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Abstract
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1. Introduction
This paper studies asymmetric information in a historical auction institution in
Sweden during the 19th century - a period in which orphans and poor children were
boarded out in auctions. A descending English auction was used to allocate fosterparents to the children. The auctions were open and the children who were put
up for "sale" were present at the auction. Potential foster-parents bid against each
other and the bids corresponded to the demanded level of compensation for taking
care of the child. These auctions were managed by the local Public Assistance Board
(the "Assistance Board"). The lowest bidder became the child's foster-parent and
the Assistance Board compensated him with an annual amount equal to his bid
(Ejdestam, 1969).1 Auctions of c hildren in Sweden were prohibited by law in 1918.
The Assistance Board procured a service from the foster-parent: the fosterparents provided the child with its legal rights to housing, upbringing and educa
tion.2 At the same time, a foster-child could be useful within the household. Clearly,
the foster-parent's valuation of a child influenced the level of compensation. Lundberg (2000) shows that there are reasons to believe that foster-parents "bought"
children (at least partially) for their own gain. There was an economic motive un
derlying these auctions. Children who could be useful in the household commanded
a lower level of compensation than those who could not. Age and health were two
of the factors that affected a child's usefulness. In all cases the agreed compensation
level was positive, reflecting higher costs than benefits for the foster-parents.
The boarding spell could be temporary or it could last until a child's fifteenth
birthday. Some children were auctioned more than once, sometimes to a new fosterparent, sometimes to the previous foster-parent, although with a new level of c om
pensation. In these new auctions, the previous foster-parent had an informational
1 After the auction) a contract on the child was drawn up between the Assistance Board and
the foster-parent. We refer to the foster-parent as "he", since the contract was usually signed by
the husband in the foster-family.
2 SFS 1847:23, later replaced by the acts of 1869 and 1871. According to Gellerstam (1971)
these new acts did not entail any important changes regarding poor relief to underaged children.
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advantage over new prospective foster-parents. The focus of this paper lies on the
asymmetric information in the re-auctioning of children.
In accordance with auction theory, we assume that each bidder formed an ex
pectation of the (net) cost of caring for the child which could be private, common
or a combination of both3 (see Vickrey's seminal contributions 1961, 1962). From
the expected net cost, a bid strategy is somehow derived. Some of the costs and
benefits are predominantly private, i.e., the "match" between a certain child and a
certain foster-parent, and some are predominantly common, i.e., a child's age. As
our bench-mark case we use a simple linear model with equal weight for the common
and private cost components. The previous foster-parents' informational advantage
lies in the fact that the common cost component is revealed to him. New prospec
tive foster-parents know only the distribution from which the common cost is drawn.
To test the presence of asymmetric information empirically, we use data from child
auctions in Sweden during the late 19th century. A stochastic frontier approach is
applied to compensate limitations in data. Besides the main results, we show that
although neither the number of bidders, nor all bids in these auctions are known,
we can draw conclusions about prices and the presence of asymmetric information.
The frontier regression technique is not frequently used in applied auction studies,
but has previous been applied by Lundberg (2000).
Asymmetric information in common-value auctions has been studied by Wilson
(1977), Weverbergh (1979) and Engelbrecht-Wiggans et. al (1983). Influential em3 We use the terms private and common cost in analogy with private and common value in
auctio n theory. In private-values auctions, the object being sold has a value v i for bidder i. Each
bidder knows his valuation but not that of the others, and the valuations are usually assumed to be
independently drawn from a common distribution. This is common knowledge among the bidders.
In common-value auctions, all bidders are assumed to have the same valuation, v , of the object.
The value v is unknown for all or some of the bidders, but drawn from a known distribution. In the
standard formulation of the common-value model, the bidders observe v plus an idiosyncratic error
term €», where the error terms are independently drawn from a known distribution. Thus, bidder
Vs estimate is x» = v 4- e^. With this formulation, adding the information in separate estimates
improves the precision. In the present p aper we u se a formulation where there is no such effect,
since our formulation is identical with all bidders observing v plus the same error term e.
Milgrom and Weber (1982) have developed a general model, which includes the private-values
model and the common-value model as special cases. For an accessible presentation, see Milgrom
(1989), who also provides an overview of the main findings in auction theory.
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pirica! studies (of offshore oil and gas-drainage lease sales) have been carried out
by Hendricks and Porter (1988, 1993).4 Greenwald and Glasspiegel (1983) analyze
adverse selection in the market for slaves sold in New Orleans 1830-1860. The sell
ers of slaves are assumed to know the slaves' true (common) value (in production),
while the buyers only know the average value. This introduces adverse selection,
since low-productive slaves are more likely to be sold. Varying levels of productivity
between states suggests that slave-owners from different states will bring slaves of
different average "quality" to the market. This allows the authors to estimate the
extent of a dverse selection in this market.5

