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1 Introduction: Leverage in Financial Asset Markets 

“I guarantee you that if you want to get rid of the bubble, whatever it is, that [raising margin 

requirements] will do it. My concern is that I am not sure what else it will do.”  

Alan Greenspan, Sept. 24, 1996, Fed Policy Meeting 

 

The financial turmoil around 2008 has reconfirmed that a major risk in financial markets lies in the 

bursting of speculative bubbles with tremendous effects on the global financial and economic system. 

Political regulators attempt to control price bubbles; but only in the aftermath of the bursting of the 

bubble, measures are taken to facilitate a soft-landing (e.g. short sale constraints). However, regulators 

can only have a positive impact on the life-cycle of a bubble, if they know how institutional changes 

affect financial market outcomes. But regulation is a double-edged sword since decision errors may lead 

from bad to worse outcomes.  

Margin accounts allow traders to use leverage in their portfolio decisions. In the U.S., Regulation T 

gives the Federal Reserve Bank (Fed) the authority to set margin requirements. These requirements limit 

margin debt by establishing the minimum levels of equity to be provided by traders. Margin calls upon 

violation of the requirements can lead to automatic liquidation of positions unless further collateral can be 

provided in the short term. Until 1974 the Fed made use of an active margin policy and changed the 

requirements 21 times. Thereafter, the margin requirements have been unchanged for margin loans and 

also margin requirements for short sales have generally remained the same but were suspended only 

temporarily amid the recent short sale bans.  

An active margin policy as a control for price bubbles has been debated for long even before the 

Fed took office.1 The empirical evidence from naturally occurring markets about the impact of margin 

regulations is rare and mixed, and so are the opinions about the effects of intervention by policy maker. 

While some studies claim that margin requirements indeed have an impact on prices, volatility and 

liquidity (Eckardt and Rogoff 1976, Grube, Joy, and Panton 1979, Luckett 1982, Hardouvelis 1988, 

Seguin 1990, Hardouvelis and Peristiani 1992, Lee and Yoo 1991, Shiller 2000a, Kofman and Moser 

                                                      
1 Fisher (1933) and also Snyder (1930) reported on the importance of unregulated margin debt in generating 

price bubbles when analyzing the Great Crash of 1929. The ability to leverage purchases apparently led to an 
increased demand, inflated asset prices, an increased equity, and thus a larger debt-capacity, of margin purchasers. 
The upward-price spiral was fueled by an expansion of debt. From the end of 1924 until the market crashed, 
brokers’ loans rose four and one-half times (by $6.5 billion). After the price peak, a debt spiral was initiated. 
Investors lost trust and started to sell assets. Excess supply led to declining prices and depreciation of collateral. 
Triggered margin calls led to forced asset sales pushing supply even further. An increase in defaults on debt, and 
short sales exacerbated supply and, finally, assets were sold at fire sale prices. It only took 6 weeks to extinguish 
half of the total of brokers’ loans. Finally, in 1934, the U.S. Congress established federal margin authority to prevent 
unjustifiable increases or decreases in stock demand. Since then margin requirements limit leveraged trades on both 
sides of the stock market in an attempt to prevent dramatic price fluctuations. 
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2001), others see no impact (Cohen 1966, Moore 1966, Largay and West 1973, Officer 1973, Kupiec 

1989, Sentana and Wadhwani 1992). Not knowing the reasons for the adjustment of margin requirements 

during those times, it is debatable whether changing the margin requirements was effective or even 

necessary. Thus, the studies highlight the difficulties inherent in formulating a real-world margin 

regulation since the fear of regulatory intervention is that it may cause harmful unintended consequences. 

Using a heterogeneous agent model, Fostel and Geanakoplos (2008) show that the ability to leverage 

purchases inflates prices because the ‘natural buyer’ has access to more capital. Thus, Geanakoplos 

(2009) mentioned the margin requirements and the money supply among the core competences of the 

regulator to control speculative bubbles.  

We contribute to the discussion by firstly implementing margin trading along with margin calls and 

forced asset sales to the standard experimental asset-market model with salient rewards by Smith, 

Suchaneck, and Williams (1988). We make use of the experimental method as it allows us to isolate and 

manipulate the ability to leverage, without resorting to complex and imperfect econometric techniques to 

filter out effects of other variables (Bloomfield and Anderson 2010). In our experimental settings, we 

compare the baseline asset market setting by Smith et al. (1988) to a setting in which margin trading is 

permitted. Traders are then enabled to borrow money to purchase shares of assets, whereas their assets 

serve as collateral. Amid share-price appreciations the higher asset-value allows traders to purchase more 

assets with borrowed money. However, when price-decreases lead to a depreciated asset-value, margin 

requirements can be violated. Over indebted traders face a margin call. As they cannot provide additional 

collateral their assets are liquidated to meet the margin requirements again. A mirror-image automated 

process is initiated when violated margin requirements trigger margin calls on short sales. Our results 

indicate bigger price bubbles along with higher volatility and a wider bid-ask-spread when margin trading 

is permitted. Further, it seems that an active margin purchasing has a reinforcing effect on bubble 

magnitude. The results do not change if we implement short selling as a robustness check. Finally, our 

data indicate that although short selling in the baseline design is able to bring prices down to and even 

below fundamental value (Haruvy and Noussair 2006, Ackert et al. 2006); we do not observe this result 

when margin trading is permitted. 

Our experimental design deviates from related studies in several aspects. In King, Smith, Williams, 

and Van Boening (1993), and Ackert, Charupat, Church, and Deaves (2006), “margin trading” is 

implemented by endowing traders with extra cash which has to be returned at the end of the experiment. 

