money and of shares is permitted, subject to margin requirements. Companies 

and investors face identical borrowing conditions. In sum, the experimental design comes 

close to the theoretical assumption of perfect capital market conditions (Modigliani and 

Miller 1958).   

2.2 The publicly-held monopoly and the managerial decision problem 

In the experiment, the three monopoly firms LEFT, MIDDLE, and RIGHT represent the real 

economy. The objective of the subject acting as a company’s manager is to maximize the 

long-term earnings of the company. After T  periods, the manager’s payoff is half the 

company’s equity.
13
 The managerial decision problem in period },...,2,1{ Tt =  is described by 

the equation system in Table 0 and the parameter values according to Table A.0 in the 

appendix. The manager chooses in every period a capacity-price tuple ),( tt pc . The 

company’s demand, defined in equation (1), is a function of the chosen price and the growth-

factor of the current period, tγ . The growth-factor is a priori uncertain, but the realized past 

growth of the company is known to the manager prior to his decision, ∏
−

=
− =

1

1

01

t

t mm
τ

τγ . 

Normalization of the dynamic multi-period decision problem by accounting for the realized 

past-growth, 1−tm , allows a stationary representation of the manager’s decision problem. In 

                                                
13
 At the end of the experiment, the company is liquidated. By design, the terminal capacity is disposed at the 

unit price. Generally, at that price, capacity-units can be acquired and disposed in every period. The manager of 

the firm receives half the liquidation-proceeds while the other half is distributed among the shareholders 

according to shareholdings. The incentives perfectly align the interests of the manager with those of the 

shareholders. 
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the described stationary representation, the decision maker can apply a constant capacity-price 

choice to the dynamic multi-period decision problem.
14
  

Sales tx  as described in equation (2) are equal to the minimum of the chosen 

production-capacity, 
tc , and the realized demand, tn . Companies hold no inventories. The 

operating profit 
tu  depends on sales and the capacity-price choice. When the investment 

decision is made, the monopolist must take into account the direct costs of capacity allocation. 

Capacity is subject to real depreciation at rate δ at the end of the period. Besides these 

production costs, there are financing costs since the allocation of capacity binds cash at a unit-

price q  for the period. The company’s opportunity cost on cash-use is the risk-free interest-

rate r  which is paid on the company’s bank deposit, 
tBf . If the bank deposit is completely 

invested in capacity, additional investment can be debt-financed. As shown in equation (6), 

debt 0>tf  is the difference between the company’s capital investment qct  and its initial 

equity of the period, 
1

1

−

−

t

tb

γ
. Note that the period’s initial equity is equivalent to the period’s 

initial cash since capacity can always be purchased and sold at the unit price. Debt is subject 

to the interest rate Dr  and to the requirement that it must not exceed initial equity. The sum of 

received interest payment tz  and operating income is the net earnings of the company. Half of 

the net earnings are distributed among the equity shareholders as a regular dividend at the end 

of the period, and the other half is retained in the company, tπ . Retained earnings and 

dividends are tax-free. In periods of corporate losses, the dividend is zero (see equation 8). 

The equity at the end of the period 
tb  is defined in equation (9). Its maximization is the long-

                                                
14
 To implement the normalized capacity-price choice in the experimental environment, the capacity choice must 

be multiplied by the past growth multiplier, and both capacity and price are hundredfold. The growth distribution 

implemented in the experiment has support on the interval .95 to 1.09, so that the expected growth rate is two 

percent. This information is also communicated to the investor-subjects in the instructions.  
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term objective of the manager. The company’s initial endowment in the first period is the 

initial shareholder’s equity, 00 /γb . 

Table 0. Monopoly model’s normalized variables 

Information at the beginning of the period: At the beginning of the period 1−tb  is known. The 

variable 
tBf , tf , and tz  are uniquely determined by the information available at the 

beginning of the period. However the value of 
tγ  is not known until the end of period t . Since 

tx  depends on 
tγ  in view of (2), the same is true for 

tu , 
tπ , and 

tb . 

Capacity and price  
tc , tp   Instruments 

Demand growth factor ]09.1,95[.~Utγ   random variable 

Constants δ , q , r , Dr >0  

Demand 
ttt pn γ)1( −=  (1) 

Sales ],min[ ttt cnx =  (2) 

Operating profit 
tttt cqpxu δ−=  (3) 

Bank deposit 
],0max[

1

1 qc
b

f t

t

t
Bt

−=
−

−

γ
 

(5) 

Debt 
],0max[

1

1

−

−−=
t

t
tt

b
qcf

γ
 

(6) 

Interest payment 
tDBt frrfz

t
−=  (7) 

Retained earnings 
]

2
,0max[ tt

ttt

zu
zu

+
−+=π  

(8) 

Equity 
t

t

t
t

b
b π

γ
+=

−

−

1

1  
(9) 

 

For the derivation of the analytical solution in the appendix we assume that the 

monopolist has a planned growth, γ , which is constant across all periods and, thus, 

determines his strategy. The considered strategies are case-wise constant combinations of 

prices and growth-adjusted capacities. A solution to the optimization task of the manager is 

provided under the assumption that the manager is risk avoiding, that is, the planned growth 

factor is 95.=γ  and the decision is risk-free. Applying the parameterization used in the 

experiment (Table A0), the optimal management decision can be described through the three-

case capacity-price choice described in equation (10). Note the first two cases refer to an 

interior solution with leverage and without leverage, respectively. The third case describes the 
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corner-solution in which the monopolist invests all equity but no debt in capacity and 

optimally adjusts the price.  
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2.3 The experimental decision-tools of the manager 

The manager-subject’s task of choosing two variables in a stochastically growing economy is 

not an easy one. Therefore, an onscreen search-tool (“flight-simulator”) aids the monopolistic 

decision-making. For each combination of price and capacity inserted by the subject, the 

conditional profit-distribution over the given interval of growth-rates is graphically displayed 

(see Figure A0 in the appendix). Given any managerial choice, the conditional profit-

distribution is piece-wise linear over the interval of possible growth-rates. It is either a non-

decreasing line, or is linearly increasing up to a kink which is determined by the capacity 

choice and thereafter flat. The conditional profit-distribution is thus perfectly described by the 

minimum and maximum growth rates, and the kink. These potential profits are recorded in a 

table together with the profit to be achieved at the expected growth-rate of 2%. Whereas the 

chart displays the conditional profit-distribution for the latest production choice only, the table 

makes comparable all entered conditional profit-distributions. The table represents thus a 

menu of lotteries researched by the subject through the period. From this menu the preferred 

capacity-price choice must be selected at any time before the end of the period.
15
 Once 

selected, however, the choice can still be altered. Each period takes 150 seconds, the 

                                                
15
 If no such choice is made throughout, the price and the depreciated capacity of the previous period are chosen 

by default. Subjects were not given this information in the instructions, however, to encourage an active 

decision-making. The search-protocol of the monopolistic subjects will be discussed in another paper. 
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remaining time being displayed on the subject’s screen. When time is up, the profit is 

computed determined by the latest selected choice and the realization of the randomly drawn 

growth-rate. If no choice is being made in time, the capacity carried over from and the price 

choice of the previous period are implemented by default. 

After each period, subjects are informed about the revenue, production costs, operating 

income, dividends, interest-income, and net-earnings. These numbers are recorded on the 

screen in a table for all past periods. In a second table, subjects also have a record of the 

current cash-balance, the debt, the chosen capacity and the capacity after depreciation at the 

end of the period. The monopoly’s equity is the sum of price-weighted capacity and cash 

balance. An important limitation to managerial decision-making is the debt-equity ratio must 

not exceed unity. If it does, capacity can only be liquidated but not increased anymore. For 

each entered feasible and selected capacity-price choice, the manager-subject receives 

updated forward-looking information about the equity, the cash-balance, the debt, the debt-

equity ratio, the capacity, the turnover, and the demand multiplier of the previous period. 

Thus, managers can compare several potential choices and adjust them before making their 

individual decision. No information is given to managers regarding the decisions and 

outcomes of the other companies, and no security market-prices are revealed to them. 

Insolvency of the company is possible. However, automatic messages on the screen forewarn 

losing decisions to the subject, so that insolvency seems possible only if intended. After the 

regular dividend of the last period, 50=T , has been paid, half of the company’s equity flows 

to the manager, i.e., TTT mb γ2/  is the payoff to the manager-subject. Updated private payoff-

information is received by the manager at the end of each period revealing the manager’s 

payoff that would result in immediate company-liquidation.
16
  

2.4 The investors 

                                                
16
 The corresponding amount of tttmb γ2/  is the normalized payoff per experimental currency unit. In the 

experiment, monopolists were endowed with 10000 currency units. 
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The twenty investor-subjects hold and trade the shares of the three companies LEFT, 

MIDDLE and RIGHT. Initially, investors are endowed with a cash-balance of 000,3
0
=BF  

currency units and 10 equity-shares of each of the three companies. In total, 200 shares of 

equity are issued for each company. The regular dividend per share, 
tDivPS ,  is 1/200 of a 

company’s cash distribution, 
tDiv , which amounts to half of the company’s profit. If the 

company loses money, the regular dividend is zero. The latter case is neglected in the further 

analysis because of missing observations.
17
 The regular dividend paid at the end of the period 

t  flows to the company’s current equity shareholders. After the regular dividend of the 

terminal period, the company is liquidated. Unless the firm value is negative, the shareholders 

receive a liquidation-dividend equal to half the company’s depreciated equity, 1/200 per share. 

As the initial cash endowment of each company in experimental currency units ECU is 10,000 

and 200 shares represent the equity in the company, the initial price of any share is set to 50 

ECU when the market first opens.  

2.5 Margin debt  

Equivalently to the firms, investor-subjects receive a fixed interest on their cash account, 

%1=fR . They can also borrow on margin at %3=dR  as long as the debt-equity ratio is 

between zero and one. These initial margin requirements equal those in real-world markets. 

Subjects are also permitted to short-sell shares of each company if the margin requirements 

are satisfied. However, two further limitations on short-sales are implemented. First, no 

subject can short-sell more than 10 shares of any company and, second, the value of the 

subject’s equity must be in excess of 6,000 ECU.
18
 Subjects make dividend payments on the 

shares they hold short at the end of a period. The dividend is the only direct cost to the short-

                                                
17
 An outlier exists in the data; one manager-subject made a small loss in the first period. 

 
18
 The minimum-equity requirement was implemented to ensure subjects had enough equity to absorb potential 

losses, and to render short-sales unlikely to occur before subjects had gained some experience. The restriction of 

short-sales generally limits margin risks.  
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sale. Equity and debt are instantaneously marked to market. The equity of a subject in period 

t  is the sum of market-valued long positions of equity shares in the company i  and the cash 

balance, ∑ +
i

tBitit FXP )0;max( , where 
itP  is the market price-per-share and 

itX  the 

investor’s number of shares in the company. The debt is the market-value of shares held short 

minus the account balance if it is negative, ∑ −−
i

tBitit FXP )0;min()0;min( . 

If the value of debt exceeds the value of equity at any point in time, a margin-call is 

triggered. In case of a margin call, the investor-subject’s positions are liquidated 

automatically and the subject is not allowed to take any action until equity exceeds debt again. 