2. Informational structure
Almost 40 percent of the children in the data set used in the present paper were,
in some sense, "re-auctioned". Of these, about half were assigned a new home
and the rest remained with the same family. See Table A.1 in the Appendix for
more details. It appears very likely that the former events were the results of new
auctions. It has not, however, been possible to establish whether a foster-parent
who held a current contract usually took part in the bidding if there was a second
auction or not.6 Observed changes in compensation while a child remained with the
same foster-parents could have resulted either from a renegotiation of terms or from
a new auction where the current foster-parent tendered the lowest bid. Furthermore,
we do not know for certain whether the new auctions were anticipated events, held
at a pre-specified time after the first auction, or whether they were held when either
the foster-parent or the Assistance Board terminated the contract.
4Hendricks and Paarsch (1995) and Laffont (1997) provide surveys of empirical studie
s of auction
markets.
5 The average price of slaves from low-productive states is 30 per cent higher than the average
price of slaves from high-productive states.The estimated value in production of slaves sold in the
market i s around 70 per cent of that for all slaves.
6 A typical advantage of empirical studies of auction markets is that the rules of the game are
well known. This simplifies the analysis of the effect of varying parameters in for example, an
experimental setting. In the present study, the rules of the game are not well known, but may, to
some extent, be inferred from the observed outcomes.
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We assume that neither part could terminate the contract prematurely, but had

to wait until the previous contract expired, and that an auction was always held.
Although it is likely that some auctions were held without the presence of the former
foster-parent, this can be thought of as the result of a bidder having an extremely
high private cost at that time.

3. The Model
We adopt the convention that the informed bidder - the first foster-family - is bidder
1. Without loss of generality, we assume that the private cost of the n—1 uninformed
bidders can be ranked c£ < c% < ... < c£. Furthermore, we assume that bidders are
risk neutral, that there are no repeated-games effects present (i.e. that the bidding
behavior in one auction does not affect the outcomes in other auctions), and that
the Assistance Board has no reservation cost.
We assume that each bidder's estimated cost consists of two components: one
component that is common to all bidders - a common cost - and one idiosyncratic
component - a private cost. The common cost could be determined by both easily
observable characteristics of t he child, such as sex and age, and by "unobservable"
characteristics; e.g. skills. The private cost could be determined by the bidder's
characteristics and by the bidder's preferences regarding a child's characteristics.
Some of the observable characteristics were used in an earlier study of prices in
child auctions (Lundberg, 2000).
The unobservable characteristics are only unobservable to an outsider: if the
child has lived in the family for an extended period of time, these characteristics
are assumed to have been revealed to the family members. If a child is auctioned a
second time, this implies that information is asymmetric: the previous foster-parent
knows both the common cost and his private cost, while other participants in the
auction know only their private costs.
We assume that bidder i's cost for child j, CV;, is given by a function J7, so that:
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(3.1)

where Sj (Sj) is a vector of observable (inobservable) variables representing char
acteristics of child j and Äjfo) is a vector of observable (unobservable) variables
representing characteristics of the bidder that influence the cost. To simplify mat
ters farther, assume that U is separable, so that:

Cij = u(Sj) + cP(Ri, ri) + c F f a ) = u(S,-) + <$ + $ =u ( S j ) + cy

(3.2)

where u is a function for the part of the value that is attributable to observable child
characteristics, cf is the private cost component, cc- is t he common cost component
and Cij is the sum of these two. If at least two bidders bid competitively for the child,
u{Sj) will be directly reflected in the price. In the following, we suppress indexation
with respect to child. To focus on the unobservable components, subtract u(S) from
the observed price P. Thus, p = P — u(S) should reflect the payment attributable
to the private and common cost components.
We assume initially that there are only two bidders. The common cost and the
private cost of each bidder are all drawn separately from the uniform distribution
[0,1]. Each bidder knows his own private cost and one of the bidders, the informed
bidder, knows the common cost component.
Assume for the moment that there were no common costs. Each bidder then has
a straight-forward dominant bid strategy: to bid down to his private cost. It is easy
to show that the expected winning bid is 2/3 and each bidder wins with probability
1/2. (Vickrey, 1961).
Assume, on the contrary, that there were no private costs. With a common cost
that is observable to only one bidder, the uninformed bidder's best strategy is then
to bid under the highest possible cost, in this case 1. This is so because the informed
bidder's optimal strategy is to under-bid the other participants until the lowest bid
is equal to or under the common cost. If an uninformed bidder's minimum bid is
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below the common cost, he will win the auction but loose money.7 On the other
hand, if n either bidder is informed, the expected winning bid is 1/2.