Thus, subjects start from the beginning with a higher cash-to-asset-value which has been shown to 

increase price bubbles as liquidity is generally increased (Caginalp et al. 2001). Caginalp et al. (2001) 

conclude that the bubble-crash pattern depends on available liquidity, i.e. at the beginning cash-to-asset 

value ratio is high but when prices increase, this ratio becomes small and liquidity dries out as the assets 
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has become relatively expensive; consequently, the bubble crashes. In our design the inflow of additional 

cash is endogenously determined through margin purchases as our debt capacity depends on the value of 

assets, i.e. on the current market prices. As the ability to borrow money increases with collateral, the 

liquidity argument does not hold in our markets. However, liquidity seems to dry out rapidly after the 

bubble crashes as margin calls and resulting forced asset sales end in a lower value of collateral triggering 

even more margin calls. Further on, we consider short selling as a robustness check for margin trading 

experiments. In sharp contrast to other experiments on short sales like Haruvy and Noussair (2006) and 

Ackert et al. (2006),2 our traders face synchronization risk (Abbreu and Brunnermeier 2003), i.e. a single 

trader acting in isolation is not able to push down the market to fundamentals or below.3 Thus, the size of 

the short position is not exogenously limited as in other studies. It is merely limited by collateral 

independent of fundamentals. Finally, our setting allows for a short squeeze. 

2 Margin Purchasing in Experimental Asset Markets 

2.1 Experimental Design and Predictions 
BASIC EXPERIMENTAL SETTING 

We make use of the standard asset market design of Smith, Suchaneck, and Williams (1988) which 

is known to produce speculative price bubbles in the laboratory. This experiment has been replicated and 

the results have been reproduced in experimental laboratories all around the world.4 Table I records the 

parameterization of the experiment. Before period 1, nine traders randomly assigned to one of three 

endowment classes are endowed with shares of assets and cash. Traders have the ability to buy and sell 

shares when the market is open in each of the 15 trading periods. A common, uniformly distributed cash 

dividend is independently drawn after each period and automatically added to the shareholders’ cash 

balance. Due to the constant expected dividend payment in each period, the share’s intrinsic or 

fundamental value equals the sum of the expected remaining dividend payments. In our double auction 

we implemented an empirically relevant trading facility, where traders are able to submit limit and market 

                                                      
2 In a setting with information asymmetries, Fellner and Theissen (2006) find higher prices with short sale 

constraints but not depending on the divergence of opinion as predicted by Miller (1977). In a setting with smart 
money traders, Bhojraj, Bloomfield, and Tayler (2009) report short selling to exacerbate overpricing, even though it 
reduces equilibrium price levels. Hauser and Huber (2012) find short selling constraints with two dependent assets 
to distort price levels. 

3 The price-depleting effect of short-sales is exaggerated in the treatment of Haruvy and Noussair by the fact 
that cash reserves are extracted from the market by short-sellers. In some of their treatments, the number of short-
sales at prices above fundamental value is unlimited. In the other two treatments individual short-sales are limited to 
six and three shares of assets without providing collateral, respectively.  

4 A survey on results and a discussion about the experimental design is given in Palan (2013). 
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orders to an order-driven continuous electronic market featuring an open order book.5 Cancellation of 

orders during the market period is enabled. After closing, the value of the dividend is revealed and 

accounts are updated. 

IMPLEMENTING MARGIN TRADING 

To evaluate the impact of margin purchases on asset market bubbles, we compare the standard 

treatment (SSW) to a setting in which margin purchasing is permitted (MP). Traders execute margin 

purchases when they purchase shares by using loan (negative cash balance), collateralized with their 

assets evaluated at the current market price.6 Traders are able to make purchases of additional shares with 

borrowed funds, thus leverage their gains when the market price rises. However, a price decline leads to a 

depreciation of the value of assets while the value of the loan remains constant. When prices fall below a 

certain threshold such that the loan exceeds half the value of assets – the maintenance margin is 50% – a 

margin call is triggered.7 Immediately, i) the trader’s buttons are disabled, ii) outstanding orders are 

cancelled, and iii) the computer automatically quotes a limit ask at the current market price. The computer 

continuous selling shares until margin requirements are met again or until all shares have been sold. Note 

that in contrast to other experimental asset market designs our design enables endogenously cash inflow 

and outflow dependent on market prices incorporating margin calls and forced asset sales. Thus, the credit 

line is not constant, as e.g. in Ackert et. al (2006).8 A margin call can lead to bankruptcy. However, the 

consequences of a margin call hold even during bankruptcy, i.e. outstanding positions continuously being 

closed although subjects are bankrupt.  

IMPLEMENTATION IN THE LABORATORY 

In the experimental sessions, subjects interact when inexperienced (round 1), and when once-

experienced (round 2) within the same cohort under identical conditions. Before the first round started, 

subjects participated in training periods and answered a computerized questionnaire. Payments equaled 

the final cash balance from both rounds exchanged to Euro (100 Taler = 1 Euro) plus a show-up fee. The 

experiment was entirely computerized using z-Tree (Fischbacher 2007). Subjects were recruited using 

ORSEE (Greiner 2004).9 Experiments were conducted at the MaXLab of the University of Madgeburg 

                                                      
5 See for example http://www.nasdaqtrader.com/TraderP.aspx?id=workstation#. However, we do not use a 

market maker. Detailed information on the trading rules and instructions can be found in the online supplement 
(http://www.ru.nl/economics/@854977/pagina/#top). 

6 We neglect interest rates. Note that currently the Fed sets the interest rate to almost zero percent. 
7 For example, if you buy shares worth 800 Taler with 500 Taler in cash and 300 Taler on margin, your asset 

value is 800 and your collateral is 500.  The maintenance margin is met, (500/800 > 0.5), as long as the asset value 
exceeds 600, as (500-200)/(800-200) = 0.5. 

8 In Ackert et al. (2006) traders were endowed with additional funds they had to pay back at the end of the 
round. As borrowed funds do not depend on collateral provided by traders, the experimental design does not include 
margin trading.  

9 As ORSEE tracks the history of student’s participation at experiments, we only invited subjects who never 
participated in asset market experiments before. 

http://www.ru.nl/economics/@854977/pagina/#top
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and at the BonnEconLab of the University of Bonn.10 We recruited 135 students participating in seven 

SSW sessions and in eight MP sessions. Including comprehension questionnaires and payment, the session 

lasted up to 3.5 hours. The sessions paid on average 26 Euro in SSW and 27.20 Euro in MP excluding 

show up fees. Note that the expected payout in each round equals 13.05 Euro. 

PREDICTIONS 

While textbook theory neglects defaults on loans, recent models with heterogeneous agents argue 

that ‘natural buyers’ (or optimists) inflate prices when having sufficient funds from borrowing money 

(Fostel and Geanakoplos 2008). Permitting margin purchases endows the natural buyers with sufficient 

liquidity to push prices high. Limiting the ability to access additional funds reduces the ability to inflate 

prices. Thus, our primary testable hypothesis is that asset prices under the treatment MP where margin 

purchase is permitted are higher than under the baseline treatment SSW.  

