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ABSTRACT

This dissertation explores on-the-job leisure choice in individual labor supply
environments and in work teams. The individual static labor supply theory implies that
income-compensated wage increases will increase hours of work—positive substitution
effects on work hours. While positive substitution effects are the testable implication of
the theory, numerous empirical studies estimate negative substitution effects and
therefore question the empirically validity of that model. I present a framework for the
individual labor supply decision that theoretically explains negative substitution effects
as the resuh of substituting on- and off-the-job leisure. An experimental environment in
which subjects perform a task for piece-rate wages provides the data to test this theory.
When on- and off-the-job leisure are choice variables, the results show that average
substitution effects on hours worked are positive (implying that the classical theory is
robust with respect to the assumption of no on-the-job leisure) but that some individuals
display negative substitution effects.

This provides evidence consistent with the

substitution of on- and off-the-job leisure. When only on-the-job leisure is a choice
variable, the data support another theoretical extension which predicts positive
substitution effects on work effort. The results have implications for employers who
might try to induce more work effort (less on-the-job leisure) through incomecompensated wage increases.
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Work team decisions are also examined in the context of the voluntary
contributions mechanism for public goods provision. Expected utility theory predicts
that free-riding will dominate more efficient social incentives, and that uncertainty with
respect to the provision of the public good will cause even more free-riding.

An

experimental environment confirms the existence of free-riding in this "uncertainty"
environment, but results are mixed as to whether the free-riding is worse than in
situations without the uncertainty.
increases in group contributions,

When the probability of public goods provision
higher marginal incentives promote higher

contributions. These results have implications for work team managers. If uncertainty
lowers contributions, compensation based on effort instead of outcomes may raise
effort. However, since higher contribution levels raise marginal incentives, any way in
which a team manager could raise effort would be beneficial since it would promote
high future effort.

1. INTRODUCTION

Labor and leisure choices have been the focus of many theoretical and empirical
efforts by economists. Fundamental to such research is the definition of leisure and,
correspondingly, work effort. In individual work settings, leisure is defined as time
spent away fi'om work. This does not allow for on-the-job leisure, which is clearly a
possibility. In group work settings in which individual remuneration is tied to group
performance, such on-the-job leisure may take the form of the type of fi-ee-riding
behavior found when one elicits voluntary contributions to provide a public good. This
dissertation examines these issues in two studies. The first study examines how on-thejob leisure may alter labor supply behavior. A second line of research studies how fi-eeriding may be affected by the uncertainty that exists in work team settings which parallel
other public goods environments.

1.1 Individual Labor Choices

The decision of how much labor to supply is a key one in any work environment
fi-om the standpoint of the employee. The common existence of many on-the-job leisure
possibilities is a factor not considered in the classical analysis of the labor supply
decision. The classical approach defines leisure as time not spent at the workplace.
Therefore, in this approach time is either spent "at work" or not at work. Only time not
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spent at work is defined as leisure time. The testable implication that comes out of this
classical approach to the labor supply decision is that an income-compensated wage
(decrease) will increase (decrease) hours spent at work. Consequently, compensated
wage changes have the opposite effect on leisure time and hours or work.
Home production and on-the-job leisure are two issues not dealt with in the
classical approach. Becker (1965) develops a complete theory of the allocation of time
which renders the terms "work" and "leisure" obsolete.

In Becker's treatment,

production can be either goods intensive or time intensive and his theory therefore
allows for both work at home and/or leisure at work. This theoretical advance is an
important one, but empirical studies still seek to gain a fundamental understanding of
more classically defined behavior. While I do not address the issue of home production,
(i.e., work outside of the formal work environment), I am able to study experimentally
on-the-job leisure in a simple laboratory setting (an environment that is much more
controlled than that of a field experiment). Of particular interest is noting how such onthe-job leisure interacts with the off-the-job leisure that is also available in this specific
institution. Lewis (1957) recognizes that leisure is not homogeneous and that most
individuals prefer "at home" leisure to "at work" leisure. In this dissertation I also
contribute to the literature by extending the classical theory of the labor-leisure choice
to allow for the interaction of these two simply-defined types of leisure.
An additional feature of almost any workplace is the combination of wages and
fiinge benefits (or nonwage compensation) that an employee receives. It has long been
recognized that nonpecuniary job characteristics do indeed matter to workers, and from
the employer's point of view a choice can be made as to how much of an employee's
compensation is directly tied to his/her work effort as compared to that portion which is
independent of work effort. Any change in a given combination of wages and nonwage
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benefits, even though theoretically allowing the employee to enjoy the same level of

total compensation, may drastically alter his/her choice of work hours or on-the-job
work effort. There does exist some experimental evidence of two types—field and
laboratory—that examine some of the classical labor supply issues.
A series of field experiments generally known as the Negative Income Tax (NIT)
experiments were conducted fi-om

1968-1982.

A detailed discussion of these

experiments can be found in Robins (1985). The purpose of these experiments was to
examine the labor supply effects of guaranteed income payments of different sizes.
While substitution and income effect results are generally in accord with the classical
theory, the results are sensitive to different data estimating methodologies and the NIT
experiments "boast" an overall cost (subject payments, administrative, and data analysis
costs) of roughly $224 million (1984 dollars).
Other than these field experiments, laboratory experiments on the labor-leisure
decision involve both smaller-scale laboratory experiments with humans or nonhumans
as subjects and larger-scale planned economies.

Nonhuman labor supply studies

typically involving rats and pigeons (e.g. Battalio, Green, and Kagel (1981)) find that
labor supply behavior is consistent with the classical theory when these animals must
work for food or liquid reinforcement. In terms of larger scale experimental studies,
Battalio, Kagel, and Reynolds (1977) discuss the results from two planned economies
called the Cannabis economy and the Central Islip economy. These experiments were
conducted with regular marijuana users and female mental patients, respectively. In the
Caimabis economy, Battalio et al. find that income distributions are created similar to
those found in the naturally occurring economy as subjects earn money by making belts.
In the Central Islip economy, labor supply behavior of performing cleaning tasks for
tokens (that were exchangeable for valued items at the hospital's store) shows a
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response to wage changes that varies depending on the income level of the subject. For
all that these studies have done to further our knowledge of labor supply behavior, the
important point to draw out is that in none of these previous studies is there a controlled
examination of the effects of a wage change on both on- and off-the-job leisure.

1.2 Group Labor Decisions

"TEAMS RULE, according to U.S. manufacturers" reports Paulette Thomas of
the Wall Street Journal (WSJ, May 1996). "Two-thirds of 1,811 employers surveyed
nationwide reported using formal teams..." (WSJ, Nov. 1995). Such headlines have
become commonplace in major U.S. newspapers. This rise in the use of the formal
work team in the U.S. draws our attention to the importance of group decisions as well
as individual decisions in the work place.
The introduction of work teams and group incentives on the job has altered the
decision-making environment for each individual worker. Once individual decisions
become nested in a group environment, the number of possible strategies increases
greatly and the decision world in which laborers live is drastically complicated. Many
existing small group decision-making studies are found in the context of the provision of
public goods. In providing a public good through voluntary contributions, a certain
level of cooperation is necessary in order to achieve the level of contributions needed to
provide the public good. Nevertheless, there always exists an incentive to reap the
benefits of others' efforts—what economists call free-riding.
What do these group decision environments have in common with the individual
labor-leisure choice? Work teams are nothing more than a small group decision-making
unit. One can think of the formal work team found at an autoplant, for example, or the
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team organization of many professional sports. As we will see, we can think of a work
team member's contribution (in terms of their effort levels) towards achieving the group
goal as analogous to an individual's contributions towards the provision of a public
good. It takes contributions of effort to make a work team fiinction successfully and
when any member of the work team attempts to free-ride, it is manifested through low
levels of contributions. Viewed in this light, low contributions in an experimental study
of how people voluntarily contribute towards the provision of a public good are parallel
to the enjoyment of more leisure at others' expense because free-riding on the group's
effort is a way of increasing private satisfaction by enjoying more leisure.
Ledyard (1995) provides a comprehensive survey of public goods experiments in
which the voluntary contributions mechanism is used. The current literature is, in large
part, devoted to finding out what promotes contributions when individual free-riding
incentives exist. Nonetheless, the literature has missed a key element in many group
decision making environments—uncertainty in the provision of the public good. I will
extend the literature here by studying the voluntary contributions mechanism for the
provision of public goods when the provision of the public good is uncertain (even when
everyone contributes towards its provision).

Such an environment is the one

encountered in some work team compensation plans. Specifically, when compensation
is tied to results but results are imperfectly correlated with effort levels we have a
situation of uncertain public goods provision.
The remainder of this dissertation is broadly organized as follows. Chapter 2
surveys the literature of experimental studies of the labor-leisure choice. In addition, I
present three theories of the labor-leisure choice that I will empirically test through
laboratory experimentation. The classical labor-leisure choice is extended in theory to
allow for the possibility that individuals not only enjoy leisure by being physically absent
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from the workplace but also by "goofing off', or working less intensely on the job. The
realistic existence of home production is not considered, although its empirical
implications are considered.

An additional extension of the theory examines the

environment in which a worker cannot choose how long to stay at work each day (this
is chosen for them; i.e., 9-5 daily), but rather chooses all of his/her leisure through
work intensity choices.
Chapter 3 presents an experimental study of individual labor-leisure choice. This
study tests the performance of each of the three theories presented in chapter 2. The
experiment is actually two different experimental designs created to allow for two
possibilities. The first design allows only for the possibility of on-the-job leisure while
the second design allows for the possibility of both on- and off-the-job leisure.
Chapter 4 gives the reader a brief outline of the growth of the work team
phenomenon in U.S. corporations.

Both the benefits and costs of work teams are

highlighted by surveying current news publications.

Additionally, some specific

examples of corporations using work teams or groups are introduced to give the reader
a feel for the issues involved in such work environments. While this chapter provides
motivation in a manner that is much broader than the subsequent experimental study, it
reveals the clear need for the extension of existing experimental evidence and the need
to model individual-level behavior in these group decision environments. The relevant
literature on the voluntary contributions mechanism for the provision of public goods is
then presented. Existing experimental studies are fairly thorough in their examination of
how numerous items of interest (e.g., size of group, ability to communicate, symmetry
of payoffs and/or information, etc.) affect individuals' tendency to contribute voluntarily
towards providing a pure public good.
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Chapter 5 is an experimental examination of the voluntary contributions
mechanism for the provision of public goods. What is unique in my treatment of the
problem is the introduction of an uncertain provision of the public good into a voluntary
contributions mechanism experimental design. If we again focus on work teams and
group goals, one can easily envision how nonzero effort levels from members of a work
team, by mere chance, may or may not result in the achievement of their group goal. Of
course, not achieving the group goal for a work team translates into a zero group payoff
or no provision of the public good. Chapter 6 then summarizes the findings in this
dissertation and offers concluding remarks on these areas of study.
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2. THE LABOR-LEISURE LITERATURE AND LABOR SUPPLY
THEORIES

2.1 Introduction

On-the-job work intensity and labor-leisure decisions are central issues in the
workplace.

Economists are interested in examining how different combinations of

wages and fringe benefits alter workers' decisions about the quantity of labor they
supply and their work intensity on the job. Previous field studies, planned economies,
and laboratory animal studies have looked at the absolute quantity of labor supplied but
there has been no careful study of how hard people work on the job. In a typical study,
leisure is considered to be time off from work. Given that many people have little if any
choice of when they may go home on a given work day, a burning question arises; "how
do individuals behave in their on-the-job work effort?"' It is sensible to consider that a
lower work effort or intensity corresponds to a higher level of leisure enjoyed on the
job. Leisure choices are more restricted on the job, however, which makes a lower
work intensity an imperfect substitute for fewer hours of work.

• Notable exceptions that do discuss work intensit\- include Robbins (1930). Pencavel (1977). and the
somewhat less niicroeconomic theoretical environment of efficient- wage models (sur\ e\ ed in Yellen
(1984)).

2.2 Previous studies of the labor-leisure decision

Several field experiments on the labor supply decision during various income
maintenance programs were conducted from 1968-1982 (generally referred to as the
negative income tax (NIT) experiments). The reader interested in a detailed discussion
of field experiments of labor supply and their statistical analysis is directed to Robins
(1985), Moffitt and Kenhrer (1981), and Spiegelman and Yaeger (1980). Results of the
NIT experiments include; an unambiguous decrease in labor supplied as a result of the
NIT treatment in which subjects were given various sizes of guaranteed income
payments greater than zero; estimated substitution effects on annual hours of work were
generally positive (consistent with the classical theory—see section 2) with estimated
compensated wage elasticities being highest for wives, lowest for male heads of
households, and in between for female heads of households; leisure was estimated to be
an inferior good for some while a normal good for others. In addition, most wage rates
studied produced labor supply curves that are upward sloping for lower wages and
downward sloping for higher wages (the backward bending labor supply curve). While
these experiments have a clear advantage in their parallelism with the real world, varying
data estimation methodologies can produce radically different estimates.-

' The other ob\ious drawback is their cost. E.xpendilure on the 4 NIT e.\periments were roughly S224
million (1984 dollars) with S63 million used for direct subject payments.
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Other than these field experiments, laboratory experiments on the labor-leisure
decision involve both smaller-scale laboratory experiments with humans or nonhumans
as subjects and larger-scale planned economies.

Other studies exist that focus on

tangentially related labor topics, but these are not central to the research question at
hand.^
Two planned economies of interest are the Cannabis economy at the Addiction
Research Foundation in Ontario and the Central Islip economy at the Central Islip state
hospital in New York. These experiments were conducted with regular marijuana users
and female mental patients, respectively, as subjects (Battalio, Kagel, and Reynolds,
1977). Important elements in these experimental designs are the performability of the
tasks for the subjects and the piece rate wages.^

In the Cannabis economy, using

habitual marijuana users as subjects, varying abilities to perform the required job task
produced income distributions similar to those occurring in national economies.' The
Central Islip economy, consisting of female mental hospital patients, did not mandate a

'Cox and Oaxaca test sequential search theor>- in a series of papers (1989, 1992, and 1993). This
addresses the question of deciding whether or not to supply labor at all. They develop a search model
with certain testable implications for the purpose of scrutinizing their theor>- in a controlled laborator\setting. Indi\iduals face a known distribution of wage offers in each period. The\- must choose
between accepting a given offer (not every period generates an offer) or waiting for a better offer to be
drawn. Even to the authors' surprise, the search model holds up quite well, and the observations are
repeatedly consistent with the predictions of the risk averse model (a smaller number of the
observations involved subjects terminating search exactly when the theory- prediaed). These
e.\periments represent one of the instances where indi\idual choice theory- survives laboratoryexperimentation rather impressively.
•"Performability of a labor task for the subject in a labor-leisure experiment is noted for its importance in
e.xperiments using both human and non humans as subjects (see Battalio. Green, and Kagel, 1981).
^For a more detailed discussion of these two e.xperimental economies, the reader is directed to Battalio,
Kagel, and Rey-nolds (1977).
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minimum or maximum amount of work for the subjects and there was no quality control
of their work (unlike the Cannabis economy). Wages were changed in the Central Islip
economy and higher wages increased the labor supplied for those in the upper half of
the experiment's income distribution while lowering the labor supplied for those in the
lower half
Meisch and Thompson (1972, 1973) study labor supply of male laboratory rats
with ethanol solutions as payment. Collier and Jennings (1969) and Collier, Hirsch, and
Hamlin (1972) use a sucrose solution as the reinforcer for their experiments with
laboratory rats. Common results in all these experiments are a backward bending labor
supply schedule and an inverse relationship between the effort price of income and the
demand for income.®
A similar type of study by Bigelow and Liebson (1972) uses the ethanol
reinforcements on human subjects. Two male, skid row, chronic alcoholic volunteers
were housed and given the opportunity to earn alcohol in return for operating a lever
Resuhs replicated those achieved with nonhuman subjects in that substantially less labor
was supplied at the lower wage rates. Generally speaking, it is not advisable to use as a

° There may be a well-founded concern with using foods and liquids as pajinents is laboratory animal
experiments. Satiation in the reward medium may occxir with highly concentrated liquids (Collier and
Jeimings reward one group of rats with a 64% sucrose solution), and food deprived rats (Meisch and
Thompson, 1973) may choose an ethanol solution for its caloric content. In their defense, Meisch and
Thompson (1972) reports upon a previously conducted study that produced similar results with
nondeprived subjects.

reward medium that to which the subject has a biological addiction.

Satiation is a

possibility that could have serious effects on the subjects."
Perhaps the most valuable laboratory contributions to date are Battalio, Kagel et
al. (1981), and Battalio, Green, and Kagel (1981). This research program tests a
classical labor-leisure model using pigeons as subjects and their summarized results
include: leisure is a normal good at all points in the choice space, Slutsky-substitution
effects are positive for exactly compensated wage decreases, and a backward bending
labor supply curve is observed at higher wages. These results, together with all of the
other existing experimental results obtained using nonhuman subjects, brings to the
forefront the question of whether or not such results are the product of utility
maximization by the pigeons or rats. This is a valid question since the use of nonhuman
subjects is sometimes the object of critique of these studies. Nevertheless, these studies
provide us with majority of the highly controlled experimentation on the labor-leisure
choice.'
Arguments against explicit utility maximization attempt to explain how a
negatively sloped demand curve for a normal good may result in such experiments.
Becker (1962) presents an irrational choice model which states that a downward sloping
demand curve may result from random behavior. Staddon (1979) and Hermstein (1970)

"This possibilit}' is addressed in Bigelow and Liebson (1972). The two subjects were allowed a
maximum of 3 drinks per hour and 24 drinks per day during the experiment.
'Many practical considerations can also be noted. Nonhuman subjects allow conducting experiments
using treatments that would be unacceptable on human subjects (both ethically and legally).
Experimental noise can be reduced to a minimum with the resulting greater lev el of control.
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put forth other arguments. Staddon notes that some psychologists and biologists view
behavior as directed toward reaching a preferred bundle of goods. Attempts are then
merely made to minimize deviations from this bundle based on given constraints.
Hermstein proposes a "matching law [which]...is a biologically-based rule that
maximizes reinforcement rates in situations commonly encountered in nature, but is
likely to resuh in sub optimal behavior in less common situations." (1970).' These
arguments, however, do not predict behavior as well as the utility maximization model
does in commodity choice and labor supply experiments.'"
Are lab animals behaving blindly as creatures of habit? This is quite distinct
from

a

"rational" decision-maker

who,

before

acting,

presumably previews

consequences of different actions in his imagination." These animals are behaviorally
simpler than humans, yet results faithfully support the testable implication that Slutsky-

' The "matching" refers lo the subjects' matching of the proportion of responses inversely to the
proportion of reinforcements. This seemingly logical argument is inconsistent with results from gifFen
good experiments conducted by Battalio, Kagel, and Kogut (1991). Results of these experiments show
that it is possible to find goods for which the proportion of responses (the price) is positively related to
the proportion of reinforcements (the good).
-•E.xperimental support for this can be found in Battalio. Dwyer. and Kagel (1987). The authors use
commoditj- choice experiments and labor supply experiments using rats and pigeons, respectively, to
test the representative consumer hypothesis against random behavior theory, minimum distance to a
preferred point theory, the generalized minimum-needs hypothesis, and the matching law theory of
psychologists. The authors find the results to be most consistent with the weak form of the
representative consumer hypothesis that does not allow for aggregation across individual consumers.
However, they cannot reject the generalized minimum-needs hypothesis even though estimated
parameter values differ significantly across subjects.
"Ultimately, the question is of behavior when both humans and nonhumans behave according to habit
(Lea. 1987).

compensated substitution eflfects are negative (Battalio and Kagel et al. 1981).'- A strict
interpretation of economics as the study of the allocation of scarce resources under
competing uses leads us to accept previous works as instructive for economics.
Nevertheless, one must be careful not to extrapolate too eagerly. After all, "rats are not
simplified people; they show rat behavior, not simplified human behavior..." (Green and
Kagel, 1987). In short, we should seek to complement what has already been shown in
rat and pigeon behavior with similarly fashioned experiments on human subjects in order
to more confidently advance our knowledge in this area.

2.3 Theories on the Labor-Leisure Choice

While an incredible number of theoretical papers have examined the labor-leisure
choice, I will focus on a few simple theories.