3.1. Auctions with common and private costs
If there are both private and common costs and if neither bidder is informed, the
expected winning bid will be 7/6.8 As the number of bidders increases, the price will
eventually fall to 1/2, since in the limit, the winning foster-parent and the "runnerup" will both have a private cost of zero. Assume now that one bidder knows the
exact value of the common cost component. With both private and common costs,
it is still a dominant strategy for the informed bidder to bid down to his true cost.
For the uninformed bidder, a naive strategy would be to bid down to his private cost
plus the prior expected common cost, which is 1/2, given the above distributional
assumption. This strategy, however, does not take into account the fact that the
uninformed bidder is more likely to win, when the common cost is high. A more
appropriate strategy is the solution to the following maximization problem:9

max E [fl2 I&2] = maxPr [62 < 61] E \k 2 |&2 < &i]
Ò2
&2

(3.3)

where *K<I is the uninformed bidder's payoff a nd 62 his optimal minimum bid, and
òi = ef + cc is the informed bidder's minimum bid. In the Appendix, it is shown
that the solution to expression 3.3 is:10

h = 24

(3.4)

The expected winning bid, given that the informed bidder wins, can be calculated
7However, the loss can be restricted to a small number e, if the uninformed bidder employs the
strategy of underbidding the informed bidder by e.
81/2+2/3.
9In our m odel, an uninformed bidder cannot draw inferences from the observed behaviour of
other uninformed bidders, beca use adding the uninformed bidders' information does not increase
precision. See note 3.
10 Actually, we show somewhat more generally tha
t the uninformed bidder should bidb 2 = 2
where k is the difference in expected cost between the uninformed and the informed bidder.

Auctioned and Re-auctioned Children

7

by taking the integral over the range of Ci (i.e. over [0,2]) of the product of the
density function for the informed bidders cost, the probability that the informed
bidder wins given a certain cost, and the expected compensation given that the
informed bidder wins, all divided by the probability that the informed bidder wins.
This calculation is shown in the Appendix. The result is that the informed bidder's
expected compensation is 17/12. A corresponding calculation for the uninformed
bidder gives an expected compensation of 7/6.
Thus, we find that the informed bidder receives a higher expected compensation
for his services than does the uninformed bidder. The latter receives the same
average compensation as is awarded the foster-parent that wins the first auction, i.e.,
7/6. The compensation awarded the informed foster-parent contains an information
premium, while a winning uninformed foster-parent is worse off t han a winner in a
first-time auction, since the expected common cost is higher.
Intuitively, this result can be understood from Figure 3.1, which shows the dis
tributions of t he minimum bids for the informed and uninformed bidders. The un-

f(c)

1
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Figure 3.1: Distribution of minimum bids.
informed bidder's distribution is uniform over the interval [0,2], while the informed
bidder's distribution is concentrated in the center of the same range. The shapes
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of t he distribution functions are determined by the two types of optimal strategies.
The informed bidder will be ready to bid an average minimum bid relatively often,
while the uninformed bidder will be ready to bid very high or very low bids relatively
often. Facing an opponent that bids average bids, the uninformed bidder will win
often when he bids low and loose often when he bids high.

3.2. Difference in private costs
In the Appendix we introduced the possibility that either bidder had a systemati
cally lower private cost. This could be due either to the foster-parent and the child
becoming attached to one another, or to an increased number of competitors. In the
latter case, the informed bidder will in effect be bidding against the uninformed bid
der with the lowest private cost (since all uninformed bidders use the same optimal
strategy given by 3.4 and their own private costs). As the numbers of uninformed
bidders increase, the lowest private cost of these will fall relative to the private cost
of the informed bidder.11 From Figure 3.1, it is clear that if t he distribution of t he
uninformed bidder shifts to the left (i.e., the expected private cost of the uninformed
bidder decreases relative to that of the informed bidder), the uninformed bidder will
eventually receive a higher expected compensation than will the informed bidder.
This is so because the informed bidder can only win when his minimum bid is low,
while the uninformed bidder can also win when the informed bidder's minimum bid
is high. Furthermore, the compensation in the second auction will fall so that the
expected compensation equals that in the first auction. This can be seen as follows.
Assume that the number of competitors in the second auction is very large. Some
of the uninformed bidders will then have virtually zero private costs. These bidders
can safely underbid the informed bidder, assured that the common cost is no higher
11The informed bidder, the previous foster-parent, won the first auction and hence had, at that
time, the lowest private cost of the participants. We have modelled the private cost of the informed
bidder as if it is drawn again from the uniform distribution over [0,1]. Another alternative is to
assume that the private cost never changes, i.e., that the private cost drawn prior to the first
auction is still valid; or that the new private cost is correlated with the first. However, our baseline
assumption can be interpreted as if the expected private cost of the former foster-parent is equal
to the expected lowest private cost of any other participant in the auction.
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than the lowest bid of the informed bidder and that their own private cost is likely
to be no higher than that of the informed bidder. In the limit, when the number
of bidders is very high, the expected co mpensation in a second-time auction will be
1/2, while in a first-time auction the compensation would be exactly 1/2 when the
number of bidders is very large.
If, on the other hand, the expected cost of the uninformed bidder increases
relative to that of the informed bidder, the tendency that the informed bidder gets
a relatively higher compensation is reinforced.

