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Instructional Simulation of a Commercial
Banking System

Donald D. Hester

In this article, I describe simulations of commercial banking systems that
have been used successfully in a large class in money and banking at the Uni-
versity of Wisconsin-Madison. My goal in developing the enabling software
was to provide a lively learning environment where students could interactive-
ly explore economics in a relatively unstructured environment.'

Each student in the class is responsible for managing a bank in imperfectly
competitive markets where random shocks, unknown competitor strategies,
and discretionary monetary policies exist. As a manager, a student must make
six decisions each week that allocate the bank’s resources among cash assets,
two types of securities, and three types of loans. These decisions influence a
bank’s growth and its profitability. A teaching assistant plays the role of a
central bank in a banking system that includes about eighty banks. A teaching
assistant has considerable latitude to use monetary policy instruments of his
or her choosing. The goals of the simulation exercises are to teach portfolio
theory and to permit students to appreciate the robustness of markets and the
subtleties of institutional constraints and decisionmaking under uncertainty
in a general equilibrium setting.

Donald D, Hester is a professor of economics, University of Wisconsin-Madison. This article
is a substantially abridged version of “‘Instructional Simulations of Financial Markets: Interac-
tive Gaming'® (Hester 1989) that was delivered at the December 1989 meetings of the American
Economic Association in Atlanta.
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DESCRIPTION OF THE BANK SIMULATION EXPERIMENT

The experiment begins with the distribution of a set of rules and procedures
for submitting moves on a microcomputer network; these rules and proce-
dures are reproduced in the Appendix. Students receive no instructions about
what moves they should make, although there are broad safeguards in the
software to prevent destructive typing errors. The bank simulation is played
for eight rounds (weeks). During each round, only one submission is allowed
per player. Students are encouraged to discuss their plans with other players
and to consult other available references. Teaching assistants respond to
questions about technical aspects of the simulations but do not provide advice
about specific moves.

The grade on this exercise is determined by a short written report that de-
scribes the strategy a student would use in the experiments if they were re-
peated. Students are expected to draw on their experimental results when
preparing their reports, but grades do not depend on whether a student’s
bank was profitable. The instructions state that the students’ goal is to max-
imize the welfare of the stockholders they serve. The reports suggest that
students do attempt to maximize profits, but there is no assurance that this
is the case.

In the bank game, there are two market levels. Securities in each of the
banking systems are traded on a systemwide market. Thus, interest rates on
one-period bills or consols are the same in all clearing areas in a system. The
software incorporates demand functions for bills and consols. Bills must be
ordered each round and pay an unknown interest rate that is market clear-
ing. Consols are marked to market and can only be traded at an unknown
price that is determined in the coming round. Consols can be sold short up
to a margin ceiling. Thus, banks can engage in a limited amount of liability
management because the proceeds from short sales are available to fund
other assets. Substantial capital gains and losses occur when interest rates
change, and these can be realized through adroit trading.

Three types of loans are available in the simulation experiments—mort-
gage loans, instaliment loans, and commercial and industrial loans. Loans
are made and federal funds are traded in a local (clearing-area) market.
New mortgage and installment loans are ordered by a bank at the beginning
of each round and mature after several rounds, as described in the Appen-
dix. A demand function for the stocks of mortgage and installment loans by
the public, with interest rates as arguments, is incorporated in the software.
The interest rate on each variety of loan is determined by combining new
orders with the existing stock of unamortized loans and equating this with
the public’s demand. Interest rates on these loans are fixed for the duration
of each.loan.?

The volume of commercial and industrial (C & I) loans cannot be directly
controlled by a bank. Instead, a bank extends lines of credit that are used at
a rate that is endogenously and.stochastically determined. Like the demand
for other loans, the demand for C & I loans is a:function of interest rates.
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The utilization rate of lines of credit is defined as the ratio of C & I loans to
lines of credit at a bank. It is a function of the set of interest rates that
cleared markets at the end of the preceding round, the ratio of lines of credit
to demand deposits at a bank, and random shocks. The utilization rate in-
creases when the C & I loan interest rate falls relative to other asset interest
rates. The interest rate on C & I loans changes each period; in effect, all C & 1
loan rates are pegged to ‘‘prime.”” C & I loans have a rich institutional
specification that includes compensating balances, commitment fees, and
penalties for canceling lines of credit. Details about this specification are
reported in the Appendix.

In addition to the random utilization rate, demand deposits are subject to
random shocks. Demand deposits have a 20 percent reserve requirement,
Banks absorb the cost of servicing deposits. This cost is an increasing func-
tion of calendar time and the amount of deposits banks acquire in a clearing
area. As banks seek more deposits, they are interpreted to be encountering
rising costs and to be inflating prices in the area.?

In each clearing area, an auction market for federal funds exists. In each
round, students provide an interest rate at which they would be willing to
offer any excess reserves in the local funds market. The software clears the
funds market and, if necessary, provides additional funds from the central
bank discount window at a penalty rate. If a bank borrows more funds at
the discount window than its net worth, the excess over its net worth is bor-
rowed at twice the penalty discount rate.

A central bank is a specialized bank that is not permitted to make loans to
the public. It holds bills and consols and trades federal funds in each of the
clearing areas of the system. It is allowed to make discretionary moves only
at the system level. The software automatically (passively) rearranges the
bank’s portfolio to ensure that bill or consol interest rates are identical in all
clearing areas. The central bank may change the discount rate and engage in
repurchase operations in securities markets, if it wishes to pursue an activist
policy at the system level. It may also actively trade bills and consols. It can
peg the federal funds rate within limits by setting a rate and mechanistically
doing repurchases until that rate is approximately achieved. Central banks
operate autonomously in each system and their actions can be only in-
completely observed by commercial banks.

The information that is available to each player at the beginning of a
round is displayed in Table 1. Each student gets a hard copy of the informa-
tion pertaining to his or her bank each Monday the game is in progress. The
difference between federal funds purchased and sold in a clearing area im-
plies that a central bank was intervening, passively or actively. Students
may share information with others in their clearing area. To facilitate analy-
sis, I make available a second summary table of interest rates and quantities
in all clearing areas for inspection on the microcomputer network. Tables 2
and 3 are an example of this summary. It can be used to determine whether
a central bank was actively trading in the federal funds market, because
students can infer net free reserves in each system from the information
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Player Information:
Statement of Condition of Your Commercial Bank at the End of Year 1

Assets Liabilities and net worth
Cash and equivalent 23.47 Demand deposits 117.35
Federal funds sold 1.76 Federal funds purchased .00
Treasury bills 13.60 Discount window borrowings .00
Treasury bonds 14.18 Capital, surplus, and 8.04
Commercial and industrial loans  17.17 undistributed profits
Instaliment loans 2.7
Mortgage loans 32.50
Total 125.39 Total 125.39
(All quantities are in millions of dollars)

Bank net operating income during this year was 1.06 million dollars.
Your bank paid a dividend to stockholders of .27 dollars per share.
Treasury bonds and bank capital in your accounts include a capital gain of

.44 million dollars.
At the close of business outstanding lines of credit amounted to 108.12 million dollars,

and their average utilization was 15.88 percent.
For the 19 operating banks in this clearing area the corresponding aggregate balance sheet is

Assets Liabilities and net worth

Cash and equivalent 2,177.62 Demand deposits 10,888.10
Federal funds sold 35.65 Federal funds purchased 36.65
Treasury bills 1,241.30 Discount window borrowings 171.29
Treasury bonds 1,272.21 Capital, surplus, and 752.55
Commercial and industrial 1,662.70 undistributed profits

loans
Installment loans 2,211.00
Mortgage loans 3,248.10

Total 11,848.59 Total 11,848.59

Recent market interest rates in percentages are
Commercial and industrial loans 6.71 Treasury bills - 6.13
Treasury bonds 6.06 Mortgage loans 7.26
Installment loans 7.41 Penalty discount rate 10.00
Average deposit cost 4.97 Average federal funds rate 5.00

Owing to predictable amortization of existing assets, if no new actions are taken, the bank
will end the next year with 23,53 million dollars of mortgage loans, 11.52 million dollars
of installment loans, no treasury bills, and the amount of treasury bonds shown above.

