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UNDERPRICING OF INITIAL PUBLIC OFFERINGS IN EXPERIMENTAL ASSET MARKETS

By Sascha Füllbrunn, Tibor Neugebauer, and Andreas Nicklisch

1 Figure A1. Illustration of simulation approach
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Figure A1. Asks in aftermarket and IPO price in two sessions. 
Figure A1. shows the aftermarket asks and the IPO prices of the first round in sessions 100504 and 091013. The chart shows that no ask is below the IPO price in either session, but that amid the trading in the aftermarket, the asking prices move closer towards the IPO price (see left panel). In the left chart we see that 2 asks are at and 4 are below the 320 line, which corresponds to the IPO price of session 091013. In the Monte Carlo simulation (where IPO prices are randomly reassigned to sessions in step 1) it can happen that the IPO price of session 100504 is randomly assigned to the session 091013 (and the other IPO prices are assigned to session 100504 and the other 19 sessions). In that case, we would count 4 asks below the random IPO price and add them towards the simulation total. The simulation total includes the 21 numbers of all asks below the randomly assigned IPO price-session pairs. The distribution in Figure 1 is formed from 100,000 simulation totals. 
2 IPO underpricing (all reference values)

	Table 1-full: IPO underpricing

First-period average returns of the Baseline treatment, 
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sum

48 examples of random dividends

, are recorded in column (I). We report in columns (II)-(IV) the realized excess returns of the IPO treatments, as defined in equation (4). Column (V) reports the average excess return from all IPO treatments taken into account. Round index 
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 = {1; 2} indicates subjects when inexperienced and once experienced, respectively. Significant results of the Mann-Whitney test and Wilcoxon signed ranks test are recorded in columns (II)-(V) and (I), respectively. Standard normal z-scores are recorded in parenthesis. Two-tailed significance levels are indicated by asterisks *** ( = 1%; ** ( = 5%; * ( = 10%.

	
	
	(I)
	(II)
	(III)
	(IV)
	(V)
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	Reference to Closing Price
	1
	6.5%**
(2.197)
	14.2%**
(2.364)
	82.1%***
(3.130)
	47.5%*
(1.725)
	42.0%***
(3.806)

	
	2
	-0.8%

(-.572)
	33.9%***
(3.165)
	36.5%***
(3.165)
	59.4%***
(3.165)
	42.4%***
(4.015)

	
	
	
	
	
	
	

	Reference to Median Price
	1
	5.5%**
(2.197)
	19.6%***
(3.134)
	53.5%***
(3.134)
	44.5%***
(2.875)
	36.0%***
(2.875)

	
	2
	-0.8%

(-1.463)
	33.2%***
(3.134)
	31.0%***
(3.134)
	55.6%***
(3.134)
	39.1%***
(3.134)

	
	
	
	
	
	
	

	Reference  to Average Price
	1
	5.5%**
(2.197)
	14.2%***
(2.747)
	50.1%***
(2.875)
	53.6%***
(2.747)
	35.9%***
(2.747)

	
	2
	-1.0%**
(-2.156)
	33.9%***
(3.137)
	32.3%***
(3.137)
	57.1%***
(3.137)
	40.7%***
(3.137)

	
	
	
	
	
	
	

	Reference  to Bid-Ask-Midpoint
	1
	9.1%**
(2.366)
	14.5%***
(2.364)
	74.2%***
(3.130)
	54.0%***
(2.364)
	36.0%***
(2.364)

	
	2
	0.5%

(.338)
	32.0%***
(3.003)
	32.8%*** (3.130)
	60.4%***
(3.130)
	39.1%***
(3.130)


3 Table A1. Additional support for observation 2a
	Table A1: Underpricing and experience - OLS regression results

Recorded record excess returns over control treatment in view of closing price, median price, average price and bid-ask midpoint. In each column the regressions involve 42 independent observations. Standard normal z-scores are recorded in parenthesis. Significance levels are indicated by asterisks ***  = 1%; **  = 5%; *  = 10%.