MEASUREMENT 

To measure the magnitude of speculative bubbles, we consider the measures suggested in Stöckl et 

al. (2010): Relative Absolute Deviation (RAD) and Relative Deviation (RD).11 The first measure equals 

the average of the absolute per-period deviation of the average price from the fundamental value over the 

average fundamental value as given in (1); with 𝑃�𝑡 being the average price in period t, 𝐹𝑉𝑡 as the 

fundamental value in period t, and 𝐹𝑉���� denotes the average fundamental value.12 For given 𝑅𝐴𝐷 = 0.15, 

prices deviate on average 15% from the average fundamental value in either direction (the market is 

mispriced by 15%). The second measure equals the average of the per-period deviation of the average 

price from the fundamental value relative to the average fundamental value as shown in (2). For given 

𝑅𝐷 = 0.10, prices exceed on average the average fundamental value by 10% (we say that the market is 

overpriced by 10%). If RD and RAD are close to zero prices closely track fundamental value. Both 

measures together indicate the magnitude (RAD) and the direction (RD) of the price bubble. 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 𝑅𝐴𝐷 =  
1

15
× �

|𝑃�𝑡 − 𝐹𝑉𝑡|
𝐹𝑉����

15

𝑡=1
 (1) 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 𝑅𝐷 =  
1

15
× �

(𝑃�𝑡 − 𝐹𝑉𝑡)
𝐹𝑉����

15

𝑡=1
 (2) 

Further on, we consider Boom (Bust) Duration which equals the highest number of consecutive periods 

where median prices exceed (undercut) fundamental value (see Haruvy and Noussair 2006). We further 

                                                      
10 Three markets in the SSW replication have been conducted in Bonn. Since results and the student 

population is quite similar, we pooled the data. 
11 Stöckl et al. (2010) suggested alternative bubble measures to facilitate comparability across different 

experimental settings with different parameterizations. Palan (2009) surveys and compares several bubble measures 
of the literature. 

12 Thus, 𝐹𝑉���� = 1
15
∑ (16 − 𝑡) × 24 = 19215
𝑡=1 .  
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investigate the two bisectional measures: Positive Deviation and Negative Deviation. The Positive 

(Negative) Deviation equals the area below (above) prices and above (below) fundamental value as 

indicated in (3) and (4); where 𝑃�𝑡 equals the median price in period t, and 1𝑃𝐷,𝑡 (1𝑁𝐷,𝑡) is an indicator 

variable that equals one if 𝑃�𝑡 − 𝐹𝑉𝑡 > 0 (𝑃�𝑡 − 𝐹𝑉𝑡 < 0) and zero otherwise. These measures allow us to 

distinguish between mispricing above or below fundamental value. 

𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = � �𝑃�𝑡 − 𝐹𝑉𝑡�× 1𝑃𝐷,𝑡
𝑡

 (3) 

𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = � �𝑃�𝑡 − 𝐹𝑉𝑡� × 1𝑁𝐷,𝑡
𝑡

 (4) 

To consider volatility we use the variance of period prices over all periods (Variance) as given in (5), 

since this is the most common measure of volatility and directly comparable to variance measures in real-

world market studies (King et al. 1993). Volume in period 𝑡 is indicated by 𝑞𝑡 while 𝑃𝑖𝑡 equals the price 

in transaction 𝑖 in period 𝑡. 

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  
1

∑ (𝑞𝑡)15
𝑡=1 − 1

� � (𝑃𝑖𝑡 − 𝑃�𝑡)2
𝑞𝑡

𝑖=1

15

𝑡=1
 (5) 

We further consider Turnover, measuring active trading as given in (6). Since in financial asset markets 

this turnover ratio is measured by daily volume divided by float, our measure equals the total number of 

executed trades (𝑞𝑡) divided by the number of shares in the market, i.e., 18.13  

𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟 =
1

18
∗� 𝑞𝑡

𝑡
 (6) 

As a measure for liquidity, we consider the bid-ask-spread (Spread), measuring the average of the end of 

period bid-ask-spreads as shown in (7). 𝐴𝑡 and 𝐵𝑡 indicate the lowest ask and the highest bid at closing of 

period 𝑡, respectively.14  

𝑆𝑝𝑟𝑒𝑎𝑑 =
1

15
� (𝐴𝑡 − 𝐵𝑡)

15

𝑡=1
 (7) 

To evaluate portfolio concentrations, we consider the Asset Holdings defined as the average number of 

shares held by the two traders with the largest share holdings.15 

For the rest of the paper, we analyze the experimental data by comparing these measures across and 

within treatments. We consider a hypothesis to be significantly rejected at a significance level of 5% 

(weakly significant at a level of 10%).  

                                                      
13 King (1991) introduced this measure and it has become a standard measure for the SSW design. However, 

this measure indicates mispricing and was associated with higher bubbles. Our results show that this conjecture is 
misleading as turnover is high in markets without bubbles. See also a discussion in Palan (2009). 

14 Over all 930 periods we have 27 periods without a bid-ask-spread at the end of the market because in 14 
periods no open bid was left at the end of the period and in 13 periods no open ask was left. For the analysis, we 
omit those periods. 

15 Hauser and Huber (2012) use a similar measure to evaluate portfolio effects. 
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2.2 Experimental Results 
DO BUBBLES OCCUR? 

Figure 1 depicts the deviations of median price from fundamental value for each treatment SSW and 

MP by period and round. The zero line represents the fundamental value and positive values indicate 

prices exceeding the fundamental value. Grey curves show the trajectory for each session, while black 

curves show the treatment average for each period. In SSW, the trajectories form the standard bubble 

pattern, i.e. average prices start below fundamental value, increase and intersect the fundamental value, 

reach the peak, and finally crash down to fundamental value. The pattern is less pronounced when 

subjects are once experienced. In MP, the pattern is different. While in SSW prices in each cohort start 

below the fundamental, this is basically not true for cohorts in MP. Already from the start, prices exceed 

the fundamental value and reach a peak higher than in SSW before they plummet. In line with Haruvy, 

Lahav, and Noussair (2007) the bubble-peaks move to earlier periods in the repetition, i.e., round 2.  