Short positions are liquidated first before the long positions are disposed in random order. 

Positions are offered at the latest market price as long as debt exceeds equity. As soon as the 

debt-equity ratio is in the admitted unit-interval again, the margin call stops. However, if all 

positions have to be liquidated, the subject may end up bankrupt. Bankrupt subjects have zero 

positions in equity shares and a negative cash balance. By participating to the experiment, 

bankrupt subjects earn the show-up fee. Their negative cash balance is covered by the 

experimenter.  

2.6 Asset trading by submitting limit-orders  

Subjects can submit limit-orders to trade the equity shares of the three companies. Each limit 

order indicates a price for one share only. The limit orders are introduced on the investor-

subject’s screen in three trading masks. The trading mask and the information regarding the 

company LEFT are displayed on the left-side of the screen, the trading mask and information 

regarding the company MIDDLE in the center, and for the company RIGHT on the right-side 

of the screen (see Figure A1 in the appendix). Limit-orders are entered in one of the trading 

masks and confirmed by the subject as ask or bid. The limit-price can be determined up to the 

decimal. The bid must exceed the existing ask of the subject; hence, churning –the selling of 

shares to one self– is disabled. A potential short-sale is forewarned by an automated message, 
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so that accidental short-positions are avoided. Margin requirements are checked for each 

limit-order too. If the limit-order would lead to an immediate margin-call, it is not accepted. 

As long as no trade occurs, the own limit-orders are listed as buys and sells in the 

corresponding segments (left, center, right) on the subject’s screen.  

2.7 Market institution CAM: Call-auction market  

In the call-auction market institution, markets clear once at the end of the period. During the 

period, subjects make buy and sell orders. The orders are ranked on the subject’s screen from 

best to worst, equivalently to individual demand and supply schedules for each security. At 

the end of the period, all bids are gathered and ranked from highest to lowest, asks are ranked 

from lowest to highest. If two bids or if two asks are equal they are randomly ranked. Thus 

market demand and supply schedules are determined, both bids and asks are arranged for each 

company’s shares from the best to the worst. In the market-clearing procedure, the best ask is 

compared with the best bid, the second-best ask with the second-best bid, the third-best ask 

and bid, and so on. The number of transactions is maximized, that is, a transaction is made as 

long as the ranked ask does not exceed the correspondingly ranked bid. The uniform 

transaction price is, with equal probability, the lowest winning bid or the highest winning ask. 

This pricing rule was given preference to the bid-ask midpoint for reasons of similarity to the 

double-auction market, where obviously “transactions occur at either the bid or the ask, not at 

the average” (Roll 1984, p. 1128).  

2.8 Market institution DAM: Double-auction market  

In the double-auction market institution, markets clear continuously. Upon submission, each 

bid [ask] is compared to the best outstanding ask [bid]. If, in this comparison, the ask does not 

exceed the bid, the orders are matched and one share is transacted. The incoming limit order 

is treated similar to a market order that confirms the outstanding order which determines the 

transaction price. If the incoming order cannot be matched with the best outstanding order, it 

is placed in the book of open orders. In this order book, better orders are ranked above worse 
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orders and equal orders are ranked randomly. As soon as a transaction occurs, the market 

price is chronologically registered and publicly announced. Subjects are informed if they are 

buyer or seller in the transaction.  

2.9 Investor’s information  

Accounts are updated upon transaction. The current market price, the subject’s average price 

and the number of shares held are displayed in their account record. A short-position is 

indicated by a negative number of shares. The subject’s own bids and asks for each share are 

ordered from best to worst in the corresponding order mask. The display of the current 

position value in the shares of a company and the unrealized gains in the position can be 

alternatively switched with the display of open orders. For the call-auction market, the open 

orders include the best losing bid and ask of the previous period and the volume of these 

orders. For the double-auction market, these previous period orders are displayed at the 

beginning of the period, but the numbers are updated with current open orders when they are 

placed in the order book. Automated orders, in case of margin calls, are not visible as open 

orders.  

A multitude of relevant data on current and past periods is recorded in different tables 

(see Figure A1 in the appendix). Subjects receive current information on their purchasing 

capacity, market value of equity, debt, and short-positions, debt-equity ratio, and the cash 

balance in the upper left corner. The current period and the remaining time of the period are 

displayed above. Past period information is presented in tables between the subject is able to 

switch the display in the lower half of the screen. The first table located at the top shows the 

subject’s period income, the total and its components resulting from dividends, interest, and 

capital gains, as well as the end-of-period cash balance, equity and debt-equity ratio. The 

display of this table can be switched with the chart of historical closing share-prices of the 

three companies. Tables that display company-related data are presented on the left, the center, 

and the right of the screen, respectively. Subjects can switch between these tables by mouse-
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click which include the historical data chronologically ordered by period. The table that 

exhibits the report of the company includes the profit per share, the dividend, which is half of 

the profit if it is positive and zero otherwise, the percentage growth in dividends and the 

liquidation book-value per share receivable by the shareholders. The alternative multiples 

table includes the price-earnings ratio, price-to-book-value ratio and the debt-equity ratio of 

the company. The third table includes market volume, the subject’s number of trades, the 

value of these trades, and the value of the position at the end of the period. Finally, in the 

double-auction market treatment, the fourth table presents the opening, high, low and closing 

prices of the period. All these data are chronologically recorded with the most recent data in 

the top row. 

2.10 Procedures  

280 (= 20 traders x 7 sessions x 2 treatments) subjects participated as investors in the 

experiment, each subject in one session. An additional 42 subjects participated as managers. 

Each session, including instructions and payment, took about four hours to conclude. When 

subjects had all arrived at the laboratory, three of them were assigned to the manager-task and 

instructed in the computer-room. The other subjects stayed in the adjacent instruction-room 

and were introduced to the investors’ task. Manager-subjects knew that their dividends would 

flow to their shareholders, but never received any feedback from the market. Investors knew 

about the endowment, growth perspectives and task description of the manager. They 

received periodical statements about the performance of the individual companies and were 

able to compare these on the basis of earnings and book-value multiples, and the above 

described information. 

On average, an investor earned 57 Euro including a show-up fee of 10 Euro. Payoffs 

varied largely; 30 subjects earned only the show-up fee, 24 subjects earned more than 100 

Euro; the maximum payoff being 477 Euro. Efficiency of the manager-decisions varied 

largely, too. The median quasi-efficiency was 94.9%, the maximum was 100.9%, the 
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minimum 9.3%, and the average 85.8%. The quasi-efficiency level relates the observed 

liquidation-value of the company to the one in the optimal risk-free solution (equation 10, 

yielding 100%) and the earnings of a non-producing company (yielding 0%).
19
 The 

experiments were computerized using zTree (Fischbacher 2007); ORSEE (Greiner 2004) was 

used for the recruitment of subjects. The sessions were conducted at the Bonn Economics 

Laboratory in 2010.   

3 Discounted-cash-flow valuation  

3.1 Risk-neutral valuation of the market vs. market valuation  

We start the data analysis by determining the present value of the expected cash-flows to 

equity-holders at the risk-free rate of return. This risk-neutral valuation corresponds to a risk-

premium of zero, and therefore represents the upper bound on fair market valuations. To 

depict the equity risk-premium, we compare the risk-neutral valuation to the actual market 

valuation. The risk-neutral valuation involves two sources of dividends; the present value of 

the sum of expected regular dividends and the present value of the expected liquidation-

dividend to be received in period T. As the expected growth rate, %2=g , is the same for the 

demand and thus the profits of the three companies, the expected dividend payment on the 

market portfolio is estimated from the observed total dividend payment of the prior period 

multiplied by the expected growth factor, 1)1( −+ tDivg .
20
 The expected dividend must be 

discounted by the factor tR+1 , which, in this section, is set to the risk-free return, ft RR = . 

For each future period, we estimate the present-value of the dividend by applying again the 

                                                
19
 More than 100% quasi-efficiency is hence possible if one is willing to take risk, and minus infinity would be 

the quasi-efficiency of bankruptcy. We note that the optimum for our data is relatively flat, so that risk 

preferences different from risk avoidance do not alter the optimum crucially. See the appendix for more details. 

 
20
 The expected growth-rate g = 2% is used in the computation. On the optimal path in accordance with equation 

(10), the geometric and the arithmetic averages of earnings growth in the companies are indeed very close to 2%. 

However, the long term expected growth-rate of the underlying demand is smaller, since it depends on the 

distribution of the compounded growth rates. In the data, the realized geometric average demand growth is 

1.88%, and the arithmetic average is 1.96%. Note that the realized geometric average growth-rate of profits is 

2.88% owed to efficiency-growth in the companies. The arithmetic average growth-rate of profits is 5.20%. This 

difference indicates large variations in income-growth.  
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expected growth and discount factors. The expected liquidation-value which equity-investors 

equally share with the companies’ managers is the current book-value of the market portfolio, 

tB , and the expected future retained-earnings which, since positive, are equivalent to the 

expected dividend payouts. The present value of this sum requires )1( +− tT  times of 

discounting, as shares trade cum dividend and interest payments are made after market closing. 

The intrinsic risk-neutral present value for the market portfolio in the period, )( ft RV , is hence 

defined in equation (11) for ft RR = , where the third line is derived from the second after 

some algebraic operations.  
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The thus computed intrinsic value is related to the market value of equity, i.e., the number of 

outstanding shares of the companies i = 1, 2, 3 (i.e., LEFT, MIDDLE, RIGHT) times their 

market-prices at the end of the period t before dividend payment, itP .  

∑
=

×=
3

1

#
i

itt PsharesMV          (12)  

The difference between the risk-neutral valuation and the market-valuation indicates the 

equity premium, which we later compute as described in section 3.2.1. The charts for each 

session and period are presented in Figure I, for the CAM and the DAM treatments separately. 

For the ease of illustration, the charts show the average value and the average price on a per-

share basis rather than the aggregate equity-value of the market portfolio. The solid line is 

thus the average market-price, 600/tMV , and the dashed line marks the average risk-neutral 

value, 600/)( ft RV , on a per-share basis.  
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----INSERT FIGURE I – CAM and DAM – about here ----- 

In every period for which the price exceeds the risk-neutral value, the risk premium is 

negative. A negative equity-risk premium indicates the occurrence of a speculation bubble. 

Such phenomena can be observed in each of our fourteen sessions. Some of these apparent 

market-misvaluations could be accommodated with the argument that observed growth is 

higher than expected growth, since production activity is generally inefficient at the beginning 

of the experiment and a higher growth-rate generally implies a higher intrinsic value. 

Nevertheless, we do not observe the traders’ expectations further than via the market-price so 

we do not know if the argument is suitable. Comparing the data of the call-auction market 

with those of the double-auction market at least one unambiguous observation can be made. 