	

	Reference price:


	Closing price
	Median price
	Average price
	Bid-ask midpoint

	Const
	.172

(.92)
	.205

(1.40)
	.169

(.83)
	.153

(.74)


	Experienced
	.214

(.81)
	.194

(.93)
	.231

(.80)
	.213

(.73)


	BB
	.519*

(1.96)
	.417*

(2.01)
	.651**

(2.26)
	.642*

(2.19)


	CB
	.837***

(3.15)
	.402*

(1.94)
	.401

(1.42)
	.752**

(2.56)


	BB x Experienced
	-.241

(-.64)
	-.171

(-.58)
	-.410

(-1.01)
	-.324

(-.78)


	CB x Experienced
	-.830**

(-2.21)
	-.459

(-1.56)
	-.470

(-1.15)
	-.754*

(-1.82)


	Adj R-squared
	.154
	.060
	.037
	.109


4 IPO Dynamics
4.1 Testable hypotheses

Anticipating the result that the strategic uncertainty explanation (i) is only weakly supported by our data (see Observation 2a), and given the recent literature on learning in markets, we investigate whether learning plays a role in our data at all. The question is how personal experiences in IPO participation feed into future participation in the IPO. Kaustia and Knüpfer (2008) provided evidence from the Finnish stock market showing that the likelihood of future IPO participations of individual investors increased with their personally experienced returns in past IPOs. An investor who has a positive experience in an IPO will likely participate in the next IPO. As Kaustia and Knüpfer (2008) note, reinforcement learning would be a theory that predicts such behavior. Because participants in the first IPO of our experiment achieve excess returns in each session (Observation 1), we simply predict (in accordance with Kaustia and Knüpfer’s idea of reinforcement learning) that successful participation in the first IPO reinforces participation in the second IPO whereas unsuccessful participation does not. Unsuccessful participation is measured by rejected bids and successful participation is measured by accepted bids, i.e., purchases in the IPO. Note that Kaustia and Knüpfer excluded unsuccessful bids from their analysis because their data included only one oversubscribed IPO where a fraction of bids were rejected. Therefore they could not test this hypothesis. A well-known alternative learning theory that captures much of the round-to-round behavior in auctions is learning direction theory (see, e.g., Selten and Buchta 1999, Neugebauer and Selten 2006). According to this theory, changes in behavior would be expected in the direction of the ex-post best response. Hence, if such learning plays a role in our data we expect that net purchasers in the aftermarket following the first IPO would increase their participation in the next IPO, because they incurred opportunity costs through these aftermarket purchases resulting from their sluggish IPO participation. 

Hypothesis 5. (a) (Reinforcement Learning:) Successful bids in the first IPO have a stronger effect on participation in the second IPO than unsuccessful bids. (b) (Direction Learning:) The change from the number of shares purchased in the first IPO to the number of shares purchased in the second IPO is positively correlated with the number of shares purchased in the aftermarket (at a higher price) following the first IPO. 

An enhanced price discovery in the OB treatment would not be surprising as IPO investors receive feedback on market demand. In the dynamic hard-close auction, however, late bidding is an important issue. Such behavior has been observed in single-commodity auctions (Ariely et al 2005). Therefore, we investigate the following hypothesis. 

Hypothesis 6. Subjects of the OB treatment submit bids later than in the other treatments.
4.2 Within subject comparison: IPO participation
The rather weak support of Hypothesis 2 (i.e., we find no decrease of underpricing) indicates that reduction of uncertainty between repetitions has only a minor effect on the market outcome. We check next which type of behavior is reinforced by repetition on the individual level. In a recent paper, Kaustia and Knüpfer (2008) reported a positive link between past IPO returns and future IPO participation for the Finnish stock market. The authors suggest that participation in an IPO – especially if the outcome is positive – makes participation in future IPOs more likely. Hence, we test whether successful bids – bids resulting in a purchase – in the first IPO reinforce subjects to participate in the second IPO. To test this pattern with our data, we regress the individual asset demand of the second IPO on the successful and unsuccessful bids in the first IPO, given that positive excess returns were available in each IPO (see Observation 1 and Hypothesis 4a). 

Observation A1): We find no evidence that successful bids in the first IPO play a stronger role for participation in the second IPO than unsuccessful bids.

Support. We report the results of a cluster-robust OLS regression of individual IPO demand in the second IPO on successful and unsuccessful bids in the first IPO. We group the data by independent cohort using robust standard errors (21 clusters) to obtain the following results. We denote by 
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The estimated coefficients for 
[image: image18.wmf]1

0

ij

S

 and 
[image: image19.wmf]1

0

ij

U

 in equation (7) indicate a significant positive influence of participation in the first IPO on participation in the second IPO. However, these coefficients are not significantly different from each other, indicating that successful bids have no stronger effect on participation in the second IPO than unsuccessful bids.
 Hence, we cannot make a conclusive statement regarding reinforcement learning based on our data. We see this as a first attempt to replicate in an experimental environment the evidence reported in Kaustia and Knüpfer (2008) on reinforcement learning of real-world IPO investors. By nature their environment is richer than ours including positive and negative IPO returns. A different experimental design may be required to replicate their results in a laboratory setting.