Classically, the labor-leisure choice

consists of dividing one's daily disposable hours into either labor or leisure. Home
production is not considered and on-the-job leisure is not a possibility either.

An

experimental study of these individual choices should first attempt to recreate the most
simple environments.

I do consider, however, the possibility of enjoying on-the-job

leisure as both a simple extension of the classical theory of the labor-leisure choice and
as an experimental treatment in the following chapter.

"^There also appears to be similaritj- in e-xpected utility theory violations. "It is ver}- interesting that the
same qualitative pattern of violations of expected utility theory is observ ed in both rats and humans"
(Davis and Holt, 1993).

Let us use the following framework which will allow for the consideration of
multiple theoretical models. Assume that utility is a function of consumption (c), leisure
hours at work (hi), and productive hours at work (/iw). If h is total time spent at work
then let the time constraint he h^l=T, where T is exogenous. Therefore, hours at work
can be described as h=hy,-hi.
continuous partial derivatives

Utility is now a concave function U{c,hy„hi) with
> 0,

< 0. If nonwage income

is F and the price of consumption is p, then the budget constraint can be written as

F-wh^.=pc, where w is a piece rate wage (i.e., wage per hour of productive work) This
framework will allow us to consider three different models: The classical labor supply
model when workers choose h and hi =0 (i.e., h^=h). The Work Intensity model when h
is fixed exogenously by the employer and workers chooses h^. The Combined model of
labor supply when workers choose both h and h„.

2.3.1

The Classical model

In the Classical model of labor supply, work intensity is assumed to be at its
upper bound for the entire work day so that the only leisure choice the worker has is the
ofF-the-job leisure choice. Given this, hf=0 and the worker chooses h. The maximand

of the constrained maximization problem will be a fiinction of the wage and income
(which is a fiinction of the wage).
(2.1)

h=h(}v,m(}v)).

As stated above we have the following constraints on consumer behavior
(2.2)

F—why,=pc

(2.3)

T=l~h (where h=h„-hi)

Thus (2.2) and (2.3) are the consumption constraint and the time constraint,
respectively. To study how people alter their labor-leisure choice when the wage is
changing, we derive the Slutsky equation for leisure. Totally differentiating (2.1) with
respect to w yields

(2 4)

^

^

d\v

dvj m-m

^ Sh cm
dm d^\>

Differentiating the left-hand side of (2.2) (which is just income m) with respect to w
gives
(2.5)

— = h (recall that hy,=h)

div

Substituting (2.5) into (2.4) results in the income-compensated Slutsky equation for
labor

" Alternatively, we could describe the optimal hours of work ftmction as h=h(w.F). The same results
will hold in comparative static analysis, and this notation will be used in presenting the implicitly
defined functions of the Combined model of labor supply.
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(2.6)

^=^

dw

dw m=m

+ h-

dh
dm

or alternatively in discrete form

(2.7)

^^^

Aw

Aw m=m

+h--

Ah
Am

As usual, the Slutsky substitution effect will be positive given well-behaved preferences
and the income effect will be positive (negative) for a normal (inferior) good.
The case of a Slutsky compensated wage increase along with the subsequent
replacement of income is shown graphically in Figure 2.1.
constraint of TDA the worker maximizes utility by choosing

With an initial budget
hours of work (and

hours of leisure) at point X. A wage increase would aher the budget line to TDB and
the worker would maximize utility by choosing hz hours of work (and 4 hours of
leisure) at point Z.

A decomposition of the wage increase allows us to find the

substitution and income effects of the wage increase. We find the income-compensated
substitution effect by removing just enough income at the higher wage rate so that the
original choice point X is attainable (new level of nonwage income F2<Fi).

The

resulting budget line is TEC and the worker would maximize utility by choosing Ay
hours of work (and /y hours of leisure) at point Y. As such, the difference in the optimal
hours of work chosen under constraint TDA and TEC is the substitution effect on hours
or work. In Figure 2.1 this substitution effect, which is guaranteed to be positive under
utility maximization assumptions, is hy-h^O. To find the income effect we would then
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Total
lncome=F+wh

FIGURE 2.1
X,Y,Z=Choice
Points
F=Nonwage Income

0

iy
hy

iz ix
hz hx

—^ leisure=l
labor=h

return nonwage income to Fi and observe the difference in choice points under
constraints TEC and TDB. In Figure 2.1 the income effect is

hz-hy<0.

In general, the

income effect on hours of work is negative when leisure is normal good and positive
when leisure is an inferior good.

Utility maximization does not, however, place a

restriction on the sign of the income effect. Many different combinations of substitution
and income effects can yield the same final change in labor (leisure) supplied
(demanded), but identification of separate effects reveals more about individuals'
underlying preferences.
The main testable implication of this theory is that a compensated wage increase
will increase hours worked. This point should not be trivialized. Surveys of labor
supply studies in Pencavel (1986) and Killingsworth and Heckman (1986), while
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reporting studies which mainly estimate positive substitution effects, report a nontrivial
number of studies which estimate negative substitution effects.It is these estimated
negative substitution effects that call into question the empirical validity of the classical
labor supply model.
Of course, the type of wage used is important in preserving the flavor of the
classical theory. Two options are to pay on an hourly (or time based) basis or on a
piece-rate basis. The classic theory views leisure in terms of time spent not working and
naturally discusses an hourly (or wage per unit of time) wage scheme. A piece-rate is
equivalent to an hourly rate under the assumption that the worker takes a constant
amount of time to produce each unit per day and across days (i.e., no learning on the
job).

Battalio and Green (1981) exploit this crucial point when they assume that

pigeons take the same amount of time per key peck, but for many other labor tasks this
assumption must be relaxed.

Examples of studies which vield negative estimates of compensated wage elasticities (and. hence,
negative substitution effects) include Ham (1982) and Atkinson and Stem (1980) on male labor supply
and Robinson and Tomes (1985) and Nakamura and Nakamura (1981) on female labor supply.
If the worker can "leam" the task throughout the day, a piece-rate wage can lead to incorrectly
compensated wage changes. Consider the following description of the wage when learning is present.
This description was originally suggested to me by Bart Wilson.
Suppose the time it takes an individual to perform the labor task is described by a continuous
function f(t) where/'Cf)>0 (and f(t) has an inverse). This assumes that workers at least do not
"unlearn", and this can be applied to any task. Let wages paid per hour then be a combination of a
constant piece rate p ($/unit) and the fimction/?y.
(a)
^=/(0p
Notice that wages in (a) are still measured in S per time as in an hourly wage and (a) reduces to the
standard scheme with no learning when/(0=l- The typical budget constraint is now a nonlinear,
convex fimction of time. This allows the possibility that even well-behaved preferences produce
multiple equilibria. If the fimction y?"/; were known, the budget constraint could be made linear by
paving a piece rate p that depended on time relating to f(t) in the following way

(2)

p=

f-\t)w
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2.3.2

The Work Intensity model

Most laborers do not have the choice to vary the leisure they consume daily by
merely leaving work earlier or later. Although this may be possible in the long-run by
choosing different jobs, it is not how we would describe short-run work behavior.
Altonji and Paxson (1986) note that much of the variance in hours worked is associated
with the jobs themselves and is therefore not at the discretion of the employee. In other
words, firms often have strong preferences for the hours worked by their employees. It
is then the case that defining leisure as the amount of time not spent working is only one
way we may define leisure. A variation of the classical theory that I call the Work
Intensity model views leisure in terms of work intensities. In other words, more or less
leisure can be consumed by altering your on-the-job work intensity,'® Although this
type of leisure is an imperfect substitute for leisure enjoyed through lower hours of
work, it is a type of leisure nonetheless.
From the above fi-amework, we see that the Work Intensity model can be
obtained in the event that workers do not choose h but rather h^. The maximand of the

Therefore with this model it is always possible to imiquely translate one payment scheme into the other
as long as the function f(t) is known. In such a case the translation would be unnecessary, though,
since iff(t) were known and constant across days (perhaps a big "if'), the proper Slutsky compensation
for a wage change could be found without the need to make the budget constraint linear. However, in
the absence of such knowledge Slutsky compensations will not be exaa and the possibility of multiple
equilibria exist. If the classical model is capable of predicting behavior e\ en when some degree of
learning is possible, then it is robust to the assumption of no learning.
This way of framing the labor-leisure choice for e.xperimentation was suggested by Cameron
Rookley. The idea of consuming leisure at work, however, has been around for a long time. Lewis
(1957) notes that most indi\iduals prefer "at home" leisure to "at work" leisure and says that this can
be attributed, at least in part, to work facilities and their offerings of leisure choices.
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constrained maximization problem is then a work intensity function

By

totally differentiating the optimal work intensity fiinction, we arrive at our work
intensity income-compensated Slutsky equation, which is similar to equation (2.6)
(2.6')

,
dA/ n=in

CiTt

The first term is a substitution effect which will be positive given that utility is
decreasing in work intensity. The sign of the second term depends on whether on-thejob leisure is a normal good

or an inferior good.

We therefore have theoretical

predictions on the sign of the substitution effect analogous to those in the Classical
labor-leisure theory with the only difference being the interpretation of leisure.

A

similar model of work intensity is developed in Pencavel (1977).
Figure 2.2 shows the individual's budget constraint and a typical choice
involving a total income and work intensity (K) bundle and the subsequent change in
behavior induced by a "Slutsky" compensated wage change.'"

Here the budget

constraints are upward sloping since Figure 2.2 measures work effort along the
horizontal axis. If the original budget constraint is FB, then the worker would maximize
utility by choosing hi level of work effort at point X. If wages were then increased and

•' It should be noted that it is impossible to know the maximum intensit\- of work for a given
individual. For this reason and the fact that the productive hours at work function is defined in terms
of work. Figure 2.2 is shown in a space that reflects one good and one bad to choose from. The
comparative statics remain unchanged. Figure 2.2 also more naturally measures work intensit\- (/:»)
along the horizontal axis and so appears different from Figure 2.1. The\- are. however, analogous and
Figure 2.1 is used as the standard labor-leisure choice diagram that most are familiar with but could
also be represented in labor/income space.
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FIGURE 2.2

X=original choice point
X-choice point after
compensated wage increase

hj

^ work effort
—

on-the-job leisure

a Slutsky compensation reduced income until the new budget line, F'B' passed through
the original choice point X, the worker would choose hj level of work effort at point
X'. The substitution effect in Figure 2.2 is then h2-hi>0. The income effect in this
model could be measured in a fashion analagous to that used in Figure 2.1. Again, there
is no theoretical prediction on the income effect for hv., but it will be negative (positive)
if on-the-job leisure hi is a normal (inferior) good.
The Classical theory is actually a polar case in which work intensity is assumed
to be at its upper bound for the entire work day. This has implications with regards to
the interpretation of the Slutsky substitution effect from the classical model since it is
possible for any individual to enjoy both types of leisure (i.e., as in the Combined model
which follows). Leisure enjoyed through lower productive hours at work results in a

misspecified substitution effect for labor. Similarly, the pure income effect on leisure
will be misrepresented once productive hours at work become an additional choice
variable. In other words, it is possible to enjoy more leisure at work through a lower
work intensity but never possible to enjoy less than the classical theory since it assumes
that no leisure is enjoyed at work.'® It is obviously impossible to know when someone
is at their absolute maximum level of work intensity, but this argument shows why it is
important to separate leisure into different types.
If it is determined that this type of leisure exists, the traditional substitution and
income effects only tell part of the stoiy. In such cases, there are really two substitution
effects of interest-one on h and one on /?»—and theory predicts that they are both
positive. If there is no interaction between these two types of work (or equivalently,
between I and hi) then we could predict behavior in an environment in which both onand ofF-the-job leisure are available by simply separating the two leisure types and
applying the classical model and the work intensity model to each separate piece of the
puzzle.

" Of course it would be incorrect to say then that all time away from "work" is leisure. Household
production is not considered in this paper. The interested reader is directed to Becker (1965).
Including this consideration of household work would have the opposite effects on the classical
substitution and income effects.

2.3.3

The Combined model

A possibility that should not be ignored is that people choose both hours of
work and productive hours spent at work. Recall that the classical model does not
allow individuals to enjoy on-the-job leisure. In reality, an employer cannot preclude
employees from enjoying some on-the-job leisure even when they may choose how long
they stay to work. Lewis (1957) notes that, while some argue that mixing business with
pleasure spoils both, it apparently does not completely spoil both given the existence of
many forms of on-the-job leisure. Admitting that leisure is heterogeneous takes us only
part way towards understanding how consumption of both types of leisure is
interrelated." Let us call the model where individuals choose both hours of work and
productive hours at work the Combined model of labor supply.

While the earlier

derivation of the income-compensated Slutsky equation for the Classical model was
greatly simplified due to the widespread use of the model (and consequently, the minor
extension of the Work Intensity model was also simplified), I direct the reader to
Appendix C for a more complete and thorough derivation of the Slutsky equation for
the Combined model of labor supply. Below I present the abbreviated results of the
derivation.

•'While not considered in this paper, another contributor to the mix of on- and o£f-the-job leisure
consumed may be the travel costs associated with going from one tvpe of leisure to another. This is
also discussed in Lewis (1957).

For notational simplicity, let us call c, /, and hi goods 1, 2, and 3, respectively,
and let p=\ be the numeraire. First and second order derivatives with be denoted as
numbered subscripts so that, for example, Ui is the marginal utility of consumption and
U2s=U^2 is the change in the marginal utility of ofF-the-job leisure hours with respect to
a change in on-the-job leisure time.

We can more fiilly take advantage of the

implications of utility maximization when the problem is defined only in terms of these
three "goods". Consequently, from the time constraint T=/?-/, the sign of the incomecompensated substitution effect on leisure hours, /, will be the opposite of the sign of
the substitution effect on work hours, h. Let us also assume quasiconcavity (a less
restrictive condition than concavity) of the utility function. Here, we will present merely
the results of this 3-good maximization problem.

The first-order conditions of the

constrained 3-good maximization problem combined with the implicit function theorem
allow us to write the labor supply solutions to the maximization problem as
(2.8)

h=h(\v,F)

(2.8')

hy,=hjyvj^

and

Equations (2.8) and (2.8') result from

the leisure choice solutions 1=1(m>J ^ and

hi=h^wj^.^° The resulting uncompensated wage effect on leisure hours turns out to be

These may appear identical to equation (2.1) and the related work intensity- function from the
previous section. The difference lies in the fact that one price (the wage) motivates decisions on two
goods (/ and hi) in the Combined model. The substantially more comple.x Slutsky equation results from
e.\tensive second deri\ ative interaction among the choice variables.
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(2.9)

Where X is the budget constraint variable, |j| is the determinant of the Jacobian matrix
defined by the system of equations in the first-order conditions of the maximization
problem (which is guaranteed<0 given utility maximization), and again Uij represents the
appropriate second-order derivative of the utility function with respect to variables i and
J (and Uij=Uji).

Now, expanding and rearranging allows us to write our newest

combined income-compensated Slutsky equation
(2.10)

The first term in brackets in (2.10) is the new combined Slutsky substitution
effect on off-the-job leisure hours.In general, the income effects have no theoretical
sign (see the expanded term in Appendix C), but usually we would predict that this
substitution effect on / (h) be theoretically positive (negative). In the combined model,
however, we cannot theoretically sign the substitution effect either.
To see that the combined model can produce theoretically negative substitution
effects on hours of work, it will suffice to show that we can have theoretically positive

A s\ inmeiric equation can be derived for the effect of a wage change on h/
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substitution effects on hours of leisure. From the complete derivation we see that the
fiill substitution effect terms for off-the-job leisure, /, and on-the-job leisure, hi can be
written as

Z

(2.11)

0
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-1 Uu
m^m 'jJi
1 ( -w
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Both the first term in (2.11) and the first term in (2.12) are guaranteed to be negative
given quasiconcavity of the utility function and the fact that we know the Jacobian
determinant to be negative. This should not be surprising since these terms represent
the standard substitution effect on a type of leisure in each case (implying positive
standard substitution effects on labor). The sign of the second term in (2.11) and (2.12)
will depend on some theoretical assumptions. In rewriting (2.11) and (2.12), we have
*

(2J3)
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*

where | —

(2.14)

would be the usual (negatively signed) substitution effect on /, and

\d^)

where

would be the usual (negatively signed) substitution effect on h\

Notice the symmetry in (2.13) and (2.14). It is obvious from the possible combinations
of signs in the second portion of the substitution effect that this portion could be
positive and, if stronger than the negative portion of the substitution effect, could create
an overall positive substitution effect on I or h\. Such a positive substitution effect on I
would guarantee a negative substitution effect on h.
The next question to follow is:

what are the assumptions necessary for a

negative substitution effect on hours of work? To answer this, let us combine terms
from (2.11) and (2.12) to note that the substitution effects can be expressed as
(2-15) 1^

which is just the substitution effect from (2.10). It's analog for on-the-job leisure is
(2.16)

3ij
Kdv

A

Let us start by looking at a simplified case where we assume that there is no
second-derivative interaction between either of the leisure goods and the consumption

good (i.e., t/,, = ^7,3 =0). It is then true that the combined substitution effects in
(2.15) or (2.16) will be positive if, respectively,

and

Notice that this

implies that both U23 and f/32 are negative, which is sufficient under these assumptions
to give a positive sign to the second portion of the combined substitution effects fi^om
(2.13) and (2.14). In other words, if U2i<Ui7, and U^2<Un we are assured that the
second portion of the combined substitution effects from (2.13) and (2.14) will
outweigh the first (negative) portion.
What does it mean for Un to be negative? It seems reasonable to assume that if
on-and off-the-job leisure are substitutes then the additional consumption of one would
reduce the marginal utility of the other. So, we would then predict negative substitution
effects on I and hi if the decrease in marginal utility from consuming the "other" type of
leisure is stronger (recall these are negative numbers by assumption) than the own-good
diminishing marginal utility. Such a condition could be labeled "strong substitution".
Consuming more of the other good would strongly reduce the marginal utility that you

~ Incidentally, these same restrictions would also guarantee that the income eflFects on these two t>pes
of leisure are negative (i.e., inferior leisure goods). To see this, notice that we can expand the incomeeflfect equations to get

c? -Ir
~~

. .
,
11(^ 33 ~ ^'23)
Ir

.

.

.
.2
. .
. . 1
13^'l2 "^'13) "*"^31^ 23 "^12^ 33]
.

.2

and ^ - 1^1 [wt. 11(^32 "^22)+ ^(^12

Under the simnlified assiimntions these reduce to

1
31) •'"^ 22^ 31 "^12^32]

d = —I
-I r wf/,. ff, ,, -f.'-. n1 and

[wC, 1 (L'32 - L'22)] and so if L'2i<L\3 and L\z'^i'z2 both leisure goods are inferior.
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get from consuming the other good.

Notice then that from the time constraint, a

positive substitution effect on I implies a negative substitution effect on

This is the

combined result that is at odds with the classical prediction under certain assumptions
and piece-rate wages.
Of course, it may be that

. In this case, it would actually seem

a more reasonable assumption that U12 and Uu are positive. Why? Recall that good 1
is the consumption good, and if U12 and f/is are positive then the marginal utility of each
type of leisure is increased by consuming more c. It seems logical to conclude that
leisure and consumption, which can be enjoyed at the same time, are complementary in
this sense while on- and ofif-the-job leisure, which cannot be consumed together, are
substitutes in this sense. Even with this, positive combined substitution effects on / and
hi can only be guaranteed if we require that U2i>Ui3 in (2.15) and U-3\>U\2 in (2.16)."^
This can only be true for one type of leisure obviously, and so whichever leisure good is
more complementary with the consumption good—in the sense that consuming more of
the consumption good would increase the marginal utility of the more complementary
leisure good by more than it would increase the marginal utility of the other leisure
good—will display the positive compensated wage effect. Notice from (2.15) and (2.16)

^ This does not, howe\'er, guarantee that the compensated wage effect for on-the-job leisure is of a
particular sign given that we do not assume that
33. Therefore, the sign of the compensated wage
effect on productive work hoiurs,
caimot be determined without making further assumptions.
With these additional assumptions, income effects now have an indeterminate sign as is the case in
the classical model.

that these are sufficient but not necessary conditions for a positive combined
substitution effect.
A negative compensated wage effect on hours of work in (2.10) would then
result if oflf-the-job leisure is considered more complementary to consumption than is
on-the-job leisure (and if on- and oflf-the-job leisure are "strong" substitutes). This is a
very intuitive result considering that the set of on-the-job leisure choices is often much
more restricted than the set of oflf-the-job leisure choices. Under the more restrictive
assumptions that C/i2=f/i3=0, only the strong substitution of I and hi are required for a
negative compensated wage effect on h.
A similar result stating that the sign of the overall substitution effect is
ambiguous when h and /?«• are substitutes is found in Pencavel (1977). In his study,
workers work in both an hourly wage sector and a piece-rate wage sector. Pencavel
(1977) also voices an opinion of the sign of Un.