3.3. Empirical predictions
If the number of bidders in the second auction is not very high, then we expect
the average informed bidder compensation to be higher in these auctions than in
first-time auctions, and we expect the uninformed bidders to be awarded a smaller
compensation than the informed bidders.
However, if the number of competitors is large, then we do not expect system
atic differences in compensation. In this case, if the private cost of the informed
bidder is "redrawn" (i.e., uncorrelated with his private cost in the first auction),
we would not expect to see many informed bidders winning. However, we would
expect the variation in compensations to be higher, since the bidders will now be
able to condition the compensation on the actual common cost (either directly or
from inferences drawn from the behavior of the informed bidder), and not just on
the expected c ommon cost.
If the expected private cost differs between the informed bidder and the unin
formed bidder with the lowest private cost, there is a tendency that the bidder with
the lowest private cost receives higher compensation. (This could offset or reinforce
the effect that gives the informed bidder an advantage.) The informed bidder could
have a lower expected cost from being attached to the child. However, if the private
cost is "re-drawn", the informed bidder would have higher private costs. This occurs
because in the first auction he won because he had the lowest private cost; in the
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second auction he has (in expectation) an average private cost.
These results could be changed if t here is an interaction between the auctions.
Since there is a value in being informed (unless the number of b idders is very high),
there is an option value in winning an auction. This option value increases as the
time until the next auction decreases. Thus, if t he compensation level reflects this
option value, we would see a systematically lower compensation level in auctions
where the contracted period is quite short, i.e., in auctions where a second auction
is held soon after the first.
Another possibility is that there may be an element of adverse selection.12 This
would result if the former foster-parent could chose between prolonging or terminat
ing the contract, but could not participate in the second auction. Then, when the
common cost was unexpectedly high, the contract would be terminated; otherwise it
would be prolonged. This behavior would be anticipated by the uninformed bidders,
who would ask for a premium to take care of a re-auctioned child. The fact that
the child is re-auctioned signals lower-than-average skills.13 We have modelled this
situation explicitly in a previous paper where we showed that the optimal policy
from the point of view of the Assistance Board would be to offer the previous fosterparent the same compensation as in the first auction only (adjusted for the age of
the child etc., and given that the previous foster-parent was not allowed to partici
pate in the second auction) ; if t his was rejected, then the child would be auctioned
again (Bergman and Lundberg 1998).14
12Akerlof (1970) analyzed markets with asymmetric information. He referred to worse-thanaverage used cars as "lemons"; for this reason markets where adverse selection plays a role are
sometimes known as "lemons markets".
13See Spence 81974) fore more information about signaling.
14We also showed that within our model, the expected cost of the Assistance Board is the same,
whether the former foster-parent is allowed in the auction or not.
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4. The Empirical Study
4.1. Data
The sample consists of 601 observations from three cities in Northern Sweden:
Sundsvall, Skellefteå16 and Umeå.16 Only the winning bids were observable in the
data set. The sample can be divided into five types of observations:
1. Auctions of children who are only observed once in our sample. It is assumed
that these children were auctioned once.
2. First-time auctions of children for whom the compensation was subsequently
changed, but who remained with the same foster-parent.
3. First-time auctions of children who later changed foster-parent
4. Re-auctions or re-negotiated compensation level for children who remained
with the same foster-parent (the "informed bidder").
5. Auctions in which a child was given a new foster-parent (the "uninformed
bidder").
The average compensation level awarded to each of these categories are shown in
Table 4.1. Note, however, that the values are unconditional arithmetic means only.
In particular, the fact that the average age differs between the three categories is not
accounted for. Differences in real compensation between informed and uniformed
bidders are also shown in Figure A.1 in the Appendix. Note also that the variation
in the winning bids are lower in re-auctions, contrary to our prior expectations.
These five sets of observations can be used to test hypotheses, e.g., that compen
sations axe always higher in re-auctions than in first-time auctions (testing for the
significance of a dummy that distinguishes 4 and 5 from 1, 2 and 3) or that previous
15 Missing information in the documents from Sundsvall and Skellefteå has been added with the
help of a database, INDUCO, Umeå University.
16 For Sundsvall the years are 1863-1882 and 1885-1888, for Skellefteå, 1869-1871, 1880,1885 and
1888 and for Umeå 1874-1875, 1878-1879, 1881 and 1884-1889, respectively.
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Table 4.1: Descriptive statistics concerning real compensation
1
Fun Auctioned
sample
once

Mean
55.22
Max
168.42
Min
8.77
Std.dev.
19.98
Variance
399.26
No of cases
601

54.48
153.06
10.42
20.54
422.06
238

5
3
4
2
Un
First time
First time Informed
bidders informed
observed,
observed,
bidders
later new
later new
compensation foster-parent
57.46
51.67
53.69
60.32
168.42
97.09
152.54
135.14
9.80
8.77
25.77
17.82
20.44
15.72
23.09
18.87
247.08
417.80
532.61
329.03
101
78
73
111