In several auction papers, Selten and collaborators (e.g., Selten and Buchta 1999, Neugebauer and Selten 2006) have provided evidence that the round-to-round changes in behavior can be reasonably well predicted by learning direction theory. The theory suggests that subjects act with ex-post rationality adjusting their actions in the direction of best response. As purchasers in the aftermarket usually paid a higher price than in the IPO in our experiment, the purchasers obviously experienced an opportunity cost, as they had made a better purchase of more units in the IPO. Applying the reasoning of learning direction theory, we state the following observation. 

Observation A2): The difference between individual asset purchases in the second round and the first-round IPOs are positively correlated with the net purchases in the aftermarket following the first IPO.

Support. We conduct a random effects regression of differences between individual shareholdings in the second round and in the first round on the individual net purchases in the aftermarket following the first IPO. We stratify by session to obtain the following result; 
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where 
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 denotes the individual’s shareholdings at the end of period 1 in round 
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, the asterisks indicate significance at the 1% level (and standard normal z-scores are reported in parentheses). The significant positive coefficient for the net purchases in the aftermarket following the first IPO implies a systematic impulse of increased participation in the second IPO. Thus, Hypothesis 4 is broadly supported by our data.

4.3 Timing of bids


Observation A3: The majority of winning bids in OB are submitted relatively late. 

Support. Figure 2 shows the share of submitted winning bids in CB and OB (high bids in BB) per time interval aggregated over both rounds. These bids are submitted rather early in BB and CB, and rather late in OB. The differences of BB and CB to OB are overall highly significant in this respect 
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Figure 2. Share of "winning" bids per minute interval
Notes. For each treatment, the figure depicts the relative frequency of bids that lead to a purchase of the share in four time intervals, each lasting one minute (total was four minutes). For BB, it counts bids above IPO price.
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), and similar results are confirmed for each repetition by the results of the two-tailed Mann-Whitney test (N1, N2 = 7). The fact that the tendency to submit winning bids late in OB intensifies once experienced while at the same time the tendency of bidding early increases in the other IPO treatments we interpret as an indication of strategic late bidding.  Amid late bidding, we observe some indications of demand reduction. First, average underpricing increases in OB from the first to second IPO (see Table 1 and Table 2); second, we find that upon decline in IPO price between repetitions the aftermarket transaction volume tends to increase.
 Late bidding challenges a successful IPO since it limits the company’s time to react to demand shortage and may explain why OB is rarely used in real-world IPOs.
 

5 Related bubbles measures in line with Table 4
For convenience, we also provide measures from Stöckel et al. (2010); the relative deviation (RD) to examine long-term overpricing and the relative absolute deviation (RAD) to examine long-term mispricing,
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where 
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 denotes the (fundamental) expected dividend value in 
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 its average. RD measures average overpricing, e.g. a value of +(–)0.2 means that the asset is on average overvalued (undervalued) by 20 percent. RAD measures average mispricing, e.g. a value of 0.2 means that on average mean prices differ 20 percent from the average fundamental value. The table below provides the measures and averages for each treatment. Here again, we find no significant differences across treatments.
 However, in line with the literature in this experimental design (Palan 2013) we find a significant experience effect in that overpricing decreases with repetition.
 So, we conclude that we observe underpricing of IPO in our design even without long-term underperformance or other differences relative to the baseline treatment. 
	Bubble Measures
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In periods without transactions we linearly interpolated the prices.

	
	