The price-level in the call-auction market is higher and exceeds the risk-neutral value more 

frequently and to a larger extent than in the double-auction market. The historical price 

volatilities are not significantly different across treatments, although, as we will point out later, 

investing is more risky in the CAM than in the DAM. Table I records for each session the 

average price-level, the median, and the historical price-volatility, that is, the standard 

deviation of historical logarithmic returns exclusive dividends. The average price-levels in 

CAM and DAM are 268 and 147 and the historical volatility is 19.56% and 20.95%, 

respectively. The differences in price-levels are significant at the 5% level, the differences in 

volatility are not; the p-values of the exact two-tailed between-sample test are reported in the 

bottom-line of the table.
21
  

----INSERT Table I about here -----  

3.2 Asset pricing with discounted-cash-flow valuation  

                                                
21
 As information one should add that the intrinsic asset values do also not by chance justify a higher valuation 

for the CAM than the DAM. The long-term dividend payments are larger in the DAM than in the CAM. The 

average liquidation dividend per share is 93.72 ECU in the CAM and 100.76 ECU in the DAM. By chance, the 

average demand growth is lower in the CAM than in the DAM, but both differences are not significant. 
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The risk-adjusted discount-factor used in valuation according to the capital-asset-pricing 

model, CAPM (Sharpe 1964; Lintner 1965; Mossin 1966), is the sum of the risk-free rate and 

the beta-weighted equity-risk premium of the market portfolio, fMt RR − . Beta is the 

correlation of security returns with the market portfolio, that is, if the excess-return on the 

market portfolio is 1 percent, the expected excess return on the security is itβ  percent. 

)()( fMtitfitit RRRR −+= ββ  where 
)(

),(

Mt

Mtit
it

RVAR

RRCOV
=β    (13)  

The intrinsic value of the market portfolio, )( tt RV , depends on the discount rate. For the ease 

of presentation, in Figure I, the discount rate has been set equal to the risk-free rate, ft RR = . 

For the valuation of the company’s equity beta, however, we use two different discount rates; 

the first one is based on a forward-looking approach by accounting for the independent risks 

of the businesses; the second one relies on the regression-beta which is estimated from past 

data. Both approaches involve the same equity premium for holding the market-portfolio, 

which we imply for each period as we describe in the following section. 

3.2.1 Implied risk-premium  

To determine the market-risk premium in period t, we determine first the required return on 

the market that equalizes the intrinsic value (equation 11) of the market portfolio with its 

market value (equation 8), tMtt MVRV =)
~
( . Equivalently to the internal rate of return approach 

(see for instance, Damodaran 2002), the implied required return on the market portfolio is 

found through numerical approximation. The implied risk premium is the implied excess 

return on the market-portfolio over the risk-free rate. The resulting average and median risk 

premiums are recorded for each session in Table II.
22
 Note the average implied risk premiums 

in the call-auction are negative in four out of seven sessions; over all sessions, a negative 

                                                
22
 It has been pointed out in the literature that the risk premium does change between periods (Fama and French 

1988). In our data, the average change from one period to the next is close to zero, -0.0000. The average standard 

deviation of the changes between periods, however, is 0.0120. 
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implied risk premium is found in 56.86% of the periods. The average risk premium per period 

is -1.25% in the call-auction market. This result means that investors lose 0.25% per period by 

investing in the market portfolio, while they alternatively could gain 1% risk-free by holding 

cash.
23
 In the double-auction, in contrast, the average implied risk premium is positive in 

every session; overall, 80% of periods involve a positive implied risk premium. The average 

equity-risk premium is 1.57%, a number which is comparable in size to quarterly data from 

empirical stock markets. The total return, including reinvested dividends, on the broad stock 

index S&P 500 was 11.50% for the period beginning of 1971 to the end of 2010, and the 

average T-bill (3-month) annual return was 5.50%.
24
 Thus, both the average return on T-bills 

and the average return on the S&P500 are close to the 4-period returns on interest and the 

market in our double-auction market experiment. Note that the historical equity-risk premium 

has been argued to be excessively large (Mehra and Prescott 1985), so it is noteworthy that we 

find a similar size in the laboratory. Our call-auction market data, on the contrary, are not in 

line with this story and the risk premiums are also significantly different from the double-

auction, as indicated in Table II. The probability that the difference in risk premiums between 

the two treatments is due to chance is 0.0379 (two-tailed Mann-Whitney test). Even extremer 

outcomes between samples result if one considers the median risk premiums rather than the 

average. We emphasize that in our data, the risk premium is significantly smaller in the call-

auction than in the double-auction.  

3.2.2 Asset-price forecasting with forward-looking beta  

According to the capital-asset-pricing model, the equilibrium price is determined by the 

security’s beta. Beta measures the commotion of a stock return with the return on the market-

                                                
23
 As stated in section 3.1., one could argue that the numerical approximation assumes a low growth rate. In fact, 

assuming the above reported actual average profit growth of 2.88% per period, the average return on the market 

would be positive at 0.156% in the CAM. 

 
24
 The return is computed from stock-data available at www.standardandpoors.com; the monthly (3-month) t-bill 

rates were downloaded from http://research.stlouisfed.org/fred2/series/TB3MS/downloaddata?cid=116. The 

reported data summarizes the era of electronic trading. One must observe, however, that the volatility of price 

returns in the S&P500 (average annual volatility is 0.2) is thus lower than in our laboratory markets. 
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portfolio, the beta of the market-portfolio is one by definition. Since each of the companies 

has independent returns and faces the same fundamental risks going forward,
25
 the forward-

looking beta of each company is one, too. Thus, each company has the same cost of capital or 

cost of equity given that manager-subjects use zero leverage almost always. We treat the debt-

ratios as zero and discount the expected future cash flows by the cost of equity. Since beta is 

one in the forward-looking approach, the company’s cost of equity is equal to the sum of risk-

free rate and equity-risk premium. For the purpose of forecasting security-prices we take as 

proxy for the risk premium the implied risk premium of the prior period. The estimated cost 

of equity is then equal to the prior implied market return, 1

~
)1(ˆ −= Mtit RR . The expected future 

cash-flows per share to equity-holders are estimated, equivalently to the valuation of the 

market-portfolio (equation 11), by applying the expected growth-rate to the dividend of the 

prior period, )1(][ 1 gDivPSDivPSE itit += − , where %2=g  is the expected growth-rate. Thus, 

we forecast the company’s share-price at market closing of period t as the present value of its 

expected future cash-flows.  
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 (14) 

DivPSit-1 and BPSit-1 are the observed dividend and equity book-value per share of company i 

in the prior period, respectively. The first term on the right side of equation (14) is the present 

value of the company’s expected regular future dividends per share and the second term is the 

present value of the shareholders’ stake in the expected liquidation value anticipating that it is 

half the future value of the expected retained earnings.  

                                                
25
 Note that this statement is correct also off the optimal production path, for instance, if the monopolist holds the 

price constant and adjusts the capacity, as subjects frequently do. In fact, if the company has a zero capacity, its 

beta is zero too. The market, however, has no information about production activity, but on cash-flows only. It is 

not clear that based on their information traders can do better than assuming the same beta for each company.  
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The goodness-of-fit of the forecasted security price is measured by the distance of 

prediction and observation. We use the average absolute deviation of the forecasted price, itP̂ , 

for the equity shares of companies i = 1, 2, 3 (i.e., LEFT, MIDDLE, RIGHT) from their 

realized price in the forecasted period, 
itP . The average deviation is computed for each period 

t = 2, …, 50 in each session. It comes as no surprise that the CAM number exceeds the DAM 

number, since the price-level in this treatment is significantly higher. Therefore, we define the 

forecasting error as the price-level adjusted average deviation, ts ; we divide the average 

absolute deviation of the price-forecast from the realized price by the average security-price.  
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The computed average forecasting-errors, reported in Table II, are 33.16% and 45.34% in 

DAM and CAM, whereas the average deviations without price-adjustment are 46 and 115, 

respectively. The adjusted numbers can be interpreted as follows: if the security-price of 

company i for the next period is predicted at 100 ECU, we should not be surprised if the 

realized closing price is in the interval between 66.84 and 133.16 ECU for the DAM, or 

between 54.66 and 145.34 ECU for the CAM. Both deviations look substantial. In fact, we 

have to see the forecasting errors resulting in alternative models to tell if the fit of the 

forward-looking discounted-cash-flow model is relatively good or bad. We make the 

observation, however, that the forecasting error from the forward-looking beta approach is 

larger for the CAM than for the DAM. The difference is significant; according to the two-

tailed test reported at the bottom of Table II, the probability that the differences between 

treatments are due to chance is 0.0379.  

3.2.3 Asset price forecasting with regression beta  
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The regression-beta approach to forecast the security’s price applies the discounted-cash-flow 

model in the more conventional method (Damodaran 2002, 182ff), where the company’s cost 

of equity is estimated via its beta from historical data.
26
 The regression-beta is the average 

sensitivity of the security’s return to the market return over the most recent past. In the 

regression beta approach, we assume that the beta is equal to the security’s regression-beta, 

itβ̂β =it . Differing from the forward-looking beta approach, the regression-beta may vary 

between companies and periods depending on security-price changes and earnings.
27
 The 

security’s discount rate is determined according to equation (13) as a function of the 

regression-beta and the implied equity premium, )(ˆ ititR β
)
. This discount rate is applied to the 

expected cash flows to forecast the company’s security price according to equation (10), 

))(ˆ(ˆ
itit

DCF

it RP β
)

. To estimate a company’s beta, itβ̂ , we consider ten periods of its security’s 

excess returns and of the market excess returns in a simple linear regression model without a 

constant. 

 τττ εβ ifMitfi RRRR +−=− )(ˆ  where  
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The considered returns, both on the market portfolio and on the shares of the company, 

include the capital-gain yield based on the closing-price differences and the dividend yield 

based on the per-share dividend payment between the periods. Note the regression model uses 

the observed excess returns over the risk-free rate in period t, which must not be confused 

                                                
26
 Damodaran (2002) distinguishes this method from the bottom-up beta approach. The bottom-up beta is the 

weighted average of the beta estimates for each of the company’s businesses.  

 
27
 Note that the regression beta via the changes in dividends also accounts for changes in growth of the 

individual company. The use of an additional estimate of individual past growth in earnings per share does not 

lead to better forecasting results than the forward-looking growth-rate, because efficiency gains of individual 

companies that may cause excessive past growth are unlikely to be repeated in the future. 
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with the implied equity premium. The error term is assumed to be standard-normally 

distributed.  

The average forecasting errors of the regression-beta approach in accordance with 

equations (14), (15), and (16) are recorded in Table II. The recorded errors are larger for this 

approach than for the forward-looking approach. The difference is significant.
28
 We note that 

the forecasting errors are significantly larger for the CAM than for the DAM also in the 

regression-beta approach. The exact p-value of the between-samples test is reported in the 

bottom row to Table II.  

----INSERT Table II about here -----  

4 Asset price forecasting with relative valuation  

Portfolio managers and equity analysts frequently use relative valuation rather than 

discounted-cash-flow valuation to forecast short-term stock-prices (Damodaran 2002). A 

frequently cited argument is that the short-term predictions are more reliable with relative 

valuation, in particular, because analysts are much better at predicting the next quarter 

earnings than the long-term cash-flows of the companies (Damodaran 2002). The classic book 

on security analysis by Graham et al. (1934) also recommends the usage of relative valuation 

for investment purposes; the discounted-cash-flow valuation approach goes back to Durand 

(1957). The most critical argument against relative valuation to empirical data is that 

companies are generally not comparable to each other (Damodaran 2001). In our experimental 

analysis, however, this argument is of no concern as the considered companies evidently face 

the same risks going forward, so that they can be compared with another.  