Table II records the average outcomes of the above defined measures for each round and also the 

differences between rounds. Overpricing in MP is about 80% in round 1 and still 33% in round 2, i.e. 

significantly positive both rounds, but significantly lower in round 2. Overpricing is significantly positive 

with about 23% in SSW in round 1, and significantly lower but not significantly different from zero in 

round 2. Under the margin purchase treatment MP we find that Boom Duration is significantly longer 

than Bust Duration (round 1: 𝑝 < 0.001, round 2: 𝑝 = 0.086), and Positive Deviation is significantly 

larger than Negative Deviation (round 1: 𝑝 = 0.017, round 2: 𝑝 = 0.027). On average we observe similar 

results in SSW; however, differences are only significant in round 1 (for duration 𝑝 <  0.001, for 

deviation 𝑝 =  0.047). Overall, bubbles size is reduced from round 1 to round 2 as indicated by a 

reduction in Positive Deviation, and in Boom Duration. The reduction in bubble size within the same 

cohort is in line with other studies (e.g. Dufwenberg et al. 2005). Hence, the results indicate a significant 

price bubble in round 1 in both treatments. In round 2, the prices still form a bubble pattern in MP but not 

so in SSW. 

TREATMENT EFFECTS 

To analyze treatment effects, we consider the random effects regression model of equation (8). Let 

the dependent variable  𝑋𝑖𝑟 denote the measure of interest in cohort i in round r, and 𝛼. the regression 

coefficients. The margin purchase treatment effect is investigated by the dummy variable D_SSW which 

takes value 1 for treatment SSW and 0 for MP. The repetition dummy variable 𝐷_𝑅 equals 0 in the first 

round when subjects are inexperienced and 1 in the second round when subjects are once-experienced. 

The product variable captures the interaction effect. Finally, 𝑣𝑖 indicates the time constant session specific 

error and 𝜀𝑖𝑟 indicates the idiosyncratic error term that varies over time and over sessions. Table III 

records the regression results for the bubble measures of interest. 
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𝑋𝑖𝑟 =  𝛼0 + 𝛼1𝐷_𝑆𝑆𝑊 + 𝛼2𝐷_𝑅 + 𝛼3𝐷_𝑆𝑆𝑊×𝐷_𝑅 + 𝑣𝑖 + 𝜀𝑖𝑟 (8) 

 

Observation 1: Permitting leveraged purchases leads to increased mispricing, increased 
volatility and a widening of the bid-ask spread. The mispricing measures indicate inflated 
bubbles in the MP treatment in comparison to the SSW treatment. 

 

Support: A ban of margin purchases reduces average overpricing above fundamentals by about 50% in 

round 1 and by more than 25% in round 2. The regressions in Table III show a significant negative 

treatment effect in RD and RAD, that is, in terms of overpricing and mispricing. Positive Deviation is 

significantly lower and Negative Deviation is significantly larger in SSW both confirming the primary 

hypothesis of higher price levels in the MP treatment. The measures of Boom Duration and Bust Duration 

are not significantly different between treatments indicating no significant changes in the period length of 

mispricing. Neither of the interaction effects is significant suggesting no change of treatment effect 

between rounds. To consider within round effects, we use the t-test proposed by Haruvy and Noussair 

(2006). The test is constructed on the median price deviation from fundamental value in each period 

averaged across all cohorts in a treatment as the relevant unit of observation, where each period is used as 

one observation (yielding 15 observations for each comparison between treatments). For both rounds we 

can reject the null hypothesis that price deviations from fundamental value in MP are less than or equal to 

SSW (p < 0.040) in favor of our primary hypothesis of larger deviations. 

Comparison of the treatment Variance suggests that the ability to purchase assets on margin leads, 

on average, to a higher volatility. Across the average standard deviation of prices in each period as the 

relevant unit of observation, we find a significant positive treatment effect on volatility independently of 

the level of experience (p < 0.050) by the above mentioned t-test procedure. Comparison of the treatment 

Spread suggests a lower bid-ask spread in the baseline treatment SSW. Applying the t-test on the bid-ask 

spread at closing averaged as the relevant unit of observation, we find the ability to margin purchase to 

significantly increase the spread independent of experience level (𝑝 =  0.037 in round 1, 𝑝 <  0.074 in 

round 2). However, using regression model (8) neither the coefficients of Variance or Spread, nor the 

coefficient of Turnover are significantly different from zero. Since the results still vary with the 

considered statistical model we can report, at best, only indications of the treatment effect in these 

variables.  

OCCURRENCE AND PRICE IMPACT OF MARGIN TRADING 

Subjects actively use the ability of purchasing assets on margin. In the MP treatment, we find that 

16% of transactions in round 1 and 24% of transactions in round 2 are debt financed. The treatment 
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median ratio of debt to cash in the market went up to 27% in both rounds. Having reported the treatment 

effect it may not be surprising that the usage of the debt directly leads to increased bubble measures. 

 

Observation 2: Active margin purchasing has a reinforcing effect on bubble magnitude. 

 

Support: Experimental results suggest that providing excessive liquidity in terms of cash leads to higher 

price bubbles (e.g. Caginalp et al. 2001). Margin purchases lead to an endogenous cash inflow to the 

market. To test whether this inflow leads to an increased bubble measure in MP, we consider the 

relationship between the period of maximum debt and RD. The Spearman rank correlation equals 0.762 

(𝑝 = 0.028) in round 1 and 0.927 (𝑝 < 0.001) in round 2. Considering the number of executed margin 

purchases the Spearman rank correlation equals 0.779 (𝑝 = 0.023) in round 1 and 0.518 (𝑝 = 0.188) in 

round 2. These results indicate a significant positive relationship between active margin purchasing and 

speculative price bubbles.  

Margin trading is not without risk and our experimental results show that some traders bear too 

much of it. In four cohorts margin calls were triggered.16 In these cohorts, the average number of margin 

calls is five in round 1 and 3.5 in round 2. In total, three traders ended bankrupt following the leveraging 

of purchases on margin. By leveraging purchases traders take more risks to be able to make more money. 