To obtain the assets shown in the balance sheet above, last time the bank acquired
13.60 million dollars of treasury bills, .00 million dollars of treasury bonds, 6.80 million
dollars of mortgage loans, and 13.60 million dollars of installment loans. Lines of credit

were increased by — 12.92 million dollars.
You offered to sell funds at a rate of 5.000.

Use the following form to plan and then key in moves for your bank in round 2

Treasury bills desired =
Consols desired =
Mortgage loans desired

Installments desired =
Additional credit lines
Rate funds offered at =
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reported in Table 3. (The first digit of the clearing-area number in both
Tables 2 and 3 identifies a system, and students can recognize data for their
clearing area.)

Central banks do not know the public’s demand functions for assets and
are not informed in advance about shocks to these functions that are im-
bedded in the software. The shocks result from exogenous changes in the
economy being modeled. Once a week, a news bulletin is issued to the class.
Demand curves shift vertically in a plausible manner in reponse to the news
announcements. Central banks devise their own responses to news bulletins
and to conditions that develop because of actions by students.

Banks are never closed because of unfavorable results, although a bailout
occurs when a bank’s net worth falls below minus 10 percent of its deposits.
The bailout restores a bank’s net worth to zero. The number of banks that
submit moves varies from week to week; this variation is an additional source
of uncertainty. If moves are not submitted, a bank’s portfolio is frozen. At
the start of a simulation, banks differ in size by up to a factor of twenty.

MULTIPLICITY OF APPROACHES

The bank simulations can be viewed from many perspectives. For exam-
ple, one can approach the project focusing on liability management. Banks
may acquire liabilities by extending lines of credit to gain compensating bal-
ances, by going short in the market for consols, and by borrowing in the
market for federal funds. First-order conditions for profit maximization re-
quire that the expected marginal cost of each of these sources be equated
with the expected marginal revenue that can be earned in asset markets. In
the case of deposits, it is necessary to allow for reserve requirements when
comparing costs.

Another approach is to focus narrowly on the market in federal funds
and attempt to *‘sting’” rivals by lending at very high interest rates when
rival banks are overly ambitious purchasers of funds and by borrowing
when there is a glut of cheap funds. Because the central bank is a trader, this
approach requires careful ‘‘Fed watching’’ and attention to the amount of
discount-window borrowing. It requires that a bank carefully study moves
by rival banks.

A third approach is to speculate in the consol market. In the spirit of
Keynes’s liquidity preference theory, profits can be realized by closing out
short positions as consol rates peak and closing out long positions as consol
rates reach lows. There are transaction costs and margin requirements in the
consol market to take into account.

A fourth approach is to evaluate news bulletins and either use them as a
guide about how interest rates are likely to move or to assume that others
are automatons and be a contrarian. A more formal approach to forecast-
ing interest rates is also possible. On occasion, students have attempted,
with some success, to.estimate demand functions.from data that have been
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generated in earlier rounds of the game. There are thirteen observations on
clearing-area loan markets in each round of the bank game.

An interesting dynamic dimension of the game exists in the market for
commercial and industrial loans. Extending lines of credit commits a bank to
making C & I loans in the future. Although lines of credit bring compensating
deposit balances, these balances often are insufficient to fund the C & I loans
that are generated. The utilization rate is partly determined by the configu-
ration of interest rates in the preceding round. When several large banks in
a clearing area aggressively extend lines of credit, a cumulative destructive
collapse may ensue because of rising loan volumes and plummeting loan in-
terest rates. However, when only a few banks undertake a roughly geomet-
ric expansion of lines of credit, a very profitable expansionary trajectory
can be achieved. There is a substantial penalty (lost good will) when banks
reduce lines of credit. Understandably, banks prefer to have other banks
absorb this penalty when a clearing area is flooded with too many low-
yielding C & 1 loans.

Another approach is to employ portfolio diversification and gap manage-
ment. As long as assets are yielding more than liabilities, a surprisingly large
variety of tactics and rules of thumb are available to hedge and avoid risk.
Gaps can be controlled by paying attention to fixed and variable rate assets
and liabilities. Banks with negative net worth are especially interesting to
manage because, if they go to the discount window, they pay twice the dis-
count rate.

Finally, there is ample evidence that players in a clearing area engage in
strategic misrepresentations to others in the area and retain the services of
consultants who previously played the game. On occasion, students have re-
ported seeking advice from actual bankers. Semetimes, coordinated moves
by a group of banks are submitted. Regulations, such as limiting banks to a
single submission and requiring identification numbers for access to the
game, are essential to deter fraud.

EXPERIMENTAL RESULTS AND A MODEL OF
BANK PORTFOLIO BEHAVIOR

The classes reported on in this article had an enrollment of about 225, pri-
marily juniors and seniors who had completed several economics courses. A
class was divided into three autonomous banking systems, with a teaching as-
sistant acting as a central bank. Each banking system was further divided into
four or five urban markets or “‘clearing areas,’’ which roughly corresponded
to a discussion section.

Given the large number of possible approaches to the bank simulation
and the inexperience of the participants, one would expect to observe an
evolutionary rather than a stationary process.. Indeed, the written students’
reports indicated that further changes would have occurred if the simula-
tions had been repeated. In this section; I report summary statistics from
the simulations and results from tests of several simple hypotheses and then
propose a model of portfolio behavior by students.
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Summary Statistics and Analyses of Variance

Interest rates for assets and liabilities in each of nine rounds in the two se-
mesters are reported in Table 4. They are means of the market rates that
emerged in all clearing areas, irrespective of banking system affiliation.
Round one rates were initial conditions for the simulations and did not re-
flect any decisions by students.

In Table 4, the effective cost of funds is the immediately preceding cost of
deposits multiplied by 1.25 to correct for the presence of the 20 percent re-
serve requirement.* It is the marginal cost of deposit-based funds that are
available to finance assets. The last column in Table 4 is the interest rate on
funds sold in the federal funds market. In each semester, the gap between
these two interest rates disappeared by the ninth round, a first-order condi-
tion for profit maximization. The interest rate on one-period treasury bills
was tolerably close to these rates as well in the last two rounds of each se-
mester. The gaps between these three money-market rates narrowed as the
simulation proceeded.