The standard multiples used and regularly published in everyday financial reporting of 

the press are the price/earnings or PE-ratio, and the price/book-value or PB-ratio. Similarly to 

                                                
28
 Overall, the p-value of the two-tailed Wilcoxon one-sample test is 0.0010; restricted to the data of the CAM 

treatment, the p-value is 0.0180; and restricted to DAM treatment the p-value is 0.0180. The test results are 

robust to shortening the interval of the considered periods. If one generally considers 30, 40 or 50 periods in the 

forecast, the recorded errors hardly change in the reported approaches. The test results between approaches are 

unaffected from such manipulations. 
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the above reported discounted cash flow approaches to forecasting security-prices, in the 

relative valuation approaches we adopt market-portfolio measures to the company’s expected 

cash-flows to equity. We compute the historical PE-ratio, tPE , and PB-ratio, tPB , for the 

market portfolio as follows.  

t

t
t

t

t
t

B

MV
PB

Div

MV
PE

=

=
2

    (17) 

Note again the earnings of the companies are equivalent to twice the dividends since these are 

always positive and the payout ratio is one half. As described in the subsequent sections, we 

use the observed market multiples as proxy to forecast the next share-prices of the companies 

on the basis of expected values.  

4.1 Asset price forecasting with price-earnings multiple 

Table III records the average historical PE-ratios for each session. The multiple of 56.52 for 

the CAM reinforces the impression that the call-auction on average overvalues the market. 

The corresponding multiple for the DAM, 29.09, is significantly smaller. The forecast of a 

company’s share-price for period t is the observed earnings per share times the expected 

growth factor, )1(2 1 gDivPSit +− , multiplied by the market-wide PE-ratio observed in the prior 

period.  

11 )1(2ˆ
−− += tit

PE

it PEgDivPSP         (18)  

The reported forecasting error for the CAM based on this PE-ratio approach is at 33.95% far 

larger than the one for the DAM, which is 20.64%. The forecasting errors are significantly 

different between the treatments indicated by the test-result at the bottom of Table III.  

4.2 Asset price forecasting with price-book multiple 

According to equation (17), as shown in Table III, the average historical PB-ratio for the 

treatments CAM and DAM are 2.98 and 1.63, respectively. The PB-ratios are significantly 
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different between these treatments, as indicated in the bottom line to the table. The price-

forecast uses the expected book-value of a company, that is, the historical book-value 

including retained earnings from the past, 1−itBPS , and the retained earnings to be expected in 

the following period, that is, the dividend of the preceding period multiplied by the growth 

factor, )1(1 gDivPSit +− . The forecasted price is thus the expected book-value times the prior 

historical market PB-ratio.  

111 ])1([ˆ
−−− ++= titit

PB

it PBgDivPSBPSP       (19)  

In accordance with equation (15), the forecasting error of the PB-ratio approach according to 

equation (19) is 24.14% and 14.66% for the CAM and DAM, respectively. The differences 

between the treatments are significant again, as suggested by the test-result in the bottom line 

to Table III. Comparing the forecasting errors between the PE-ratio and PB-ratio approaches, 

we observe that the forecasting errors are significantly smaller in the PB-ratio approach.
29
 

Only in session #9 the PE-ratio forecast is better on average than the PB-ratio price-forecast.  

4.3 Comparison of methods: relative valuation vs. discounted-cash-flow valuation 

In equilibrium, every correct valuation approach yields the market price as intrinsic asset 

value, since investors pay a uniform price for risk. Owed to the uncertain environment, 

however, forecasting errors cannot be avoided by any valuation model. We have initially 

raised the question if some valuation approaches can better than others forecast short-term 

security-prices. Applying the empirically relevant models of discounted-cash-flow valuation 

and relative valuation to the data of our controlled laboratory experiment, we have reported 

deviations of different size from the forecasted security-prices in every observation. 

Comparing these deviations, we draw the following conclusion. The forecasting errors of the 

discounted-cash-flow valuation are larger than of the relative valuation approaches. The 

                                                
29 Overall, the p-value of the two-tailed Wilcoxon one-sample test is 0.0015 on the fourteen sessions; restricted 

to the data of the CAM treatment and to the DAM treatment the p-values are 0.0180 and 0.0280, respectively. 
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differences are significant for both the PB-ratio and the PE-ratio approaches.
30
 As pointed out 

above, we observe that the PB-ratio approach yields the smallest forecasting error for our 

data.
31
 This result can be achieved also with different measurement methods than via equation 

(15). Computing the Spearman rank-correlation coefficient for each of the 42 reported 

securities between the observations and price forecasts of the discussed models and averaging 

the three coefficients per market, we find the following results. The average correlation 

coefficients are significantly different between forecasting methods at the 5% level of 

significance.
32
 Before concluding this section, we should emphasize once more the 

differences between market institutions. In all valuation approaches, forecasting errors turned 

out to be different between market institutions. Prices are less predictable in the call-auction 

market than in the double-auction market.  

----INSERT Table III about here -----  

5 Trading-volume, liquidity, and momentum  

As pointed out above, some papers have reported differences in liquidity and volume between 

the call-auction market and the double-auction market institutions (see e.g., Theissen 1998). 

We confirm the findings of the literature for our data. Both, liquidity and volume are 

significantly larger in the DAM treatment than in the CAM treatment. Table IV displays the 

relevant per-session data including the test results in the bottom row. Trading-volume per 

period is 4.2% and 7.6% of float in CAM and DAM, respectively. We measure market 

illiquidity by the bid-ask spread (Amihud and Mendelson 1986). The spread is taken relative 

                                                
30
 Over all fourteen sessions, the p-values of the two-tailed Wilcoxon one-sample test are 0.0010 for the 

comparison of the PE-ratio and PB-ratio approaches and the DCF-approaches with forward-looking beta and 

regression beta, respectively. On the restricted data of CAM and DAM treatments, the results are also significant 

between the discounted-cash-flow valuation and the relative valuation approaches (p-values are always 0.0180).  

  
31
 There is a third valuation approach, asset-based valuation, which is equivalent to the book-value approach in 

our experiment (see Damodaran 2002, 2007). In this approach, each asset of the company is valued separately 

and the value of the company is the sum of its parts.  

 
32
 The average Spearman correlation coefficients are 0.7421, 0.6609, 0.7826 and 0.8623 for the forward-looking 

DCF, the regression-beta DCF, the PE and the PBV approaches, respectively. The p-values of the two-tailed 

Wilcoxon signed ranks test are smaller than 0.0186 in each of the pairwise comparisons. 
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to its midpoint and is measured on the basis of the open interest after market clearing at the 

end of the period. The reported average bid-ask spreads at the end of the period are 7.6% and 

20.3% for the DAM and CAM respectively. The differences between treatments are 

significant. We have checked the effects of illiquidity on price returns and volume but have 

not found convincing evidence in the data (see Table IV). 

Momentum has been suggested as a major driver of security price returns (Jegadeesh 

and Titman 1993). We measure momentum in security price returns by the correlation 

coefficient of the change in closing prices between two subsequent periods. Given their 

average size and sign, as reported in Table IV, there is a sign of price momentum in both 

treatments. The momentum is, however, rather detectable in the overall market than in the 

market of the single security as the price returns of securities correlate with another. Security 

prices move in the same direction, despite the fact that the fundamentals are uncorrelated.
33
 

Although the correlation between security-price movements is large in both treatments, it is 

significantly larger in the DAM than in the CAM treatment, as is indicated by the between-

sample test of the correlations of security-price returns in Table IV. 

----INSERT Table IV about here ----- 

6 Performance of trading strategies  

Filter-strategies a la Jegadeesh and Titman (1993) that exploit market momentum by buying 

the winner portfolio and selling the loser portfolio are difficult to investigate in our data.
34
 

Perhaps it is owed to the reported correlation of price returns that there are generally no 

winner or loser stocks in our data. However, one can investigate the performance of subjects 

who follow the momentum of the market, who buy more when prices increase and sell more 

                                                
33
 By design there is a zero-correlation between the increases in demand for the products of the companies. In the 

data, the average correlation between the changes in profits across companies is close to zero. However, joint 

movement of security prices are in line with theory, since a market mood change affects the price for risk.  

  
34
 If one would be able to buy a money unit of the winner at the closing price, sell a money unit of the loser at the 

closing price, and liquidate the positions at the next period’s closing price, the average return is positive only in 

4/14 sessions.  
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when prices decline. To test the hypothesis if momentum trading positively impacts individual 

profit we compare the number of shares purchased or disposed relative to the observed price 

movement of the previous period. We determine the correlation between these two numbers 

for each market participant and relate this individual correlation to the individual payoff 

earned in the experimental session. We report the Spearman correlation coefficients of such 

momentum trading with individual payoff. The result of this analysis is recorded in Table V. 

For the CAM and the DAM, the average correlation seems negligible. We find no statistical 

differences between treatments as our payoff data shows no indication of excess returns to 

momentum trading. Conforming experimental results have been reported earlier by Plott and 

Sunder (1988). They report on tests of a similar strategy, trend filter, to find that the passive 

buy and hold rule performs better. 

Another question that we want to address with the data from our study is as follows: 

Do investors earn more if they take advantage of the possibility of using leverage such as 

margin buying and short-selling, and do traders achieve excess-returns if they trade more 

frequently? The literature suggests that investors do trade too much, so that transaction costs 

eat up much of their gains from trade (Odean 1998, 1999; Barber and Odean 2000). In our 

setting, there are no transaction costs, so one could find arguments favoring more trade. 

However, since no liquidity-needs exist, one could also find arguments for the hypothesis that 

no trading takes place at all. The data reveal frequent trading and payoff are rather negatively 

correlated than positively correlated. Thus Odean’s finding that frequent trading is not 

beneficial is reinforced in the absence of transaction costs and taxes. In fact, in our data one 

main driver for the rather negative correlation of payoff and trading frequency is the positive 

correlation of leverage and trading frequency. The subjects who trade more frequently are 

usually more highly leveraged (including margin purchases and short-selling), and this 

leverage increases the risk of bankruptcy. This effect is greater for CAM than DAM owed to 

the greater risk of bankruptcy, as pointed out below. Without accounting for bankrupt 
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investor-subjects, we also find that leverage does not lead to a higher payoff. The average 

correlation of leverage and payoff is negative (see Table V).   