But do margin trading pays off? To evaluate this question, we classify traders into margin traders, who 

trade on margin at least once, and others. In both rounds, the average round-earnings are about 100 Taler 

lower for margin traders.17 The Spearman rank correlation between the trader type and the earnings per 

round is negative in both rounds but significant only when subjects are once experienced (𝜌 =  −0.276, 

𝑝 =  0.019). Thus, there is some indication that margin trading does not pay off. The comparison of the 

earnings dispersion across treatments by evaluating the coefficient of variation (CV = cohort mean 

earnings/deviation of earnings), we find that the average CV in SSW  (0.47 in round 1 and 0.28 in round 2) 

is lower than in MP (0.54 in round 1 and 0.41 in round 2). Although not statistically significant, the 

results indicate that participation in SSW without the ability to leverage purchases is less risky than in MP. 

PORTFOLIO EFFECTS 

The received theoretical literature makes some suggestions about how the ability to leverage 

purchases can impact portfolio concentration. According to the considerations of  Fostel and Geanakoplos 

(2008) and Miller (1977), the most optimistic traders hold the highest number of risky shares in their 
                                                      
16 Note that the cash inflow from dividend payments reduce the probability of margin calls in margin 

purchase treatments, while the requirement to pay dividends increases the probability of margin calls in short sale 
treatments. 

17 In round 1, average earnings are 1,351 Taler for 32 subjects who purchased on margin and 1448 for 40 
subjects who never borrowed money. In round 2 the values are 1,204 for 26 subjects and 1,388 for 46 subjects. 
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portfolio when given the opportunity to do so. As the margin purchase treatment MP enables leveraged 

purchases the number of shares held by optimists should rise given a symmetric distribution of optimists 

and pessimists. Our data analysis leads us to the following observations. 

 

Observation 3: The ability to leverage purchases leads to an increased concentration of 
shares. 

 

Support: The reported treatment average in Share Holdings (see Table II) indicates the concentration of 

shares. The OLS dummy-regression clustered by cohort involving the SSW treatment dummy variable 

(D_SSW) and the repetition dummy variable (D_R) as independent variables confirms a significant 

treatment effect. The coefficient of the treatment dummy is significantly negative, -1.021 (t = -3.01). The 

coefficient of the repetition dummy variable is not significant. Using the proposed two sided t-tests 

considering average Share Holdings in each period as the relevant unit of observation, we find for both 

rounds that both measures are significantly higher in MP than in SSW (𝑝 < 0.003).18 In line with the 

theoretical predictions, these results indicate indeed a higher concentration of risky assets and thus a 

higher level of risk taking in the MP treatment. 

3 Permitting short sales 

3.1 Experimental Design and Predictions 
The reported results so far have been gathered under the condition that short sales are banned. Permitting 

short sales we continue with a robustness check of the results. The corresponding treatments that permit 

the ability to sell short are designated MPshort (the margin purchase treatment MP) and SSWshort (the 

baseline treatment, SSW). Traders make use of short sales when they sell shares without holding them in 

their inventory. In the margin account, cash is used as collateral on short sales.19 Short sellers are assumed 

to expect a price decline, and to buy back the shares with a profit at a lower price. Note that the amount of 

debt equals the market value of outstanding shares, and that the amount of debt fluctuates with market 

prices while the value of the collateral remains the same. Thus, a price increase leads to higher debt by 

reducing collateral (cash minus value of outstanding shares), simultaneously. When prices exceed a 

certain threshold, such that the amount to buy back outstanding shares exceeds collateral - margin 

                                                      
18 We apply the t-test as proposed by Haruvy and Noussair (2006). The measure of interest is the share 

dispersion and the share holdings for each period averaged over all cohorts within one treatment. 
19 We do not consider lending fees (as, e.g., Duffie et al. 2002, Geczy et al. 2001, D’Avolio 2002, or Ofek 

and Richardson 2003). 
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requirement 50% - a margin call is triggered.20 Immediately, i) the trader’s buttons are disabled, ii) 

outstanding orders are cancelled, and iii) the computer automatically quotes a limit bid at the current 

market price. The computer continues buying back shares to cover short positions until the margin 

requirements are met again or until all short positions have been covered. Thus, in contrast to earlier 

studies, we allow for a short squeeze. Note that short sellers have to pay dividends for their short 

positions at the end of each period such that a new period can already start with a margin call after the 

realization of a high dividend. After period 15, both long and short positions are worthless.21 Note that 

margin traders can either margin purchase or short sell. Since outstanding positions are closed even in 

case of bankruptcy our implementation of the ability to short-sell shares differs to other asset market 

experiments, where bankrupt short sellers are not able to close their positions and, thus, the share count is 

actually increased. 

Apart from the ability to short-sell assets, the experiment has the same parameters including 

average earnings as the setup without short-selling. The number of participating subjects in eight MPshort 

sessions and eight SSWshort sessions was 144 students. No subject had ever participated in asset market 

experiments before. 

Permitting the ability to short-sell enables pessimistic traders to express their opinion in the market, 

leading prices to lower levels (Miller 1977, Harrison and Kreps 1978). A ban on short selling, however, 

limits the pessimists’ ability to incorporate their opinion in the market. In absence of the ability to short-

sell a situation arises in which optimistic traders alone determine prices when pessimists have run out of 

shares. Scheinkman and Xiong (2003) suggest that, due to overconfidence, heterogeneous beliefs create 

an opportunity to sell at a higher price to others in the future when short-selling is banned. In section 0 we 

provide a short discussion about the impact of short-selling on bubbles. Our main concern in this paper is 

the influence of margin purchases on prices. Therefore we are going to investigate our primary testable 

hypothesis, also under the ability to short-sell assets, that asset prices under the treatment MPshort where 

margin purchase is permitted are higher than under the baseline treatment SSWshort. 

3.2 Experimental results when short-selling is permitted 
Analogously to section 2.2, we compare the bubble measures between MPshort and SSWshort 

making use of the same tests. Figure 2 depicts the median price deviations from fundamental value for 

treatments SSWshort and MPshort in each period and round. MPshort shows a clear bubble pattern at 

least in round 1. The visible deviations in SSWshort, in contrast, are small already in round 1 and 

                                                      
20 For example, assume you sell short assets valued 800 Taler originally holding 500 Taler cash. Your 

maintenance margin is met (500/800 > 0.5) as long as the value of the short position stays below 1000 Taler, as 
(500/1000 = 0.5).  