	Round 1
	Round 2

	 
	session#
	RD
	RAD
	RD
	RAD

	BL
	22
	0.57
	0.57
	0.16
	0.16

	
	23
	0.43
	0.44
	-0.07
	0.13

	
	24
	0.16
	0.18
	0.08
	0.09

	
	25
	0.63
	0.66
	0.59
	0.60

	
	26
	0.33
	0.65
	0.23
	0.28

	
	27
	0.16
	0.21
	-0.01
	0.03

	
	28
	0.25
	0.27
	0.02
	0.04

	avg. BL
	0.36
	0.42
	0.14
	0.19

	OB
	7
	0.90
	0.93
	0.12
	0.33

	
	8
	0.38
	0.40
	0.05
	0.06

	
	13
	0.49
	0.49
	0.03
	0.06

	
	14
	0.32
	0.52
	0.09
	0.11

	
	19
	0.10
	0.15
	0.05
	0.10

	
	21
	0.73
	0.74
	0.50
	0.53

	 
	20
	0.07
	0.09
	0.00
	0.02

	avg. OB
	0.43
	0.47
	0.12
	0.17

	CB
	1
	0.65
	0.70
	0.35
	0.38

	
	2
	0.18
	0.19
	0.03
	0.05

	
	3
	0.39
	0.40
	0.17
	0.21

	
	11
	0.24
	0.36
	0.00
	0.02

	
	12
	0.43
	0.50
	0.10
	0.26

	
	17
	0.33
	0.48
	0.06
	0.17

	
	18
	0.22
	0.34
	-0.01
	0.07

	avg. CB 
	0.35
	0.42
	0.10
	0.17

	BB
	4
	0.69
	0.77
	1.07
	1.11

	
	5
	0.60
	0.62
	0.19
	0.23

	
	6
	0.18
	0.39
	-0.02
	0.08

	
	9
	0.41
	0.41
	-0.05
	0.12

	
	10
	0.21
	0.28
	0.01
	0.05

	
	15
	1.50
	1.50
	0.46
	0.46

	 
	16
	0.11
	0.17
	0.03
	0.03

	avg. BB
	0.53
	0.59
	0.24
	0.30


6 Instructions IPO + Asset Market
(Translated from German – find comments or translations in brackets)
6.1 Baseline

Instructions 

Welcome to the experiment. Please read these instructions carefully. Each participant has the same instructions. If you have any questions, please ask us. Do not speak to other participants and please remain quiet for the time of the experiment. Please switch off your mobile phone now and keep it switched off until the end of the experiment. If you disobey these rules, we must exclude you from the experiment and you will lose any right for payment. 

This experiment is about trading assets. You own shares and buy or sell them in a market. A market consists of nine participants. During the entire experiment, you always trade with the same eight other participants whose identity remains unknown to you. All transactions are in “Taler”. We will exchange to Euro each Taler you own and pay in cash at the end of the experiment. The exchange rate is 100 Taler = 1 €. In addition to the payoff from the experiment, you will receive 4 Euro for your participation.  

The experiment consists of two rounds of 15 periods each. Before the beginning of the first round, there is a short trial period. In this trial period, you can make yourself comfortable with the market situation and the computer program. Transactions in the trial period have no effect on payments. The experiment - including introduction and trial period - will last for about 2-3 hours.
1. Description of a Round

One round consists of 15 periods. In each period, you can buy and sell shares in the market. The holder of a share earns a dividend at the end each period. The dividend is a money amount credited to the shareholder and remains at his disposal for the remainder of the round. At the end of each period, the dividend is randomly drawn (by the computer). The amount is equal for each share: either 60, 28, 8, or 0 Taler.  Each amount is equally likely, i.e., the likelihood is one quarter (or 25%), independent of previous or subsequent dividends. The mean dividend equals 24 Taler in each period (= 0.25*0 + 0.25*8 + 0.25*28 + 0.25*60), 48 Taler in two periods … and 360 Taler in 15 periods. The following table recapitulates the sum of the average future dividend payments for each period.
Table 1: Sum of the average future dividend payments of the share

	1

Current

Period
	2

Remaining Dividend Payments
	x
	3

Average

Dividend
	=
	4

Sum of the Average Dividend Payment
	5

Range of the Possible Dividend Payment

	1
	15
	
	24
	
	360
	0 – 900  

	2
	14
	
	24
	
	336
	0 – 840

	3
	13
	
	24
	
	312
	0 – 780

	4
	12
	
	24
	
	288
	0 – 720

	5
	10
	
	24
	
	264
	0 – 660

	6
	11
	
	24
	
	240
	0 – 600

	7
	9
	
	24
	
	216
	0 – 540

	8
	8
	
	24
	
	192
	0 – 480

	9
	7
	
	24
	
	168
	0 – 420

	10
	6
	
	24
	
	144
	0 – 360

	11
	5
	
	24
	
	120
	0 – 300

	12
	4
	
	24
	
	96
	 0 – 240

	13
	3
	
	24
	
	72
	0 – 180

	14
	2
	
	24
	
	48
	0 – 120

	15
	1
	
	24
	
	24
	0 – 60

	End of the round
	0
	
	-
	
	0
	0


The table can be read as follows: assume you are in Period 8 (column 1, line 9). Including the dividend that is due at the end of the period, there remain 8 dividend payments (column 2, line 9). Each of these dividends has a 25% chance of being 0, 8, 28, or 60 Taler; and on average 24 Taler (column 3, line 9). The sum of all average future dividend payments is therefore 192 Taler (= 8*24), as can be seen in the fourth column (column 4, line 9). In the best case, i.e. a dividend of 60 Taler is paid each period from period eight onwards, the maximum possible dividend payments add up to 480 Taler, as can be seen in the last column of the table. However, it is also worth noting that the most disadvantageous situation could mean the sum of all dividends being 0.