----INSERT Table V about here ----- 

7 Debt cycle and bankruptcy 

Subjects take on a considerable amount of debt in both treatments. Out of the 120 investor-

subjects per treatment, 66 (55%) and 56 (47%) subjects used margin debt in their security 

purchases in CAM and DAM respectively. Debt increases over time and apparently leads to 

inflated prices. Table V exhibits the ratio of debt-to-cash when prices peaked during the 

session, usually indicating also the peak of the price-levels. At these points, 63% and 17% of 

cash in the market on average represents margin-debt in CAM and DAM, respectively. The 

indicated levels sum the debt on long-positions where no margin-call has been issued. Margin 

calls lead to forced liquidation of positions, and a substantial number of bankruptcies occurred; 

23 (16%) and 7 (5%) subjects went bankrupt in CAM and DAM. This number looks quite 

alarming when one takes into account the fact that only subjects with leverage were able to go 

bankrupt. One out of every three subjects who used leverage went bankrupt in CAM. The 

number is significantly larger than in DAM, where it is only one in eight subjects. That being 

said, bankruptcy is also possible through margin-calls on short-sales. We observe that most 

subjects had a short.position at some point of the experiment (see Table VI). Some margin-

calls actually occurred but in our sample never led to bankruptcy. There were 31 margin calls 

on short positions in CAM; and one such margin-call in DAM. This margin-call did not last 

until the end of a period; three shares were covered and the price spiked. We believe that the 

main reason why margin-calls on short-positions were infrequent and did not lead to 

bankruptcy was institutional. As described in the experimental design, we implemented an 

equity-requirement and a cap on short-sales. The reason for this higher frequency of 

bankruptcies and margin-calls must be seen in the high debt and exaggerated security-price-

levels, which we reported in Table I. Therefore, margin-calls were more frequently triggered 
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and longer lasting in the CAM treatment. We observe 97 and 20 margin calls on long 

positions per session in CAM and DAM, respectively. In sum, higher levels of margin-debt in 

CAM than in DAM lead to higher price levels, more frequent margin-calls and finally more 

bankruptcies. Investing is consequently more risky and expected returns are smaller in CAM 

than in DAM. 

----INSERT Table VI about here -----  

8 Conclusion 

We have made three contributions to the literature. (1) Our financial market design enables 

simultaneous trading of multiple long-term-lived assets that involves uncertainty about 

production decisions and realistic leverage conditions for the laboratory study of financial 

markets. The present paper is the first written report on our ongoing experimental project on 

behavior in financial markets. This study has focused on market behavior; the following one 

will be dedicated to individual investor-behavior to investigate the origins of the reported 

price momentum and the emergence of bankruptcies. With our approach we have addressed a 

long-standing demand for a more complex experimental setting as uttered, for instance, by 

Duxbury (1995, p. 353) in his careful survey on experimental asset markets within finance. 

The advantage of experimental data over empirical data is that the environment is controlled 

to an extent that the underlying value can unambiguously be determined.
35
 This control also 

allows us to systematically study institutional effects of existing or hypothetical market 

institutions. The laboratory approach can be employed in macroeconomic settings to address 

issues of regulatory measures on financial markets. In times in which politicians act to 

movements of the market, they should be endowed with data that guide them in their 

                                                
35
 In fact, the underlying value is subject to the uncertainty created by the decisions of the manager in the 

company, which again may be affected by the risky environment. It could be interesting to investigate the effect 

of both uncertainties, by making growth a degenerate variable and by substituting the manager by the optimal 

strategy. Relative to the optimal risk-free strategy of the manager, we remind the reader, that the average quasi-

efficiency of managers has been 0.858, and the median 0.949.  



 40 

decisions. Related research has recently been conducted in a slightly different context (Pope 

et al. 2007a, b, 2008).  

(2) We have compared the performance of two market institutions call-auction and 

double-auction market in conditions of uncertainty about the underlying fundamental value 

and realistic margin requirements. Whereas earlier experimental studies have found that in 

thin asset markets informational efficiency may be preferable in the once-clearing call-auction 

market (Friedman 1993b), we find only drawbacks of this institution with respect to security-

pricing. The double-auction is less leveraged, leads to less bankruptcies, is more liquid, and 

reflects asset values more fairly than the call-auction market. Although we have also observed 

overpricing in some periods of the double-auction market, on average we reported a positive 

risk premium. The average equity-risk premium of 1.54% is very similar to empirical stock 

market data. For the past 40 years, the average three month return of T-bills was 1.275% and 

the risk premium for the same period was 1.5%. Therefore, we believe that our double-auction 

is suited to study asset market behavior in the laboratory. That being said, leading stock 

exchanges employ a hybrid market institution where a call-auction is used for the rush hours 

in opening and closing trading. Cason and Friedman (2008), furthermore, show that even with 

very few repetitions of the call-auction the price efficiency is hardly different from the 

double-auction market. Therefore, it would be interesting to investigate the performance of 

the repeated call-auction under our conditions of leveraged positions and distressed asset sales.  

  (3) Damodaran (2002, p. 949) recommends the usage of discounted-cash-flow 

valuation for the long-time horizon and relative valuation for the shorter-time horizon. We 

have provided evidence that under controlled conditions, relative valuation forecasts short-

term prices better than discounted-cash-flow valuation. This evidence might explain why 

relative valuation plays a dominant role in equity research and portfolio management. We 

have not conducted the analysis over the long-time horizon. For forecasting the long-time 

horizon with the discounted-cash-flow valuation model one would apply the long-time risk 
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premium rather than the implied risk premium from the current market data. Finally, our 

results have been achieved in the artificial condition of constant interest rates. It may be 

worthwhile to repeat the analysis with flexible interest rates under controlled laboratory 

conditions. 
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Figure I. Call-auction valuation of equity, average per share.  

Solid line is average price per share; dashed line is risk-neutral valuation. 
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Figure I. Double-auction valuation of equity, average per share.  

Solid line is average price per share; dashed line is risk-neutral valuation. 

0

100

200

300

400

Period 5 10 15 20 25 30 35 40 45

RN Value 8 Market Value 8

0

100

200

300

400

Period 5 10 15 20 25 30 35 40 45

RN Value 9 Market Value 9

0

100

200

300

400

Period 5 10 15 20 25 30 35 40 45

RN Value 10 Market Value 10

0

100

200

300

400

Period 5 10 15 20 25 30 35 40 45

RN Value 11 Market Value 11

0

100

200

300

400

Period 5 10 15 20 25 30 35 40 45

RN Value 12 Market Value 12

0

100

200

300

400

500

600

Period 5 10 15 20 25 30 35 40 45

RN Value 13 Market Value 13

0

100

200

300

400

500

Period 5 10 15 20 25 30 35 40 45

RN Value 14 Market Value 14



 44 

Proof of equation (10):  

Interested in a stationary solution, we assume that the monopolist has a planned growth, γ , 

which is constant across all periods and, thus, determines the strategy. Considered strategies 

are therefore case-wise constant combinations of prices and growth-adjusted capacities. The 

marginal costs of production differ, depending if the capacity-price choice requires financing 

with debt or equity only. Towards the monopolistic objective function, we start at the 

equation for the net earnings before dividend distribution, neglecting losses as they play no 

role in the data. 
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Now, we shall look at policies by which tc  and tp  are kept constant. 
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can be written as a function of the planned growth γ  in the following way; 
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We now delineate the consequences of the constancy of tc  and tp . The equations for tf  and 

tBf  yield 
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First, we compute the expected operating profit for the planned growth factor.  
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By inserting this result in equation (3) we can compute the expected net earnings including 

operating profits and interest payments for every planned γ . 
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At zero bank deposit there is a kink in the function. We compute the expected net earnings on 

both sides of the kink; first, in the interior of all-equity financing, 0=tf ; and second, in the 

interior of debt and equity financing, 0>tf . 

  

Given the planned γ , we have the following expected net earnings if debt is zero.  
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We compute the optimal capacity from the following first order condition. 
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With no debt-financing the interior solution is given by 
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The second case involves cash and debt financing the capacity investment, 0>tf  and 0=
tBf . 

Given the planned γ , we have the following expected net earnings.  
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Hence, the first order condition yields the optimal capacity-choice. 
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Both solutions differ with respect to the financing-cost only. Normalized equity is 
1

1

−

−

t

t

q

b

γ
. If 

the first solution is optimal, 
1

1
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= ≤
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b
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t γ
 must be true given the planned γ , and capacity 

can be financed with equity only. If the second solution is optimal, 
1

1
0|*

−

−
> >

t

t
f

q

b
c

t γ
 must be 

true given the planned γ , and the optimal capacity must be financed by debt and equity. If 

both conditions are violated, we have the corner solution, that is, equity (but no debt) is 
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completely invested 
1

1

0

*

−

−

==
=

t

t

ff
t

q

b
c

ttB γ
. The amount of capacity in the corner-solution is likely 

to change in every period. In the same way the price must be adjusted, since the capacity-

price relationship remains the same.  
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The optimal solution for the company also depends on the risk attitudes of the monopolist. If 

we assume that the manager wants to avoid risk, he will plan the most pessimistic demand 

scenario, that is 95.=tγ , and thus choose the riskless solution. This strategy seems plausible, 

because it ranks high in terms of risk-adjusted returns. The net earnings maximum is rather 

flat in our parameterization so that taking on additional risk is not worthwhile.
36
 (For instance, 

if the planned growth factor equals the expected growth factor, 02.1=γ  (is used in equations 

31, 33, 34), the simulated quasi-efficiency based on the realizations in the experiment is 

99.0% on average, with 102.1% as a maximum, 95.6% as a minimum and 99.2% as a median). 

So, assume the planned γ  is set at the lower bound of the demand-growth-factor distribution, 

95.=γ , and use the experimental parameters of Table A.0. Equation (10) exhibits the optimal 

capacity-choice.  
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36 More general solutions involve tedious computations of complicated polynomials. Given the flat maximum 

and the generally subordinate importance of the monopolists’ maximization problem in view of the paper’s focus, 

we skip these computations. 
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Table I. Price level and historical volatility  

The average market price of securities L, M, R is computed per period. The average and the 

median over 50 periods are reported in the table. The historical price volatility is the 

standard deviation of the logarithm of the change in the average market price between 

successive periods, 
1/ln −tt PP . For each session the independent data are recorded, and 

summarized by the average per treatment. The bottom row displays the results of the two-

tailed two-sample Mann-Whitney rank sum test. This non-parametric test examines the null 

hypothesis of equal results across treatments. The alternative hypothesis contradicts the null 

and indicates a treatment effect in price levels, but not in volatility.   

Session Average 

price 

Median 

price 

Historical price 

Volatility (%) 

1 197 190 15.71 

2 167 97 14.49 

3 297 208 18.91 

4 434 205 17.72 

5 223 178 26.66 

6 263 277 22.80 

7 294 177 20.63 

Average 

CAM 
268 190 19.56 

8 114 82 19.95 

9 139 103 18.49 

10 189 186 28.94 

11 124 124 12.92 

12 166 158 21.45 

13 133 131 26.26 

14 162 129 18.66 

Average 

DAM 
147 130 20.95 

MW-test 

p-value 
0.0012 0.0262 0.7100 
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Table II. Implied risk-premium and forecasting errors of discounted-cash-flow 

valuation 

The implied risk premium is computed by equating the value of the market portfolio, equation 

(11), with its market value, equation (12). The median and the average of the corresponding 

risk premium, 
fMt RR − , are recorded per session. The implied risk premium on the market 

portfolio is used to determine the cost of equity for each security 3,2,1=i , (L, R, M), 

according to equation (13). The forward-looking DCF valuation assumes a unit beta for each 

security (14); the regression-beta DCF valuation is the OLS estimate of beta from the excess 

return correlation to the market of the latest 10 periods, according to equation (16). The 

discount rate discounts the cash flows that can be expected assuming the most recent cash 

flow grow at the rate of %2=g . Thus the next period’s price is forecasted for each security L, 

R, M. The forecasting error in period t is the standard deviation of the observed price from 

the forecasted price, divided by the average price of securities L, R, M, according to equation 

(15). The recorded data is the average forecasting error per period. For each session the 

independent data are recorded, and summarized by the average per treatment. The bottom 

row displays the results of the two-tailed two-sample Mann-Whitney rank sum test. This non-

parametric test examines the null hypothesis of equal results across treatments. The 

alternative hypothesis contradicts the null and indicates a treatment effect in every column. 