21 We do not implement a penalty for holding shares until the end as in King et al. (1993). 
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disappear further in round 2. The visible price deviations from the fundamental value are thus larger in 

MPshort than in SSWshort for both rounds. Table IV records the average measures along with the test 

results for each round and the difference between rounds. We make the following observation.   

 

Observation 4:  The ability to leverage purchases leads to increased bubble measures also 
if short selling is permitted. 

 

Support: Permitting margin purchases in MPshort yields the RAD measure of 51% in round 1 and 33% in 

round 2. As shown in Table IV, both deviations are significant. We also find the Boom Duration to be 

significantly longer than the Bust Duration (round 1: 𝑝 < 0.001, round 2: 𝑝 =  0.099), and Positive 

Deviation to be significantly larger than the Negative Deviation (round 1: 𝑝 < 0.001, round 2: 𝑝 =

0.068), by the two-sided t-test (8 obs.). The regression analysis in line with model (8) is shown in Table 

V. Accordingly, the treatment dummy coefficients indicate a smaller bubble measure for SSWshort than 

for MPshort as the coefficients are significantly negative for RAD, RD, Positive Deviation, and significant 

positive for Negative Deviation. Applying the t-test of Haruvy and Noussair (2006) as we have done for 

observation 1 (15 obs.), we find that positive price deviations from the fundamental value in MPshort are 

significantly higher than in SSWshort in both rounds (𝑝 < 0.005). We find no significant differences in 

volatility. However, applying the t-test on the averaged bid-ask spread at closing (15 obs.), we find a 

significantly larger spread when margin purchases are permitted in both rounds (𝑝 < 0.040). This result 

is in line with observation 1. Hence, permitting margin trading increases bubble size and leads to more 

market distortions independently of the ability to short-sell shares of assets. 

Similarly to the above reported results from the experiments that disable short-selling, margin calls 

were issued in four sessions and three subjects went bankrupt on their margin purchases in the MPshort 

treatment. There is no indication of higher or lower earnings of subjects who use leverage in their 

purchases. As the average measure in Table IV suggests, the concentration of Shareholdings is 

significantly higher in MPshort than in the SSWshort (𝑝 = 0.004 in round 1, 𝑝 < 0.001 in round 2). 

Hence, again the share distribution seems to be skewed when margin purchasing is permitted. In 

summary, our data show that the ability to purchase assets on margin leads to similar market 

inefficiencies if short-selling is banned or not.  

3.3 Remarks on the impact of short selling 
Recent experimental studies of the model by Smith et al. (1988) report that the ability to short-sell assets 

leads to reduced bubble measures and even to negative bubble measures (Haruvy and Noussair 2006, 

Ackert et al. 2006). Despite the fact that we use the SSW parameterization, our design differs from other 
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studies in several aspects as we pointed out above. We do not limit short-selling capacities, or force short-

sellers to hold back cash to pay expected future dividend streams. Moving closer to the real-world 

situation we let short-selling capacities fluctuate with the market price and a margin call is triggered when 

prices skyrocket. Besides these design issues, we also report the effects of experience, and consider 

margin requirements for both sellers and buyers.  

Given our departures from earlier experimental approaches it cannot be taken for granted that we 

obtain the same results as previously were reported in the literature. To test whether the results of Haruvy 

and Noussair (2006) and Ackert et al. (2006) are confirmed on our data, we compare bubble measures 

between SSW and SSWshort and also between MP to MPshort. Our test is more comprehensive as those 

reported before. In particular the important comparison of the impact of short-selling when margin 

purchases are permitted has not been studied in the literature. Nonetheless, as can be seen from the 

comparison between Table II and Table IV our results are qualitatively in line with the literature. In round 

1, the ability to short-sell assets reduces the RAD measure by more than 20% independently of whether 

margin purchases are permitted or not. In round 2, we find that short selling has no substantial impact on 

prices anymore when experienced subjects interact with another. Applying the above described t-test of 

Haruvy and Noussair (2006) on the price deviation from fundamental value in each period averaged 

across all cohorts in a treatment (15 obs.), we find a significant difference comparing MP to MPShort and 

SSW to SSWshort in round 1 (𝑝 < 0.04) but not so in round 2 (𝑝 > 0.94). Similarly to the twice-repeated 

short-sale sessions reported in Haruvy and Noussair (2006), repetition has apparently no impact on the 

bubble measures in our sessions. Under the margin purchase condition MP, the bubble measures are more 

reduced in absence of short sales than when short sales are permitted. Thus, differences in the second 

round are barely existent anymore.  

Within the Smith et al. (1988) framework, we seem to be first to consider short selling and margin 

purchasing simultaneously.22 Thus, former papers are not able to evaluate the effect of short selling when 

margin purchasing is allowed. The results show that short selling is able to reduce bubble size. In contrast 

to a situation without margin purchases, however, the ability to short-sell assets is not able to bring prices 

down to fundamental values. We report a RAD measure of 51% for MPshort vs. about 0% for SSWshort. 

Considering also the RAD measures of 23% for SSW and 72% for MP we come to the impression that the 

ability to short-sell assets reduces the RAD measure in our setting by about 22% (0%), and the ability to 

leverage purchases increases the measure by about 50% (25%) in the first (second) round. These results 

                                                      
22 In Ackert et al. (2006) a similar treatment does not exist and in Haruvy and Noussair (2006) margin 

purchases are not considered. Hauser and Huber (2012) consider both, however in a difference setting without 
margin calls and with a different research question. 
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indicate that the ability to leverage purchases has a larger and more prevailing impact on prices than the 

ability to leverage sales.  

Finally, the short interest in our experiment measured by the higher number of executed short sales 

relative to float is roughly 30% in both periods of both MPshort and SSWshort. However, with the 

number of executed short sales in each period averaged across all sessions in a treatment as the relevant 

unit of observation, we find the number of executed short sales to be higher when margin purchasing is 

banned using the t-test (15 obs.) by Haruvy and Noussair (2006); however, the result is significant only in 

round 1 (𝑝 = 0.008). Thus, short selling appears riskier to us when “optimists” have sufficient funds to 

push the price upwards if margin purchasing is allowed, i.e. synchronization risk (Abreu and 

Brunnermeier 2003) may be increased in this situation.  