Interest rates on consols are more difficult to interpret. Because capital
gains can be realized only by trading consols, speculators might view con-
sols as an interest-bearing bond with an attractive option to realize gains on
occasion. By analogy to a convertible bond, the yield on consols might be
expected to be somewhat lower than returns on other assets. Alternatively,
risk-averse investors might require a premium for the inconvenience of be-
ing exposed to possible capital losses. A third interpretation is that in-
dividuals looking for a cheap source of funds might want to sell consols
short, if the interest rate on consols is lower than can be earned on other
assets. From this perspective, one might expect the consol rate to tend
toward the rate on short-term assets. Finally, because central banks are
allowed to trade consols, monetary policy initiatives must be taken into ac-
count. For whatever reasons, the consol rate approximately equaled the
rates on short-term assets by the end of the simulation at the end of the sec-
ond semester but was substantially below them in the first semester.

In both semesters, banks were savaged by a destructive explosion in the
utilization rate of lines of credit. This systemic instability resulted from at-
tempts by the banks to grow by extending lines of credit. As more lines were
extended, the interest rate on commercial and industrial loans began to fall
relative to other asset interest rates. The growing gap between this loan rate
and other interest rates, together with other lags in the system, caused the
utilization rate to rise. In both semesters, the plunge occurred in the second
half of the simulation, after players had several rounds of experience. As
explained earlier, banks needed to cut lines of credit to escape from this
situation. Because they would incur a large penalty for cutting lines, banks
appeared to delay in the hope that rivals would cut lines first.

Interest rates on mortgage and installment loans were high throughout
both games. These loans had.no secondary market and, thus, were illiquid.
Also, if a bank changed the level of installment loans, it was required to pay
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a penalty in proportion to the change. The differences between these loan
rates and the rates on short-term assets can be interpreted as liquidity
premiums. However, in many of their bank reports, students claimed that
they had erred by investing so little in them; if they were to replay the game,
they would have bought more mortgage and installment loans. The truth is
unknown.

The means of clearing-area percentage allocations of assets in the two se-
mesters for each of the nine rounds are reported in Table 5. The divisor was
the sum of deposits, federal funds purchased, discount-window borrow-
ings, and capital. The data were generated only for active commercial banks
in each round; portfolios of central banks were not included.

There are several interesting points in this table. In the first period of
play, round two, substantial excess reserves existed—cash was more than 21
percent of assets. Players either misunderstood the need to replace amortiz-
ing assets or underinvested in the mistaken belief that this was prudent. Ex-
cess reserves occasionally occurred in clearing areas in subsequent rounds,
but never to this extent.

The rising utilization rate clearly affected commercial and industrial
loans. The crisis was far from over at the end of the game in both semesters.
In both semesters, a conspicuous shift away from treasury bills occurred in
the middle of the game, as players responded to differences in interest rates.
In the second semester, but not in the first, there was also a sizable shift
away from consols and slight increases in installment and mortgage loans.
Play was more aggressive in the second semester, as is evident from the
larger amount of discount-window borrowing. Capital grew more slowly in
the second semester because larger capital losses were sustained on consols
as interest rates rose and, perhaps, because competition eroded profits.

The patterns in Tables 4 and 5 were the result of a number of different
forces. The dominant element undoubtedly was the growth in understand-
ing of the game by inexperienced players. The teaching assistants, acting as
central banks, also were experimenting with a number of policy instruments
and with explaining the game to students. Monetary policies appeared to
differ appreciably across the banking systems. The number of active banks
in a clearing area varied from week to week.’ The news bulletins had differ-
ent impacts on the structure of demand in different weeks in each semester.
Second-semester students had a chance to consult with first-semester stu-
dents and, therefore, were probably a little more informed. To gain a feel
for which of these forces were important, I posed three simple hypotheses:

1. In each semester, after allowing for a common learning path, there are
differences in clearing-area interest rates and portfolio shares across
banking systems.

2. In each semester, after allowing for a common learning path and
banking system effects (hypothesis 1), there is a relation between the
number of participating banks in a clearing area and interest rates and
portfolio shares.
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TABLE 6
Tests of Hypotheses About Clearing-Area Interest Rates

Semester CcC&l T bills Consols Mortgages Installments Deposits

1. Banking system effects (df = 2, 106)

No Yes Yes Yes Yes No
2 Yes Yes No No No No

—

2. Number of competitor effects (df = 1, 105)

1 Yes No No Yes Yes Yes
2 Yes No No Yes Yes Yes

3. Clearing-area heterogeneity (df = 10, 95)

1 Yes No No Yes Yes No
2 Yes No No Yes Yes No

Norte: Yes means null hypothesis was rejected at the .01 level in an Ftest.

3. In each semester, after allowing for a common learning path, banking
system effects, and the number of participating banks, additive differ-
ences exist in clearing-area interest rates and portfolio shares.

The first of these nested hypotheses tests for the joint presence of central
bank policy and expositional effects, the second for market-size effects, and
the third for clearing-area heterogeneity.

The three hypotheses were tested each semester with 117 observations on
clearing areas. Table 6 reports whether or not the null hypothesis of no ef-
fect was rejected for six interest rates. Table 7 gives this information for
eight balance-sheet ratios. Because the markets were imperfectly com-
petitive, it is not obvious whether the hypotheses are viewed better from a
price or a quantity perspective. The quantity dimension is a bit subtle in
Table 7 because the dependent variable is in ratio form. Intuition serves bet-
ter when analyzing interest rates.

It is apparent that banking system effects were quite different in the two
semesters (see Table 6). Central bank policies did differ considerably across
teaching assistants, especially in the first semester. (The relation between
specific policy moves and interest rates is analyzed in the next section.)

A surprisingly strong and plausible relation existed between interest rates
and the number of competitors. Loan interest rates were negatively related
and deposit costs positively related to the number of players in each semes-
ter. The number of players always exceeded eight in a clearing area. Con-
ventional wisdom is that five or ten players are sufficient to get close to a
competitive equilibrium. As indicated in Table 6, significant gains in market
efficiency were obtained as the number of players rose beyond eight in these
markets.® There was no significant relation between the number of players
in a clearing area and security interest rates, a-plausible outcome given that
security markets were systemwide. There were about four times as many
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traders in systems as in clearing areas. An increase in players in one clearing
area was often randomly offset by a decrease in another area within a bank-
ing system.

Results for the third hypothesis (Table 6) indicate that the number of
players was only one source of the differences in clearing-area interest rates.
There were no significant differences in either deposit or security interest
rates within a banking system. The personalities of players and their interac-
tions resulted in distinctive local competitive situations in loan markets.
These might have converged to a common pattern with more rounds of
play, but the students’ reports suggest that convergence was not imminent.

Substantial differences in banking system effects were evident when port-
folio shares were compared in the two semesters (see Table 7). As noted in
Table 6, banking system effects were more evident in the first semester.