Please note also that the share becomes worthless at the end of the round, i.e. after the 15th dividend payment; there are no further payments (last line). After the last period, the depot is closed.
2. Market Organization and Trading Rules 

a. Conducting a Trading Period

In a trading period, you have the chance to buy and sell shares.  

- In order to buy shares, you need money. On the right-hand side of the screen, you will see the sum of money currently available to you. 

- In order to sell shares, you need shares. Your depot shows your shares currently available to you. 

During a trading period, you may conduct the following actions (see Figure 1 [still in German]): 
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Figure 1: Conducting a Trade

I. Offer to Sell: You can offer a share from your depot for sale. In the field underneath the button “Offer to sell”, you insert the lowest price you wish to receive for a share. Then, you confirm this lowest price by clicking the button “Offer to sell”. Now your sale offer will be added to the list “All offers to sell”, where all offers are placed in descending order, from the highest to the lowest. All market participants can see this list. If two or more sale offers are the same, they are listed in chronological order. Your own offers to sell are displayed in blue, while the other offers to sell are visible to you in black. In addition, the list “Own offers to sell” is established. Each sale offer stands for one share. You cannot offer more shares than you possess in your depot. 

II. Bid/purchase offer: You can offer a price to purchase a share. In the field underneath the button “Bid/purchase offer”, you insert the price you want to pay for the share, i.e. the highest amount you wish to pay. You confirm this highest price by clicking the button “Bid/purchase offer”. Your offer to buy is then added to the list “All bids/purchase offers”, where all offers are placed in ascending order, from lowest to highest. All market participants can see this list. If two or more offers to buy are the same, they are listed in chronological order. Your own bids/purchase offers are displayed in blue, while the other bids/purchase offers are visible to you in black. In addition, the list “Own bids/purchase offers” is established. Each purchase offer stands for one share. The sum of your purchase offers may not exceed your assets.  

III. Deleting Offers to Sell and bids/purchase offers: You may withdraw an offer to sell by double-clicking an offer in the list “Own offers to sell”, marking it and clicking “delete”. You may withdraw a bid/purchase offer by double-clicking the bid in the list “Own bids/purchase offers”, marking it and clicking “delete”.

Conclusion of a Transaction:

A transaction concludes as soon as an offer to sell is lower than or equal to a bid/purchase offer. The transaction price is determined in chronological order: 

1. If a new offer to sell is lower than or equal to the highest existing bid/purchase offer, the transaction price is set equal to the highest bid/purchase offer. 

2. If a new offer to buy is higher than or as high as the lowest existing offer to sell, the trade price is the same as the lowest offer to sell. 

If a sale is executed, the transaction price appears in the list of trading prices, and the offer to buy of the buyer and the offer to sell of the seller are deleted from all lists.

- The depots of the buyer and the seller are automatically updated: The seller’s depot is lowered by one share, and one share is added to the buyer’s depot. 

- At the same time, the trade price is subtracted from the buyer’s account balance and added to the seller’s account balance.

Please note the trade restrictions: you may only buy a share or make a purchase offer if you have enough cash at your disposal. You may only sell a share or offer it for sale if it is in your account. You may not sell shares to yourself. Your sale offers must lie above your purchase offers.

A trading period lasts 180 seconds. The remaining time is shown at the top right of the screen. If you want to quit your trading activities before the end of a trading period, you may check “stop trading” by clicking on the corresponding field and then clicking “Enter” (Figure 2). After that, you can still trade, but the period ends prematurely when all traders have (simultaneously) checked “stop trading”. If you wish to change your decision, you may check “fortfahren” [=continue] (this is the default setting) by clicking on the corresponding field and then clicking “Enter”. In that case, the trading periods only ends when the time is up. 

Figure 2: Ending trade prematurely
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b) Information at the end of the period

After each trading period a detailed account follows. It informs about the dividend achieved; the total proceeds from the dividend and your new balance. An overview of the period accounts can also be found in a table on your screen. Here, you will see the opening price of the period, the highest price, the lowest price, the final price, the number of concluded contracts, the dividend, income from dividends, the number of shares in your inventory and the balance at the end of the trading period. 

In addition, you will find, on the left, a graph showing the prices from the past periods. The graph shows the opening price (green) and the closing price (red), as well as high (black, above) and low (black, below), so that a chronology of the past trading periods can be drawn up. 