The large forecasting errors of the regression beta approach in sessions 5 and 6 are the result 

of large beta estimates of one security when prices between securities differ largely.  

Session 
Average 

implied risk-

premium (%) 

Median 

implied risk-

premium (%) 

Forecasting error: 

Forward-looking 

discounted cash-flow 

valuation (%) 

Forecasting error: 

Regression-beta 

discounted cash-flow 

valuation (%) 

1 -1.17 -1.70 54.61 58.46 

2 0.76 1.56 26.59 39.80 

3 1.92 -1.54 38.63 48.10 

4 -3.61 -3.06 45.18 66.37 

5 -1.56 -2.07 62.02 82.57 

6 -2.30 -3.21 41.75 114.46 

7 -2.81 -2.65 48.59 50.53 

Average 

CAM 
-1.25 -1.81 45.34 65.75 

8 1.47 1.67 40.74 48.02 

9 1.21 1.10 27.49 32.15 

10 4.82 0.19 38.30 58.68 

11 0.63 1.25 28.17 33.30 

12 0.83 0.55 30.90 35.96 

13 1.82 1.79 34.34 41.81 

14 0.21 1.07 32.16 36.25 

Average 

DAM 
1.57 1.09 33.16 40.88 

MW-test 

p-value 
0.0379 0.0111 0.0379 0.0111 
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Table III. Historical multiples and forecasting errors of relative valuation  

The historical PE ratio is the ratio of average market price to the average profit of the 

companies L, M, R in the same period. Accordingly, the historical PB is the ratio of average 

market price to average book value of the companies. The average hist. PE and the average 

hist. PB are the averages over all periods in accordance with equation (17). The PE and PB 

market multiples of period 1−t  are used to forecast the price of period t by multiplying the 

expected profits and expected book values of companies’ L, R, M, with the market multiple of 

period 1−t , see equations (18) and (19). The forecasting error in period t  is the standard 

deviation of the observed price from the forecasted price, divided by the average price of 

securities L, R, M, according to equation (15). The recorded data is the average forecasting 

error per period. For each session the independent data are recorded, and summarized by the 

average per treatment. The bottom row displays the results of the two-tailed two-sample 

Mann-Whitney rank sum test. This non-parametric test examines the null hypothesis of equal 

results across treatments. The alternative hypothesis contradicts the null and indicates a 

treatment effect in every column.  

Session Average 

Hist. PE 

Average  

Hist. PB 

Forecasting error: 

PE-ratio (%)  

Forecasting error: 

PB-ratio (%) 

1 43.35 2.25 39.97 18.59 

2 38.30 2.03 15.98 12.84 

3 50.06 2.93 23.36 19.48 

4 79.53 4.80 36.61 31.21 

5 75.72 2.65 50.54 30.67 

6 45.45 2.50 29.75 29.58 

7 81.20 3.69 41.44 26.62 

Average 

CAM 
56.52 2.98 33.95 24.14 

8 32.33 1.50 33.94 17.17 

9 31.23 1.61 17.29 18.08 

10 34.73 2.20 20.68 18.25 

11 23.83 1.31 18.69 6.87 

12 29.85 1.80 12.04 9.14 

13 20.51 1.22 18.74 16.67 

14 31.16 1.80 23.12 16.43 

Average 

DAM 
29.09 1.63 20.64 14.66 

MW-test 

p-value 
0.0006 0.0012 0.0379 0.0111 
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Table IV. Liquidity, volume, momentum and correlation interactions 

The trading volume is the average number of transactions per period relative to the number 

of shares outstanding. Liquidity is the difference between the best outstanding ask and bid 

after market clearing at the end of the period. The bid-ask spread for each company’s security 

is taken relative to its midpoint and averaged across the securities. The average of this bid-

ask spreads over all periods is recorded. Spearman’s rank correlation coefficient is the non-

parametric pendant to the Pearson correlation coefficient. The correlation between the 

inverse liquidity measure bid-ask spread and closing-price changes is reported for the same 

period, and the price effect into the following period. The correlation of liquidity and volume-

effect in the following period is recorded. Momentum is measured by the correlation of the 

price change in period 1−t   and the price change of the same security in period t . The 

average correlation per period is recorded in the table. The correlation of price change in 

period t  is computed between the securities L, M, R, and the average over all periods is 

reported. For each session the independent data are recorded, and summarized by the 

average per treatment. The bottom row displays the results of the two-tailed two-sample 

Mann-Whitney rank sum test. This non-parametric test examines the null hypothesis of equal 

results across treatments. The alternative hypothesis contradicts the null and indicates a 

treatment effect in volume, liquidity, and correlation of security price movements. 

Session 

Trading 

volume: 

Average 

turnover 

of float 

(%) 

Illiquidity: 

Bid-Ask 

Spread of 

open 

interest 

(%)  

Spearman 

correlation: 

bid-ask 

spread and 

price 

increase 

Spearman 

correlation: 

lagged bid-

ask spread 

and price 

increase 

Spearman 

correlation: 

lagged bid-

ask spread 

and 

volume 

Momentum: 

Spearman 

correlation 

of price 

increase 

and lagged 

price 

increase 

Average 

Spearman 

correlation 

between 

security 

price 

increases 

of L, R, M 

1 5.557 9.045 -0.114 -0.058 0.190 0.571 0.398 

2 4.173 16.197 -0.023 -0.190 -0.048 0.446 0.359 

3 3.163 10.056 -0.523 -0.503 0.146 0.859 0.776 

4 3.907 23.319 -0.477 -0.450 -0.551 0.691 0.483 

5 3.587 32.422 -0.237 -0.065 -0.332 0.307 0.081 

6 4.743 26.915 -0.191 -0.197 -0.421 -0.111 0.016 

7 4.283 23.925 -0.381 -0.266 -0.487 0.372 0.331 

Average 

CAM 
4.202 20.268 -0.278 -0.247 -0.215 0.448 0.349 

8 6.593 10.713 -0.564 -0.300 -0.142 0.434 0.361 

9 6.167 18.659 -0.327 -0.291 -0.198 0.594 0.469 

10 8.510 5.743 -0.220 -0.084 -0.025 0.330 0.691 

11 11.550 2.475 -0.027 -0.057 -0.249 0.239 0.982 

12 6.627 3.564 -0.409 -0.042 0.127 0.425 0.990 

13 5.663 5.292 0.189 0.271 0.295 0.513 0.704 

14 8.093 6.756 -0.152 -0.107 0.058 0.671 0.866 

Average 

DAM 
7.600 7.600 -0.216 -0.087 -0.019 0.458 0.723 

MW-

test 

p-value 

0.0006 0.0111 0.8048 0.2086 0.2593 0.9015 0.0262 
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Table V. Investor’s payoff vs. momentum trading, frequency and level of speculation 

The final payoff of investor subjects is correlated to their number of transactions, their 

average leverage, their observed number of short-sales (bankrupt investors are not included 

in this comparison, since they are the worst performers), and the relative rank in momentum 

trading. A momentum trader is assumed to purchase/dispose of shares when prices have 

increased/declined in the prior period. Thus, the correlation of subjects’ trading with price 

changes of the past period is computed, and subjects are ranked according to their 

correlation coefficient. The Spearman rank correlation which is the non-parametric pendant 

to Pearson’s correlation is used in all computations. For each session the independent data 

are recorded, and summarized by the average per treatment. The bottom row displays the 

results of the two-tailed two-sample Mann-Whitney rank sum test. This non-parametric test 

examines the null hypothesis of equal results across treatments. The null hypothesis cannot be 

rejected in any column.  

Session 

Trading 

frequency: 

#shares 

traded 

Leverage: 

amount of 

margin 

debt 

No BK 

Short 

selling: 

#shares 

held short 

No BK 

 Momentum 

trading 

1 -0.446 -0.220 0.036 -0.463 

2 -0.270 -0.379 -0.485 0.170 

3 -0.191 0.054 0.343 0.074 

4 -0.312 0.181 -0.203 0.016 

5 0.146 -0.566 -0.531 -0.023 

6 -0.311 -0.309 0.417 -0.208 

7 -0.035 -0.234 -0.054 0.426 

Average 

CAM 
-0.203 -0.211 0.036 -0.001 

8 -0.032 -0.290 -0.242 0.010 

9 0.044 -0.092 0.030 0.379 

10 0.114 -0.213 -0.187 0.307 

11 -0.246 -0.171 0.196 -0.386 

12 -0.125 -0.430 -0.254 0.062 

13 -0.028 0.375 0.306 0.165 

14 -0.172 0.220 0.612 -0.071 

Average 

DAM 
-0.064 -0.086 -0.108 0.067 

MW-test 

p-value 
.098 .318 .710 .805 
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Table VI. Debt statistics 

Subjects can borrow to purchase shares on margin. If they go long on margin, they increase 

the cash holdings of the selling investor. The debt-cash ratio indicates the ratio of borrowed 

money amount to cash in the markets. This ratio is observed at the time when the average 

price peaks during a session, that is, the period when the maximum cash is in the markets. 

The average short interest is the number of shares held short in a period, the recorded 

number is relative to the originally issued shares. The number of short sellers and margin 

purchasers records the subjects who were leveraged at least at the end of one period. The 

margin purchasers are a subset of short-sellers. Only one subject in session 6 was margin 

purchaser but not short seller. The number of bankrupt subjects is recorded. For each session 

the independent data are recorded, and summarized by the average per treatment. The bottom 

row displays the results of the two-tailed two-sample Mann-Whitney rank sum test. This non-

parametric test examines the null hypothesis of equal results across treatments. The 

alternative hypothesis contradicts the null and indicates a treatment effect. The null is 

rejected in favor of the alternative in margin debt levels, number of short sellers, and median 

price jumps.  

Session 

Long 

Debt/cash 

in economy  

at price 

peak (%) 

Average 

short 

interest  

(% of 

float) 

# short 

sellers 

# margin 

purchasers 

# Bank-

ruptcies 

1 31.95 6.67 15 10 5 

2 41.77 1.48 18 13 2 

3 13.73 0.49 11 9 3 

4 213.32 2.00 17 10 6 

5 14.86 0.57 16 7 1 

6 23.93 1.97 6 5 5 

7 99.97 0.16 15 10 1 

Average 

CAM 
62.79 1.91 98 64 3.29 

8 10.54 3.13 11 9 2 

9 11.34 0.08 12 11 0 

10 23.72 1.00 10 9 0 

11 0.00 8.56 8 6 0 

12 18.37 3.07 6 5 1 

13 22.17 1.17 7 5 2 

14 30.37 0.91 12 11 2 

Average 

DAM 
16.65 2.56 66 56 1 

MW-test 

p-value 
.0476 .7100 .0070 .3176 .0379 
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Table A.0 Overview of parameter-values in normalized monopoly model 
 

In line with the equation system presented in Table 0, this table presents the normalized 

values in the experimental task. *The exhibited values are fractions of the numbers presented 

to the monopolistic subjects. In the experiment subjects chose capacities between 0 and 1,000 

and prices between 0 and 100.  