The effects of variations in the number of competitors were evident in
ratios of C & I loans and discount-window borrowings to assets, but not for
other ratios in the second semester. The pattern in the first semester suggests
that variations in the number of competitors influenced portfolio shares
more extensively; as noted in Table 6, the effects were in markets for loans
and deposits. I have no explanation for why the two semesters’ results dif-
fered. The first-semester result is plausible, because loan demand functions
have different interest rate elasticities. Profit maximization implies that one
should observe different portfolio shares when the number of competitors
varies.

Additive clearing-house fixed effects in portfolio shares were pro-
nounced, especially in the second semester. In both semesters, the null hy-
pothesis could be rejected for the three loan markets and for the ratio of
capital to assets. Loan markets varied because competitors differed in their
loan specialization and in their aggressiveness. Differences in the ratio of
capital to assets reflected variations in clearing-area profitability, because at
least half of net operating income was undistributed to shareholders. Areas
with large holdings of C & I loans were relatively unprofitable.

The presence of large additive clearing-area effects in all but discount-
window borrowing in the second semester suggests that variations in com-
petition in banking systems were more extreme then. When banks in one
clearing area were aggressively bidding for loans, they had to fold fewer se-
curities to avoid borrowing at the penalty discount rate. The securities mar-
kets thus conveyed the effects of excess bidding for loans in some areas to
other areas because, with fewer securities demanded, security interest rates
were forced up. In effect, funds were raised for loans by aggressive banks
by lodging securities in the portfolios of banks where competition was slug-
gish. Aggressive banks also acquired more deposits by extending more lines
of credit, which required them to hold more cash as required reserves.

A Model of Bank Portfolio Moves

In this section, new orders:by banks for bills, bonds, mortgage loans, in-
stallment loans, and lines of credit are studied,.together with the offering
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rate for federal funds. The data were analyzed at the clearing-area level be-
cause the hypotheses involved interest rates, which were observed only at
that level. Because the number and sizes of banks and asset amortization
varied across clearing areas, all data involving quantities of assets were de-
flated by summed net direct acquisitions of loans and securities in an area.’
This correction for heteroscedasticity is difficult to defend theoretically;
therefore, results were also calculated without deflation for all active banks
in an area (those results are examined in the section on monetary policies).

To model the moves submitted by students, I started with the observable
information they possessed. Before submitting moves, a player could review
the immediately preceding and earlier balance sheets and interest rates (re-
ported in Tables 1, 2, and 3). Apparently, experience was a potentially im-
portant determinant of moves, for the data in Tables 4 and 5 exhibit pro-
nounced trends. Also, it is very likely that students’ understanding of the
simulations was changing over time.

I hypothesized that students attempted to maximize an increasing and pos-
sibly concave function of bank net income.? I assumed that they made predic-
tions about interest rates in the coming period using recently observed interest
rates and, possibly, changes in recently observed interest rates. Despite the
fact that markets were imperfect, I assumed that students viewed themselves
as interest-rate takers. If one further assumes that students had constant, ab-
solute risk-aversion (negative exponential) utility functions and that the distri-
bution of interest rates was normal, then, following Parkin (1970), asset de-
mands are linear functions of interest rates. As Parkin argued, an implication
of this formulation is that assets should have positive own interest rate elastic-
ities and negative cross interest rate elasticities.

In what follows, I reinterpreted Parkin’s linear model to apply to asset ac-
quisitions (moves) rather than asset levels. The estimated model has (deflated)
moves expressed as a linear function of time and the most recently observed
interest rates. This reinterpretation is straightforward for acquisitions of bills,
bonds, installment loans, and mortgage loans. With due allowance for varia-
tions in the utilization rate, the model is also appropriate for describing
changes in lines of credit. The model implies nothing about the interest rate at
which banks offer excess reserves. Nevertheless, for symmetry, this offering
rate is related to the same set of explanatory variables.

The data used in the model were for clearing areas; in each semester, 104
observations were available (thirteen clearing areas times eight periods). Spe-
cifically, the dependent variables were clearing-area asset acquisitions (in-
cluding lines of credit) expressed as a fraction of clearing-area direct asset ac-
quisitions and the mean interest rate at which excess reserves were offered.
Using ordinary least squares, I regressed the dependent variables on time and
five.asset.interest rates.. The bank demand functions were identified, because
they incorporate the last observed interest rates; the public demands for funds
were a function of market-clearing interest rates.

The results for each semester are presented in Table 8. Coefficients on own
interest rates always had positive signs and usually were several standard er-
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rors greater than zero. Cross-elasticities in asset demand functions were nega-
tive when averaged. In this and subsequent tables, an asterisk on a regression
coefficient implies that the null hypothesis was rejected at the .05 level in a
two-tailed test. Two asterisks on an F statistic imply that the null hypothesis
for the regression was rejected at the .01 level. With the exception of one
equation, consols in semester 1, the null hypothesis of no relation between
moves and time and recently observed interest rates was rejected (Table 8).
The model seemed to describe student moves with plausible signs and some
success.”

The model was more successful in describing the second-semester game.
Using the model was justifiable if the elasticity of students’ expectations
about future interest rates was about unity. If the model was actually used,
interest rate expectations were neither rational nor adaptive.'® Significant
trends in interest rates were apparent (see Table 4), and no learning was im-
plied by the specification in Table 8. The model’s apparent success also sug-
gests that students were risk averse.

EVIDENCE OF MONETARY POLICY EFFECTIVENESS
AND EXOGENOUS SHOCKS

I analyzed clearing-area interest rates and moves for evidence of policies by
central banks and traces of exogenous shocks. The teaching assistants who
controlled central banks were free to manipulate monetary policy instruments
in ways of their own choosing. They might have hinted at or announced their
intentions. In some cases, their moves were negated by software intervention
that was required to insure that bill and bond interest rates were uniform
across clearing areas. Monetary policies could have been potent in the bank
simulation, but generally they were not aggressively used.

Five central bank policy tools were assessed. Four could have had an imme-
diate impact and were examined by regressing contemporaneous clearing-area
interest rates on their settings. They are changes in central bank holdings of
bills or bonds (exclusive of capital gains), a central bank’s net purchase of
federal funds, and the interest rate at which a central bank offered federal
funds. Because central banks operate at the system level, each of these tools
was expressed as an average per-clearing-area move. The test was whether
central bank moves were detectable above other ‘‘noise’’ that affects clearing-
area rates.