"One suspects that, when the

workweek is long, changes in hours of work are associated with opposite changes in
work effort..." (p.234)~this seems to speak of substitutability of h and

(and hence

of on- and oflf-the-job leisure). Complementarity of these two goods only makes sense
if we can picture an increase in one type of leisure actually increasing the marginal utility
of consuming the other, as might be the case if one type of leisure good is a prerequisite
to consuming the other (e.g., taking time oflf at work to make dinner reservations and
therefore avoid a wait at the restaurant).
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3. AN EXPERIMENTAL EXAMINATION OF LABOR SUPPLY
AND WORK INTENSITIES

3.1 Experimental Designs

The two designs I use are called the Intensity Experiment and the Time
Experiment. The Intensity Experiment tests the work intensity model and the Time
Experiment pits the classical model of the labor-leisure choice (while allowing work
intensity to vary) against the combined model of the labor-leisure choice from chapter 2.
I will first discuss features that are common to both experiments. Subjects are recruited
for a two hour experiment each day for four days. Subjects were all undergraduate
students at the University of Arizona.

The experimental days are not consecutive

primarily due to the recruiting difficulties that arise with students scheduled for classes
on two or three days of the week, but all 4 experimental days were completed for any
given subject within a 9 day period.' During each experiment, subjects perform a rather
dull task in exchange for payment." The task consists of typing the same paragraph
repeatedly for a fixed wage each time successfully typed and printed. Therefore the

'More specifically, subjects either completed the 4 day experimem during a Monday-WednesdayFriday-Monday sequence of days or a Tuesday-Thursday-Tuesday-Thiu^y sequence.
task that is mostly enjoyable to the subjects would blur the line between labor and leisure and make
interpretation of the results much more difficult. Subjea comments upon finishing the experiment
assured me that I had achieved a desired "no-leisure" task.
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payment scheme is a piece-rate wage schedule.

A piece-rate wage allows work

intensities to be successfully observed while limiting experimenter interaction. If an
hourly wage were used, the experimenter must then be concerned with monitoring and
shiridng. I will subsequently refer to this piece-rate wage merely as the "wage", denoted
w.

Typing is a task that each individual is reasonably capable of performing.^ To
control for learning of a specific paragraph across days, the paragraph changes on each
day of the experiment.^ Each day a subject sees a different paragraph, and, to control
for ordering effects, the subjects rotate through the same 4 paragraphs in a random
order (i.e., one subject may complete the paragraphs in the order 1234 while another
has ordering 4231, etc.). There is also a fixed payment F that serves as exogenous or
unearned income for the experiment. The amount of F does not depend at all on how
much the subjects choose to work. In order to avoid subjects merely typing as fast as
they can to earn money, but ignoring the quality of their work, a simple quality control
scheme is used. Subjects that turn in (or print) a paragraph of output in which more
than five mistakes are found by the experimenter are not be paid for that unit.

A

was mentioned upon recruitment that subjects "not comfortable using a computer ke>board at all"
should not sign up for the experiment. Obtaining this ex ante information on the experiment is not a
problem here since collusion is not possible in any way. Other more mechanical tasks such as counting
(beans, pennies, itc.) have been suggested. With these types of tasks, there would definitely be no need
to wony about capability- to perform the job task, but here the typing task serv es the same purpose,
"^e paragraphs are chosen so as to be of the same diflRculty level. Pilot experiments revealed that
subjects remember substantial portions of the paragraph on the following day when the same paragraph
was used on all four days. Although choosing paragraphs of the same difficulty level still allows for the
possibility of learning within days, it also allows us to check the robustness of the standard theoretical
predictions to this possibility.
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mistake is any deviation from the exact paragraph to be copied that is spotted by the
experimenter. This includes spelling, punctuation, and spacing. In this way, they are
free to work as hard as they like and also to review their work so that they ensure
themselves the wage for that unit.

This further allows the experimenter to avoid

interaction beyond the minimum required for the experiment.

Any unacceptable

paragraphs are returned to the subject upon receiving lOU's for the day.^ This is all
carefully explained to the subjects in the instructions.® The wage must be high enough
to offset any possible source of outside income which the subjects may choose to earn
by leaving the experiment as soon as possible. A high enough wage also ensures that
the motivating factor for staying and working is earning income, and the motivating
factor for leaving is that the subject has chosen his/her optimal amount of labor
supplied. There does exist the chance that the wage is high enough so that subjects
choose a comer solution (i.e., always work the full two hours)." This first combination
of w and F, called wi and F,, is the baseline treatment (A) that lasts one day and starts
on the second day of experimentation. For all subjects in both experiments, m'i=S.15

•In order to motive the subjects to return for all days of experimentation, subjects were given lOU's for
their earnings and were then paid cash at the end of the final day of experimentation.
°In only one of all the experiments did the subject not get credit for a paragraph. This happened on the
first day of the experiment. As will be discussed shortly, the first day of the experiment for each subject
does not affect the theory-testing portion of the experiment.
' If this were to occur for a minority of the subjects, the data for those subjects is unusable (although it
will still be possible to note theoretical violations). If this were to occur for the majority, the wage rate
should be lowered so that this is no longer a problem. Pilot experiments were useflil in determining the
proper wage. With the wage rate chosen for these experiments (the wage ranged from $. 15 to $.45 per
paragraph), not a single subject stayed for the full two hours and in only 3 of 56 experimental days id
a subjea complete only the minimum number of paragraphs. It appears that this is a suitable wage
range for the subjects.

and F^ = $13.00 for those subjects that were to receive a wage increase and h'i=$.45
and F, = $5.00 for those that were to receive a wage decrease. The reason that the first
wage and nonwage income combination to be used for the wage decomposition appears
on the second day of the experiment is that pilot experiments helped determine that the
first day of the experiment is needed to familiarize the subjects with the work
environment (as opposed to becoming familiar with the specific paragraph). This avoids
cluttering the data on subsequent days with the manifestations of becoming acquainted
with the word editor and printing sequence. For this training day of experimentation
(which was not used in the data analysis) w=$.30 and F=$4.00 for all subjects.
Notice that, ceteris paribus, an increase (decrease) in F causes the subject's
budget line to shift out (in), and an increase (decrease) in w makes the budget line
steeper (flatter) (see Figures 2.1, 2.2). It is of course impossible to control for what the
subjects do once they leave, but it is reasonable to assume that, relative to time horizons
of months or years, no subject characteristics drastically change over a few days so as to
violate a weak version of the ceteris paribus assumption.®
On the third day of the experiment, each subject is brought back for a treatment
day. The wage wi is changed to \f2, and the fixed payment F, (fi-om the baseline) is
changed to F,, where F, is the amount necessary to give the subject the same total
income for the day if he/she were to work the same amount as on the baseline day.

®By weak version I mean that although it is unreasonable to assume that all factors have been held
constant over 4 e.\perimenial days, at least in the context of this experimental setting factors relevant to
the experiment will remain constant enough to allow data interpretation.

Because of this, F, is most likely different for each subject.® The Slutsky substitution
effea for each subject is measured by observing the new choice point.

This

compensated wage treatment (B) lasts one day. On day four, the fixed payment returns
to F, and the wage remains at W2. A deviation of choice points from day three to four is
a measure of the income effect. Income effects on leisure are positive or negative
depending on whether leisure is a normal or inferior good. The income treatment (C)
also lasts one day. Approximately half of the subjects in either experiment were given a
wage increase sequence of experimental days and the other half were given a wage
decrease sequence.

The theoretically predicted sign of the substitution effect is

obviously insensitive to the direction of the wage change. The 3 days of the basic
experimental design (excluding the training day—day 1) are summarized in Table 3 .1.
The experiment as described in the above order is an ABC configuration
(starting with the second day). Learning, ordering, and wealth effects may be a concern
in any experimental design.

Learning across days is possible (its implications are

mentioned in the footnotes), but learning the specific environment is controlled for in
this design.

Due to the fact that the A treatment is needed before compensation

treatments (and therefore must come first), ordering effects are controlled for by
running ABC and ACB configurations on different subjects. Different configurations
are run simultaneously by using an informational sheet for each subject. Each day the

'For subjects receiving a wage increase, the wage was raised to m':=$.45 and those receiving a wage
decrease had their wage lowered to w;=$. 15.
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information sheet informs them of the fixed payment and the wage they will receive for

that day only (see Appendix A). For example, on day 3 two different subjects can be
simultaneously going through different treatments. One can be on the B treatment while
the other is on the C treatment.

TABLE 3.1
EXPERIMENTAL DESIGN
DAY A*

DAYB*

DAY C*

Wage Increase

w=$. 15

w=%AS

vi^$.45

Subjects

F=$13.00

F<$13.00**

F=$13.00

Wage Decrease

vv=$.45

H^$.15

H^$. 15

Subjects

F=$5.00

F>%S.OO**

F=S5.00

•Recall that these are actually Days 2, 3. and 4 of the experiment. The first day of the E.\periment was
training. Days B and C were randomized in order so that some subjects faced an ABC design while
others faced a ACB design.
**The exact amount of nomvage income on these days depends upon the number of paragraphs t%ped
on Day A. The Slutsky compensations are such that if the subject would have tjped the same number
of paragraphs on Day B as on Day A, the subject would have earned the same amount of wage plus
nomvage income.

Since all that the subjects know is what an information sheet (which will be given to
them with the instructions) tells them, and since the experimenter can easily compute the
compensated wage change and income treatments for any subject after the A treatment,
the implementation is easy.

Payment information is private information for each

individual.

Any possible wealth effects, if they exist in laboratory settings, are not

controlled for in this design.'"
Of course, there are differences in The Intensity Experiment and the Time
Experiment. In the Intensity Experiment, subjects are required to stay the full length of
the experimental day (2 hours) each of the four days. Wages remain per unit produced.
For the substitution effect treatment subjects receive a wage change and their fixed
payment is altered so that, given the new wage and a work intensity (i.e., paragraphs per
day) of the baseline day, the same level of total income would be achieved. For the
income treatment, F is changed back to its level on the baseline day andw remains
unchanged. In this way, we study if wage changes affect work intensity and hence onthe-job leisure since the premise of this experiment is that a lower work intensity defines
increased leisure. The total experimental income of the subject is determined both by
some unearned money and money earned through work. Subjects earn more in this
Intensity Experiment by giving up leisure in the form of increased work intensity."

'°For a discussion of other methods of controlling for wealth effects, see Davis and Holt (1993). Most
of the concern over wealth effects has been in the context of lottery choices. Cox and Epstein (1989) do
not find much evidence for wealth eflFects on lotterv -choice experiments, but others (Ang and Schwarz
1985) have not ruled out wealth effects although other possible explanations accompany wealth effect
explanations of risk premiums. More effort needs to be expended to document the existence of wealth
eflFects.
"Focusing on work intensity and its implications on leisure allows an alternative interpretation to the
"learning effects" in the original experimental design. It may also be the case that what was labeled a
learning effect is nothing more than a change in work intensity-. That is, the subjea may choose to
enjoy more or less leisure in the form of work intensitj- during the experiment. In such a case it makes
more sense to run the intensit}' experiment as well as the time experiment in order to test work
intensities separately as well as a compound feature of the origin^ time experiment. In terms of the
time experiment, this interpretation implies that theoretically predictable substitution effects can be
interpreted as robust to leisure taken in the form of dicreased work intensit}-.
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Giving up the wage is the opportunity cost of leisure in the form of lower wages and
consequently lower consumption possibilities via the budget constraint. By allowing
subjects to enjoy on-the-job leisure in the form of a lower work intensity we can isolate
and scrutinize this particular aspect of leisure.
In the Time Experiment, subjects are free to perform their "job" for as long as
they like up to a two hour limit.Once they do not care to work anymore, they collect
an lOU for their earnings for that experimental day and then leave." With this design,
subjects can consume leisure through fewer hours on the job and/or through a lower
work intensity. The substitution effect treatment day is still one in which the subject will
see his/her w and F altered. Here they are altered such that typing the same number of
paragraphs as the baseline day will give the subject the same earnings as the baseline
day. This is not exactly the same as requiring them to work the same length of time to
earn the same amount as the baseline day (this would be required for the most stringent
test of the classical theory), but it is one way to proceed given wages are piece-rate and
it does allow the subject to choose between on- and off-the-job leisure. The income

" As suck rationed labor supply is a potential issue. If individuals would otherwise choose h greater
than two hours then substitution effects are nonexistent. Ham (1982) also notes that this would cause
least squares estimates of a variable's effect on A to be misstated. Howe\'er, it is difficult to know
whether or not subjects are truly constrained when choosing the maximiun le\ el of h. Furthermore, in
only about 5% of the work days did subjects choose the upper limit of 2 hours and so it seems to be of
limited importance in this environment.
Money is not paid at the end of each day in cash to pro\ide incentive for the subjects to return since
they will be recruited for a multi-day experiment. This is true for both the Time and the Intensit>Experiment. There is no doubt in the subjects' mind as to whether or not they will be paid on the last
day since this will be made completely clear. In recruiting for the Time Experiment, subjects are told
they are being recruited for an experiment of variable length. They are not informed what determines
how the length varies, but the>- are told that it will not last longer than 2 hours and 15 minutes.

treatment then restores the F to its level from the baseline day while leaving w
unchanged.
A minimum number of completed paragraphs are used in the Time Experiment
for two reasons. First, it helps eliminate possible feelings of obligation to work in order
to cooperate with the experimenter even though they would rather leave. Secondly, it
can be thought of as simulating a minimum amount of labor that must be supplied in
order to survive and continue on to the next day. The minimum amount is otherwise
arbitrary and chosen to be three paragraphs.'"
As an example of how these designs can be used to test the labor-leisure choice
theories, consider the Time Experiment. For this example we should not ignore the
combined model's prediction on the work intensity chosen, but for expository simplicity
we will merely look at the decomposition of the piece-rate wage change on hours of
work (a full analysis is used in the actual experimental results). Choice points in the
Time Experiment are the number of minutes a subject decides to type on any given day.
In this experiment the total difference between the original choice point (day 1) and the
choice point on the income treatment day allows measurement of the total effect

Aw

The baseline and the two treatments for the Time Experiment are represented
graphically in Figure 2.1. Recall that the budget set TDA (for the baseline treatment)

'"As always, subjects are free to leave at any time during the e.xperiment. It is made clear to the
subjects that if the>' choose to leave before the minimum three paragraphs have been t\ped the\' will not
be paid their earned income or their free income.

produces a choice point X resulting in hours of work //x. To follow the example of
Figure 2.1, the wage is then raised to h'2 and the fixed payment is reduced to F, since
this is the Slutsky compensation required to leave choice point X feasible. The new
budget line is TEC, and results in a choice point such as point Y with hours of work //y.
The difference (hy-h^ measures the Slutsky substitution effect on the amount of labor
chosen given the higher wage. Convexity of the indifference curves (i.e., rationality of
choices via revealed preference theory) implies positive substitution effects on minutes
of labor from equation (1). Lastly, the fixed payment is returned to F, keeping the wage
rate W2. The budget line is now defined by TDB, and the choice point will be Z along
the DB line segment resulting in hours of work hz. The difference {hz-hy) measures the
income effect.

If we find that {hy.-h^<-{hz-hy), then we have observed a backward

bending labor supply curve (for this region of wages). Analogous measurements of the
substitution and income effects exist for the Intensity Experiment.
What we have done is find a way of making the theory functional in the
laboratory.

For the Time Experiment the Slutsky equation for minutes of leisure

demanded is

{hz-h^)

(hy-h^)

Change in labor
Supplied

Slutsk\- Substitution
Effect

+
+

Qiz-hy)
Income Effect
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With this way of separating the substitution from the income effect, the implications of
the time aspect of the classical labor-leisure model are testable.
Furthermore, since each subject serves as his/her own baseline, differences in
preferences pose no problem in comparative statics. It is irrelevant that we cannot
distinguish between a slow typer and a fast typer who takes breaks since what is
important is how each subject reacts to their own compensated piece-rate wage change.
In fact, preference heterogeneity is expected in the laboratory just as in the "real" world.
The simple foundation upon which these experimental designs work is that subjects
bring their own home-grown preferences into the lab to perform labor tasks facing
payment packages (w and F) with differing marginal and average payoffs.Notice how
different combinations of w and F can represent different combinations of wages (or
payment per unit of work) and benefits (not depending on the units of work). We can
then ask, 'how will behavior change given these different packages and how can we
isolate different aspects of behavior?" To answer this we turn to the experimental data.

3.2 Experiment Results

All experimental students were undergraduates at the University of Arizona
recruited from

economics courses.

Total experimental costs (including pilot

•' It is true that some degree of control is lost by allowing subjects to choose when lhe>- Iea\'e the
experiment, but such a labor supply experiment cannot be made interesting with induced-value theon.
The trade-oflF is worthw hile when one considers that real preferences are being examined.
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experiments) were $3084.

Payoffs for the 15 subjects in the Intensity Experiment

ranged from $5.32 to $11.58 an hour for the two hour session (plus a $5.00 show up
fee on the first day) with an average hourly payoff of $8.22. Hourly payoffs for the 26
subjects in the Time Experiment ranged from $8.10 to $36.24 (plus a $5.00 show up fee
on the first day) with an average hourly payoff of $16.28.'®

3.2.1

The Intensity Experiment

We will first discuss the Intensity Experiment since its environment allows only
for only one leisure choice: the on-the-job leisure choice. The Intensity Experiment
was run on 15 subjects.'" Recall that in the Intensity Experiment, subjects must work
the full 2 hour session each day and therefore they choose hy,. The best proxy for K on
a given day is the average paragraph production time, and this moves in the opposite
direction of K- In other words, a subject who works harder on different experimental
days will generate a lower average paragraph production time on the day in which
he/she chooses a higher K. Since h is fixed one could also use the total number of

The overall higher hourly pa\inent in the Time Experiment results from the subjects having the
option of leaving relatively early in the day and keeping their entire fixed payment (which raises the
average pajment the shorter the work day is). Per person compensation was aaually higher in the
Intensity Experiment.
•' It should be noted that on the third day of experimentation for subjects 1-4 the printer being used
became inoperable during the last 10 minutes of the experiment. Subjects were still able to tjpe and the
resulting paragraph times were replaced with that subjea's mean production time for that day. This is
an unbiased estimate of the production times of the subjects since subjects are assumed to choose
for
the day and not for each individual paragraph. This involved replacing production times for no more
than 3 paragraphs for any of these subjects.
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paragraphs typed in a day, but this measure will not work as a proxy for K in the Time
Experiment (where this is confounded by the choice of K). Wages, fixed nonwage
income, and average paragraph production times are shown in Appendix D (Table Dl),
and wage effects are reported in Table 3.2.

TABLE 3.2
INTENSITY EXPERIMENT
Signs of wage effects on hy^

Subject #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Substitution Effect

Income Effect

Total wage effect

+

-

-

+

-

-

+

-

-

+

4-

+
+

+
*

+
»

+
+
+
+

-

+

+

-

-

-

+

-

-

»

+
+

-

+
+

+
+

+

-

-

+

+

+

•Represents a \iolation of the prediction of the Intensity Model

From Table 3.2 we see that the substitution effect has the predicted positive sign in 12
of 15 cases—when given a compensated wage increase (decrease) subjects worked
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harder (less hard). In other words, when subjects cannot choose h the Intensity model
appears to describe behavior rather well. This can also be viewed as a very conservative
test of the theory since subjects had no on-the-job leisure possibilities other than
working less hard (i.e., no talking among colleagues, coffee breaks, etc.). A negative
income effect here implies that on-the-job leisure is a normal good for 9 of 15 subjects,
while total wage effects show that 9 of 15 subjects displayed an upward sloping
supply curve.
Given the size of the data set from the Intensity Experiment (45 data points-15
subjects for 3 days each), we are clearly limited in terms of what statistical analyses we
can do, but a simple regression will allow us to calculate an average hy, function. The
estimated equation is
(3.1)

AvrTime = a + P{wage +

+e

where AvrTime is the average paragraph production time, and wage and F are as
described in section 3. The OLS estimation results are shown in (3 1') with p-values
below in parenthesis
(3.1')

AvrTime = 6.52 - 355wage-.Q6F
(.00) (.01)

(.26)

The adjusted R^=. 10 and N=45.
While the panel nature of the data set suggest a fixed or random effects
modeling in (3.1), the estimation of a fixed effects model did not alter the main

conclusion of a negative wage effect on the average paragraph production time and so
the more simple linear model is presented for comparability with the model used for the
Time Experiment data (to be presented in the next section)." The overall substitution
effect on AvrTime from (3.1) is calculated as /?, -avrtimeP^ =-3.25 calculated at the
mean value of avrtime (4.98 minutes). This negative value implies a positive substitution
effect on /?„ since a decrease in the average paragraph production time implies an
increase in K. This result is consistent wdth the predictions of the Intensity model from
equation (2.6').