foster-parents obtain higher compensation when the compensation is changed and
they win a new auction (testing a dummy for 4 against 2) or whether there was
asymmetric information between the bidders in the bidding for a child that had
been auctioned before (testing a dummy for 4 against 5).
Table A.2 in the Appendix gives an overview of the data for each category. Age
frequencies axe given in Table A.3 in the Appendix, followed by Table A.4 with
descriptive statistics regarding age17 for the different categories of sale. Generally,
re-auctioned children were older than children auctioned for the first time. Children
observed for the first time who were later re-auctioned to the same foster-parent had
the lowest average age, 5.9 years.
For a sub-sample of the data it is possible to observe the length of the contract,
i.e., the length of the time between an auction and the next auction in which the
same child participated. This sub-sample consists of 72 contracts from Sundsvall
during the period 1863-1882. This was the time series with the most consecutive
observations. Figure 4.1 shows the contract period measured in years for informed
and uninformed bidders. Because of the nature of data, the contract period is
measured in whole years only. This sub-sample is used to test whether the level of
17In the empirical analysis age has been counted as the difference between the year w hen they
were auctioned and the year of birth. This is why some children are actually 15 years old.
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Year

Figure 41: Contract period, Sundsvall, 1863-1882.
compensation was lower for shorter contracts.
The most common contract period was one year. Note that there is a selection
bias towards short contracts. Contracts signed at the end of the period can be in
cluded in this sample only if they were terminated in 1882 or earlier. The average
contract period was 4.1 years for informed bidders and 3.5 years for uninformed
bidders.18 According to Figure 4.1, there appears to be no large systematic dif
ferences in the distribution of contract periods in auctions in which informed and
uninformed bidders, respectively, bid lowest. If the distributions would have differed
significantly, this would have been an indication that there were two different types
of contracts or two different mechanisms for price changes. One type of contract
might then specify that a new auction were to be held and one type of contract that
the compensation level to the foster-parent were to change in a re-negotiation or
according to a pre-specified scheme as the child grew older. In the absence of large
price differences in the distributions, we assume that all changes in compensation
level were the result of a new auction.
18 The difference between the contract period for informed and uniformed bidders is not
significant.
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4.2. Method
Since only the winning bid is observed in the data and the number of bidders are
unknown, estimation methods usually applied to auction data cannot be used. In
stead, we use a stochastic cost19 frontier approach. This approach is used to examine
whether the actual compensation paid differs between informed bidders, uninformed
bidders and auctions of children who were auctioned once or for the first time but
who were later auctioned again. For comparison, results from ordinary least-squares
regressions are presented. The regression equation, in matrix form, is:
P = Xß + e

(4.1)

e = 7 + u where u > 0
The inefficiency residual vector,

in the stochastic frontier captures the differ

ence between the winning bid, P, and the winners' reservation value, C\ (given by
equation (3.1)) in each auction, i.e. the winners' net profit is:
éj = P - Ci

(4.2)

This disturbance term is assumed to be exponentially distributed.
The real compensation vector P is measured in Swedish "Riksdaler" and X
is a matrix containing a constant and (observable) explanatory variables related
to the child, the winning bidder and a dummy variable representing the city in
which the auction took place. Within X, the sub-matrix 520 contains variables
related to the child: age21, age squared, a gender dummy variable (1 for girls)
and a dummy variable for the child's health22 (1 for not healthy). The sub-matrix
R\ contains two variables that are related to the winning bidder. These are a
19 A

cost frontier is used instead of a production frontier since the second disturbance term is
positive (Greene, 1993). This is so since the wi
nning bid cannot be lower than the reservation value;
in a production frontier the production cannot be higher than the maximum possible production.
20C.f. equation 3.1.
21 Age is measured in months, to avoid multicollinearity between age and age squared.
22Mental or physical health.
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dummy variable for occupational category23 and one that takes the value 1 if the
winning bidder's home was located in the countryside and 0 if it was located in a
city. There are seven occupational categories.24 All these variables are estimated
together with two different specifications of t he model. In Model 1, four dummies
axe used, corresponding to observation type 2 to 5, presented above. The reference
category is children auctioned once (type 1). In Model 2, the reference category is
types 1 to 3. The compensation is deflated using a historical price index developed
by Englund, Persson and Svensson (1990). All compensations axe given in 1863
prices. Occupational category 6, non-property owners, and the city of Umeå axe
used as references in both specifications.

4.3. Results
Table 4.2 shows the maximum likelihood estimates (MLE) of the stochastic fron
tier and the ordinary least squares regression (OLS) for the two different models
presented above.
In Model 1, children auctioned for the first time who were later auctioned again to
the previous foster-parent commanded a lower compensation than children auctioned
only once. The opposite is true for children auctioned for the first time who later
were auctioned again to a new foster-parent. These differences, however, axe not
significant. When children were auctioned again they commanded a higher level
of c ompensation than children auctioned once. Informed bidders received less than
uninformed bidders.
In Model 2, informed bidders again received less than uninformed bidders, al23 There could be an endogeneity problem if the winner is determined by the price instead of the
reverse. This has been tested by comparing the residuals from the maximum likelihood regression
with residuals from a probit model for each occupational category. The test shows that exogeneity
cannot be rejected.
24The profession categories are: 1. Senior c ivil servants, university graduates and managers of
larger firms; 2. Junior civil servants and managers of smaller firms; 3. Farmers; 4. Upper class
unmarried women; 5. Skilled workers; 6. Crofters and unskilled workers (non-property owners); 7.
Unspecified occupation and widows. Norman's (1974) and Lunander's (1988) classifications form
the base for these categories.
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Table 4.2: Estimation Results