The fifth variable was the extent to which banks in a clearing area had been
borrowing at the discount window in the immediately preceding period. If the
ratio of borrowing to deposits had been high in an area, banks were expected
to cut back on their asset acquisitions and to offer funds to rivals at a high in-
terest-rate.-Central-banks.could. force banks.arbitrarily far.into the discount
window by aggressively doing repurchase transactions. Banks could also put
themselves into the market by overacquiring assets in the preceding rounds.
The test of this fifth variable could not distinguish between policy initiatives
and moves by overly acquisitive banks.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«+69E°S «+101°E *++PET9 168°C «+190°9 «8LY'8 onel .
6T 191 8LT wsr £LT e 24
1] 650 ¥s0° L60° 690° 805" 438
(020°) (9209 (120°) (€r07) (0€0°) ()
«991° — «0L0° 010" — yEQ — 970" — x4 3kl JustfreIsUL
(¥90°) (#7207) (z20") (6£0") (8207 (€027

$$0° »580° — €0’ 610° pE0” oze” — el a8eduoN
(6907 (520°) (€20°) @) 0€0°) @rz)

ST $10° — 970" — #E5T° #E11° - iz el [osuo)
(s80°) (1£07) (6207 509 (L£0") (oLz)

L2440 0’ (A0 50— 810° (453 SEINq L
(8107 (900°) (900" (110" (800°) (950"
«810° 100° 900° €00° - *— #9651 — NVITR DO
(8007 (g007) (€007) (500°) #007) (920"

600" — *L00° +£10° «110° ~ «800° ~ +690° suny,
(90s) (981°) ((7A9) (o) . ®12) (o9'n)

€86° +L9€° 880° 98¢ — «[€6° 0LY'1 1dad1ajug

I J2isawag
saur suawreIsY] sageduopn sjosuo) S L ajel spunyg JUSdLI0D

SAJBY 3qBAISQQ 158 PUB SPUAL—SNOW JO SIsAEUY UossuTay

8 ATAVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



[ 4%
L
9er”

(8£0")
€50° —
8r07)
10
(80"
oL
(2L0’)
950°
©20")
L70° —
(600")
*0£0° —
(bss”)
YT —
Z 4915935

«208°TI
9tp*
180"

=+15°0C
65S°
174

)
syl

*L60°01




Before a game commenced, a series of additive shocks and associated ““sce-
nario’’ announcements were created. The shocks were embedded in the soft-
ware, and the announcements were delivered weekly, just before the shocks
occurred. The shocks and announcements are reported in Table 9. The an-
nouncements were intended to reveal the signs but not the magnitudes of
shocks. In this section, interest rates and moves are examined to see if numer-
ical shocks substantially remained in clearing-area interest rates and if moves
were affected by announcements. Students’ reports frequently indicated that
they considered the news bulletins before making a move; however, their
analyses of the contents were quite varied.

Interest rates in clearing areas were regressed on the number of active
banks, four variables measuring central bank policies, and three shock
variables (see Table 10). Interest rates were negatively related to the number
of competing banks. The third and fourth coefficient rows in each semester
in the table multiply the mean clearing-area increases in central bank port-
folios of bills and consols, each scaled by dividing by 100. The means dif-
fered in each time period across the three banking systems. Increases in the
amounts of bills and consols held by central banks are, plausibly, negatively
related to corresponding security interest rates; the coefficient estimate was
significantly different from zero in three of the four cases. In both semes-
ters, an increase in the number of central bank securities held was associated
with significantly higher interest rates for some other assets. This last result
seems paradoxical; I expected unannounced contemporaneous purchases of
securities to drive down security interest rates and to have no effect on other
rates. The interpretation is unclear, but one possibility is that central bank
transactions were partly conditioned by the news bulletins."

The fifth row of coefficients in Table 10 in each semester multiplies mean
clearing-area federal funds purchased by a central bank, divided by 100. 1
expected that purchases of funds would drive interest rates higher, especial-
ly if a central bank pursued the policy aggressively. With one exception, the
coefficients did not differ significantly from zero. The games were not dom-
inated by central bank policies! The sixth row of coefficients multiplies the
interest rate at which central banks were offering federal funds. Coeffi-
cients were frequently significantly different from zero, but were not easily
interpreted without additional information about how central banks were
setting this rate. The trend was up in all banking systems, and the patterns
of signs suggest that the coefficients were broadly capturing trends.

The effects of shocks on clearing-area interest rates were complex. First,
in five of six cases, a positive exogenous shock caused corresponding clear-
ing-area interest rates to be higher by a statistically significant amount. Sec-
ond, in three of the six cases, one could not reject the hypothesis that the
coefficient on a shock was unity; that finding suggests that banks did not
see the relation between the news bulletins and loan interest rates. In two
cases, the actual shocks were partially offset by system responses—the coef-
ficients were significantly less than unity. In the case of second-semester C
& I loans, shocks seemed to have been amplified by system responses.
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TABLE 9
News Announcements and Loan Demand Displacements

Round Announcement C&l Installments Mortgages
Semester 1

1 {None) .0 .0 0

2 A boom in private-sector 2 3 2
borrowing

3 Rising imports in anticipation of 0 .5 3
a collapsing dollar.

4 A wave of consumer bankrupt- A -.1 .0
cies is occurring.

5 Recession is developing as 2 -4 -2
consumer confidence wanes.

6 Dollar falls dramatically as 3 -.5 ~-.1
economy weakens.

7 Exports begin to rise, and 2 -2 -2
domestic economy
strengthens.

8 Government announces a new (1} -2 2
program to subsidize
construction.

9 Recovery accelerates with .1 1 2
stimulus from exports and
construction.

Semester 2

1 (None) 0 0 0

2 Recession looms because of .1 2 -2
continuing glut of imports.

3 Severe recession, with wave of -3 ~.5 -.3
household bankruptcies.

4 Government cuts taxes and 2 -2 -.1
sharply increases defense
spending.

5 Government eliminates subsidies 4 .0 -4
to housing industry—military
buildup continues.

6 A wave of corporate leveraged S5 -2 2
buyouts is occurring.

7 Government cuts poverty and 2 3 .1
welfare programs.

8 Imports again surge as govern- -2 .5 1
ment continues defense
buildup and dollar
appreciates.

9 Rising rate of manufacturing -.5 2 .1

bankruptcies as profits are
eroding with surging imports.

Reproduced with permission of the copyright owner.

Further reproduction prohibited without permission.



06€7) (({>4)] (€1€7) (1£2) (€£0'1)
414 «5S68° Lo1° oL1T°1 «O21'7— ¥ooys a8e8uo
(Loz) (0£2) (991°) (€z17) ((179) b
«C8S” €S0° (42 +L6E" — SPI°1 o0Ys JuAlUfeRISU
(0r?) rree) (e 0r7) (690D T
€ 120" — 3 91 $50° 0Ys
8+07) (€507 (6£07) (6207) (gz1°) |
990" — ST — oSET° ££0° 62€" — 2781 SULId;
o) (£50") (8507 (820" @219 s
€0’ — 910" — 600° ¥i0 — 960° 001 -
#20) 20" (6107 107 (+90°) 4
+00° 020° «190"— +0€0° 180" — 00f <+ S[OSUO) Ur 351U
(o) w0 (ve0°) (520" @) . _
L10’ £90° 900" — +L0T — 697 = SII u
(510" (L10°) (zio) (600 0 01T S
.nm_u - Y4 Gt #C60° — «LE0°— Y1 — PqUINN
19€°01 €16°01 86L°S 909°9 8€°11 BLERIETTY |
I 431501438
aleI JudWRISU] 9)e1 98edUON ajel JosuO)) AwIfq L AeIIND Jossa1gay

SHIOYS pus S3|qEHBA AJJJOJ U0 SIJBY ISAA)U] JO suojssIaY
0l A'TdVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



910Ul 10 96°] JO IN[BA AINJOSGE § PIEID0SSE UE SEYf 1t SYBIPULy "SISIYIUATEA UL AL SIUAINFJI0D JO SIOLID PIEPUEIS *IOYINE I} WO} SIGE[IEAE T SINISHEIS

L1 ”v

(@s17)
+L98°

Z 13159113




Third, securities rates were usually significantly affected by shocks, even
though there were no direct shocks in the equations that determined security
interest rates. The explanation for securities rates effects can be found in
adding-up constraints and/or central bank policies. The overall conclusion
is that news was an important determinant of market outcomes, even if
shocks were not accurately gauged.