Therefore, the $.30 compensated increase (decrease) in the wage

decreases (increases) the average paragraph production time by about 59 seconds
(roughly, by 20% given the mean time of 4.98 minutes). The income effect is negative,
implying that on-the-job leisure is an inferior good, is small in magnitude and
insignificant. The majority of the effect on AvrTime is caused by the wage change, with
an overall significant wage effect implying an average positively sloped

supply curve.

Specifically, an increase (decrease) in the wage of $.30 caused AvrTime to decrease
(increase) by 64 seconds. The elasticities implied by (3.1') and evaluated at the mean
values of AvrTime and wage are an income-compensated wage elasticity of -.20

An LM test favors a one-factor model over the classical linear regression with no group specific
effects, and the Hausman test suggests the fixed-effects model over the random-effects model. The
estimation results did not, howe\'er, appreciably alter the results. Constant terms were significant and
the wage coefficiem remained negative at -.15, though the probability- of its significance dropped to
p=. 11. The nonwage income variable remained insignificant and extremely small in magnitude though
its sign was positive at .02.

(implying a positive elasticity on

hy,),

a total income elasticity of -.02, and an

uncompensated wage elasticity of average production time of -.21

3.3.2 The Time Experiment

The Time Experiment allows subjects to choose h as well as /?«. by allowdng
subjects to leave whenever they choose during an experimental session.

This

experimental design was run on 26 subjects. Wages, fixed nonwage income, average
paragraph production times, and total minutes worked are shown in Appendix D (Table
D2). Substitution, income, and total wage effects on

h

are shown in Table 3 .3.

From Table 3.3 we can see that if we were to merely look at the effects of the
wage change on /?, then the classical static labor supply theory is violated (i.e., there are
negative substitution effects on

h)

in 8 of 26 cases. Off-the-job leisure is a normal good

for 14 of 26 subjects, and labor supply curves are upward sloping in 19 of 26 cases.

It

•' The model in (4) was also estimated with an additional interaction term wageF (equal to wage*F) to
see if the average level of compensauon was significant. The coefficient on this variable (. 16) was
highly insignificant (p=.62). and the effect of the wage became larger in magnitude (-4.98) and
marginally insignificant (p=. 12). The effect of the variable F was still small in magnitude (-.11) and
insignificant (p=.35).
One may think that individual occurrences of negative hours of work responses (consistent with a
downward sloping labor supply function) may be attributed to income-targeting. However, in only one
case (subjea 18, see Table 3.3) of a downward sloping hours supplied fimction was off-the-job leisure a
normal good. The tv-pical explanation of loss-aversion or a point of nondifferentiability in the utility
fimction at an income target would require subjects to treat off-the-job leisure as a normal good in order
to smooth income. On the other hand, with two different leisure choices available, the strong
substitution of on- and off-the-job leisure (with / being an inferior good) would also produce downward
sloping hours supplied fiinctions. The experimental data offers some support of this theon,-. Most
instances of negative labor supply response (5 of 7) are due to a negative substitution effect on h that is
theoretically consistent with the strong substitution of / and hi (see Chapter 2. section 2.3.3 ).

TABLE 3.3
TIME EXPERIMENT
Signs of wage effect on h
Subject #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Substitution Effect

Income Effect

Total Wage Effect

+
+

+

+

-

+

*

-

-

*

+

-

J.

+
4-

-i-

-

+

+

+

+

-

+

+

-

+

4-

+

-r

*

-

-

+

4-

+

-1-

-

-

+

-

-f

-f

-

+

T

+

+
*

+
+
*

+
+
*

+
•

+

-

-

-

+

+

-

-

-

-

-

+

+

+

+

T

+

+

•Represents a violation of the prediction of the classical static labor leisure choice model

TABLE 3.4
TIME EXPERIMENT
sign of compensated wage effect on woric effort,
SHADED ceils indicate subjects which violate the classical labor supply
model predictions on time worked, h

Subject #
1
2
3
4
5
6
7
8
9
10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

3v m = m
-

-

-

+
-

-

-

-

+
-

-

-

-

-

+
-

-

+
+
-

+

+
+
+
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appears that, for the most part, income-compensated wage effects on hours of work are
positive as the theory would suggest. Even so, the fact that 8 of 26 subjects displayed
negative substitution effects on h suggests that on- and oflf-the-job leisure are strong
substitutes for some individuals. It is even possible that all 26 subjects substitute onand off-the-job leisure, but that the two types of leisure are only weak substitutes for
those subjects displaying positive substitution effects on h.
In Table 3.4 we can see how the duel-leisure choice envirormient affects the
signs of the subsitution effects for work effort. Notice that 17 of 26 subjects display
negative substitution effects on hv, once in the Time Experiment environment where two
types of leisure (labor) can be chosen. Contrast this to only 3 of 15 subjects displaying
negative substitution effects on

in the Intensity Experiment.

This is supporting

evidence for the fact that there interaction between the two types of work that we allow
for in the Time Experiment. Such interaction is suggested by the Combined model
Slutsky equation for wage changes.
A simple regression of /; on a constant, the wage, and nonwage income can aid
us in knowing whether or not the classical labor supply model is empirically robust with
respect to the assumption of no on-the-job leisure. The equation of estimation is
(3.2)

h = a +P^wage + p S + s
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The results of the OLS estimation of (3.2) is presented in (3.2') with p-values in
parenthesis.^' The adjusted R^=. 11 and N=78.
(3.2') h = 28.03 + %\QOwage+mF
(.03) (.00)
(.98)

We see that at the aggregate level, the only significant variable in determining
total time spent working is the wage. The constant is significant and, in part, reflects
the minimum number of paragraph that each subject had to type. The hours supplied
fijnction is upward sloping, with an increase (decrease) in the wage of $.30 increasing
(decreasing) minutes worked by about 25 minutes.^ OfF-the-job leisure is an inferior
good on average, although the effect of F is statistically insignificant and very small in
magnitude.
The overall substitution effect on h is /?, - hp. = 81.40 calculated at the mean
value of A (53.19 minutes). A compensated increase in the wage of $.30 would then
increase total time worked by 24 minutes.

The elasticities calculated from (3.2'),

evaluated at the mean values of h and vv are an income-compensated wage elasticity of

The possibilitv- of fixed or random effects was explored. For the specification in (3.2) we find no
support for fixed or random effects. As with the estimation of (3.1) for the Intensity experiment,
eqxiation (3.2) was estimated with an additional interaction term wage*F. As with the Intensitv"
experiment data, this variable does not have a significant efiect on h and it low ers the significance of
the wage efFea to p=.01 (the sign of all other effects remained the same however).
" It is possible that subjects react differently to a wage increase than to a wage decrease. To explore
this possibility- an equation similar to (3.2) but which included a dummy variable which equaled one for
those subjects that received a wage decrease did not qxialitatively alter any of the estimated coefficients
with the exception of the coefficient on F which, while still insignificant, had an estimated negative
coefficient (still small in magnitude at -.30). The insignificance of the dummy variable leads us to
rejea the hypothesis that subjects respond differently (in terms of magnitude of change) when faced
with a wage decrease.

.46, a total income elasticity of .09, and an uncompensated wage elasticity of total
minutes worked of .47. The estimated income-compensated wage elasticity of .46 is
high, but not without company in the empirical literature (see Pencavel (1986) for
examples).

Essentially, there is nothing in the estimated average substitution and

income effects that violates the classical labor supply theory.

Average substitution

effects are positive and within reason, and income effects are small and insignificant—
which we might have guessed a priori due to the relatively short experiment and
experimental work days, even though such details are ignored by the theory. The fact
that on-the-job leisure clearly exists and can even be measured in some work settings
does not seem to disallow the estimation of the classical labor supply equation. This
fact should be comforting to empirical researchers in some sense because it suggests the
classical labor supply estimation equation is robust with respect to on-the-job leisure.
On the other hand, the fact that individual violations of the theory (in the presence of
on-the-job leisure) do occur is of practical importance to employers since it suggests
that on- and off-the-job leisure are treated as strong substitutes by some individuals.

3.3 Conclusions

A summary of the results of both the Time and the Intensity Experiments would
highlight the following:

63

-Behavior in the environment of the Intensity Experiment (no off-the-job leisure
choice) is well predicted by the Intensity model of labor supply. Compensated
wage increases increase work effort in 12 out of 15 subjects. An
uncompensated wage increase generally increases work effort as well although
this result is insignificant in an "average" work intensity function estimation.

-Worker behavior in the Time Experiment supports the conclusions of the
Combined model of labor supply. An "average" hours of work equation yields
positive substitution effects on hours of work (suggesting robustness of the
classical theory at the aggregate level), but about 1/3 of the subjects displayed
negative substitution effects on h.

-Substantially more subjects display negative substitution effects on work effort
in the Time Experiment. This further supports the hypothesis that there is
interaction between h and h^.

-There is no predictable pattern for subjects' on- or off-the-job leisure response
to a pure income effect. Some subjects treat leisure as a normal good while
others treat leisure as an inferior good.

A desirable feature of any theory is its ability to predict outcomes. The classic
labor supply model has been widely implemented in empirical studies and has, for the
most part, found support in the data. This chapter's attempt to reformulate the theory
has been fairly successful. The nontrivial number of negative estimated substitution
effects in the empirical literature can possibly be explained at the theoretical level by
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adding the work effort choice to the typical labor-leisure choice environment.
However, it would be difficult to test the Combined model with much power since it
essentially allows both positive and negative substitution effects on hours of work.
At the aggregate level, the classical labor supply theory is empirically robust
with respect to the classical assumption of no on-the-job leisure. In other words, an
estimated 'Average" substitution effect on hours worked is positive. This suggests that
on-the-job leisure is not necessarily the cause of empirically estimated negative
substitution effects (although the Combined model suggests that it could be the cause).
If one ignores on-the-job leisure, the Time experiment provides a controlled humansubject work environment which supports the predictions of simple labor supply theory.
In addition to the results of the Time Experiment, the Intensity Experiment is
also of interest because it recreates the environment of many short-run labor supply
decisions.

Compensated wage decreases significantly decrease average production

times which has important implications for labor management. Specifically, more work
effort can be elicited by giving compensated wage increases to employees.

The

compensations could be made with any number of the typical forms of nonpecuniary
compensation that exist (health benefits, vacation time, etc.). Employers may be able to
elicit higher effort levels, while still holding overall compensation constant, by tying
more of the compensation package to work effort. The trade-oflf is that workers tend to
desire the compensation security that comes with salaried jobs or jobs with a greater
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percentage of the compensation in nonwage forms, and this may resuh in lower on-thejob effort levels.
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4. WORK TEAMS AND THE VOLUNTARY CONTRIBUTIONS
MECHANISM TOWARDS PROVIDING PUBLIC GOODS

4.1 The work team in today's business world
The growing use of work teams in US businesses underscores the importance of
attempting to understand their efficiency. Cooperation has long been consideration
beneficial in any work environment, but many companies now choose, at least in part,
to abandon the concept of individual pay for individual work. Different forms of group
compensation packages have gained so much popularity that a survey by Hewitt
Associates of Lincolnshire, Illinois finds that "two-thirds of 1,811 employers surveyed
nationwide reported using formal teams..." (WSJ, Nov. 28 1995).

Similar findings

come fi-om the Hay Management Consultants' 1995 team-based Pay Survey. They
report that 50% of respondents have team-based incentives, and an additional 12%
plarmed to introduce them in late 1995 (Journal of Compensation and Benefits, 1995).
No one is asserting that work teams are problem-fi-ee, but claims of increased product
quality, customer satisfaction, and worker productivity have all increased their
acceptance in the work place. In fact, some employers get so caught up in the idea of
work teams that they can irrationally succumb to the notion that work teams are good
in and of themselves. The real objective must remain the productivity gains and hence
increased profits that managers hope to achieve with their implementation. If they were
merely destined to be the "'flavor of the week'", as Eric Greenberg of the American
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Management Association puts it, a thorough study of what makes them work efficiently
would be quite empty (The Washington Post, Oct. 22, 1995). It appears, however, that
the work team is here to stay as it has found its niche in at least some companies. As
such, it is prudent to dissect the work team and find out what promotes it and what
undermines it.
While experiencing a recent explosion in the US, work teams are not even
restricted to the stereotypically North American company. In 1994, after already 28
months of war, the Bosnian Serb leader established compulsory work teams to further
prepare for war, repair faaories, and harvest crops. His choice of these cooperative
teams apparently came fi^om a desire to re-kindle the nationalist feelings of his group of
self-perceived underdogs (The Washington Post, Aug. 7, 1994).

The choice was

presumably made because of the work teams' ability to build a sense of pride and
community. It is that very aspect of work teams that favor their success.

Many

workers are motivated by being part of a team, and some especially value the peer
reviewing that occurs in some work team environments. Yet another example of their
importance is that many classes in Universities require group projects, including those
required in the first year of the University of Tennessee's MBA program. Complaints
about a free-loader in the group are not uncommon and it is quite obvious that
everyone's grade suffers as a result, yet such projects are still required in order to train
fiiture members of the work force to deal with such issues.
Fundamentally, the work team is a simple problem of group cooperation where
individuals choose between individual versus group maximizing behavior. As we see in
the following chapter, the same primal decision is made when deciding upon
contributing voluntarily towards the provision of a public good (and such public goods
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take many forms). In these work team institutions there is always conflict between
individual goals and the overarching goals of the entire team.

Nevertheless, their

benefits are so great that the Labor and Commerce departments set up a ten member
committee in the early 1990's to see if some teams should be required to boost
productivity, to possibly change labor laws to foment cooperative behavior, and to see
how they can better resolve workplace disputes (WSJ, March 25, 1993).
One must be careful, however, because even though many have joined the
bandwagon of work teams, others have underscored their downside. For example,
team selling is currently en vogue but it is viewed by many as just as out of place as
team tennis or team golf, which are historically individual sports (WSJ, April 24,1995)
For one thing, selling in teams hazardously lengthens the selling process. The best
people in the sales industry tend to want to compete, not cooperate. As Jack Flvey, a
Londonderry, NH. sales management consultant, puts it, '"Salespeople typically work
best as the Lone Ranger without Tonto.'" (WSJ, March 29, 1994). Also, while team
work environments abound, no one firm has necessarily figured out the best way to pay
the workers such that efficiency increases and workers are happy. Companies are quite
aware of the problem of free riders and, as a result, they play with pay to encourage
individual effort within the teams.

Some companies even turn to consultants for

advising on compensation as a testament to how unsure the companies are about a
particular pay structure.

Aubry Daniels, an Atlanta psychologist and management

consultant, favors getting rid of individual recognition rewards (like employee of the
month) since she feels that they hurt team oriented results. Furthermore, many workers
do not feel comfortable reviewing their peers or especially finding themselves
responsible for handing out an individual reward to one of them. More workers feel
better about their work team than about their team-based pay (WSJ, April 20, 1994).
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As an example of the use of work teams in US corporations, consider the
following two examples of specific work team institutions implemented by specific
firms in the US. We must keep in mind that while focusing on the work team, the
behavioral questions being asked are quite similar to a multitude of others involving
some sort of group interaction.
Johnsonville Foods Co. is a midsized sausage maker in Wisconsin that has a
long history of innovative labor practices. Johnsonville has implemented work teams
with the following characteristics.

Teams are self-managed.

capable of disciplining other team members.

Team members are

Even though tough penalties can be

suggested, the workers often find it difficult to be hard on their team members. One
way in which this occurs is that team members can overrule the proposed penalty
Some teams do report having returned up to 20% of their expected group bonus, but
other teams find it difficuh to withhold anyone's portion of the group bonus unless that
worker is extremely deficient (example fi-om the WSJ, April 12, 1995).
Another example is found in the Celcor Division of Coming Inc. (Blacksburg
Plant), which was selected for a case study of work teams by Fess Green {Production

and Inventory Management Journal, 1994). The plant was reopened after a period of
closure in 1989, and work teams were used at its inception.

Some of the salient

features of the work groups used at this plant are the following; Team members are
annually evaluated by peer review process.

Team leaders exist for each team.

Promotion possibilities exist for employees reaching higher '^kill-levels". If individual
requirements are not met by each team member, Mr. Green reports that the individual is
'deselected" (i.e., removed fi^om the work team in a sort of 'Survival of the fittest"
process of natural selection for the work team). Goals set forth for each work team are
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ever-increasing.

Additionally, temporary labor is employed as a buffer to help

ameliorate the effects of the resulting smaller core of permanent team labor.
While management notes that some work units are not as committed as others,
the plant has enjoyed profits since the very beginning of their work team experience.
Such an example has not only proved successful for the Celcor Division of Coming
Inc., but is also being looked upon as an attractive model for plants interested in the
work team approach to operations.

This particular plant has attracted corporate

visitors from Europe, Asia, and Australia, as well as from other areas. As of 1993,
plant boasted a 6-month waiting list for its plant tours with a price tag of $200. While
other companies may not have the success that Johnsonville and Celcor have, it is
success stories such as these that make it clear why employers' interest in work teams
has increased.

4.2 The Voluntary Contributions Mechanism Literature

The study of the voluntary contributions mechanism for the provision of public
goods is an important benchmark for the study of group behavior. Specifically, the
basic decisions made by individuals in these environments are behaviorally equivalent to
the decisions that they would be making in some work team environments. Therefore,
studies of this institution can help us understand what type of work team behavior we
can expect to see given the public goods nature of effort level contributions towards
group goals.
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Many studies discuss the basic problem inherent in any public goods
environment;

the clash between individual improvement and group optimality.

Although recognition of the basic problem where individual incentives are at odds with
group interests occurred in the early 1900s, it was not until the 1970s that economists,
social psychologists, and political scientists started to systematically study the dilemma
in experimental settings.

The typical public goods experiment has all the features

necessary for a multi-person prisoner's dilemma. Cooperation is the strategy that yields
the highest group payoff, but individual incentives do not support this as a
noncooperative outcome.
Bohm (1972) conducts a provision point experiment in which provision of a
comedy program was dependent upon the sum of the viewers stated willingness-to-pay
(WTP) figures.

Although provision points create additional Nash equilibria in the

experiment and his particular design is flawed in several ways, his study did serve to
encourage further study of the behavioral traits that seem to flow from groups of
decision makers in these environments.' The free rider problem was reprioritized from
a theoretical to an empirical issue in a study by Marwell and Ames (1979). In this
study, high school students were interviewed by phone and mail to participate in a
voluntary contributions mechanism experiment. Because of their particular design their

' In particular, lack of control is a problem due to three factors: possible misrepresentation or
irresponsibility- in WTP data, the use of deception by misinforming subjects as to the size of the group
they belonged to. and the use of suggestive, counter-strategic statements towards the subjects. These
issues are addressed in Ledyard (1993).
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experiment consists of multiple Nash equilibria, one at which no one contributes (the
strong free rider

hypothesis) and others at which people equally contribute.

The

subjects were told that the group size varied from 4 to 80 although no one was ever a
member of a group of 80. Deception and nonsmooth payoffs aside, the results show
that the strong free rider hypothesis is only weakly supported. Rates of contribution to
the public good are much larger than predicted.^
One feature of VCM experiments that is now common is the repetition of the
stage game. The introduction of repetition was an important step towards achieving
results more suggestive of free-riding behavior.