MODEL 1
Variable
Constant
Age (in months)
Age2 (in months)
Gender
Health
Sundsvall
Skellefteå
Provincials
Senior civil....
Junior civil...
Farmers
Upper class...
Skilled workers
Unsp. occupation
l:st Inf.bidder (2)
l:st Uninf. bidder (3)
Inf. bidder (4)
Uninf. bidder (5)
0
crv
Log likelihood

MLE
Coef. lvalue
59.64
18.82
-0.19
-4.31
0.00
1.68
-3.53
-3.97
13.67
6.81
3.67
5.93
-4.87
-9.41
-0.55
-0.37
0.18
1.36
-4.77
-2.23
0.65
0.98
6.36
2.20
-0.98
-1.77
2.21
1.20
-0.67
-0.42
0.97
1.92
0.79
1.26
3.49
1.99
0.09
16.92
20.48
8.75
2406.80

MODEL 2

ÖLS
Coef. lvalue
79.15 21.27
-0.35
-6.60
0.00
4.20
-3.29
-2.61
20.03
7.09
5.09
2.50
-5.65
-12.05
-0.90
-0.52
-0.28
-1.51
-4.68
-1.74
0.80
1.29
8.20
2.02
0.63
0.27
3.91
1.82
-0.57
-1.16
-0.08
-0.17
0.35
0.19
2.35
1.28

MLE
ÖLS
Coef. f-value Coef. lvalue
19.34 78.77 21.94
60.24
-6.59
-4.36 -0.35
-0.18
1.69 0.00
4.17
0.00
-2.57
-3.53 -3.22
-3.97
7.08
6.82 19.86
13.66
5.03
2.49
3.58
5.75
-5.72
-4.89 -12.14
-9.44
-0.56
-0.46 -0.96
-0.66
-0.31
0.14 -1.67
1.07
-1.73
-4.81
-2.24 -4.63
0.80
0.66 1.30
1.01
1.99
2.17 8.06
6.11
0.23
-1.01 0.54
-1.81
3.89
1.82
2.18
1.19

0.43

0.44

-

1.07
3.23
0.09
8.83

0.71
1.92
16.91
20.90
2407.73

0.61
2.58

0.37
1.49

though the difference between the dummies is not significant.25 This indicates no
or little information asymmetry among bidders. The uninformed bidder dummy
variable is significant at a 10 percent level in both specifications. Contrary to these
results, the base-line theoretical predictions in Section 2 suggest that the informed
bidder should get higher compensation.
Therefore, there is some support for the notion that there was adverse selection
in the market for re-auctioned children and that the previous foster-parent did not
participate in the new auction. The uninformed bidders anticipated the adverse
25The value of the Wald statistic is below the critical value. As such, the hypothesis that the
uninformed bidder parameter is equal to the informed bidder parameter cannot be rejected.
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selection behavior and demanded a higher level of compensation for taking a reauctioned child.
Table 4.2 shows that real compensation is decreasing with age, on average 2.2
"Riksdaler" per year. Girls commanded a lower compensation than boys (3 "Riks
daler" less) and a healthy child commanded a lower compensation than an unhealthy
one (13 "Riksdaler" less). See Lundberg (2000) for further interpretation of the other
variables.
The estimated average net profit u of t he foster-parent, computed as:

£M- J

(4.3)

is approximately 11 Swedish "Riksdaler". The parameter 0 is the hazard rate for
the exponential distribution.
To see if there was interaction between the auctions the model presented above is
estimated for the sub-sample consisting of observations from Sundsvall, 1863-1882.
The child and bidder characteristics are the same, but a variable for contract period
(measured in whole years) is added to the model.
Occupational category six, crofters and unskilled workers, is the reference cate
gory. Note that this sub-sample only includes re-auctioned children. The estimation
results are presented in Table 4.3. Since the parameter estimate for contract period
is positive there is no indication of systematically lower levels of compensation for
short contract periods. This result should be interpreted with some caution, since
the sub-sample is quite small, 72 observations.