4 Summary and conclusion 

The potential impact of margin requirements regulation on market mispricing cannot be directly 

assessed with data from real world exchanges owed to the complexities of real world markets. For 

instance, the effects of margin requirements cannot necessarily be disentangled from the effects of the 

announcement requirements changes by observing the reaction of the market. Asset mispricing can 

generally be measured only with weak confidence. Instead of facing the challenges involved in the real 

world data analysis, we have provided empirical evidence for the institutional effects of margin purchases 

and short sales from a laboratory study by using standard measures of market performance in the standard 

experimental design by Smith et al (1988). We have gathered our data under realistic margin 

requirements. In contrast to earlier experiments, we implemented margin trading and short selling along 

with the threat of margin calls and forced liquidation of long and short positions. The purchasing-power 

of the market participants endogenously expands or tightens when asset prices move higher or lower, 

thus, margin trading including margin calls reinforce the swings of the market. 

Our main results are quite intuitive and in line with the theory. When margin purchases are 

permitted we observe price inflation and price distortions relative to the baseline. These results are 

unaffected when short selling is permitted. We have also studied the impact of leverage on individual 

portfolio decisions to find an increase in risk taking characterized by higher concentrations of risky assets 

eventually resulting in individual bankruptcies. Thus, our experimental results are in line with theories of 

margin purchasing by Irvine Fischer (1933) and by recent heterogeneous agents models (Geanakoplos 

2009) that conjecture such effects on asset pricing and portfolio decisions. 

We have also reported evidence that the ability of short-selling curbs the price-inflating effect of 

margin purchases. However, the ability to short-sell shares does not completely cure the distortions 
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induced by margin purchases. In our data, short-sales can only push prices down to fundamentals when 

margin purchases are disabled. Hence, the initial quote by the former Fed-chairman Greenspan has been 

nicely supported by our data. The regulatory approach to fix margin requirements to limit margin 

purchases seems to be an important tool to decrease the bubble size and limit the risk exposure of traders. 

Considering the measures of volatility, turnover and the bid-ask spread, we find that market 

efficiency in our setting is enhanced through a ban on margin purchases and worsened through a ban on 

short sales. Short sales generally lead to a lower spread and a larger transaction volume thus enhancing 

market activity. That being said, in our market short-selling is not synchronized, completely decentralized 

and subjects have no particular market power. In contrast, margin purchases lead to a larger spread and do 

not enhance transaction volume. Margin purchases seem to decrease market efficiency and increase 

individual risks by artificially inflating prices. In fact we have only considered the range of real-world 

relevant margin requirements and can thus only speculate what happens when margin requirements are 

lowered, or when margin purchases are increased though not banned. In fact it would be worthwhile to 

study other margin requirements in the future.  

As in any laboratory experiment, the results are restricted to the chosen parameters. The baseline 

Smith et al. (1988) asset market design has been challenged in recent studies (e.g. Kirchler et al. 2012), 

arguing that some subjects are confused about the declining fundamental value and believe that prices 

keep a similar level in the course of time. However, the standard design is limited in the ability to provide 

arbitrage opportunities since fundamental traders lack the ability to short sell assets to keep prices at 

fundamental value. Our results suggest that some traders use the ability to short sell and, thus, reduce 

mispricing. Recent experiments by Hauser and Huber (2012) show similar effects using multiple asset-

markets with a complex system of fundamental values but without margin calls. It still would be 

interesting to investigate the effects of margin purchases in environments with non-decreasing 

fundamental values. It would also be interesting to see how margin requirements change performance in 

multiple asset markets.23 In a Wall Street article “Margin Calls: Should the Fed Step In?”, Shiller has 

proposed an active margin regulation in times of major market misalignment. It would be interesting to 

test certain regulations in a controlled laboratory experiment. We leave these open questions to future 

research. 

 

  

                                                      
23 Selten and Neugebauer (2013a, b) study simultaneous trading in multiple multi-period lived asset markets where 
leveraging of purchases and sales is permitted. However margin requirements are constant always. 
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Tables and Figures 

Table I. Parameterization 
 
Notes: The table shows the parameterization of the experimental setting. The 
experimental currency is Taler and 1 Taler = 1 Eurocent. 
 
Number of periods 15 
Duration of trading per period 180 seconds 
Assets Shares, Cash 
  Possible dividends in each period  0 8 28 60 
Prob. of dividend to occur in each period 25% 25% 25% 25% 
Expected dividend payment/period  24 
Fundamental Value in period t 24×(16 - t) 
  Number of Traders 9 
Endowment class I II III 
# of shares in class 3 2 1 
Cash at hand 225 585 945 
Endowment in expected terms 1305 
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a) Margin Purchase permitted (MP) – Round 1 b) Margin Purchase not permitted (SSW) - Round 1 

  
c) MP - Round 2 d) SSW – Round 2 

  
Figure 1. Price deviation from fundamental value 

Notes: The figures show deviations of median prices from fundamental value by treatment (SSW, MP), and by round (1, 2). Grey 

curves show the trajectory of median period prices minus fundamental value for each session, while black curves show the treatment 

average for each period 
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Peak 1136  
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Table II. MP vs. SSW – Treatment average of observed measures 
 
Notes: This table records the treatment average of observed bubble measures defined as in formulas (1), (2), (3), 
and (4). Boom (Bust) Duration indicates the maximum number of consecutive periods during which the median 
transaction price is above (below) fundamentals. Variance, Turnover and Spread are defined in formulas (5), (6), 
and (7). Share holdings is the per period average of the sum of shares held by the two traders with the largest share 
holdings. *** p<0.01, ** p<0.05, * p<0.1 indicate significance levels according to a two-sided t-test evaluating the 
hypothesis that the variable of interest is different from zero.  