Repetition is introduced into the

decision process in studies by Kim and Walker (1984), and Isaac, McCue, and Plott
(1985). The main results of these studies is that the decay in total contributions of the
subjects consistently occurred such that, even by the fifth period of such experiment, it
is not uncommon for contributions to be less than 10% of the total possible (as opposed
to the usual 50% or so in the first period of the same experiments). Many different
heuristic arguments can be formed as to why this is the case, but it suffices to say that
repetition in noncommunication experiments increases free riding.^
Two items that consistently increase contribution levels are higher levels of the
Marginal Per Capita Return and face-to-face communication. Communication is found

2 Contribution may also be increased through communication among subjects as occurred in an early
attempt by Dawes et al. (1977).
3The lack of decay of contributions has been observed in experiments where the marginal per capita
return (as defined in Isaac, Walker, and Thomas, 1984) decreases as the group size is increased so that
a smaller percentage of the group was needed to make cooperation profitable (Isaac. Walker, and
Williams (1990)).

to increase contribution levels in several different experimental studies with small
groups. In non-threshold environments, results are completely unambiguous. As an
example of the typical findings, Isaac and Walker (1988a) find a significant impact of
communication in the reduction of the free-rider phenomenon. Groups in their study
had average levels of contributions greater than 80% (the typical average level of
contributions without communication is less than 50%).

Even with costly

communication, efficiency levels of the majority of the periods are greater than 90%
(Isaac and Walker, 1991). It is only with threshold experiments, where multiple Nash
equilibria frequently exist, that the effect of communication on contribution is less than
certain.
The Marginal Per Capita Return (MPCR) is also of interest in VCM
experiments.

First introduced by Isaac, Walker, and Thomas (1984), the MPCR is

described as the marginal incentive to contribute. Careful laboratory study has shown
that contribution consistently increase as the MPCR increases (even though the
dominant strategy to free-ride is still preserved).

In effect, increasing the MPCR

implies decreasing the number of cooperating group members needed to make the
contribution pay off for each individual. Only when large numbers were studied in
Isaac, Walker, and Williams (1990) did the typical range of MPCR variability have little
effect on contributions.'*

The usual range of study is an MPCR somew here between .3 and .75. Contributions did. however,
decline in groups of 40 and 100 in Isaac, Walker, and Williams (1990) once the MPCR was reduced
from .3 to .03.

Others have noted the public goods characteristics of duopoly models and
common pool resource problems. Of particular interest here are the additional elements
added to the public goods environment of a common pool resource game. Ostrom,
Walker, and Gardner (1992) study the 'Social dilemma" of the common pool resource
game in an experimental setting. Their main research questions are whether or not
communication, disciplining, and monitoring alter the outcomes of these group
experiments. Not only is the game that they set up a dynamic game (as opposed to a
one-shot repeated game), but in it the group optimum is at an interior allocation.
Walker and Gardner (1992) introduce probabilistic destruction of the common pool
resource into their experiments. Here, the probability of destruction of the common
pool resource is an increasing function of total group exploitation of the resource, and
such destruction ends the experiment. In these common pool resource environments,
the social or group optimum is not where there is complete contribution as is the case
in many VCM experiments. Strategic uncertainty exists in that one does not know
what the group will do, but an uncertain technology of public good provision—the type
that may lead to no public good provision even with positive inputs towards its
provision—does not.
One thing that is apparent in the VCM literature is that a wide variety of VCM
institutions exist. However, the inclusion of uncertainty in the provision of the public
good— uncertainty that can exist even though contributions may be high-- has not yet
occurred. If this were not an important characteristic of any real world public goods
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environment then we would not really care, but the fact that it does describe several
real institutions is what encourages examination of its eflFects on contribution levels.
Work teams are just one example of an institution that essentially uses voluntary
contributions of effort levels for the provision of a particular public good.

The

following chapter introduces this production uncertainty into the provision of the public
good (the group payoff) in a controlled experimental setting.
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5. AN EXPERIMENTAL EXAMINATION OF THE VOLUNTARY
CONTRIBUTIONS MECHANISM WITH UNCERTAINTY

5.1 Experimental Design

The element that problems (l)-(3) from Chapter 1 have in common is simple.
Will individuals sacrifice private payoffs for the chance of earning a higher group
payoff?! As always, the group payoff depends on the total contribution to the group.
Even so, a high group contribution may not lead to any group payoff or may not lead to
the desired group outcome. The expected return to a given level of group contributions
may be the same as in a case of certainty, but the fact that, on average, the most wellbalanced baseball team or the one that works the hardest (i.e., contributes the most) will
win the World Series does not imply that in any given year, they always do. These
issues motivate a study of group behavior in a public goods environment where the
group payoff is not certain.
The experimental design uses the VCM for the provision of the public good.
The design does not include provision points so that the expected return from the public

^ Keep in mind that the payoffs here are not always money amounts. Payoffs in the first and second
examples reflect both monetarv- payofiFs and nonmonetary payoffs of being a member of a successful
group effort. In the third example, the benefits may be almost entirely nonmonetary.
Consider one typical example of a pure public good; national defense. If the public good is redefined
as complete security" from attack, then we have a case where taxpayers of this country" are required to
give up some private payoffs in order that there is a chance, in this case a relatively high one, of an
overall higher group payoff (security from attack).

good is strictly increasing over all levels of contributions.

For one treatment in

particular it can, however, be considered a continuous probability version of the
provision point design. The point will be brought out later. The first point of departure
fi-om the typical VCM is the group payoff occurring with probability p<\. By design, if
I ignore the fact that risk preferences should enter into any observed behavioral traits, I
am testing the compound hypothesis of free riding and risk neutrality. Nevertheless,
given the real-world applicability of such compound decision-making environments it is
important to study how groups behave in such settings. It is also generally believed that
individuals, on average, tend to be more risk averse, in which case positive contributions
would seem even more anomalous.^ Specifically, we predict that risk averse individuals
would contribute less under this type of uncertainty.
Consistent with past VCM studies, I use a payoff structure in which the singleperiod dominant strategy is to contribute nothing, while the group optimum expected
payoff is achieved when contributions are at 100%. Subjects are members of 5 person
groups.

Decisions are on the allocation of tokens each period between a private

account and a group account for several periods. A per period endowment of 15 tokens
is given to each subject. Each token allocated to the private account will yield the
subject 1 cent (all figures are in experimental dollars). Each token allocated to the
group account by any individual will generate an expected 1/2 cent for each member of

- Also, subjects will be run through a baseline treatment of a tjijical VCM e.\periment so that it will be
quite apparent how the introduction of a probabilistic group payoflF affects any particular group.
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the group. Thus, the group account represents the public good to be provided through
the VCM. Payoffs are now seen by the subjea as expected payoffs under certainty or
uncertainty depending on whether the probability of provision, p, of the public good is 1
or less than 1. It does not detract from the discussion to consider 1/2 cent generated
with certainty as an expected 1/2 cent.

An expected 1/2 cent is chosen for

comparability to VCM experiments where each token contributed yields 1/2 cent to
each member of the group with certainty (for example, see Andreoni, 1988). So, if the
criteria for valuation is the expected value, the group optimum is for everyone to
contribute all their tokens. The expected group payoff in this case would be S.375 for
each group member for each period while the free riding Nash-equilibrium would yield
each subject $.15 per period. This is a standard VCM experiment when p=\, which I
will call the Baseline design. In general algebraic terms the payoffs for each individual
in an experimental period are,

(5.1)

U, =qiw,-m,) + p

^

where w, is the initial endowment of tokens per period, m/ is the per period message or
contribution to the group account, <7 is a conversion parameter for the private account
payoffs, a is a conversion parameter that varies with the amount that each contribution
to the group generates for each member of the group, and p is the probability of public
good provision. The Baseline design, where p=l, is a special case of (5.1). In the
above Baseline parametrization p=\, a=2.5, w,=w=15 for all individuals, and N=5. In
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terms of the Marginal Per Capita Return (M), M = —=1/2 if ^1. This is just the 1/2
qN
cent that is generated for each member of the group when one individual contributes a
token. It can also be seen as the marginal rate of substitution of the private good for the
public good. This measure M is introduced by Isaac, Walker, and Thomas (1984). For
subsequent treatments I now define EM as the expeaed marginal per capita return to
allow for instances in which the probability of provision is not equal to one.

^
(5.2)

EM=E(M)=£:

K

6U

dy

^

^,J

- — where y = V m is the public good.

qN

V

This is just the expected value of the marginal rate of substitution between the private
and the public good. It is apparent that in the case of a traditional VCM experiment

p=\, in which case EM=M. Note that the parameter a can be altered such that EM is
held constant at 1/2 even though p<\? In other words, we can preserve the single
period dominant strategy while the expected value of total payoffs is still maximized
when all subjects contribute all of their tokens. This would isolate the effect of altering
the probability of a group payoff

3 That is. as long as the p is not a function of the number of contributions. This occurs later in the
design in which case EM is a function of the total number of tokens contributed.
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5.1.1 The Uncertainty Treatment

Let the treatment where p<\ and is fixed be called the Uncertainty treatment.
For this Uncertainty treatment in the experiment that follows I choose p=.lQ.
Therefore, by altering the parameter a to a=3.5714, EM is held to 1/2.

Again, the

Baseline is the standard VCM experiment and the Uncertainty treatment adds the
element of uncertainty of a group payoff'^

While this treatment was originally

conceived to bridge the gap between the Baseline and the treatment to follow, it is
nonetheless interesting in and of itself as it provides clear cut predictions on subject
behavior.
Specifically, the Uncertainty treatment in contrast with the Baseline presents the
subjects with a mean preserving spread on the distribution of possible Marginal Per
Capita Returns.^ Restricting subjects' preferences to concave quadratic utility fianctions
would allow us to predict the behavior of the subjects by simple mean-variance analysis.
However, it is well known that there exists concave nonquadratic utility functions (i.e.,
still risk averse individuals) such that those individuals would prefer a gamble of higher
variance. In this case I show in Appendix A that less restrictive assumptions can be

* I realize the aaual occurrence or not of a public payoflf by drawing balls from a bingo cage. The
probabilit}' can be represented by drawing certain numbered balls from the cage containing balls
numbered^ say, 1-10. The group payoff will occur if a ball numbered 1-7 is drawn. This is easier
conceptually for the subjects to grasp and will aid in the random drawings for the other treatment to be
described in this paper.
5 Obviously this is a treatment that would be given to a particular subject group in conjunction with the
baseline so that a lest of the behavioral predictions could be conducted.
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placed on individual's preferences so that they would prefer the Baseline, in terms of
higher contribution rates, to the Uncertainty design in the sense of second-degree
stochastic dominance (SSD).^ The least restrictive concept of first-degree stochastic
dominance (FFD) is not achievable, but SSD nonetheless provides us with a clean
prediction of contribution comparisons across treatments with less restriction placed on
preferences than with traditional mean-variance analysis (see Appendix D).

5.1.2 The Incentive Treatment

The final experimental treatment is one in which not only is there uncertainty in
the existence of any group payoflf, but also where the level of group contributions
determine p. I consider the more logical case where p is increasing in contributions m.
I call this design the Incentive design. Here, an obvious choice of /? as a fiinction of
total contributions may be
I".
(5.3a)

P=

Rw

This choice of p has the property that /? 6[0,1] and p is increasing in the size of the
public good. However, since I am more interested in the case where there is never a

0 See Hadar and Russell (1971) for formal definitions and proofs of the properties of stochastic
dominance.
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certain group payoff even with complete contributions, consider the probability of
provision

(5.3b)

p=-

Nw

In this choice of p{ ^ /w,), a is a positive parameter that impedes p from rising beyond

I
any desired boundary.

For this design, a=.75.

Given the parameterization of this

treatment, a=.75 ensures that each additional token contributed adds exactly 1% to the
value ofp and so /?€ [0, .75]. Notice that p is strictly increasing in the size of the public
good,

cJw,

^

Nw

when ot>0

so that contributing not only increases the expected value of the group payoff, as it
always does, but higher contributions give the subjects a higher probability of sharing a
larger pie. In the typical provision point experiment, the probability that the public good
is provided is either 0 or 1.

This design allow for a smoother evolution of the

probability of provision while preserving its comparability with the Uncertainty design.^
Now the expected payoff of the subject is

^ The Walker and Gardner (1992) design also has a zero public good payoflF possibilit>'. Than main
difFerence is that in the Incentive treatment presented here the probability- of a zero public good payoflF
is decreasing in aggregate contributions. Furthermore, an instance of nonpro\ision of the public good
in this design does not end the experiment (since many group interaction environments realistically
continue on e\'en after "bad" outcomes).
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a^m,
(5.4)

U , = q ( w - m ^ )+

V

Nw

yV

N

y

The parameter a is altered for this treatment so that a=3.33. Obviously we cannot hold
EM constant at .50 since EM is now a function of a probability that varies with the
number of total contributions to the group account, but this parameterization yields
EM=.50 when exactly half of all tokens (37.5) are contributed towards the group
account. For lower levels of contributions, EM<.50 and for higher levels EM>,50, We
can see that the subject's dominant single period strategy is still to contribute nothing by
calculating the change in payoffs with respect to a one token contribution. This is
equivalent to finding EM<1, but it is perhaps more transparent to view the dominant
strategy in this light.® Now we have

(55)

4^ = -?.

3n,

N-w

8 As usual, the dominant strategy for a risk neutral individual is to not contribute anvthing is present
when EM<1. However, EM has been radically changed
EM = —

.w

Now EM consists of its previous value times an additional term that is a function of parameters and the
total group contribution. By design, EM is increasing in the total number of contributions.

^1/

a f 2a]
NwJ

=—

> 0 when a

>0

With the parametrization used. EM is an element of the [0.1.00] range which shows that the dominant
strategy is preserved at all but one point (where it is still a weakly dominant strategv ) in terms of
expeaed payoGf.
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3U

That (5.5) preserves the dominant strategy to contribute nothing (i.e., —< 0) depends

dm^
upon the parameter values chosen. With the parameterization that I use throughout this
paper, the (weakly) dominant strategy to contribute nothing is preserved.'
The socially optimal choice is still for all subjects to contribute all of their tokens
to the group account (i.e., it would maximize the expected value of total group
earnings), yet the dominant strategy for each period is for each subject to contribute
nothing.

We see that the socially optimal level of contributions is to contribute

everything by noting the new social problem is
' V'
(5.6)

= Max q{Nw
^ Im,

Max E

Hm,

^For example, in going from 2^

/

)+

Nw

= 74 to ^ /n, = 75 the partial derivative

is at its largest at

/

zero. Thus, with these parameters, the weakly dominant strategy is always to contribute nothing since
the expected value of what you gain is always less than or equal to the value of the token kept in the
private account, and this only occurs with all subjects contributing all tokens to the group account.
This —-

= 0 corresponds directly to the upper bound of EM=1.00.

cm- Sm.=75
/
10 Since this design and its predictions assumes risk neutrality it is interesting to note that in the case of
a group of strongly risk averse people, the expected utility of the total group payoff could be maximized
when all subjects contribute nothing to the group accoimt. In other words, for a group of strongly risk
averse subjects, the proper criterion for valuation of payoffs may not be just the expeaed value
independent of the variance of different possible outcomes.

This is obviously maximized by choosing ^ m, = 75 (i.e., total contribution by all
I

subjects). The expected value of the sum of individual utilities is now a convex function
which achieves its maximum at the upper boundary. This function is shown graphically
in Figure 5.1.

More intuitively, we can see that at any level of contributions,

contributing one more token yields pC^ m,) • a in extra expected group payoffs. Given
i

that a=3.33, as long as p>.3, the addition to the expected value of total payoflfs will rise
with higher contributions.

This occurs at ^/n, >30, and therefore the highest
i

expected total payoff is when everything is contributed and the expected total payoffs
are 187.5 cents per period (versus total payoffs of 75 cents per period when subjects
contribute nothing).

Figure 5.1 should be seen in contrast to Figure 5.2 which

graphically shows the social maximization problem in the typical VCM setup (which is
also the baseline design here).
This provides an alternative explanation as to why subjects may not contribute
towards the group account. Given that there are two local maxima, subjects in low
contributing groups are helping their group out by free riding if they do not believe the
group capable of surpassing this threshold level of contributions.
Also note that p e [0, a] . In general,

m,) is chosen so that there is never
I

p=\ probability of receiving the group payoff unless a=l (even if ^ w, = A'W ) and

Expected Total (social)
Utility per round

FIGURE 5.1
Maximum Contributions

187.5

67.5-

Total Contributions

Expected total (social)
utility per round

187.5

FIGURE 5.2
Baseline and Uncertainty
Treatments

Maxinnum Contributions

Total Contributions'
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there is always a positive probability of receiving the group payoff as long as at least
one member of the group contributes one token.
The actual functional form ofp=p(^ m-) can be altered so that the possibility of
i

very low probabilities does not exist if so desired.

p=P +

Nw

:

For example, with the fimction

we now have p e\J},d\. Such perturbations of this form of

probability are endless and their use depends on the research question being asked.

5.2 Experimental Procedures

Ten experiments were conducted using undergraduate students from economics
courses at the University of Arizona. The experiments were handrun as described in this
section and the subjects were inexperienced in the institution.

Sessions (including

instructions) lasted approximately one hour and the average payoff of all sessions was
$14.20, ranging from a low of $10 to a high of $21. Groups of 5 subjects were given
Instructions, a Decision and Earnings Sheet, and a Returns fi-om the Group Account
Sheet (all reproduced in the Appendix).

The parameters for the Baseline, the

Uncertainty, and the Incentive designs are as stated in Section 5.1.2 of this chapter. The
logistics of their implementation are discussed here.

In the Baseline Design, subjects were asked to divide the endowment of
experimental tokens among two accounts each period. First, a Private Account, is the
account in which tokens generate earnings only for that particular subject. Second, the
Group Account, is the account in which tokens generate earnings for all group members
regardless of whether or not they personally placed any tokens in the account. Upon
recording this division of tokens each period, the experiment goes around the room and
totals all of the contributions of tokens toward the Group Account. This total is then
written on the Blackboard at the front of the room. Given this total, subjects can then
refer to the appropriate entry in the Returns from the Group Account table to find out
how much they earn that period from the Group Account. Subjects also know what
Private Account tokens are worth and so they can then find their total earnings for that
period. This procedure is repeated for 7 periods.
After the initial Baseline periods (done both to replicate previous results and to
provide a benchmark for comparisons) subjects are handed a new set of Instruction
along with a new Returns from the Group Account table and a new Decisions and
Earnings Sheet. These Instructions describe the Uncertainty treatment. Everything in
this treatment is the same as the Baseline except for the probability draw, which is done
manually with a Bingo Cage. The subjects' attention is drawn to a Bingo Cage at the
front of the room prior to any decisions being made. Subjects are asked to witness the
placement of 10 balls numbered 1-10 into the cage. Now, after each period's total
tokens contributed towards the Group Account has been written on the Blackboard, a
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draw is make from the Bingo Cage. If the number 8, 9, or 10 is drawn, subjects earn
nothing from the Group Account for that period. Subjects witness this draw and the
subsequent replacement of the ball into the cage. This procedure is repeated for 7
periods.
In the Incentive treatment, all procedures are the same as in the Uncertainty
treatment with a slight variance in the probability draw. Prior to the beginning of this
portion of the experiment, subjects witness the placing of balls numbered 1-100 into a
Bingo Cage at the front of the room. Upon totaling and writing on the Blackboard of
the total number of tokens contributed towards the Group Account, the probability of
provision is calculated as merely the total number of tokens contributed towards the
Group Account for that period divided by ICQ. A draw from the Bingo Cage then
follows and in order for the Group Account to generate any earnings for the subjects,
the drawn must be less than or equal to the total number of tokens contributed. For
example, if the probability of provision is determined to be .27, then the Group Account
would generate earnings if and only if a ball numbered 1-27 were drawn from the Bingo
Cage. If a ball numbered 28-100 were drawn, then the Group Account would generate
no earnings for any subject for that period. Subjects witness the draw from the Bingo
Cage and the subsequent replacement of the ball. This procedure is repeated for 7
periods.
The Baseline treatment is the first treatment that the subjects experience, but the
ordering of the final two treatments is altered for different groups of subjects. This is a

simple control for ordering effects in the probability treatments. While all treatment
orderings consisted of a Baseline set of rounds as a means of 'fexperiencing" the
subjects to the basic VCM procedure prior to complicating things, this does allow for
the possibility that there is a ordering eflfect in the results when comparing the
Uncertainty treatment to the Baseline. Given that an 3rd treatment existed and was
randomized in order with the 2nd treatment, it is unlikely that ordering corrupted the
data since actual data does not imply that subjects monotonically decrease contribution
levels throughout the entire experiment.