 

The lower and upper borders for tγ  95. , 09.1  

Initial (accumulated) growth  2)( 00 == mγ  

Number of periods 50=T  

Interest rate for bank deposit 01.=r  

Interest rate for debt 03.=Dr  

Depreciation rate of capacity 2.=δ  

Price of a capital unit* 3=q  

Price tp  with 0=tn * 1 

Slope of the price factor tp−1  of tn  1−  

Initial cash balance* 10 =b  
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Figure A0. Profit-Growth diagram  

C is the profit at a growth-factor of %95=tγ ; a is the profit at a growth-factor of 

%109=tγ ; X is the minimum-required growth-rate to achieve the maximum profit 

given capacity; 2% is the expected growth-rate; the profit at that point is displayed in 

the table, too. 
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Figure A1. Investor’s screen 

Subjects can submit limit-orders to trade the equity shares of the three companies LEFT, 

MIDDLE and RIGHT. Each limit order indicates a price for one share only. The limit orders 

are introduced on the investor-subject’s screen in three trading masks. The trading mask and 

the information regarding the company LEFT are displayed on the left-side of the screen, etc. 

Limit-orders are entered in one of the trading masks and confirmed by the subject as ask or 

bid through a press on the button. The limit-price can be determined up to the decimal. The 

bid must exceed the existing ask of the subject. Company related information is displayed in 

the corresponding sections on the screen. Tables that display company-related data are 

presented on the left, the center, and the right of the screen, respectively. Subjects can switch 

between these tables which include the historical data chronologically ordered by period. The 

table that exhibits the report of the company includes the profit per share, the dividend, which 

is half of the profit if it is positive and zero otherwise, the percentage growth in dividends and 

the liquidation book value per share receivable by the shareholders. The alternative multiples 

table includes the price-earnings ratio, price-to-book-value ratio and the debt-equity ratio of 

the company. The third table includes market volume, subject’s number of trades, the value of 

these trades, and the value of the position at the end of the period. Finally, in the double 

auction market treatment, the fourth table presents the opening, high, low and closing prices 

of the period. Subjects receive current information on their purchasing capacity, market value 

of equity, debt, and short-positions, debt-equity ratio, and the cash balance in the upper left 

corner. The current period and the remaining time of the period are displayed above. Past 

period information is presented in tables between the subject is able to switch the display in 

the lower half of the screen. The table located at the top shows the subject’s period income, 

the total and its components resulting from dividends, interest, and capital gains, as well as 

the end of period cash balance, equity and debt-equity ratio. The display of this table can be 

switched with the chart of historical closing share-prices of the three companies. All 

historical data are chronologically recorded with the most recent data in the top row. 
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Instructions (investor subjects read) 
Welcome to the experiment. Please switch off your mobile phones now! Please read carefully 

the following instructions and indicate by raising your hands, if you should have any question. 

Throughout the experiment, you must not communicate with the other participants. If you do 

so, we must ask you to abandon the experiment and you cannot receive any payment. We 

collect the data in the experiment to study individual behavior; therefore it is important that 

you make decisions on your own.  

 

General Information 

You are going to participate in a market experiment as one of 20 investors. There are 50 

market periods, each scheduled for 2 ½ minutes. Between the periods, another 10 seconds will 

be used to publish the results and to make the dividend payments. In total, thus, there are 

approximately 2 ½ hours during which you are going to make payoff-relevant investment 

decisions in the market. Your personal payoff that you receive in cash at the end of the 

experiment depends on the decisions you make yourself, on the decisions made by the other 

investors, and also on the size of the dividend paid by the companies in which you own shares. 

Payments in the experiment are calculated in the experimental currency ECU. Each investor 

starts the experiment with a cash balance of 3,000 ECU. The payoff at the end of the 

experiment is a Euro amount, 300 ECU being exchanged for 1 euro. For the participation you 

receive an additional lump sum payoff of 10 €.  

Besides you, the investors, three other participants make decisions regarding the sales of 

monopolistic companies that do business in independent growing markets. These participants, 

who make their decisions at the same time as you, are being introduced to the production 

decision problem in the attached room. The expected growth in each of the three sales 

markets is 2%, but the actual growth rate varies between -5% and 9% through uniform, 

random variation. The growth for each monopolist is determined by an independent random 

draw from this interval. The monopolist learns the actual growth rate at the end of the period. 

The monopolists make independent price-quantity decisions under uncertainty, that is, 

without knowing the exact demand. The payoff of the monopolists depends on the enterprise-

value after 50 periods, which in turn is determined by the sum of all profits. 

At the beginning of the experiment, the 20 investors are endowed with 10 shares of each of 

the three companies; LEFT, MIDDLE and RIGHT. Thus, there are 200 shares per company in 

the market. As investor you decide in each period how many shares you keep of each 

company, how many shares you want to buy or sell. The investor makes decisions regarding 

the acquisition and disposal of shares by choosing the order price and quantity.  

A share of asset authorizes the investor to claim the dividend that is paid at the end of the 

period. The dividend per share is equal to half of the company’s profit in the period divided 

by 200, that is, the number of issued shares. If the company’s profit is negative in any given 

period, the dividend is zero. At the end of the experiment, the company is liquidated. The 

investors receive a liquidating cash dividend of 50 percent of the company’s equity capital; 

the other 50 percent is received by the monopolist. At the beginning of the experiment, the 

monopolist is endowed with 10,000 ECU.  

In the experiment, one can hold ECU in cash and one can also borrow ECU. On ECU held in 

cash an interest payment of 1% is received at the end of the period; on ECU borrowed one 

must pay 3% interest at the end of the period. One can borrow ECU as long as one’s equity is 

at least half of one’s asset value; available funds for the sale and the purchase of shares are 

double the amount of one’s equity. Equity is the sum of the market-price times the number of 

held shares and the account balance. Upon submission of each purchase and sale order, the 

debt-/equity ratio is checked, which must always be between zero and one. Thus, the debt-



 64 

/equity ratio determines the purchasing capacity, that is, the available liquid funds. The 

monopolists face the same interest rates and can borrow funds as long as their debt does not 

exceed their equity (equity is the sum or their account balance and the value of their capacity). 

Companies whose debt-/equity ratio exceeds 1 must sell capacity. If all capacity must be 

liquidated to pay down debt, it can happen that the shares of assets become worthless. 

You can sell more shares than you own. We refer to a short-sale because you sell a share out 

of an empty position, that is, without owning it. Each investor can sell short up to 10 shares 

per company. Thus, the number of a company’s traded shares in the market may increase by 

another 200 shares. If one share is sold short, the seller must pay the accruing dividends of the 

company, until the short position is covered. Minimum equity requirement: short selling is 

banned if the value of your equity is below 6,000 ECU. 

Equity is valued at the market price, and thus changes depending on the (transaction) price of 

the shares. At the beginning of the experiment, a share is quoted at the issue price of 50 ECU 

(50 x 200 = 10,000 ECU = the company’s initial equity capital). Revaluation gains and losses 

that result from changing market prices are accounted for as equity. Short-sales of borrowed 

shares are debt. (The dividends payable are the costs of debt on shares held short). 

If the debt-/equity ratio surpasses 1, the investor cannot open new positions, but only liquidate 

existing ones. Positions will be automatically placed at the market price, until the debt-/equity 

ratio [valued at the last transaction price] is 1 again. In the case of a forced asset sale, first all 

outstanding orders are cancelled, all short positions are covered, and shares of assets are 

placed in a random order at the market. 

Submission of purchase and sale orders  

To purchase a share one must enter in the provided space on the screen the bid, that is, the 

maximum price (demand price) you are willing to pay to buy a share. Having entered the 

number, one confirms the buy order by clicking the Buy button, the button located on the 

right next to the input space. To sell a share one must enter the ask price (offer price), that is, 

the minimum price one is willing to accept in exchange for receiving a share. The ask price is 

confirmed by a press on the button "Sell" which is located on the left, next to the entry space. 

You can buy or sell multiple shares. Asks and bids can be inserted precisely up to the decimal. 

The bid must always exceed the asking price. 

 
After confirmation, the purchase order and the sell order are entered into the order list, located 

below the input space. An alert pops up in case of a potential short-sale, so that accidental 

short-positions are avoided. Upon transaction, the position change is displayed in the list 

Depot. The current position is displayed, along with the average transaction price to be paid. 

Market institution (participants in the DAM read) 

Each period you have 2 ½ minutes to place buy and sell orders. During this time the sell 

orders are arranged in ascending order (best ask first) and buy orders are arranged in 

descending order (best bid first). In the case of two equal bids, they are arranged randomly. In 

the case of two equal asks, they are arranged randomly, too. The outcome is an ordered list of 

bids and an ordered list of asks.  
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As soon as the (in the list) highest bid exceeds the lowest ask a transaction takes place. The 

transaction price is determined by the first placed order. If the bid is placed first, the bid is the 

transaction price. If the ask is placed first, the ask is the transaction price.  

In case of a transaction, the price is published in the price list, which (on screen) is located 

between the lists of bids and asks. The price list has two columns, for action and price. The 

“price” indicates the chronologically ordered transaction price. The latest transaction price 

which tops the list is the market price. In the column next to the transaction price, one of three 

possible actions is indicated: purchase, sale, or an empty field. Sale indicates the transactions 

in which the participant has sold a share. Purchase indicates the transactions in which the 

participant has purchased a share. An empty field indicates the transactions without 

involvement of the participant. 

The highest (best) bid that has not led to any transaction we call open purchase order. You 

will receive information about this open bid and the corresponding number of demanded 

shares in the table Open Orders. Similarly, for the sell-side: The lowest (best) ask that still has 

not led to any transaction we call open sell order. You can get information about this ask and 

the corresponding quantity in the table Open Orders. The information can be accessed by a 

press on the button.   

Market institution (participants in the CAM read) 

Each period you have 2 ½ minutes to place buy and sell orders. After this time the sell orders 

are arranged in ascending order (best ask first) and buy orders are arranged in descending 

order (best bid first). In the case of two equal bids, they are arranged randomly. In the case of 

two equal asks, they are arranged randomly, too. The outcome is an ordered list of bids and an 

ordered list of asks. From this list the transaction quantity and price are determined.  

Bids and asks are compared according to the order in the bids and asks lists, respectively. If 

the highest bid (in the list) exceeds the lowest ask, a transaction occurs. If the second highest 

bid purchasing exceeds the second lowest ask, a second transaction occurs. If the third highest 

bid exceeds the third lowest ask, a third transaction occurs, etc. As long as the ordered bid 

weakly exceeds the ask of the same order, another transaction occurs. If the ordered bid in this 

list is smaller than the ask of the same order, no further transaction occurs. In this way, the 

number of transacted shares is determined. The lowest bid or the highest ask that lead to a 

transaction determine the market price with equal probability. All transactions occur at this 

price. 