The account is visible for only 20 seconds. You will also find the graphs and the table during the trading period. To continue more quickly, click Continue.

3. Initial Endowment [BL – find endowments for CB, OB, and BB below]

A market consists of 9 participants. At the beginning of each round 18 shares will be issued and distributed to the participants. The allocation of shares is due to a random process. Each participant is endowed with money and shares at the beginning of each round. There are 3 possible endowments:

	Endowment Class
	Money
	Shares

	I
	225 
	3

	II
	585 
	2

	III
	945 
	1


3 participants receive endowment class I, 3 participants receive endowment class II, and 3 participants receive endowment class III.

Before the 15 periods with dividend payments start, you can trade shares in three periods without dividend payments (period A, period B, Period C). Each of the three periods lasts 80 seconds. When you submit offers to buy and offers to sell, keep in mind that dividends will be paid in the subsequent 15 periods.

4. Payment
The experiment proceeds as follows: 

- Practice round for a trading period 

- Round 1: Allocation of initial endowment, 15 (Trading periods + Dividend payments) ( Account balance after Round 1 

- Round 2: Allocation of initial endowment, 15 (Trading periods + Dividend payments) ( Account balance after Round 2

That is, the same rules hold for each round. At the beginning of each round, the initial endowments are allocated via the distribution process. The balance from the first round is no longer at your disposal in the second round, but is instead paid to you at the end of the experiment along with your second-round balance.

The account balance in each period consists of the following elements:

Initial endowment according to the distribution process

+ Income from dividend payments

+ Income from the sale of shares

( Expenses relating to the purchase of shares

The amount you are paid in Euros at the end of the experiment is calculated as follows: (account balance after Round 1 + account balance after Round 2)*0.01 Euro + 4 Euro.

6.2 Instructions, IPO Adjustment + Appendix

Replace 3. Initial Endowment in the BL instructions
6.2.1 Instructions + Appendix CB

3. Initial Endowment [CB]

A market consists of 9 participants. At the beginning of each round 18 shares will be issued and distributed to the participants. We organize the allocation of shares by a special allocation procedure. At the beginning of each round, each participant receives 1305 Taler. This amount can be used during the allocation process or in the following periods to buy shares. The allocation procedure determines one uniform issue price that needs to be paid for each share purchased. To this end, each participant submits bids (on up to 18 shares). Each bid is made for one share. The issue price equals the 19th highest bid in the market. The issue price will be announced after all participants have submitted their bids. You have 240 seconds to place your bids.

You may place same or different bids for shares, but they must not exceed your initial endowment. The minimum bid is 1 Taler. Insert your bid in the respective input box on the screen and confirm your bid by clicking the button “Gebot” [=Bid] (see Figure 3 in the appendix). We list bids in a descending order (column “bid") and assign each bid to a demand position (column “Position”). The highest bid has the position 1, the second highest position 2, etc. Each position represents the number of shares that each participant demands at an issue price less than or equal to the bid corresponding to this position.

For each bid, we check whether resulting expenditures exceed total endowments. For this, each bid is multiplied with its position. If the result (column “maximal cost") exceeds your available endowment, the bid becomes invalid (column “check").

To revise bids it is possible to delete bids (particularly invalid ones). For this, you click the corresponding bid in the list and confirm by with the “withdraw bid" button. You have to confirm your completed bid list, at the latest when the time for placing bids is over, with the “confirm" button (on screen below left). At this time, invalid bids are not allowed. The valid bids of all participants will be registered. After registration, you cannot change or submit further bids any more.

The bidders who submitted one of the highest 18 bids will be allotted the shares. It might happen that the 18th and the 19th bid (or more) are identical. In this case, we assign the 18th position randomly among those bids.

Allotted shares are added to the participants’ inventory depots and corresponding costs are deducted from the initial endowment. The remaining amount and the allotted shares become the initial endowment in the round. A brief summary of the allocation process with an example you will find in the attached appendix. While placing bids, you may consider the dividends distributed over the trading periods.

Appendix: Allocation and pricing [CB]
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Figure 3: Account of a fictitious bid list
Suppose A, B, ..., Z are bids such that A> B> C ...> Z. In Figure 3, the participant submitted 9 bids. The bids are displayed in the column “bid” in a descending order. At an issue price of K, bids A, C, D, D, K would lead to the allocation of one share each (given that there are no equal bids), thus a total of 5 shares (column “Position”). For this, the participant pays 5 * K Taler (see column “maximal cost”) and a remaining balance of 1305-5 * K Taler  (column “remaining cash”). If maximum expenditures exceed the endowments, the submitted bids will be invalid and the bid list needs to be revised. If there are invalid bids, you may withdraw invalid or higher bids.