At the end of the final period of the final

treatment, subjects' earnings are totaled and the subjects are paid in cash.

5.3 Experimental Results

The data aggregated across ten experiments can be seen graphically in Figure
5.3.

By visual inspection, it appears that there is no significant difference in average

contribution levels or decay of contributions in either the Baseline, Uncertainty, or
Incentive treatments.

It should also be noted that the Baseline treatment looks quite

familiar and serves as a replication of previous VCM experiments which confirms the
procedures used in this experiment.

The data is tested nonparametrically for any

distributional differences using the Kolmogorov-Smimov two sample non-parametric
test for distributions as well as nonparametric test of means (the Marm-Whitney test)

" Disaggregate data and any additional statistical results are in Appendices B and D.
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and nonparametric test of variances. The drawback of such tests is that the assumption
of independence of contribution levels over the rounds of a given treatment is probably
unrealistic. These tests, however, merely confirm what appears to be visually obvious in
the data. Furthermore, the assumption of independence is quite reasonable when the
data is aggregated across periods for each treatment in each experiment. Parametric
analysis of the data using GLS is discussed in the following section. First, the data is
aggregated across all experiments to test whether or not the average experiment
displays any significant treatment effect. Results of comparing average per treatment
level of contributions (i.e., aggregating across periods in each treatment for each
experiment) are discussed shortly.

Analysis of the ten experiments yields the following aggregate results. The mean
level of contributions for the average experiment is significantly lower in the Uncertainty
treatment (p=.05) than in the Baseline. The distribution of contributions is also shifted
downward (p=.10) in the Uncertainty treatment.

This supports the risk averse

hypothesis for the average group since these groups reveal a preference for contributing
in the Baseline treatment (in the sense of SSD) even when the EM is identical for both
treatments. The Uncertainty treatment's mean level of contributions was also
significantly lower than that for the Incentive treatment (p=. 10). Again, aversion to the
uncertainty seems to manifest itself here as well. There is no significant difference in the
mean contribution level for the Baseline and the Incentive treatments (p>.10). There is
no significant difference in contribution distributions when comparing either the
Uncertainty and Incentive treatments or the Incentive and Baseline treatments (this
comparison of Baseline and Incentive treatments is questionable since the experiments
differ in two parameters, but it may be of interest nonetheless). In no treatment was
there a significant difference in the variance of the .distribution of contributions (p>. 10 in
all cases). In short, the average experiment differs only in mean contribution level—
which amounted to 5% lower efficiency, in terms of tokens contributed relative to the
maximum possible, in the Uncertainty Treatment ~ and contribution distribution for the
Uncertainty treatment.

The lower average level of contributions confirms the risk
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averse nature of group contribution behavior. The description of treatment comparisons
when the data is aggregated across experiments can be described by Table 5.1 below.

TABLE 5.1
Comparison of Treatments by Mean, Variance, and Distribution
Aggregation across all experiments

Baseline vs. Uncertainty
Uncertainty vs. Incentive
Incentive vs. Baseline

Mean
Uncert. lower
Uncert. lower
ND

Variance
ND
ND
ND

Distribution
Uncert. lower
ND
ND

ND=No Difference (i.e.. p-value>.10)

Another result of interest is in comparing the results aggregated across periods
of each treatment for each experiment.

This is of interest because if a significant

difference in mean, variance, or distribution of average per treatment behavior exists,
one can expect differing behavior by any particular small group even though the
average within experiment behavior from aggregating across these groups might seem
identical. A test of means here involves finding the average level of contributions for
each treatment of each experiment, and then using the distribution of ten average
treatment contribution levels as our distribution of interest.

This uncertainty result is somewhat sensitive to the nonparametric test that is used. With a more
powerful Wilcoxon signed-rank test (that e.xpIoits the paired nature of the data) the Uncertaintytreatment's mean contribution level was only significantly different from that of the Baseline when one
looks at the first four rounds of the data.
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A test for means shows that there is no significant difference in the mean of the
distribution of average per treatment contribution levels for any treatment (p>. 10 in all
cases). In other words, in any given experiment one can expect that, for each treatment,
the average level of contributions for that treatment will not be significantly different
than for that treatment in any other experiment.

When a test for differences in

distributions is performed, it is also the case that there is no significant difference in
comparing the distributions for any two treatments (again, p>.10 for all cases).
However, when testing for differences in variances of average treatment contribution
levels, we find that the variance under the Incentive treatment is significantly higher than
that of the Uncertainty treatment (p=.03) and the Baseline (p=.01).

There is no

significant difference in variances of the Baseline and Uncertainty treatments (p>. 10)
The results of the data when aggregated across periods can be summarized by Table
5.2.

TABLE 5.2
Comparison of Treatments by Mean, Variance, and Distribution
Aggregation across periods for each treatment

Baseline vs. Uncertainty
Uncertainty vs. Incentive
Incentive vs. Baseline
ND=No Difference (i.e., p-value>.10)

Mean
ND
ND
ND

Variance
ND
Incent. higher
Incent. higher

Distribution
ND
ND
ND

For any given experimental Incentive treatment, we can expect to see some very
high and some very low contributing groups. For example, subjects in experiments 5
and 7 are almost complete free riders in the Incentive treatment (for experiment 7,
subjects were complete free riders in 3 of 7 rounds) while subjects in experiment 3
contribute generously in their Incentive treatment. This result is intuitive as well if one
recalls the incentive structure of this treatment. A global maximum of group earnings
exists at full contribution, but a local maximum also exists as complete free riding.
Neither extreme is fully achieved, but the way incentives are built into contributions are
most likely causing the higher variance.
The fact that each group member's contribution increases the probability of
provision of the public good may be responsible for higher contributions to help
promote continued higher contributions. On the other hand, free riding actually harms
individuals in two ways. Not only does free-riding '^teal" from others in terms of the
public good payoff, but it also harms other members' probability of even enjoying that
payoff.

Recall that this particular design creates two social maximizing levels of

contributions (albeit only one global maximum), one of which is at zero tokens
contributed. This may help explain severe free riding once group members figure out
that other members are actually cheating them twice by free riding in this context.
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5.4 Ex Post econometric modeling of group and individual behavior

While the nonparametric results presented in the previous section are useful in
categorizing the experimental results, parametric analysis allows a more thorough
modeling of the data. A natural way to proceed with the analysis is to continue to
model the group and the individual data separately. The determinants of contribution
levels are most likely very closely related, but the analysis of the individual-level data
allows for the inclusion of individual behavior variables.

Such parametric analysis

ultimately yields more information than can be obtained through nonparametric analysis
alone.

5.4.1 Group contributions modeling

In analyzing the group data, tokens contributed by the entire group are assumed
to be a simple linear fiinction of the round-number inside the treatment in which they
occur, the experiment, the treatment (which for the Incentive treatment is reflected in
the marginal incentives described by EM), and whether or not the previous round
provided a public good. The logic of this last variable is that a group may react in a
negative way towards not having received any public good the previous round even
though perhaps substantial amounts were contributed towards the group account. The
base equation of estimation is
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(5.7)

t o k e n s , + f i ^ { r o u n d d u m m i e s )+ p ^ N o p u b l i c + f i - ^ U n c e r t + P J n c e n t , ^ , _ ^ + £ , ^ ,

where /=treatment (Baseline, Uncertainty, or Incentive)
y=group (experiment number)
/=round number(2-7)

This is a fixed effects model in which each different experimental group is
allowed a fixed effect. The behavioral assumption in using the fixed effects model is
that each separate experimental group represents nothing more than a parametric shifl in
the regression equation. The fixed effect will capture any unknown effects and also
reflect the nonzero starting point that seems apparent in all voluntary contributions
mechanism settings.

It does not, of course, explain the nonzero initial level of

contributions, but it will ensure that the remaining parameter estimates are unbiased.
The Round Dummies consist of dummy variables for rounds 3, 4, 5, 6, and 7. Each
treatment consists of 7 rounds, but only the last 6 rounds are used in the estimation
since some explanatory variables are lagged one round. The Round Dummies allow for
the possibility of each round having a different effect on the decay of contributions.'^
The variable Nopublic is a dummy variable with value 1 if the previous experimental
round did not provide a public good to the group (i.e., if a bad draw from the Bingo

13 Another way of allowing for contributions to decay nonlinearly would be to replace the round dummy
variables with the variables round and round-squared w here round takes on the value of the round from
round 2 until round 7. This alternative specification was estimated and the results are qualitatively
similar to what is presented here.

cage occurred). Thus, round 1 for any treatment is nonuseable since round I in any
treatment has no previous round. Uncert is a dummy variable with value 1 if the
treatment is the Uncertainty treatment. The variable Incent is actually an interaction
variable. Incent is a dummy variable for the Incentive treatment interacted with the
value of EM (the expected marginal per capita return).

This is chosen since the

importance of the Incentive treatment really lies in how it is able to affect contributions
through a changing EM.'"*

In using the lagged value of EM as a predictor of

contributions in the Incentive treatment, we are implicitly assuming that expectations of
current-round group contributions are based on group contributions of the previous
round. Existing studies on the importance of marginal incentives lead us to hypothesize
that the coefficient on Incent will be positive.
The error term Syt is assumed to be a normal i.i.d. error term with the usual
properties. The assumptions for parametric modeling of the data are obviously more
strict than those required for the nonparametric analysis, but appealing to large sample
properties here is not completely unreasonable since the sample sizes are not abnormally
small (especially when analyzing the individual-level data).
OLS estimation of equation (5.7) revealed first-order autocorrelation (across
rounds, holding / and j constant), so the Praise-Winsten transformation is used to

" Both the group and individual level models were also estimated with a dummy variable for the
Incentive treatment replacing the interaction variable Incent. Coefficient estimates and significance
were not appreciably altered, but the coefficient on the dummy variable was insignificantly positive.
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perform the full GLS estimation. The results of the estimation are presented in Table
5,3 .1= The number of useable observations for analysis is 180.^^
We see from Table 5.3 that the coefficients are statistically significant for the
fixed effects terms, Round6, Round?, Nopublic, and Incent. In short, these parametric

TABLE 5.3
Results from Fixed Effects Model Estimation of
Group Data
Variable
Round3
Round4
Rounds
Round6
Round?
Nopublic
Uncert
Incent
Rho
Adjusted R^

CoefT. (p-value)
3.79 (.08)
.09 (.97)
-1.24 (.64)
-6.17 (.02)*
-13.48 (.00)*
-3.18 (.03)*
.93 (.65)
13.59 (.00)*
.42
.62

Fixed Effects
Experiment I
Experiment 2
Experiment 3
Experiment 4
Experiment 5
Experiment 6
Experiment 7
Experiment 8
Experiment 9
Experiment 10

Coeff. (p-value)
56.15 (.00)*
51.76 (.00)*
52.52 (.00)*
58.33 (.00)*
19.29 (.00)*
52.16 (.00)*
24.43 (.00)*
39.13 (.00)*
26.76 (.00)*
47.48 (.00)*

Number of observations=180
Actual provision percentage of all rounds in Uncertainty treatment=.70
Actual provision percentage of all rounds in Incentive treatment=.41
•Indicates statistical significance at least at the .05 level

''The models in this section were also estimated using the method of maximum likelihood. The results
were essentially identical to those presented from the GLS estimation.
There is 1 group per experiment, each group makes 6 decisions per treatment (7 actually, but as is
apparent in equation (7), the variable Nopublic requires that information from the previous round is
used which means that only the last 6 rounds in each treatment are used), 3 treatments per e.\periments.
and 10 experiments for a total of (6)(3)(10)=180 observations.
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results merely support the heuristics and the nonparametric methods used in explaining
the data. The fixed effects reflect the level of initial contributions present in all VCM
experiments and are the most important determinant, in magnitude, of all variables. The
statistically significant coefficients for the fixed effects also show that different groups
contributed different amounts. One can test for significant differences across groups by
also estimating the restricted model with one overall constant term. Such a test reveals
that we can reject the hypothesis of no difference across groups, with an F-statistic of
14.8 (the 1% critical value is 2.53). The mean level fixed effect across experiments is
42.7 tokens contributed per group.
The coefficients on Roimd6 and Round? are also statistically significant. The
pattern of the signs of the coefficients on the round dummy variables indicate that
contributions tend to increase in the first couple of rounds in a treatment, and then the
decay is greatest toward the end of any treatment with the last period being responsible
for a decline in total contributions of 13.5 tokens per group.

The statistically

insignificant negative coefficient on Uncert is surprising given our hypothesis, but
perhaps the negative effect of the uncertainty comes fi^om the instances of nonprovision
in this model since Nopublic is negative and significant. This is also surprising for the
Uncertainty treatment since the nonprovision of the public good in one round does not
affect the probability of provision in the subsequent round at all. This uncertainty result
has important implications if, in team work settings for example, effort is imperfectly
correlated with results yet compensation is tied to those same results. This uncertainty
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may direct one towards tying compensation to effort rather than to results, even though
it may be costly to observe such effort in many situations.
The importance of the Incentive treatment lies not in its uncertainty per se, but
in its effect on contributions via the EM. The coefficient on Incent is positive and
statistically significant. The magnitude of about 13.5 implies that each increase in the
EM of .10 would increase group contributions by about 1.35 tokens in this treatment.
As such, low (high) contributions will promote more low (high) contributions, which is
consistent with the higher variance in contribution levels in the Incentive treatment.
In Isaac, Walker, and Thomas (1984), the average contribution level across 10
rounds for an experiment in which their MPCR=.3 is 26% of total tokens, while when
the MPCR =.75 this increased to 58% of total tokens. This represents an increase in
contributions of 32%. A similar increase in the EM of .45 in the Incentive treatment is
predicted to increase group contributions by 8% (that is, by 6 out of a possible 75
tokens). The difference in magnitude of the effect from changing the EM may be due to
the possibility of nonprovision that exists here.^^
In summary, the results tell the following story. Certain experimental groups
have a significant impact on the starting level of contributions, but the round number is
also an important determinant of contributions throughout a particular treatment. The
later the round, the greater the decay in contributions. This is parametric evidence in

Other experiments that confirm the MPCR effect are Kim and Walker (1984), Brown-Knise and
Hummels (1992), and Saijo and Tatamitani (1991).
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support of the importance of repetition in the determination of contribution levels in any
group interaction setting. It is also possible that the large decay in contributions in the
last round of a treatment is due to an end game eflfect.
Groups reacted by decreasing their contributions when the previous period did
not provide a public good—contrary to our predictions— but they did not significantly
lower contributions in the Uncertainty treatment as we would have predicted. Any risk
aversion by subjects would have to be seen as part of the effect found in the Nopublic
variable. The importance of marginal incentives in contribution rates is also apparent
given the statistical significance of the variable Incent. As is the case in other existing
studies, higher EM's increase contribution rates significantly.
Group contributions analysis helps identify those variables that affect group
contribution levels, but it is certainly true that individuals make up every group. In fact,
an area that is lacking in the current VCM literature is the more thorough modeling of
behavior at the individual level.

Understanding how individuals behave will prove

important in understanding how the aggregation of these individuals will behave. The
next section takes a first, albeit small, step towards empirically modeling individual level
behavior as a function of one's contribution level relative to the group mean
contribution level.
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5.4.2

Individual contributions modeling

The base equation of estimation for the individual data is
(5.8)

tokens,^ =

{Round Dummies) + p., Nopublic+ p.Uncert
•^PJncent^^_, + p.Deviatej,

where /=treatment (Baseline, Uncertainty, or Incentive)
^individual (50 individuals)
/=round number (2-7)

Here,

is now the individual specific fixed effect. When we use such a fixed

effects model, we assume that the only difference that exists is a parametric shift in the
individual regression equations.
In addition to the variables used in analysis of the group data, I include a
variable that attempts to capture an individual's response to the signal being received
from the other group members. Once individuals make their decisions and the total
number of tokens contributed by the group is displayed on the black board, an individual
can easily figure out how much they have just contributed relative to what others were
contributing. Given this, the variable Deviate is included to capture the individual's
response to such a signal. Deviate is the deviation of an individual's contributions in the
previous round from the average of the remaining group members in that round.

The importance of such deviations from the group mean has been formally recognized before this
study. A model of noncooperative provision of public goods is developed in Falklinger (1994) in which
own contributions relative to the contributions of others enters into the payofiF function. Additionally.
Falklinger et al. (1995) experimentally e.\amines a mechanism whereby deviations from the mean level
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Thus, if an individual contributed more (less) than the average of the remaining 4 group
members. Deviate will be positive (negative).

The coefficient on Deviate is

hypothesized to be negative if individuals are concerned with contributing what
everyone else is contributing on average.

On the other hand, if individuals take

advantage of free riding that is working (i.e., free riding more if they are below average
levels of contributions) the coefficient on Deviate would then be negative. With the
individual data, the number of useable observations is 900.
The results of the fixed effects model estimation are present in Table 5.4.*°
Many of the coefficients on the individual fixed effects are statistically significant and
are shown in Appendix D for space considerations. We can reject the hypothesis of no
difference in individual fixed effects (an F-statistic of 7.97 as compared to the 1%
critical value of 1.53). The average level of all fixed effects is 7.5 tokens contributed
per person.
Table 5.4 shows again that significant decay in contributions occurs in the final
rounds, with rounds 6 and 7 accounting for a decrease in individual contributions of
about 1.5 tokens and 3 tokens, respectively. The coefficient on Nopublic is statistically

of coniribulions are taxed and subsidized. Such a mechanism significantly increases contribution
levels, but would not be viable in situations in which different endowments existed. Chan et al. (1996)
also suggests a model that might lead to a similar variable. The difference v^ith their model is that
deviations are explicitly defined in terms of relative-to-endowment contributions.
'9 There are 5 persons per experiment, each person makes 6 decisions per treatment (7 actually, but the
first round in each treatment is thrown away), there are 3 treatments per experiment, and 10
experiments for a total of (3)(6)(5)(10)=900 observations
20 The autocorrelation present in the group data was not present in the individual data. The estimated
correlation coefficient for the individual level model was -.01.
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significant and negative with a slightly higher per person magnitude (one token per
person) than the average of the group data model. The coefficient on Uncert is again
statistically insignificant and positive, while the coefficient on Incent is statistically
significant and similar in magnitude to the group results.

Table 5.4**
Results from Fixed Effects Model Estimation of
Individual Data
Variable
Rounds
Round4
Rounds
Round6
Round?
Nopublic
Uncert
Incent
Deviate
Adjusted R^
N

Coefficient (p-value)
.28 (.49)
-.44 (.28)
-.63 (.13)
-1.59 (.00)»
-2.88 (.00)*
-1.03 (.00)*
.17 (.57)
3.00 (.00)*
.25 (.00)*
.51
900

•Indicates significance at least at the .05 level
•*The coefficients of the fixed effects are in Appendix C

Also, the variable Deviate is statistically significant and positive. It is small in
magnitude, accounting for the addition or subtraction of 1/4 of a token per individual,
but the mere fact that it is positive offers some interesting insights into individual
behavior in group settings. This implies that if an individual finds himself contributing
more than the remainder of the group on average (implying that Deviate is positive),
this subject will increase his contributions in the next round.

While seemingly
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counterintuitive, it suggests that individuals may be trying to '^oke the fire" in an
attempt to increase the other group members' contributions. Notice that this effect is
independent of any innate benevolence that an individual might have since such a trait
would be captured in the individual fixed effect. Whether naughty or nice, individuals
who contribute more than average tend to try to push up group contributions
throughout the experiment by raising their level of contributions.
On the other hand, if an individual finds himself contributing less than the
remainder of the group on average (implying that Deviate is negative), this subject will
decrease his contributions in the next round. This suggests that if a subject sees other
group members carrying most of the weight of contributing, that subject will take
advantage of them and fi-ee ride

even more.