The highest (best) bid that has not led to any transaction we call open purchase order. At the 

beginning of the period you will receive information about this open bid and the 

corresponding number of demanded shares in the table Open Orders. Similarly, for the sell-

side: The lowest (best) ask that still has not led to any transaction we call open sell order. You 

can get information about this ask and the corresponding quantity in the table Open Orders. 

The information can be accessed by a press on the button.    

Onscreen information  

To make available the multitude of relevant information in a practical way on the screen, they 

are arranged in different tables. 

At the top right of the screen you will always be given updated information about your 

purchasing capacity (i.e,, your available liquidity), the debt, the account balance, open short 

positions, the debt-/equity-ratio, and the remaining time of the current period. The current 

period is shown at the top left.  
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The development of realized period-gains (dividends, interest income and capital gains), and 

changes in asset holdings (account balance and equity and debt-/equity-ratio) are presented in 

a table on the top half of the screen. Alternatively, by clicking a button, one can switch to the 

chart of the price movements across periods for the shares of the companies LEFT (red) 

MIDDLE (black) and RIGHT (blue).  

In the bottom half of the screen you can switch between three different tables of information 

by clicking: share account, company statement (DAM only: historical share prices) and 

market multiples. This information is presented separately for each company. On the left, you 

have all information regarding the company LEFT, in the middle all about MIDDLE, and at 

the right of the screen all about RIGHT. The information in tables includes the observations 

for all past periods.  

 
In the table “share-account”, information is given on the realized transactions, their costs, the 

transaction sum, and the market value of the position.  

In the table "multiples," information is given on relevant company’s data. Price / earnings 

compares the market price with the profit of the company (remember, half of the profit is paid 

as a dividend). Price / book value describes the multiple that relates the share price to the 

liquidation value for the shareholders. Furthermore, information is given on the dividend. 

Debt / equity informs about the corresponding debt-/equity ratio of the company.  

In the table “company statement” information is given on the earnings per share, the 

percentage growth in earnings, and the book value per share.  

(DAM only: In the table „historical prices“ information is given on the past periods’ share 

prices at Open, High, Low, and Close.) 

At the end of the period you will receive structured information in a table, including the 

realized period gain (the sum of capital gains, dividends, interest income), account balance, 

the market-value of share positions (price multiplied by the number of shares), the number of 

own transactions (a negative number available for sales) and the number of transactions in the 

market.  
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Summary  
The owner of a company’s share has the right to receive the dividends of the company. In 

each period, half of the company’s gains are divided by the number of shares and distributed 

as dividend to shareholders. One can trade shares of companies with other participants by 

entering the limit orders, that is, price-quantity combinations. On borrowed cash, you pay 3% 

interest. On held cash you receive 1% interest at the end of the period. At the end of the 

experiment, 50% of the equity of the company is distributed to the shareholders. The final 

account balance is paid to the participants in private.  

  

 

Instructions (manager-subjects read) 
Welcome to the experiment. Please switch off your mobile phones now! Please read carefully 

the following instructions and indicate by raising your hands, if you should have any question. 

Throughout the experiment, you must not communicate with the other participants in any way. 

If you do so, however, we must ask you to abandon the experiment and you cannot receive 

any payment. We collect the data in the experiment to study individual behavior; therefore it 

is important that you make your decisions on your own.  

 

General Information  

You are going to participate in a market experiment as one of 20 investors. There are 50 

market periods, each scheduled for 2 ½ minutes. Between the periods, another 10 seconds will 

be used to communicate the results. In total, thus, there are approximately 2 ½ hours during 

which you are going to make payoff-relevant production decisions. Your personal payoff that 

you receive in cash at the end of the experiment depends on the decisions you make yourself, 

and on a chance component. Before the experiment starts, you are going to participate in 2 

trial periods `a five minutes without payoff consequences. 

All payoffs in the experiment are calculated on the basis of the experimental currency ECU. 

At the beginning of the experiment, you have an initial cash balance of 10,000 ECU. The 

payment at the end of the experiment is in Euros; 300 ECU are exchanged for 1 Euro. In 

addition, you will receive a lump sum participation fee of 10 €.  

You decide in each period how much capacity you allocate to production and at what price 

you sell the produced quantity. One unit of capacity is equivalent to one unit of output. The 

operating profit is derived from the difference between revenues and costs. The sold quantity 

is determined by the minimum of the market demand and your chosen capacity. 

In the experiment, you can save or borrow ECU. On saved ECU you receive 1% interest 

payment at the end of the period. On debt, these are the borrowed ECU, you pay 3% in 
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interest. You can borrow ECU against your equity, i.e., your account balance and the value of 

your capacity. You can borrow ECU as long as the debt does not exceed the equity. In other 

words, your available capital to purchase production capacity is twice your equity. 

What are the implications of the capacity choice?  

A unit capacity costs 300 ECU. With each acquired unit the account balance is reduced by 

that amount. You can exactly choose the capacity up to the decimal. (You choose the numbers 

at the computer by insertion in the input items and confirmation by clicking the buttons). At 

the end of a period 20% of the available capacity is depreciated. This implies a cost of 60 

ECU for the allocation of one unit of capacity for one period. There are no additional 

production costs, but the interest payments on debt. Onscreen information is given about the 

chosen capacity after depreciation, and may be reduced at any time, i.e., you are allowed to 

sell capacity at 300 ECU. There is an equity requirement that has to be met when you allocate 

more capacity; debt may not exceed your equity. 

How is the market demand determined? 

By fixing the price, the product demand is determined. The demand depends on two 

components: a time-independent and a growth-dependent. The time-independent component 

is the difference of 100 and your chosen price, i.e. 100 - price. A price of zero implies a 

demand of 100, and a price of 100 implies a demand of 0. Prices must not be smaller than 0 

and not greater than 100, they can be chosen exactly up to the decimal. 

The demand of the company is also dependent on demand growth. Demand growth in a 

period is determined by the realization of an independent random number between -5% and 

+9%. The demand in a particular period is a number with one decimal, which results from the 

growth in period t (Wt), the demand of the prior period, and the chosen price in the period. 

The following computation applies: 

Demand in period 1 = 2 (1 + growth in period 1) (100 - price in period 1)  

Demand in period 2 = 2 (1 + W1) (1 + W2) (100 - price in period 2)  

...  

Demand in period t = 2 (1 + W1) (1 + W2) ... (1 + Wt) (100 - price in period t)  

The product of the growth rates is referred to as demand multiplier (= 2 (1 + W1) (1 + W2) ... 

(1 + Wt)). The following general expression can be given for the demand in period t:  

Demand in period t = demand multiplier in period t (100 - price in period t)  

Accordingly, the demand in period t is the product of (100 - price in t) and the demand 

multiplier in period t. The demand multiplier is revealed by the computer. You will also be 

informed about the realized growth in demand between the periods t-1 and t. However, you 

are informed about the demand and demand multiplier at the end of a period only, that is, after 

you have made the decisions on price and capacity. Therefore, you make a decision under 

uncertainty.  

 

What tools can be applied ?  
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Screen display: Growth-gains diagram  

 

An onscreen device should help you to deal with the risk exposure. You insert the price and 

capacity through the keyboard and press the button "Calculate". The device enables you to 

compute and chart the potential period gains in the growth-gains diagram for each possible 

combination of price and capacity. 

The profits are indicated for the chosen capacity-price combination with an orange line. The 

minimum profit is achieved at a growth rate of -5% and the gain maximum at a growth rate of 

9%.  

The profit line is either horizontal, if the demand exceeds the capacity for every potential 

growth level, so that in extreme minimum and maximum gains are the same. The profit line 

rises when the capacity is greater than the potential demand, or as shown in the graph, it can 

first rise and then kinks at the profit maximum to move horizontally thereafter. 

Accordingly, the course of the profit line is adequately described for the chosen capacity-price 

combination, if we know the maximum profit at +9% growth (in the chart number a), the 

minimum gain at -5% growth (in the chart number c) and the minimal growth for maximum 

profit (in the chart number a) at the kink (in the graph, the number x).  

The gain in the expected 2% growth is marked by the vertical line. All these numbers are 

recorded for each chosen capacity-price combination in the scroll table, so that the calculated 

profit opportunities can transparently be compared with another and the combination that 

appears most attractive can be fixed. 

You choose a capacity-price combination by selecting the appropriate combination in the 

scroll menu, and clicking the button "fix choice". This decision is then displayed as fixed 

choice, and shown on the screen. The account balance is adjusted to the fixed choice, the 

capacity costs are deducted. The fixed combination may be changed arbitrarily often during a 

period, by clicking the button again. The final decision is the fixed choice at the end of the 

period (after 2 ½ minutes). At the end of the period, you will be informed about the outcomes 

of your decision. 

How to accurately calculate the profits? 

Operating profit is calculated as the difference between revenue after costs. Revenue is the 

product of price and sales. (The sales are equal to the minimum of demand and capacity). The 

costs result from depreciation (20% of existing capacity), and any applicable interest expenses 

(3% to negative account balance). Company’s net income includes interest payments on cash 

holdings (1% to positive account balance). In periods in which the company’s net income is 

positive, half these gains are distributed as dividends to the 20 shareholders, which also 
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participate in the experiment. The rest of the profits are retained in the company. If an 

operating loss occurs in a period, the dividend is zero. 

What information do you get? 

After each period information is given on the revenue (price x sales), production costs, 

operating profit (= profit before interest), dividends, interest income, and net profit. These 

gains and losses are recorded in a table for all prior periods at the bottom of the screen. 

 

Information is reported on the current cash balance (= positive account balance), the debt (= 

negative account balance), the chosen and the existing capacity after depreciation for each 

period. The sum of these two amounts equals the total assets. Central to the final payment is 

the equity (account balance + capacity x 300). Half of the equity on your balance sheet is paid 

out to you at the end of the experiment. It should also be recalled that the debt-equity ratio (= 

debt/equity) must not be greater than 1 at any time in order to prevent an early liquidation of 

the company. An early liquidation can lead for the participant to a payment of zero.  

The debt-/equity ratio, the account balance, the capacity, the demand of the prior period, etc. 

are shown at the top right, the remaining time and the current period are indicated at the top of 

the screen.  

   

 

Summary  

You choose the price and capacity. Demand growth is determined by chance. In every period, 

it corresponds to the realization of a random number between -5% and 9%. The revenue is the 

chosen price times the minimum of capacity and demand at the chosen price. A unit capacity 

costs 300 dollars. In each period, 20% of the capacity is depreciated. Initially you are 

endowed with 10,000 ECU in equity. You can finance 50% of the total assets with debt. On 

debt (negative account balance) you pay 3% interest. On cash (positive account balance) you 

receive 1% interest per period. The total assets are the sum of cash and the capacity value. At 

the end of the experiment you receive paid in Euro 50% of the final equity. One € is 300 ECU. 

For participating in the experiment you receive a lump sum payment of 10 €. 

 