   

 MP SSW 

 Round 1 Round 2 Difference Round 1 Round 2 Difference 

Relative Deviation (1) 0.72** 0.33** - 0.39** 0.23* 0.06 - 0.17** 

Relative Absolute Deviation (2) 0.78 0.4 - 0.38** 0.4 0.2 - 0.19*** 

Boom Duration 11 9 -2 10.43 5.86 - 4.57*** 

Bust Duration 2.5 3.75 1.25 2.86 6.86 4.00** 

Positive Deviation (3) 2104 907 - 1197** 898 357 - 541*** 

Negative Deviation (4) 82 101 19 236 174 - 61 

Variance (5) 1166 803 -363 898 102 -796 

Turnover (6) 4.83 2.36 -2.47*** 4.73 2.86 -1.87*** 

Spread (7) 44.79 38.38 -6.41 24.76 24.27 0.41 

Share Holdings 10.36 11.08 -0.72 9.52 9.88 -0.36 
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Table III. Random Effect Regression on Bubble Measures   
 

Notes: The table records the results of the random effect regressions according to model (8). The dependent variable is the bubble 
measure of interest. The dummy variable 𝐷_𝑆𝑆𝑊 captures the treatment effect, taking the value 1 in SSW where margin purchasing is 
banned and 0 in MP where it is permitted. The dummy variable 𝐷_𝑅  captures the experience effect, taking value 0 for round 1 and value 
1 for round 2. The product variable indicates the interaction effect between experience and the ban on margin purchases. Parentheses 
record robust standard errors, clustered on independent sessions. *** p<0.01, ** p<0.05, * p<0.1. 

 
       

 

Relative 
Deviation  

(1) 

Relative Absolute 
Deviation 

(2) 

Boom 
Duration 

Bust 
Duration 

Positive 
Deviation  

(3) 

Negative 
Deviation  

(4) 

       

            

𝐷_𝑆𝑆𝑊 -0.501** -0.388* -0.571 0.357 -1,206.411** 154.089** 
 (0.216) (0.200) (1.663) (1.576) (553.587) (68.143) 

𝐷_𝑅 -0.394*** -0.379*** -2.000 1.250 -1,196.750*** 19.125 
 (0.126) (0.121) (1.607) (1.433) (364.220) (44.096) 

𝐷_𝑆𝑆𝑊 × 𝐷_𝑅 0.228 0.184 -2.571 2.750 655.893 -80.268 
 (0.184) (0.177) (2.352) (2.097) (533.163) (64.549) 

Constant 0.725*** 0.782*** 11.000*** 2.500** 2,104.125*** 81.625* 
 (0.148) (0.136) (1.136) (1.077) (378.172) (46.551) 
       

Observations 30 30 30 30 30 30 
Number of cohorts 15 15 15 15 15 15 

Prob > F 0.00163 0.00196 0.0111 0.0208 0.00113 0.140 
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a) MPshort – Round 1 b) SSWshort – Round 1 

  
c) MPshort – Round 2 d) SSWshort – Round 2 

  
Figure 2. Price deviation from fundamental value when short selling is permitted 

Notes: The figures show deviations of median prices from fundamental value by treatment (SSWshort, MPshort), and by round (1, 2). 

Grey curves show the trajectory of median period prices minus fundamental value for each session, while black curves show the 

treatment average for each period 
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Table IV. Treatment average of observed measures in ‘short sale treatments’ 
 
Notes: This table records the treatment average of observed bubble measures defined as in formulas (1), (2), (3), 
and (4). Boom (Bust) Duration indicates the maximum number of consecutive periods during which the median 
transaction price is above (below) fundamentals. Variance, Turnover and Spread are defined in formulas (5), (6), 
and (7). Share holdings is the per period average of the sum of shares held by the two traders with the largest share 
holdings. *** p<0.01, ** p<0.05, * p<0.1 indicate significance levels according to a two-sided t-test evaluating the 
hypothesis that the variable of interest is different from zero. 

   

 MPshort SSWshort 

 Round 1 Round 2 Difference Round 1 Round 2 Difference 

Relative Deviation (1) 0.51*** 0.33** - 0.18 0.00 0.07 - 0.06 

Relative Absolute Deviation (2) 0.58 0.40 - 0.18 0.28 0.36 - 0.08 

Boom Duration 10.75 8.5 - 2.25** 4.63 7.5 -2.88 

Bust Duration 2.25 4.5 2.25* 6.13 4.88 1.25 

Positive Deviation (3) 1582 964 - 619* 410 623 - 213 

Negative Deviation (4) 113 109 - 4 389 432 - 43 

Variance (5) 748 245 -502 132 96 -35 

Turnover (6) 6.03 4.06 -1.98*** 7.19 4.26 -2.97*** 

Spread (7) 24.31 24.72 13.16 15.71 14.47 -1.24 

Share Holdings 11.61 11.99 -0.38 10.54 10.96 - 0.42 
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Table V. Random Effect Regression on Bubble Measures in ‘short sale treatments’  
 

Notes: The table records the results of the random effect regressions according to model (8). The dependent variable is the bubble 
measure of interest. The dummy variable 𝐷_𝑆𝑆𝑊 captures the treatment effect, taking the value 1 in SSW where margin purchasing is 
banned and 0 in MP where it is permitted. The dummy variable 𝐷_𝑅  captures the experience effect, taking value 0 for round 1 and value 
1 for round 2. The product variable indicates the interaction effect between experience and the ban on margin purchases. Parentheses 
record robust standard errors, clustered on independent sessions. *** p<0.01, ** p<0.05, * p<0.1. 

 

     
  

 
Relative 

Deviation  
(1) 

Relative Absolute 
Deviation 

(2) 

Boom 
Duration 

Bust 
Duration 

Positive 
Deviation  

(3) 

Negative 
Deviation  

(4) 

     
  

            

𝐷_𝑆𝑆𝑊 -0.501** -0.388* -0.571 0.357 -1,206.411** 154.089** 
 (0.216) (0.200) (1.663) (1.576) (553.587) (68.143) 

𝐷_𝑅 -0.394*** -0.379*** -2.000 1.250 -1,196.750*** 19.125 
 (0.126) (0.121) (1.607) (1.433) (364.220) (44.096) 

𝐷_𝑆𝑆𝑊 × 𝐷_𝑅 0.228 0.184 -2.571 2.750 655.893 -80.268 
 (0.184) (0.177) (2.352) (2.097) (533.163) (64.549) 

Constant 0.725*** 0.782*** 11.000*** 2.500** 2,104.125*** 81.625* 
 (0.148) (0.136) (1.136) (1.077) (378.172) (46.551) 
       

Observations 30 30 30 30 30 30 
Number of cohorts 15 15 15 15 15 15 

Prob > F 0.00163 0.00196 0.0111 0.0208 0.00113 0.140 
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