Again, this is independent of any

individual-specific free-loading. This is perhaps more interesting than it first appears. If
everyone who is contributing more than the average group member increases
contributions and if everyone who is contributing less than the average group member
decreases contributions, then, depending upon the initial contributions of each
individual, certain group members will gravitate towards contributing more while others
will gravitate towards contributing less given enough repetition of the game.^^ Within
each group we can then find individuals that learn to fi-ee-ride more quickly than others.
Deviations fi-om the group mean will therefore not correct themselves, a fact that may

Another possible explanation was presented to me by Stan Reynolds. Given the general pattern of all
subjects to show a decay in contributions across rounds of the experimental treatment, a positive sign
on Deviate will occur if above-average contributors have contributions that decline at a below-average
rate while below-average contributors have contributions that decline at an above-average rate.
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lead one towards considering such tax and subsidy schemes as that found in Falklinger
et al. (1995).

However, differing abilities to contribute (i.e., different endowment

levels) may render such schemes difficult to implement.^

5.5 Conclusions

The reason for studying the provision of public goods through the VCM is two
fold. First, we prefer to study the behavior of groups of individuals in situations where
economic theory provides behavioral predictions. In this way experimental economics
can help scrutinize our theories and it can also help improve our theories when
controlled tests reveal anomalous behavior. Secondly, it is useful to replicate as many
real world decision environments as possible in the laboratory. This experimental study
examines the voluntary contribution mechanism for providing a special type of public
good— one that is not provided with certainty even when individuals contribute much
towards its provision. Such an environment mimics several real worid public goods
environments that, until now, have escaped study. Resuhs of this study show the
robustness of the tendency for contribution levels to decay upon repetition, even when
uncertainty is introduced. Further, the introduction of uncertainty did not significantly

22 Since the indi\idual contributions model imposes the same parameter on a positive deviation from
the average as a negative one, an additional model was estimated in which a variable Interact is
included. Interact is merely Deviate multiplied b>' a dummy variable that equals one if deviate is
positive. This allows us to find the effect on contributions of being an above-average contributor by
summing the coefficients of Interact and Deviate. Results here show that the parameter estimate on a
positive deviation from the group average is still positive.
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affect contributions.

On the other hand, subjects in small groups tend to react to

instances of nonprovision by decreasing contributions in the next round. Statistical
analysis shows that a 5-7% decrease in contributions occurs after an instance of
nonprovision (depending on group or individual data analysis).
In terms of real world examples, an employer can increase efficiency by
eliminating nonprovision of rewards or bonuses from the work place. For example, it
may be more cost effective for an employer to pay a work team based on their effort,
even though observing such effort would be costly. When this is not an option, an
employer can at least try to stabalize the probability of no group bonus (i.e., keep it
constant) in an attempt to reduce the variability across small groups. The increased
possibility of group bonuses with increased worker effort does seem logical, but these
experiments show that such an institution may actually bring out the free rider in
workers rather than their cooperative nature (depending rather arbitrarily upon the
group in which individual workers find themselves).

These results are, however,

noncommunication results that may not apply to a world with communication. Existing
studies of the VCM with communication suggest that contributing is highest when
communication is allowed. The fi'ee-riding incentives still exist when communication is
allowed, but the disciplining feature of this institution with communication may go a
long way towards "forcing" effort, lest any member be ostracized for his/her freeloading.
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Parametric analysis of the group and the individual data lend additional insights
into the behavior seen in these experiments. For the most part, estimation of the fixed
effects model in equation (5.7) merely confirms nonparametric conclusions. Certain
experimental groups will start off as high or low contributors (no doubt as a result of
many unmeasurable factors not explicitly controlled for in the empirical estimation
equations), but repetition of the one shot contribution game is the main determinant of
the decay in contributions. Estimation of the individual tokens equation (5.8) further
reveals that not only are individuals responding to repetition and the provision or noprovision of the public good, but they are responding to some extent in a very strategic
way to the behavior of their fellow team members. In particular, subjects react to the
nonprovision of the public good by decreasing their level of contributions the following
round. This suggests that certain members of groups will gravitate towards providing
more or less contributions.^
The importance of the marginal incentives is also highlighted in this study. This
experiment yields a rare data set where the EM varies throughout one of the treatments
The significant increase in contribution levels in the Incentive treatment due to the EM
substantiates the claims that the changing marginal trade-ofif in small group VCM
environments is a significant determinant of contributing towards the public good. In
such environments, where the probability of public good provision is a function of

^ The fact that contributions were not re\'ealed and there was no communication are undoubtedly
important e.xperimental faaors. In the naturally occurring economy, no one member of a group could
get away with being the only free-rider indefinitely.
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contribution levels, high contributions promote more high contributions whereas low
contributions promote further low levels of contributions by lowering the marginal
incentives to contribute. Further modeling of individual contribution levels from VCM
experiments is needed, but the incentive effects of the EM appear to be quite robust to
this particular institution.

In addition to a global social optimum at complete

contributions, a local optimum can be achieved by contributing zero tokens in the
Incentive treatment. This feature of the institution, along with the lower expectations
reflected by the lower EM, may further drive some groups to low levels of contributions
and thus explain the large variance in contributions across experiments in the Incentive
treatment.
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6. CONCLUSION

This dissertation has studied on-the-job leisure in individual and group settings.
As one can easily imagine, both employers and academics would like to know when
such on-the-job leisure might be enjoyed and how it affects work place efficiency. Not
only has this dissertation offered some theoretical explanations for why individuals may
enjoy leisure when they do (and work when they do), but it has also empirically
challenged those theories through the use of experimental economics—a method of data
gathering with numerous benefits:

relatively inexpensive data sets, tailor-made

experimental environments, and superior experimental control relative to field studies.
At the individual level, people choose to enjoy on-the-job leisure when they have
no other (off-the-job leisure) choice. Furthermore, when allowed to choose between
on- and off-the-job leisure, individuals still choose on-the-job leisure. The labor supply
theories presented in Chapter 2 offer testable implications as to how individuals will
enjoy leisure in these different settings. First, many people are faced with short-run
labor supply envirormients in which they are not allowed to choose the number of hours
they work. In such environments, these people will respond by choosing more on-thejob leisure when wages fall. The Work Intensity model predicts that individuals will
then increase (decrease) their consumption of on-the-job leisure when given an incomecompensated wage decrease (increase).

The experimental study (the Intensity

experiment) of Chapter 3 supports the testable implications of the Work Intensity
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model. Most subjects respond in accordance with the model. The implication of this
finding is that employers would be able to elicit more effort from their employees by
paying them based more on their work effort. A piece-rate wage that is high relative to
the employee's total compensation (wages plus nonwage benefits) could raise employee
eflfort even while holding the overall cost to the employer constant.
The second extension of the classical labor supply theory presented in Chapter 2
is one in which individuals choose both hours of work and productive hours spent at
work.

In other words, individuals choose both on- and off-the-job leisure.

This

"Combined" model of labor supply provides a theoretical contribution in that in that it
can explain negative substitution effects on hours worked. The importance of this result
lies in the fact that a negative substitution effect on hours worked is a violation of the
main testable implication of the Classical static labor-leisure choice model. This can be
quite relevant given the fact that numerous empirical studies estimate negative
substitution effects—a fact that calls into question the empirical validity of the Classical
model of labor supply.
This theoretical explanation for negative substitution effects on hours worked is
not bom out by empirical data, however. The Time experiment presented in Chapter 3
indicates that, on average, substitution effects are positive. This implies robustness of
the classical theory with respect to on-the-job leisure. However, there are individual
instances of negative substitution effects which are not explained by the Combined
model. The implications of this study show that something else may be driving the
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negative substitution effects found in some existing empirical studies. Nevertheless, an
employer can expect increased hours of work as a result of a compensated wage
increase, on average, and raise overall work time at no direct monetary cost.'
In addition to individual labor-leisure decisions, this dissertation also pursues
work team issues. Not only are individuals in individual settings capable of enjoying onthe-job leisure, but individuals in work team settings may also consume on-the-job
leisure. In these work team settings, such on-the-job leisure may take the form of freeriding off of the effort levels of other team members—a public goods provision problem.
By focusing on public goods environments in which there is uncertainty in the provision
of the public good, this dissertation finds clues as to how the uncertain nature of the
rewards in team settings—uncertain even with positive contributions—may affect
contribution levels.
An initial study of uncertain provision of public goods in Chapter 5 shows that
contributions may decline given this uncertainty. The comparison treatment is a baseline
voluntary contributions mechanism (VCM) for the provision of public goods in which
the (expected) marginal incentives to contribute are the same.

The results are not

conclusive, however, as they are sensitive to the type of statistical test used and
sensitive to the specification of the regression equation. The marginal incentives appear
to be the largest determinant of contributing behavior in this treatment.

' Of course, one must realistically consider the psychological implications of an entirely piece-rate wage
s\ stem. Workers tend to enjoy the securitv" offered by salar\ -pa\ing jobs or the securit\- of some
nonpecuniary forms of compensation. Additionally, monitoring costs should be taken into account
when comparing the ad\ antages and disad\ antages in hourly and piece-rate wage schemes.
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A second treatment in the experimental design allows for the possibility that the
provision of the public good is increasing in contribution levels. For work teams, this is
analogous to situations in which higher team eflfort levels increase the probability of
receiving the group payoff Again, the possible statistical significance of the regression
coefficient representing the Uncertainty treatment is sensitive to the specification used.
If such significance exists though, it has important implications for work team managers
who fi-equently pay individuals based on team outcomes, even when group effort does
not guarantee positive outcomes. It may be worth the cost to the employer to pay
subjects based on observed effort in order to eliminate the inherent uncertainty that
would otherwise exist.
What clearly increases contributions in this Incentive treatment are higher
marginal incentives brought on by higher contribution levels. This implies that if higher
contributions could be brought out in a group, then more high contributions would
follow. Low contribution levels, on the other hand, promote further low contribution
levels. We also find that individuals do not appear to gravitate towards a group mean
level of contributions. Some individuals free ride more effectively as the environment is
repeated. Also consistent with existing VCM studies (with no communication) is that
contribution levels decay over repeated rounds of the same environment even when this
uncertainty exists.

The overall contribution of the public goods portion of this

dissertation to our knowledge of indi\'idual behavior in work team settings is that, while
uncertainty may or may not be something that decreases contributions, marginal
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incentives in the presence of this uncertainty still have the strongest effect on
contribution levels. One might say that high effort levels appear to be "contagious",
even when such effort levels are in conflict with pure self-interest.
This discussion of individual and group labor supply behavior shows us that
there is still much to be analyzed. As researchers continue to seek empirical answers to
labor supply questions we might highlight the following: Work teams, which continue
to be considered the solution to efficiency problems by many large companies, are still
affected by any individual free-riding within the team. Secondly, individuals who do not
work in a formal "team" can still negatively affect their employers by enjoying on-thejob leisure. Given this, it remains in our interests to try to understand the systematic
way in which workers consume on-the-job leisure. This dissertation is a step forward in
our continual journey towards a more detailed understanding of labor supply and effort
levels.
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APPENDIX A

EXPERIMENTAL INSTRUCTIONS
1. INSTRUCTIONS FOR INDIVIDUAL LABOR-LEISURE CHOICE
EXPERIMENTS

This is an experiment in the economics of individual decision making. These
instructions are simple, and if you follow them carefully and make good decisions you
may earn a considerable amount of money which will be paid to you in cash at the end
of the last day of the experiment.
In this experiment we are going to ask you to perform a task repeatedly. The
task will consist of typing a specific paragraph and printing it out with your name on it
(the paragraph will be given to you after everyone completes the instructions). Each
time you do this with a reasonable amount of accuracy, you will be paid a certain
amount of money. I will define what I mean by "reasonable amount of accuracy" in a
moment. You will also be given a fixed payment independent of your performance of
the typing task. No amount of times that you perform the typing task can affect this
fixed payment. The money that you make in this experiment is the sum of the fixed
payment and the money that you earn from your typing task (not counting your $5.00
for showing up on the first day).

LI Instructions specific to the "Time" experiment
This experiment lasts a maximum of two hours after the instructions are
completed. The minimum duration of the experiment for each person is the time it takes
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that person to complete 3 acceptable paragraphs. The length of this experiment for you
is entirely your choice. Notice that the length of the experiment can differ for each
person. In other words, once you have completed 3 acceptable paragraphs you are free
to leave at any time up until the two hour limit. Once you decide to leave you can
quietly get up and go to through the door in the back of the lab so that no one is
unnecessarily distracted. If you are in the middle of a paragraph at the end of the two
hour limit, you will be allowed to finish and print that paragraph if you wish (since you
only get credit for a full paragraph).
Of course you are always free to leave any
experiment at any time, but if you leave before you
have completed your minimum 3 paragraphs, you will
not be paid your earnings or your flxed payment.
Once

you

have

completed

your 3

acceptable

paragraphs, you can leave at any time and you will be
given an lOU for your earned money and your fixed
payment.
You are always free to type as quickly or as slowly as you like. You will be told
when you have completed your minimum amount of paragraphs. After that point, you
are free to leave the experiment whenever you wish. When you leave you will be given
an lOU for your day's earnings which will be paid to you in cash at the end of the last
day of the experiment (this was made clear to you when you were recruited). The
lOU is valid only if you participated each day of the experiment. You can choose to
stay and earn money by typing up until the two hours are up. You should not feel
forced in any way to stay past the 3 paragraph minimum if you choose to leave, nor
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should you feel forced to leave before the two hours are up if you choose to stay. This
choice will not affect your selection for future experiments in any way.
Once you choose to leave the experiment for that day, the experiment for that
day is over. You cannot leave and come back to earn more money that day.

1.2 Instructions specific to the "Intensity" experiment
The experiment will last for 2 hours once the instructions are completed. At the
end of the experiment you will receive an lOU for the day's earnings which will be paid
to you in cash at the end of the last day of the experiment (this was made clear to
you when you were recruited). The lOU is valid only if you participated each day of the
experiment.

1.3 Remaining General Instructions
The paragraph that you will be typing must meet certain quality standards.
Basically, any paragraph that is turned in with more than five mistakes will not earn
you any money. This ensures that you will be somewhat careful in your task and not
turn in sloppy and unacceptable work. A mistake is anything that does not appear in the
original paragraph (for example, punctuation, spacing, or spelling). A misspelled word
will only count as one mistake no matter how many letters in the word are incorrect.
You should type the paragraph exactly as it originally appears. In other words, you
should reproduce it. Notice that you can earn the most money by typing fast, but it is to
your advantage to make sure that the paragraph is not full of errors when you print or
you will have just wasted your time on a task that has earned you no money. Any
unacceptable paragraph will be returned to you so that you see it.
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An information sheet will describe to you how much you will be paid per
paragraph, your fixed payment for the day, and how to print your paragraphs so that
you can receive credit for them. You must actually type the paragraph and print it each
time you are finished with that paragraph. A disabling feature has been put into the
program so that you cannot copy the paragraph (unless you actually typed it) without
being detected (in which case you will not be allowed to participate in the experiment).
Information on how much you get paid and the fixed payment that you will receive is
private information.

Your fixed payment and the amount that you get paid per

paragraph may or may not be the same as any other individual.
The instructions that you have just read will be the same for all four days of the
experiment.
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2. INSTRUCTIONS FOR THE VOLUNTARY CONTRIBUTIONS
MECHANISM EXPERIMENTS
2.1 Baseline Instructions
This is an experiment in group decision-making.

Read these instruction

carefully. If you follow them, you can earn a considerable amount of money which will
be paid to you in cash at the end of the experiment. The amount that you earn will
depend on the decisions that you and others make.
This experiment consists of several decision-making periods. In each period,
you will be given an endowment of 15 tokens. Your problem is to decide how to divide
these tokens into either or both of two accounts:

a private account and a group

account. Each token placed in the private account generates a cash return to you (and
you alone) of one cent, tokens placed in the group account will yield a lower return of
1/2 cent. However, every member of the group receives the same return (1/2 cent) for
every token that you place in the group account. Similarly, you receive a return of 1/2
cent for each and every token that other members of the group place in the group
account. Thus, the earnings from each decision period are the sum of the earnings from
your private account and the return from all tokens you and other members of the group
place in the group account.
Returns to the group account are listed in the table titled "Return from Group
Account". In each column of the table, the left entry denotes a total number of tokens
that the group may place in the group account. The right entry lists your earning for
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that total. Note that the total number of cents that you receive from the group account
are just 1/2 times the total number of tokens contributed to the group account.
Decision Periods
Your token endowment information for each period, as well as your decisions and
earnings, will be recorded on the Decision and Earnings Sheet. Each row of this sheet
represents a single decision period. Your endowment of tokens per period is listed in
the second column from the left.
Each period proceeds as follows
First, you must decide on the number of tokens to place in the private account
and the number to place in the group account. You will do this by entering numbers in
column (a) and/or column (b) of your Decision Sheet. Your entries in columns (a) and
(b) must sum to your endowment for that period.

While you do this, the 4 other

members of the group will also be dividing their token endowments between their
private accounts and the group account.
Second, after everyone has completed these decisions, one of us will come
around and total the number of tokens placed in the group account by all participants.
We will write this total (but no the individual decisions) on the blackboard. You will
then write this number in column (c).
Third, your earnings in a decision period are the sum of the tokens you placed in
your private account and the return from the group account.
earnings from

the group account, find

To determine your

the earnings number listed opposite the
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appropriate entry on the Returns from the Group Account table. Your earnings in a
period are the sum of your entries in columns (a) and (d). Write this total in column (e).
In each subsequent period, move down to the next row on the Decision Sheet.
Note your endowment for that period, make a decision, and record the entries in that
row by following the same procedures described just above.
After calculating your earnings for the last period on the sheet, calculate your
total earnings for that sheet by summing all entries in column (e). Write this sum at the
bottom of you Decision Sheet in the space marked "total earnings". ARE THERE
ANY QUESTIONS?

2.2 Instructions for the Uncertainty Treatment
The next several periods of decision-making will be the same as the previous
periods except for a couple of differences.
First, there is a chance that the group account will not generate anything for
anyone, even if people contribute to the group account, there is a 30% chance that this
will happen and this chance v^ll not change. This possibility is realized in the following
manner: At the front of the room is a Bingo cage. I will place 10 ball numbered 1-10
inside the Bingo cage. I will show everyone the balls to be placed in the Bingo cage
prior to placing them in the Bingo cage. After the decision for one period have been
made by everyone and the total contributions to the group account have been written on
the board, I will draw a ball from the Bingo cage. If a ball numbered 1-7 is drawn, then

your returns from the group account can be found by referring to the new "Returns
from the Group Account" table and finding

the earnings amount opposite the

appropriate total contributions number in the table. As before, you should place this
amount in column (d) of your earnings sheet for the appropriate period of the
experiment. However, if a ball numbered 8, 9, or 10 is drawn from Bingo cage, then the
earnings generated from the group account are zero for all group members. If a ball
numbered 8, 9, or 10 is drawn, you should place a zero in column (d) for that period.
Secondly, in the event the group account does generate earnings for all group
members, a token contributed to the group account will now generate a slightly different
amount for all group members. A token contributed to the group account will now
generate .71 cents (as compared to .50 cents from the first periods) for all group
members. Because of this change, you have been given a new "Returns from the Group
Account" table. This value has actually been rounded down to .71 cents. The actual
return is slightly higher than .71 cents but this is not important since all you need to
know is that the returns for each number of total tokens in the group account is
reflected in the values displayed in the new "Returns from the Group Account"
table. Again, if you contribute a token to the group account this generates .71 cents for
you and all other group members.

Similarly, if other group members contribute a

tokens to the group account, this generates .71 cents for you as well. Each token
allocated to your private account will still generate one cent for you (and you alone).
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this procedure will then repeat each period, along with a new draw from the
Bingo cage filled with 10 balls numbered 1-10. Are there any question?

2.3 Instructions for the Incentive Treatment
The next several periods of decision-making will be the same as the previous
periods except for a couple of differences.
First, there is a chance that the group account will not generate anything for
anyone, and this chance will be larger or smaller depending on the total amount of
tokens contributed towards the group account. This chance is largest when no one
contributes anything to the group account.

If this occurs, there is a 0% chance of

receiving anything from the group account. In other words, you are guaranteed not to
receive anything from the group account in this event. You should also notice that there
is no earnings generated by the group account if no one contributes anything. However,
for each token that any group member contributes towards the group account, the
chance that all members will receive earnings from the group account rises by 1%. For
example, if there are a total of 37 tokens contributed towards the group account, then
there is a 37% chance that the group account will generate earnings for you and all
other group members.