4.4. The probability of being re-auctioned
Did the child characteristics affect the probability of the child being re-auctioned?
To determine if t his was the case we use a binomial probit model. The probability
that the child was re-auctioned is

Pr [ V j = 1] = $ ( ß ' Z )

(4.4)
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Table 4.3: Estimation Results, Contract period

Variable
Constant
Age (in month s)
Age2 (in months)
Gender
Health
Provincials
Senior civil....
Junior civil...
Farmers
Upper class...
Skilled workers
Unsp. occupation
Contract period
e
<?v
Log likelihood
Ridi
where

MLE
Coef. lvalue
67.14
5.13
-0.13
-0.66
0.00
0.49
-4.75
-1.32
16.87
2.27
-3.80
-0.90
0.87
0.00
-1.45
-0.17
0.79
0.14
0.70
4.47
-7.10
-1.32
-0.33
-0.08
-0.56
-0.91
0.12
2.91
6.77
4.82
-269.32

OLS
Coef. £-value
86.12
-1.58
-0.33
-1.88
0.00
1.64
-5.30
-1.64
15.66
2.21
-3.65
-0.82
-2.97
-0.25
-3.65
-0.45
-1.69
-0.41
0.51
3.62
-6.51
-1.12
-0.59
-2.51
-8.57
-0.84

0.08

is the standard normal distribution function and Z is a matrix with age

(measured as before), dummies for gender (1 for girls), health (1 for unhealthy) and
city. Umeå is reference city. This model is estimated for the probability of a child
being auctioned again (to the previous foster-parent or to a new foster-parent). The
results are presented in Table 4.4.
The analysis shows that the probability that a child was re-auctioned increased
if h e or she was not healthy.
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Table 4.4: Maximum Likelihood Estimates from the Probit Model.
MLE
Variable
Constant
Age (in months)
Age2 (in months)
Gender
Health.
Sundsvall
Skellefteå
Log likelihood
Restricted Log likelihood
X2

Coef. £-value
-1.13
-4.36
0.01
1.72
-0.00
-0.38
-0.04
-0.38
0.52
2.27
0.13
0.74
0.60
0.34
-370.87
-390.13
38.52

5. Summary and discussion
In this paper we study asymmetric information in the auctioning of children in
19th century Sweden, with a focus on the effect of asymmetric information between
active bidders. Auction theory suggests three ways to model the bidders' behavior:
the private-cost model, the common-cost model and a combination of both. A
common-cost component would tend to increase the amount of compensation paid
when an informed bidder is present. It would also result in lower compensation for
the uninformed bidders than for the informed bidders, if these bidders have equal
expected private costs.
To test these predictions empirically, we used historical data from auctions of
children in three cities in Northern Sweden in a stochastic cost frontier model. This
was done under two different specifications of the model. Separating children auc
tioned once from children auctioned for the first time but later to be auctioned again
to the previous or to a new foster-parent, we found evidence that both categories
of bidders received a higher level of compensation than they would have gotten if
the child had not been auctioned before. The coefficient for uninformed bidders
was slightly higher than that for informed bidders, and only the former was signifi
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cant (at the 10-percent level). The fact that the uninformed bidders' compensation
was higher suggests that the previous foster-parent may not have been allowed to
participate in the new auction and the sign of the uninformed bidder parameter in
dicates adverse selection, which the uninformed bidder anticipated. Re-estimating
the model with one dummy variable for children auctioned once and first time ob
served re-auctioned children, we again obtained higher compensation for informed
and uninformed bidders with the latter being higher than the former. The con
clusion is that bidders demanded a premium for taking a re-auctioned child. We
also estimated a model in which the hypothesis that there was an option value in
winning the auction is tested. This option value would be higher, the sooner is the
next auction. If this was the case we would observe lower compensation for shorter
contracts. According to the results, this was not the case. Finally, a probit analysis
of the probability of a child being re-auctioned shows that this probability increased
significantly for unhealthy children.
In many circumstances auctions are efficient allocation mechanisms. They can
be used to determine a market price for items where this is not known. Often, they
have the desirable property that the item for sale is allocated efficiently, i.e. to
the buyer with the highest valuation. In a sense, the Assistance Board managed
to determine a market price for boarded-out children. However, in this particular
context the allocation is likely to have been inefficient. While the auctions may
well have minimized the Assistance Board's costs and allocated the children to the
foster-parents with the highest valuation (net of costs), the allocation mechanism
was not responsive to the childrens' valuation of their potential foster-parents. To
the extent that the cost of care is negatively correlated with the quality of care,
allocation through auctions may have the result that negligent foster-parents could
systematically overbid the conscientious ones.
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A, Appendix
Systematic differences in cost
Assume that there are both private and common costs, as well as a difference k
in expected private cost between uninformed and informed bidders. Let 62 denote
the minimum bid that (uninformed) bidder 2 is willing to submit and let 61 be the
lowest observed bid submitted by (informed) bidder 1 in some stage of the auction.
Thus 61 <61, i.e. bidder 1 may be willing to submit a lower bid later in the auction.
When bidder 2 considers whether to underbid &i, he must account for the possibility
that he may win. If he wins, then bidder l's cost is Ci = ò1? which permits bidder 2
to form a conditional expected value for the common-cost component as:
E [cc \ h = b , } =

1

+b i + k- l

=

1

+ k)

( A 1}

This is illustrated in Figure A.l. Bidder 2 is willing to underbid bidder 1 by an

c'A

1 -k

c?,h

Figure A.l: Expected common cost conditional on observed bids.
infinitesimal amount e if the expected value of winning, £^2], at price 61 is at least
zero. Thus, the solution to the following equation gives the optimum minimum bid
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that bidder 2 should submit, 62:
£[7T2|&2 + £ = 61=S1] = b2 - 4 - E [cc\b2 + e = h = h] = ^(b2-k)-4 = 0

(A-2)
or b2 = 2c% 4- k.