Tables 11 and 12 report the effects of policy initiatives and shocks on
clearing-area moves. The dependent variables were the total orders by
banks in a clearing area, divided by the number of banks. The model speci-
fication corresponds to that considered in Table 8, but with no deflation.
Monetary policy is primarily concerned with magnitudes of credit flows,
not the proportions in which banks allocate total cash flows. The sign and
significance patterns in the first seven rows of coefficients in Tables 11 and
12 resemble those in Table 8; interpretations will not be repeated here.

Coefficients in row eight in Tables 11 and 12 refer to clearing-area dis-
count-window borrowings, as a percentage of deposits in the immediately
preceding period. Because the discount rate is known to exceed the interest
rates that banks can earn on other assets, banks have a strong incentive to
reduce asset acquisitions when overextended. One expects direct asset acqui-
sitions in a clearing area to be negatively related to the percentage of recent
overextension. Also, banks might attempt to gouge rivals by offering fed-
eral funds at a high interest rate when an area had been overextended. The
relation between decisions to extend lines of credit and discount-window
borrowing is ambiguous, because new lines of credit might afford tempo-
rary relief by bringing in compensating balances. Over the long run, extend-
ing lines of credit will worsen a bank’s need for funds by driving up the utili-
zation of lines of credit. In both semesters, those predictions were borne
out, although statistical significance was largely confined to the second se-
mester. Monetary policy can thus curb extensions of credit by forcing banks
into the discount window.

Coefficients in rows nine through eleven of Tables 11 and 12 describe the
relation between loan-market shocks and moves. A positive loan-market
shock was associated with a news announcement just before a move was
submitted that was designed to promote one or more of the loans as good
investment opportunities. If the signal was correctly decoded, there should
have been a positive relation between a shock and acquisitions of those
loans and a negative relation between the shock and acquisitions of securi-
ties and other loans. In both tables, the results present a mixed picture. In
ten of twelve cases, acquisitions of securities were negatively related to loan
shocks, and, in six cases, by statistically significant amounts. However, in
only one of eighteen cases in the two tables was a loan shock significantly
related to a loan acquisition variable. In four of six cases, a positive relation
existed between acquisitions and the sign of a loan shock. There was a
tendency to raise the rate at which funds were offered whenever a positive
shock was sustained, especially in the case of C & I loans. I concluded that
either the news announcements were noisy and inaccurately interpreted or
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that there were a large number of contrarian players. The news did cause
players to shift away from securities.

SUMMARY

In this article, I have analyzed imperfectly competitive markets in which
large numbers of very inexperienced players managed banks with varying
degrees of success. A majority of the students who wrote course evaluations
stated that they enjoyed playing and learned much from the simulation. I
have no independent way to evaluate its instructional value.

One can see that, after eight rounds of play, the banking system somewhat
resembled its real-world counterpart. Liquid assets such as bills, federal
funds, and possibly consols had interest rates that approximately equaled the
cost of deposit-based funds. Higher interest rates were associated with mort-
gage and installment loans. In the game, the public’s supply of such paper
was relatively inelastic (as in the real world). From an industry perspective,
but not that of an individual bank, rationing loans to these markets was prof-
it enhancing. I know of no mechanism that could account for rationing by
banks. Autonomous individual banks were not maximizing profits in those
markets. Banks were losing heavily in the C & I loan market. Moves to with-
draw lines of credit in late rounds were insufficient, and the overall system
was far from being in equilibrium. One immediately thinks of real-world
parallels in loans to developing countries and leveraged buyout deals.

Despite this disequilibrium condition, monetary policies and news shocks
did affect market outcomes and the moves players submitted in the bank
simulation. The magnitudes of central bank policy initiatives and shocks
were small relative to interest rate differentials among assets and across
clearing areas.

The students operating the banks seemed to act on the basis of observable
information and to extrapolate this information as if the elasticity of expec-
tations was about unity. However, they also learned over time, as indicated
in the narrowing of interest rate differentials in money market assets.

Learning is not adaptive. Instead, it seems to occur irregularly and dis-
continuously, through discovery that is only partially conditioned by the
noisy intervening data from games.

APPENDIX
Description of Economics 330 Bank Simulation Exercise, February 1989

The computer output before you describes the condition of your bank at the start
of this class exercise, and also the condition of all banks in the metropolitan clearing
house area.in which. it resides. The number of banks in the area is approximately the
number of students in your discussion session. The banks in your area vary in size
and have different portfolios. With the exception of the federal funds market, all
banks in your area face the same interest rates. Your TA plays the role of the Federal
Reserve in this exercise. She or he-may vary the discount rate, undertake open mar-
ket operations, ‘and intervene in/security markets topmaintain orderly conditions.
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Market interest rates and costs are also shown on your output; they will change over
time in response to local and systemwide forces of supply and demand. For purposes
of this exercise, you may assume that market interest rates and net after-tax rates of
return are identical.

The reserve requirement is 20 percent of deposits and must be held as cash and
equivalent. If your bank does not have sufficient cash assets to meet its reserve re-
quirement, the deficit must be borrowed in the federal funds market and, if neces-
sary, from the Federal Reserve discount window at a penalty rate. So long as your
discount-window borrowings are /ess than your bank’s capital in a period, the penal-
ty rate at the discount window is 10 percent. If you goof and your borrowings are
larger than your bank’s capital in a period, the penalty rate at the discount window is
20 percent. The computer will automatically take care of bookkeeping concerning
your federal funds market activity and discount-window borrowing according to this
rule and others that are stated below. The computer will always help you to minimize
costs when making up a reserve requirement deficit. In the future, the Federal Re-
serve may announce a different discount rate; if so, the penalty rate for borrowing
more than your bank’s capital is twice the announced rate.

The banks in your clearing area compete directly in two ways. First, an increase in
another bank’s deposits will cause deposits at your bank to fall slightly. A bank’s
deposits may increase voluntarily as a result of some random shock or intentionally
as it acquires compensating balances.

Second, all banks in your area make interest rate offers at which they would be
willing to sell federal funds, in the event that they have excess cash, to banks with re-
serve deficits. The computer sums the deficits of all banks with reserve deficits in
your clearing area and clears the federal funds market within your area by selling alt
available excess funds for banks at their indicated offering rates until either (1) the
summed deficit is extinguished or (2) all excess cash has been distributed. The com-
puter sells available excess cash according to bank interest rate offers, so that excess
funds at the bank with the lowest interest rate offer are sold first, etc. In the event
that two banks with excess cash make identical offers, the computer sells funds of
the largest bank first. If available excess cash exceeds the summed deficit of deficit
banks, banks with excess cash that submit high interest rate offers will end up hold-
ing idle excess reserves that earn no interest. If, on the other hand, available excess
cash at all banks in the area is less than the summed deficit, all offers to sell will be
accepted and the computer will draw down the difference from the discount window
as explained above. All deficit banks borrow federal funds at a common rate of in-
terest that is a weighted average of interest rate offers by banks with excess funds. If
the discount window is activated for your area, all deficit banks borrow funds from
the federal funds market and the discount window in the same proportion.