Distribution and the determination of the price
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The table shows the list of bids submitted by all participants. For equal bids a random draw determines the position. The 19th position determines the issue price, in this case K with the smaller random number.

6.2.2 Instructions + Appendix OB
3. Initial Endowment [OB]

A market consists of 9 participants. At the beginning of each round 18 shares will be issued and distributed to the participants. We organize the allocation of shares by a special allocation procedure. At the beginning of each round, each participant receives 1305 Taler. This amount can be used during the allocation process or in the following periods to buy shares. The allocation procedure determines one uniform issue price that needs to be paid for each share purchased. To this end, each participant submits bids (on up to 18 shares). Each bid is made for one share. The issue price equals the 19th highest bid in the market. The issue price will be announced after all participants have submitted their bids. You have 240 seconds to place your bids.

Each bid represents a maximum bid: the maximum bid defines the highest issue price for which you are willing to purchase exactly one single share. You cannot withdraw your maximum bid. Maximum bids may be different or equally high, but they must exceed the current minimum bid (at the beginning the minimum bid is 1 Taler). You submit a bid by inserting it in the input box on the screen and by confirming your bid through a click on the button “bieten” [=bid] (see Figure 3 in the appendix). 

Placing a maximum bid has the following consequence: if the maximum bid is a regular bid, we will list it in the list “your valid bids" (not visible for the others) in descending order. The actually system submits for each regular bid only the actual current price. That is, the current bid is less than or equal to the maximum bid.

If the maximum bid is invalid, it is listed under “your void bids" (by others not visible) sorted in descending order and has no effect. The potential costs of a bid cannot exceed your endowment. Therefore, a maximum bid is invalid whenever it leads to costs exceeding the endowment. You may place this bid again at a later time.

The current bids of all participants are ordered in the list “submitted bids overview" (visible for all participants). Own bids are marked in blue. Once 18 or more bids are placed, the current minimum bid starts increasing. It exceeds the current minimum issue price (which equals the 19th highest bid).

We label the currently 18 highest bids with the term “accepted", and if they are not outbid in the further course of bidding placement, we allocate shares to those bids. Note that in the case of ties, shares are allocated to bids placed earlier in time. All current bids, as well those that are no longer considered, are displayed in the bidding history. Additionally, you receive information about your current status on the top left.

At the end of the auction, you cannot change or add bids any more. Bidders who placed the highest 18 bids will be allotted the shares. The 19th bid determines the issue price for each share.

Allotted shares are added to the participants’ inventory depots and corresponding costs are deducted from the initial endowment. The remaining amount and the allotted shares become the initial endowment in the round. A brief summary of the allocation process with an example you will find in the attached appendix. While placing bids, you may consider the dividends distributed over the trading periods.

Appendix: Allocation and pricing [OB]

Figure 3: Account of a fictitious bid list
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Suppose A, B, ..., Z are bids such that A> B> C ...> Z. In Figure 3, the fictive bidder has submitted five maximum bids for five shares; the maximum bids are displayed in the table “your valid bids” in a descending order. The actually bid, however, equals K as the 19th maximum bid, the current issue price, equals K (See table “submitted bids overview”). All maximum bids equal or higher K purchase shares. In case more bidders submit a maximum bid K, the earlier bid is accepted. All bids below are shown. Hence, currently the fictive bidder purchases three shares with a total expenses of 3*K. On bid of size A was labelled “void” as total expenditures for 2*C, 3*G or 4*J would exceed the endowment (see table “your void bids”). 

In the List “submitted bids overview”, all maximum bids above K or at K receive shares, as long as the bids was submitted within 90 seconds. Bids with the label “accepted” are not ordered according to maximum bids, but according to the submission time.

6.2.3 Instructions + Appendix BB

3. Initial Endowment [BB]

A market consists of 9 participants. At the beginning of each round 18 shares will be issued and distributed to the participants. We organize the allocation of shares by a special allocation procedure. At the beginning of each round, each participant receives 1305 Taler. This amount can be used during the allocation process or in the following periods to buy shares. The allocation procedure determines one uniform issue price that needs to be paid for each share purchased. To this end, each participant submits bids (on up to 18 shares). Each bid is made for one share. The issue price equals the 19th highest bid in the market. The issue price will be announced after all participants have submitted their bids. You have 240 seconds to place your bids.