The informed bidder's expected winning bid
The density function for the informed bidder's cost C\ i s given by
Cl
2 — Ci

0<C!<1
when <
[l<Ci<2

/4

(A.3)

Given 3.4, the probability that an informed bidder with cost Ci wins is
Pi[c1<b2\c1} = ^

(A.4)

Given that the informed bidder wins and that his costs are Ci, the expected compen
sation is (ci 4-2)/2. Given that the informed bidder wins, the expected compensation
is given by
rl
E [p|ci < e»] = ^ J
Lo

— x2)dx +

J

fl
-(2 — x)(4 — x2)dx = §

(A.5)

1

since A =|is the probability that the informed bidder wins. Expression A.5 is the
integral over the range of C\ (i.e. over [0,2]) of the product of the density function,
the probability that the informed bidder wins and the expected compensation, given
that the informed bidder wins, are divided by the probability that the informed
bidder wins.

The uninformed bidder's expected compensation
A similar derivation for the uninformed bidder is slightly more complicated. The
density function is now|over the range [0,2]. However, the probability that an
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uninformed bidder with minimum bid b2 wins is

{

1 -Hho)2
|(2 ~è2)2

f 0 < bo < 1
when I
{ 1<62<2

(A.6)

The expected compensation, given that an uninformed bidder with minimum bid b2
wins, is
( 2(3-(b2)^)

E\p\b2 <

Cl;62]

=i

}

( Q < 50 < 1

1
(i<b

when

2

(A-7)

<2

Taking the integral of the product of these three functions over the interval [0.2]
and dividing by the probability that the uninformed bidder wins gives

E [p|&2 < ci] =

L

1 (3 — ar)(l — X2 / 2 )
dx +
6(2 — X2)

jf

2

(1 + x) ( 2 — x Y

since again A = \.

Figures, frequencies and descriptive statistics
Table A.1: Number of auctions per child
No of
No of Sum
auctions children
1
238 238
2
100 200
3
42 126
4
8
32
5
5
1
Sum
389 601

dx

-i <a-8>
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Uninformed bidders

Informed bidders

Number

0-10

11-20 2 1-30 3 1-40 4 1-50 5 1-60 6 1-70 7 1-80 8 1-90 91-100
101-110111-120121-130131-140141-150151-160

Real Price

Figure A.2: Distribution of re al price, uniformed bidders and informed bidders.

27

Auctioned and Re-auctioned Children

Table A. 2: Frequencies
1
The Auctioned
sample
once

Girls
Boys
Unhealthy
Provincials
Sundsvall
Skellefteå
Umeå
Senior civil servants,
university graduates,
managers of larger firms
Junior civil servants,
managers of smaller firms
Farmers
Upper class women
Skilled workers
Non property owners
Unspec. occupation,
and widows
No of cases

3
5
4
2
Un
First time
First time Informed
observed
observed
bidders informed
bidders
later, new
later, new
compensation foster-parent
30
37
48
44
53
36
67
48
8
15
2
2
66
92
79
53
45
23
68
32
28
38
55
34
5
9
14
12
1
2
2

280
321
32
465
290
238
73
8

121
117
5
175
122
83
33
3

42

27

3

5

3

4

202
15
61
203

78
3
22
76

25
3
10
26

29
10
18

34
5
12
44

36
4
7
39

70
601

29
238

9
78

11
73

11
111

10
101

-
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Table A.3: Frequencies, age

Age

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
No of cases

1
The Auctioned
sample
once

12
19
23
37
32
37
43
30
60
60
42
52
47
38
43
23
601

5
6
11
8
12
19
18
12
27
22
23
19
19
9
20
8
238

5
3
4
2
Un
First time
First time Informed
bidders informed
observed,
observed,
bidders
later new
later new
compensation foster-parent
3
1
3
1
1
7
4
1
2
2
7
2
8
7
12
4
7
5
4
6
2
6
4
6
10
5
4
4
3
7
4
6
12
8
7
7
11
6
14
8
7
3
4
8
10
11
4
3
9
11
5
14
2
11
2
8
10
4
1
8
7
101
78
73
111
-

-

-

Table A.4: Descriptive statistics regarding age
1
The Auctioned
sample
once

Mean
Max
Min
Std.dev.
Variance
No of cases

8.3
15
0
4.0
15.9
601

8.3
15
0
3.9
15.0
238

5
3
4
2
Un
First time
First time Informed
bidders informed
observed,
observed,
bidders
later new
later new
compensation foster-parent
10.0
9.2
5.9
7.2
15
15
14
M
0
0
0
1
3.9
3.7
3.7
3.8
13.4
13.5
15.1
14.5
73
101
78
111