The Federal Reserve participates in each clearing area’s federal funds market. Its
position can be inferred from the difference between a clearing area’s federal funds
purchased and federal funds sold. For example, if your clearing area has federal
funds purchased exceeding federal funds sold, the Federal Reserve was selling the
difference in your area. It may have been doing this passively in an attempt to main-
tain orderly security markets or actively in an attempt to influence banking system
behavior. You must examine the Fed’s position in all of its clearing areas to deter-
mine whether it is actively attempting to influence the banking system.

Each bank has a fixed number of shares of common stock outstanding. The num-
ber of shares is roughly proportional to year one bank size. If a bank is profitable
and if its net worth exceeds 5 percent of its deposits, the bank is presumed to pay a
dividend to stockholders. When these two conditions are satisfied, the computer au-
tomatically pays out 50 percent of your net operating income to stockholders and a
message will appear on your output that reports the dollar amount of dividends paid
per share. You may find it instructive to compare dividends paid per share by differ-
ent banks in your clearing area. If a dividend is paid, the remaining 50 percent of a
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bank’s net operating income is retained and added to its net worth. If no dividend is
paid, a message to that effect appears and a/l net operating income is retained and
added to a bank’s net worth.

Your goal in this exercise is to maximize the well-being of your stockholders in
each of a number of periods by manipulating six variables, or *“‘controls,’’ that are at
your disposal. Specifically:

1. You may buy treasury bills that have a maturity of one period.

2. You may buy or sell treasury consols. A 1 percent brokerage fee is assessed for
either sort of transaction. If the interest rate on consols that you own falls, the com-
puter automatically credits the unrealized capital gain to both your securities account
and your capital account. If the consol interest rate rises, the unrealized capital loss
will be similarly deducted from these two accounts. In either event, a statement con-
cerning the amount. of such gain or loss will appear on your computer output—di-
rectly under the statement concerning operating income.

3. You may acquire mortgage loans that have a four-year maturity. You earn in-
terest every year from these, but they are not amortized or paid off until the end of
four years. Once you have bought a mortgage loan, its interest rate doesn’t change.
You may not sell mortgage loans.

4, You may acquire consumer installment loans that have a three-year maturity
and that are partially amortized or paid off at the end of each period. Thus a $1.00
installment loan shrinks to a $0.67 installment loan after one period and further
shrinks to a $0.33 installment loan after two periods. Again, once you have bought
an installment loan, its interest rate doesn’t change. You may not sell installment
loans.

5. You may acquire or dispose of lines of credit. You automatically obtain com-
pensating balances in the amount of 20 percent of your outstanding lines. If you
choose to dispose of lines of credit, however, you will be assessed a penalty in the
amount of 0.50 percent of the dollar value of the decrease because you will effective-
ly have suffered a loss of customer good will. Lines of credit must be positive if you
are to make any commercial and industrial loans. If your bank has lines of credit,
each period it receives income from commitment fees that is equal to 0.15 percent of
outstanding lines of credit. Your bank’s utilization rate is given by the ratio of your
bank’s commercial and industrial loans to its lines of credit. Thus, if you had lines of
credit of 1,000 and commercial and industrial loans of 250, your utilization rate is 25
percent. The utilization rate is a random variable. The expected utilization rate of
your lines of credit is an increasing function of the ratio of your lines of credit to
your demand deposits, and a decreasing function of the ratio of the interest rate on
commercial and industrial loans to a simple average of the interest rates on other
loans and securities that your bank could hold. If you have lines of credit outstand-
ing that are equal to your demand deposits, with the initial set of interest rates you
could expect the utilization rate to be about 20 percent.

6. You must provide an interest rate at which you would be willing to sell federal
funds if you have excess cash. This interest rate must be less than the Federal Re-
serve’s penalty discount rate, but can be arbitrarily close to the announced rate. If
you attempt to put in an offer at or above the Fed’s discount rate or fail to provide a
rate, the computer will provide you with an assigned rate of 0 percent, which implies
that you desire to give away all of your excess cash for one period.

Your task is complicated because you do not know

1. the fraction of your lines of credit that will be in use,

2. what your deposits will be in the current or future periods,
3. what the Federal Reserve or your competitors are doing, and
4, what current or future interest rates will be.
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To submit moves and to observe information about recent activity in the dozen or
so clearing areas that exist in this exercise, you must make use of the microcomputer
laboratory in room 3218 Social Science. Information about the preceding week’s ac-
tivity may be obtained and moves for the current week submitted after 9:00 A.M. on
Monday and before 5:00 p.M. on Friday of each week during hours when the micro-
computer lab is open. A teaching assistant will be available in the laboratory between
3:00 and 5:00 P.M. on Wednesday, Thursday, and Friday of each week. Students par-
ticipating in the bank simulation experiment will have priority on a set of eight PCs
during these six hours. If you have a problem submitting moves or getting results,
report the problem and all essential information to the TA on duty during these
hours. If you submit moves at other times within the permitted five-day interval, you
are on your own. Moves can be submitted from any PC in the microcomputer lab.
You must submit moves every week to benefit fully from this exercise.

The software that permits you to participate is designed to be user friendly; it con-
tains many messages or ‘“‘prompts.”’ It has been carefully tested but is not fail safe.
Therefore, it is very important that you keep a written record of the moves you sub-
mit in a safe location. The output before you has spaces on the right to record the
moves you plan to submit. Use them! The blanks on the left are for a related futures
market exercise that commences in about three weeks. Ignore them until that experi-
ment begins.

To avoid misunderstanding, each bank may submit only one set of moves each
week. If you try to submit a second set of moves or to revise a set you have submitted
in a week, you will be rebuffed by the software. Therefore, it is important to plan your
moves carefully and to key them in accurately. You may abandon or abort a submis-
sion at any time before a statement that ‘“‘your moves have been recorded’’ appears on
a screen. Simply type an ‘A’ and then hit the enter key (hereafter <enter>) to ter-
minate a submission. If you abort a submission, you may resubmit later that same
week without penalty. You may inspect recent results as often as you like.

The software is designed to help you avoid disastrous typing errors, but allows you
plenty of chances to succeed and/or fail. For example, it will not allow you to buy
bills or bonds in amounts that exceed 50 percent of your previous level of deposits. It
will permit only moves defined to be legal in this handout.

During the week before the exercise begins, i.e., before 5 P.M. on Friday, February
24, you may practice submitting moves. Your practice moves will be discarded. TAs
will be available to answer your questions that week in the microcomputer lab from
3:00 p.M. to 5:00 .M. on Wednesday, Thursday, and Friday.