You may place same or different bids for shares, but they must not exceed your initial endowment. The minimum bid is 1 Taler. Insert your bid in the respective input box on the screen and confirm your bid by clicking the button “bid” (see Figure 3 in the appendix). We list bids in a descending order (column “bid") and assign each bid to a demand position (column “Position”). The highest bid has the position 1, the second highest position 2, etc. Each position represents the number of shares that each participant demands at an issue price less than or equal to the bid corresponding to this position. The 19th highest bid determines the issue price.

For this issue price, we ask you to indicate the number of shares you would like to purchase for this issue price. The number of requested shares may, however, not lead to total expenditure exceeding the endowment, or exceed the number of previously submitted bids. You cannot purchase shares if you have not submitted bids previously in the market. The allocation of the 18 shares to the market demand (i.e., the total number of shares all participants requested) will be determined randomly.

Allotted shares are added to the participants’ inventory depots and corresponding costs are deducted from the initial endowment. The remaining amount and the allotted shares become the initial endowment in the round. A brief summary of the allocation process with an example you will find in the attached appendix. While placing bids, you may consider the dividends distributed over the trading periods.

Appendix: Allocation and pricing [BB]

Figure 3: Account of a fictitious bid list
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Suppose A, B, ..., Z are bids such that A> B> C ...> Z. In Figure 3, the participant submitted 9 bids. The bids are displayed in the column “bid” in a descending order. At an issue price of K, bids A, C, D, D, K would lead to the allocation of one share earche (given that there are no equal bids), thus a total of 5 shares (column “Position”). For this, the participant pays 5 * K Taler (see column “maximal cost”) and a remaining balance of 1305-5 * K Taler  (column “remaining cash”). If maximum expenditures exceed the endowments, the submitted bids will be invalid and the bid list needs to be revised. If there are invalid bids, you may withdraw invalid or higher bids.

Distribution and the determination of the price
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6.3 Instructions Second Price Sealed Bid Auction
To sell a random dividend stream by auction

Before the experiment starts, one complete dividend stream for 15 periods will be auctioned off. Examples for complete dividend streams are exhibited in the table on the back of this sheet.

The auction works as follows. You submit a bid for the complete dividend stream. After the experiment, the dividend will be publicly determined, i.e. either 0, 8, 28, or 60 will be randomly drawn from an urn. 

All bids will be gathered and ordered. The bidder with the highest bid buys the dividend stream and pays the price equal to the second highest bid.

The payment for the highest bidder equals the difference between the complete dividend stream and the price. The difference can be negative or positive. The difference will be added to the total payment of the highest bidder. All other bidders receive a payment of zero.

Please submit your bid: ___________________________

Table below shows the back of the instructions sheet

This tables shows the bids of all participants. For equal bids, the higher random number determine the position. Position 19. determines the issue price; in this case the price equals K.








The right table shows a potential allocation of shares. The orders with the highest 18 random numbers are accepted to receive a share at the issue price. In this case, bidder 1 receives one share while bidder three receives four shares. The higher the number of ordered shares, the higher the probability to receive shares. Note however that you have to pay the issue price for each share.








� For BB, the regression includes the requested number of shares at the second-stage, and not the submitted bids of the first stage. The number of individual bids is a number between 0 and 18.


� The results of the F-tests suggest that both lagged successful and lagged unsuccessful bids have a similar influence on future IPO participation; F(1,20) = 0.04, Prob > F = 0.8514.


� The increasing IPO price implies a drop in the aftermarket transaction volume. The IPO price decreases between IPOs, yet aftermarket transaction volume is higher indicating demand reduction. The IPO price decreases in three sessions of OB and in two sessions of BB. Additionally we report for BB that the smaller the increase in IPO price the larger the increase in oversubscriptions of the IPO. The Spearman rank correlation coefficient is .727 (p-value = .064, two-tailed test N = 7). 


� Last minute cancellation of bids could pose another potential problem for real-world applications of the open book format. Hinterleitner et al. (2015) provide evidence consistent with signaling and excess cancellations of orders shortly before the end of the opening auction in an experiment using a transparent auction mechanism. It would be interesting (and a nice extension of Hypothesis 6 as a referee pointed out) to see whether the same is the case here. Unfortunately, our data structure does not allow the examination of this issue. 


� We consider the two-tailed Mann-Whitney test with seven observations for the BL treatment and 21 observations for the IPO treatment. P-values of RD and RAD tests are .770, .811 and .937, .937 in first and second round.


� The Wilcoxon signed rank test suggest that the second round RD and RAD are significantly smaller than the first round RD and RAD (p=0.018 in BL and p<0.001 in the IPO treatments, similar for both measures).
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