The process for submitting moves is quite simple. Enter Room 3218, follow in-
structions for 330 students posted inside, and find a free PC. If it is off, turn it on,
and let it warm up. Eventually by following a series of prompts, you will reach a
menu of instructional applications. Type MONITOR and then <enter>. If it is on,
hit <enter>, and then type MONITOR, and hit <enter>. This activates software
for this course. To transmit information, you must type in the information and then
<enter>. For example, when you are asked ‘‘in which course do you game?’’ type
330 and <enter>. Then type in your ten-digit UW ID number, and supply other in-
formation in response to prompts. At the beginning of the next week, your TA will
return printed output to all individuals who submitted moves, which begins a new
round. It is a good idea to submit moves before Friday, to avoid last-minute conges-
tion. A news bulletin about the banking system will be given each week in class on
Monday; you should hear it before submitting moves.

This exercise is a model of a banking system, and, as such, it is a gross simplifica-
tion of the real animal. Nevertheless, it has important real-world counterparts and
should be taken seriously. For example, utilization rates and monetary policy moves
by the Federal Reserve involve lagged and current effects in this system and in the
real world. Deposits fluctuate in part because of the presence or absence of banks in
your system. They also fluctuate because of random shocks, moves by your competi-
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tors, and moves by the Fed. It is in the interest of everybody to submit moves every
period to reduce deposit instability. Of course, your own bank makes no profits
when it’s not active!

Interest rates reflect forces of supply and demand both in your local clearing area
and in the system of banks for which your TA is responsible. Each area may have
distinctive local features, but in all cases, large increases in system (including the Fed-
eral Reserve) demand for some variety of asset will drive the associated interest rate
down. You may be able to predict how demands for the different assets are changing
by carefully analyzing data and statements by other bankers, the Fed, and others.
You are encouraged to discuss and compare your policies with others in your discus-
sion section. Remember, a good part of the business of banking is to collect and
process information, including that generated by your rivals. Information on interest
rates and aggregate balance sheets for all clearing areas in the most recent week can
be viewed and copied onto paper if you have a printer turned on. (Ask a TA for help
during the specified hours if you need assistance connecting a printer.) You are, of
course, solely responsible for guiding your bank. You will need to critically evaluate
your moves in the paper describing this project. You will be successful if you care-
fully plan your moves and keep notes indicating the reasons for your behavior.

In this game, you don’t have to be profitable to get a good grade. You just have to
be able to show—in good English—that you understand bank management well
enough to deserve reappointment by a board of directors.

TECHNICAL APPENDIX

Utilization rate. As explained above, the utilization rate is a random variable with
a substantial standard deviation. Even if you hold lines of credit equal to demand de-
posits, you may reasonably observe lines of credit utilization rates varying between
.15 and .25. The equilibrium relationship mentioned in the text implies very roughly
that shown in Figure Al. The solid line obtains when the interest rate on commercial
and industrial loans equals a simple average of rates on other loans and securities.
The dashed line indicates the relation when the interest rate on commercial and in-
dustrial loans is lower than this simple average.

Net income. This is the summation of assets times their corresponding interest
rates minus the summation of liabilities times their corresponding interest rates less
brokerage charges and penalties, plus commitment fees.

Available cash. At the start of each round, you will have the following resources
available to invest: Bills + 0.8 expected change in deposits + amortization of install-
ment and mortgage loans + excess reserves + federal funds sold + federal funds
purchased + discount window borrowings — expected change in commercial and in-
dustrial loans + net income — dividends + proceeds from any bond sales that you
make in that round.

Capital account. The following equation defines the relation between income and
capital on your sheets: Net worth, = net worth,.; + net income,., + capital gains,
— dividends,.,.

Short sales. 1t is possible that an announcement will be made that banks are al-
lowed to hold a negative (short) position in consols, because of deregulation. If so
permitted, your bank, in effect, would have the opportunity to borrow a limited
amount of funds at the consol interest rate. A bank would never be allowed to sell so
many _consols short in any period that its resulting short position exceeded twice the
bank’s net worth. However, if a bank’s net worth falls because of losses, outstanding
short positions may exceed twice a bank’s net worth. Capital gains and losses can be
sustained from a short position in consols. For obvious reasons, a bank cannot have
both a long and a short position.

Adjustment costs on consumer;loans. Because of staffing requirements, a penalty
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FIGURE A1l
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is assessed if the number of installment loans made in a period differs from the un-
amortized amount that your bank carries over into the following period. The penalty
is 1.5 percent times the absolute value of the difference.

NOTES

The software underlying these experiments is described in Hester (1987). In 1988, micro-
computer hardware and software became available at the University of Wisconsin that
allowed the system to be operated on a network and facilitated analysis of data from simu-
lation experiments. Thanks are due to Al Schubert at Wisconsin for extensive guidance in
software design.

2. The bank simulation experiments have an associated futures market for mortgage loan
contracts. It is an integral part of the overall instructional simulations, but, at the request
of the editor, I have excluded all discussion of it in this article. It is described in Hester
(1989).

Costs were assumed to rise slowly over time for two technical reasons. First, some students
dropped the class over the course of a semester. When they left the game, the number of
competitors dropped, and it got easier to make a profit. Second, banks retained at least 50
percent of their profits. These retained earnings were a zero-cost source of funds and led to
rapid growth in bank profitability. The trend in deposit costs was designed to keep the
game challenging.

4. Students were not told about the need to adjust deposit costs for reserve requirements
when calculating the cost of funds, and very few reports mentioned this adjustment.

If a player failed to submit moves, the bank’s portfolio was frozen. When moves were
again submitted, the bank was restored with its stated variables unchanged. After the
game was under way, it was rare for the number of banks in a clearing area to vary by
more than three from week to week. There was very slight attrition of banks over the eight
rounds that the game was played.

6. The sample of 117 observations included the initial round, which had no player input. The
same pattern of significance was obtained in each semester when the initial round observa-
tions were excluded. The median number of banks in a clearing area was 16 at the end of a
semester.

Specifically, the deflator was the sum of new orders for bills, consals, installment loans,
and mortgage loans in a clearing area.

Before starting the simulation, students were exposed to the notion of mean/variance effi-
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cient portfolios in a textbook (Simpson 1987, chap. 7). During lectures, they also were ex-
posed to a variation of Edgeworth’s 1888 model of a bank.
9. The model is not perfect, however, because, as Parkin explains, the ith rate coefficient in
the jth equation should equal the jth rate coefficient in the ith equation. This symmetry
condition appears to be violated, although given the reinterpretation of the model such a
violation might reasonably occur. I have not bothered to test the hypothesis of symmetry
formally.
In Hester (1989), variations of this model were considered and rejected using these data. In
one variation, students were assumed to have rational expectations. In this variation, mar-
ket-clearing interest rates rather than the most recently observed rates were used as argu-
ments in the demand functions. Own rate elasticities were typically nonpositive, and the
model was rejected. The reason for the model’s failure was that equations were not identi-
fied, a common weakness of rational expectations models in which identifying restrictions
are absent. In a second variation, the model was estimated using both recently observed in-
terest rates and observable recent changes in these rates. This was an attempt to isolate
adaptive expectations about interest rates. The estimated model did not lead to significant
improvements in the description of clearing-area moves and was rejected.
11. It is notoriously difficult to disentangle policy initiatives and shocks in financial markets,
as has been argued by Goldfeld and Blinder (1972). The difficuity carries over to simulated
markets!

10.
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