This chance is highest in the case that all group members

contributed all of their tokens towards the group account. In this case, there would be
75 tokens in the group account, and therefore a 75% chance of receiving the group
earnings.
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To realize this chance, we will use the Bingo cage at the front of the room. In
the Bingo cage are balls numbered 1-100.

Whatever the chance is that the group

account will generate earnings, the numbered ball that is drawn will have to be that
number or lower. Let us illustrate this with an example. Suppose it is determined that
the chance of the group account generating earnings is 43 (that is, 43 tokens were
contributed).

This will be written on the blackboard as before once everyone's

contributions toward the group account have been collected and totaled. Next, I will
draw a ball from the Bingo cage. If the ball has any number less than or equal to 43 on
it, then the group account will generate earnings. If the Ball has any number greater
than 43, then the group account will not generate any earnings.
If a ball is drawn such that no earnings are generated from the group account,
then you should place a zero in column (d) for that period. If a ball is drawn such that
earnings are generated from the group account, then you should refer to your new
"Returns from the Group Account" table to find the earnings that correspond to the
level of total tokens placed in the group account for that period. You should then place
that amount in column (d) for that period.
Secondly, in the even that the group account does generate earnings, a token
contributed to the group account will now generate a slightly different amount for all
group members. A token contributed to the group account will now generate .67 cents
(as compared to .50 cents in the first group of periods) for all group members. Again, if
you contributed a token to the group account this generates .67 cents for you and all
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other group members. Similarly, if other group members contribute a token to the
group account, this generates .67 cents for you as well (as before, this number has been
rounded). Because of this change, you have been given a new "Returns from the Group
Account" table. The returns for each number of total tokens in the group account
are reflected in the values displayed in this new "Returns from the Group
Account" table. Each token allocated to your private account still generate one cent
for you (and you alone).
This procedure will then repeat each period, along with a new draw from the
Bingo cage filled with balls numbered 1-100. Are there any questions?
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VCM Experiment Data
(* implies that no public good was provided in that round)
Experiment #1
Uncertainty

Baseline

1

Incentive

0.8
0.6
0.4

0.2
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #

Experiment #2
Uncertainty

Baseline

Incentive

(A
C

O

3

c U.4 --

SO.2..
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #

Expenment #3
Baseline

1

Uncertainty

Incentive

c 0.8

I 0.6
I OA
S 0.2
0

*

1

2

3

4

5

6

7

8

*

•

»

»

*

9 10 11 12 13 14 15 16 17 18 19 20 21

Round i t
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Experiment #4
Uncertainty

Baseline

1

Incentive

0.8
0.6
0.4

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round tf

Experiment #5
Uncertainty

Baseline

CoI B

0.8

Incentive

--

i 0.4 -

o

0.2 --

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #

Experiment #6
Uncertainty

Baseline

Incentive

S

c U.4 ^ 0.2 -1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round U

Experiment #7
Baseline

1

Uncertainty

Incentive

0.8
0.6
0.4

0.2
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #

Experiment #8
Uncertainty

Baseline

Incentive

g 0.8 -

1w 0.6

1

2

3

4

5

7

8

9 10 11 12

14 15 16 17 18 19 20 21

Round #

Experiment #9
Uncertainty

Baseline

Incentive

S 0.8 --

0

1
A

0.6 --

o
o

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #
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Experiment #10
Uncertainty

Baseline

Incentive

»> 0.8

o

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

Round #
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APPENDIX C
Derivation of substitution and income effects in the Combined model
For simplicity we define the utility function in terms of 3 goods (consumption
and the two leisure goods) instead of goods and 'bads".

The time and budget

constraints allow us to translate the results from wage effects on leisure to wage effects
and hours of work and work effort.
Let the utility function be quasiconcave, twice continuously differentiable, and
increasing in consumption, c, off-the-job leisure, /, and on-the-job leisure, hi. Therefore
we have

U=U(cJ,hi)

with U^>0, f/, >0,

>0.

For notational simplicity we

henceforth refer to goods c, /, and hi as goods 1, 2, and 3 respectively. Therefore,
U,,

we be referred to as t/i,

and

(with similar numeric notation for

higher order derivatives).
The constraints on behavior are the following;
whv^^F=pc (the budget constraint)
(the time constraint)
hy,+hi=h (the work time constraint)

h-l=T

where

F

is exogenous (nonwage) income, w is the wage which is only paid per hour of

productive labor,

T

is total time available, and hy, is productive hours spent at work.

Notice that a given choice of / and

hi

will define

h

and Aw We now normalize the price

of the consumption good to /f=1. The budget constraint can then be written as
wT-wl-whi~F~c=Q
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It is important to realize from the time constraint that the wage effect on

h

will just be

the negative of the wage effect on /. The same cannot be said for /?„ and hi since the
sign of

hv,

is also dependent upon the choice of

h,

not just

hi.

The first order conditions from the constrained maximization problem are;
Ur'k=0

0)

U2-'kw=0

f/3-^w=0
wT-wl-whrF-c=0

From these we see that U2/U\=w, U3/U\=\i\ and U^IU2=\. For future reference, we also
note that the quasiconcavity condition guarantees that the bordered determinant of the
utility function behave as follows:
(2)

0

u.

0
|B| = |B, =

Uu

Ur.

<0

BJ =

u,

U,

f/,.

u.

u.,

^2

>0

B, =

0

^.1 < 0

u,

In particular, from

u..

the conditions on the first and second principal minors,

together with symmetry conditions, we have

(3)

2U,U,U,,-U;-U,,-U;U,,>0
- UlUy, - U:U.. > 0
and also
U\\<0, U-n<0,

U33<0

By using the first-order conditions, the first three equations in (3) reduce to
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2WU^2

(3')

~^12

l-wU,,-U,^-wW,,>Q

Now, given the equation system defined in (1), if partial derivatives are all continuous
with respect to all the endogenous variables (A., c, /, and hi) and exogenous variables (hand

and if the Jacobian determinant of the system of equations in (1) is nonzero,

F),

then there exists a neighborhood in which (1) defines a set of implicit functions for the
maximands:
hi =^(vt',F)
c=

(4)

(we will subsequently drop the bar notation for the

c(w,F )

optimal values of each choice variable)

I = l(w,F)

A = ^(vv',^)

The condition on the Jacobian determinant is guaranteed to be satisfied, however, since
we note that
(5)

0
-1
-w

-1

-w

-H'
= H (the bordered Hessian of the constrained problem)

(^22

—w

Second-order conditions for utility maximization imply that |H| < 0 and so we
know that the Jacobian determinant is nonzero, the conditions of the Implicit Function
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Theorem are satisfied, and so this gives each equation of (1) the status of identity in the
neighborhood of interest. It also guarantees that the implicit functions defined in (4) are
continuous and have continuous partial derivatives with respect to the exogenous
variables w and F.

THE COMPARATIVE STATIC ANALYSIS
Next, we proceed by totally differentiating each equation in (1) and arranging to
get

(6)

-dA +U,,dc +U,.dl + U,,dh^ = 0
-wd/^ + U.^dc + U^-^dl + U.,~dhi = /xtw
+{ / - +
+
=
-de - wdl - wdh^ = Idw + h^dw - dF - Tdw

-

w

d

/

^

U

~

.

M

l

U

.

.

d

h

^

Notice that the right-hand side of the last equation in (6) can be written instead as

-de - wdl - wdh, = -h^ dw - dF
We first find the income effect by setting i/w'=0 in (6), dividing each equation through
by dF and interpreting the ratios of differentials as partial derivatives. The result is
-^31

TT

^

TT

^

TT

i- u,1 II —
+ U,,
— + U,,
—
=0
-Tl •
I.
*J
<T| •
^
^
^•'
a'

(7)

—w
—w

d?>.

rr

^
dF

Or, in matrix form.

^

TT

^

cF
" cF
a:
d
1- f/,-,
^
^
-<3:
cl
-w—
^
^

TT

hU-,-i — — 0
^
3i,
H f/,, — = 0
^
3t,
-w—'- = -1
cF
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' 0

(7')

-w

-1

-w

•-1

dc/
/dF
a/

-1

-w

^22
Un

-w

^23
f/33.

0
0

AT

aiT/

0

Here, the 4x4 matrix is the bordered Hessian, whose determinant is identical to the
determinant of the Jacobian matrix J Now, confining our attention to the two variables
of interest (/ and hi), we can use Cramer's rule to find the two income effects

Ur,

-I
(8)

—= —

cF

\]\

—w c/p ^23
—w f/3, f/33

-1 Uu Ur.
-w C/p
1. ^22
'V\ -vv
f/3. U-r.
1

and

\

\

Next, we find the effect of an uncompensated wage change by setting a!F=0 and dividing
(6) through by iAt' to yield to matrix equation
•0
(9)

-1

-1

-w

"<31/
-w

/ d^'

/JH'

' - K

dc/
Uu

-w

t/:.

-vv

^3.

Un

^22

0
-

A

C/23
^33.

a,,/

A

From this, the two partial derivatives of interest emerge
(10)

0
A

-1

-1
-Vf

t/3,

-w

0
A
-1
"ITI
l-'l -w
t/33

-1
Un

-Vf
^/.3

-1
iJ|

-w
-Vf f/3.

= T, +T, +T3
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(H)

0
_ -A

-1

-1

0

-w

Uu

-1
H -w

Un

|j|

-w

-1

-w

-1

Uu

U,2

U2^

^22

A

f/3.

Uu

f/,2 +

-W

w
U22

-w

= T,+T3+T,

Us2

From (10) and (11) we can refer to the Ti terms to simplify our analysis of these
uncompensated wage effects.
Notice that from equations (8) we can write Tj and Te as

^"

hv.\ —

and

.cFJ

cF.

, respectively. Therefore, T3 and Te are the income effects for / and hi

Next, in order to see how an income-compensated substitution effect is reflected
in (10) and (11), notice that by holding dF=Q we can rewrite the constraint equation
from (6) as

-de - wdl - wdh^ = -h^dw
Since the effectual change in income that the worker experiences is then h^dw, we
compensate the consumer by setting /iw^O when changing the wage.
vector of constants from (9) is now [0 0

As such, the

X]' instead of [-/?„ 0 A. X]'. Given this new

vector of constants we now can find the income-compensated wage effects on / and /?« .
0
(12)

£_
d<v

mcomc
compensated

-1

-w

A -1

t/,.

t/.3

-W

U,,

U,,

|J|

0

-1

-w

£ -1

t/.,

f/,3 = T +T,

-w

U,,

U,,

IJI
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(•3)

if)
J

income
compensated

|J|

0

-1

-w

-1

U,,

U,,

0

-I
IJI

-w u,, u,.

-1

-w

U,,

U,,

-w (/,,

= T +T
15

.2

U

And so, as usual, we can write the uncompensated wage effects as a combination of a
substitution and an income eflfea
(14)

+ k.

3v

k

S

V

A

and

U

Sv

income
compensated

income
compensated

In general, the income effects have no theoretical sign, but usually we would predict
that these substitution effects be theoretically negative.

In the combined model,

however, we cannot theoretically sign the substitution effect either

DETERMINING THE SIGN OF THE COMBINED SUBSTITUTION EFFECT
To see that the combined model can produce theoretically negative substitution
effects on hours of work (which corresponds here to showing that we can have
theoretically positive substitution effects on hours of leisure), let us expand the
substitution effect terms in (12) and (13) to get
0
(15)

-1 income
compensated

-1

A

-1
-w

0

-w

^3.

f/33

IjI
PI

-1

-w

f/:,

t/:3

-1
-w
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0
(ch.^

-1

(16)

=

-1

-w

Jl

-1
income
compoisatcd

0

-w

- 1

y\

Uu

|j|
-w

-I
-w

-U,,

Uz\

-U,,

^22

-w%,]

Notice that the first term in both (15) and (16) is guaranteed to be negative given (3')
that followed from quasiconcavity and the fact that we know the Jacobian determinant
to be negative. This should not be surprising since these terms represent the standard
substitution effect in each case. The sign of the additional term will depend on some
theoretical assumptions. In rewriting (15) and (16) once again, we have

(17)

!
<CM

mcomc
compmsated

where | —

cvv

mcomc
compensated

would be the usual (negatively signed) substitution effect on /
mcomc
compaisdted

(18)
\

mcomc
compoisatcd

where

.dv)

mcomc
compoisatcd

|J I

would be the usual (negatively signed) substitution effect on h\.
mcomc
compoisaied
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Notice the symmetry in (17) and (18). It is obvious from the possible combinations of
signs in the second portion of the substitution effect that this portion could be positive
and, if stronger than the negative portion of the substitution effect, could create an
overall positive substitution effect on / or h\. Given the time constraint, a positive
substitution effect on / would correspond directly to a negative substitution effect on h.
The assumptions necessary for this to occur are discussed in section 2.3 .3 of Chapter 2.
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APPENDIX D

TABLE D1
INTENSITY EXPERIMENT
wages, F, average production times (in minutes)

DAY A
Subj
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

wage
S
.45
.45
.45
,45
.45
.45
.45
.45
.15
.15
.15
.15
.15
.15
.15

F

Time

$
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
13.00
13.00
13.00
13.00
13.00
13.00
13.00

DAYC

DAY B*
6.13
3.16
5.55
4.42
4.71
3.87
5.86
6.85
3.58
5.83
5.09
3.44
3.59
5.22
4.64

wage
S
.15
.15
.15
.15
.15
.15
.15
.15
.45
.45
.45
.45
.45
.45
.45

F

Time

$

$
10.70
16.40
11.00
12.80
12.50
14.00
11.00
10.10
3.10
7.00
6.10
2.80
3.40
6.10
2.20

wage

6.12
6.68
5.83
7.17
4.91
3.43
6.54
6.80
3.39
4.68
5.02
2.88
4.55
4.73
4.25

.15
.15
.15
.15
.15
.15
.15
.15
.45
.45
.45
.45
.45
.45
.45

F
S
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
13.00
13.00
13.00
13.00
13.00
13.00
13.00

Time
6.08
2.81
5.47
7.96
5.9
3.37
7.03
7.44
3.65
4.78
5.04
3.11
3.82
4.81
4.06

•Given piece-rate wages, income compensations are such that if the subject typed the same number of
paragraphs on Day B as on DayA, total compensation would be held constant. As a result, it is
possible that different individuals are compensated the same amount even though slight variations in
average paragraph production time may exist.

APPENDIX D

TABLE D2
TIME EXPERIMENT
wages, F, average production times, and total work time (in minutes)

DAY C

DAY A
Subj
#

1
2
3
4
5
6
7
8
9
10
11
12
13

for subj. 1-13
wage=S.45
F=S5.00

for subj. 1-13
wage=$.15
F=S5.00

DAY B*

Avrg.
Time

Total
Time

wage

S

F
S

Avrg.
Time

Total
Time

Avrg.
Time

Total
Time

3.57
8.35
4.45
4.03
3.66
3.07
5.22
6.69
4.41
5.58
3.51
5.20
7.54

99.96
41.75
22.25
76.57
87.84
101.31
52.20
80.28
110.25
106.20
91.26
62.40
22.62

.15
.15
.15
.15
.15
.15
.15
.15
.15
.15
.15
.15
.15

13.40
6.50
6.50
10.70
12.20
14.90
8.00
8.60
12.50
10.70
12.80
8.60
5.90

3.31
7.93
4.11
3.09
3.30
2.76
4.73
6.33
4.09
5.65
3.44
4.61
7.31

23.17
23.79
41.10
61.80
105.60
8.28
28.38
25.32
28.63
28.25
120.4
23.05
21.93

3.22
7.69
4.25
3.41
3.09
3.28
5.42
7.55
3.69
6.18
3.55
5.24
6.99

16.10
23.07
63.75
68.20
12.36
13.12
21.68
30.20
36.90
24.72
120.7
20.96
20.97

for subj. 14-26
wage=$.45
F=S13.00

for subj. 14-26
wage=S.15
F=$13.00

14
15
16
17
18
19
20
21
22
23
24
25
26

Avrg.
Time
4.77
10.78
8.32
4.43
4.80
4.13
5.09
6.14
5.76
3.81
6.55
7.12
11.57

Total
Time
114.48
32.34
41.60
57.59
67.20
78.47
30.54
30.70
28.80
19.05
19.65
21.36
34.71

wage

S
.45
.45
.45
.45
.45
.45
.45
.45
.45
.45
.45
.45
.45

F
S
5.80
12.10
11.50
9.10
8.80
7.30
11.20
11.50 L
11.50
11.20
12.10
12.10
12.40

Avrg.
Time
4.91
12.04
7.22
4.55
5.75
3.79
4.02
6.39
6.12
3.58
3.97
5.92
10.24

Total
Time
49.10
96.32
72.20
72.80
23.00
102.33
44.22
19.17
55.08
121.72
11.19
100.64
30.72

Avrg.
Time
5.07
11.62
7.26
4.62
5.12
3.92
3.95
5.99
5.94
3.62
4.39
5.73
8.88

Total
Time
40,56
69.72
65.34
83.16
51.20
70.56
90.85
17.97
23.76
21.72
43.90
103.14
124.32

*Compensation is the same as in the Intensitj- Experiment. Occasionally the total time typed exceeds
120 minutes (the 2-hour limit) due to allowing the subjects to finish typing the paragraph that they
were on upon reaching the time limit.

APPENDIX D
INDIVIDUAL FIXED EFFECTS FROM THE VCM EXPERIMENTS
Table 5.4 (continued)
Fixed Effects: Remaining coefficients
Variable
Subl
Sub2
Sub3
Sub4
Sub5
Sub6
Sub7
Sub8
Sub9
SublO
Sub 11
Sub12
Sub13
Sub 14
Sub15
Sub 16
Sub 17
Sub 18
Sub 19
Sub20
Sub21
Sub22
Sub23
Sub24
Sub25
Sub26
Sub27
Sub28
Sub29
Sub30
Sub31
Sub32
Sub33
Sub34
Sub35

Coefficient (standard error)
7.55 (.92)
12.50 (.91)
10.68 (.91)
7.56 (.91)
9.37 (.90)
11.79 (.91)
4.40 (.94)
10.52 (.92)
9.64 (.90)
8.11 (.90)
10.14(91)
7.84 (.91)
9.40 (.90)
5.88 (.91)
10.91 (.91)
8.05 (.91)
8.85 (.91)
12.40 (.91)
12.12 (.91)
8.65 (.90)
5.85 (.90)
2.69 (.90)
3.54( 89)
2.70 (.90)
5.27 (.89)
10.55 (.91)
7.62 (.90)
9.84 (.90)
7.89 (.91)
7.58 (.90)
5.51 (.89)
4.56 (.89)
5.29 (.89)
5.45 (.89)
3.37(90)

Sub36
Sub37
Sub38
Sub39
Sub40
Sub4l
Sub42
Sub43
Sub44
Sub45
Sub46
Sub47
Sub48
Sub49
SubSO

4.54 (.91)
6.38 (.90)
9.82 (.91)
6.56 (.90)
6.83 (.90)
4.21 (.89)
5.20 (.89)
5.29 (.89)
4.81 (.89)
4.68 (.89)
9.72 (.90)
8.56 (.90)
5.11 (.91)
8.43 (.90)
10.32(91)
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APPENDIX E
Stochastic Dominance Preference Against the Uncertainty Treatment

This appendix shows that with the Baseline and Uncertainty treatments of the
proposed design, a concept on stochastic dominance can give theoretical predictions of
subject behavior under only mildly restrictive assumptions on subject preferences.
Definitions of the concepts of FSD and SSD can be found in Hadar and Russell (1971)
and additional discusion of concepts of risk and mean preserving spreads are in
Rothschild and Stiglitz (1970).
If G(x) and F(x) are two cumulative distribution fiinctions (CDFs) of the
continuous random variable defined on the range
x

R

which represents a closed interval

[b,c], b<c, then the probability density function f(x) is said to be at least as large as g(x)
in the sense of SSD iff
X
(

1

)

X

JF{t)dt < J Git)dt,

b

for all X e ^

b

The function f(x) is said to be larger than g(x) in the sense of SSD iff the above
inequality holds strictly for at least one

x

&R.

The intuitive flavor is that F(x) lies

mostly below G(x) for f(x) to be preferred to g(x).
In this case

x

is the discrete random variable that takes on the value — with
pn

certainty under the distribution described by F(x) (the Baseline CDF), and takes on the
a
values 0 or — with probabilities (1-/?) and respectively, for G(x) (the Uncertainty
p,

qn

CDF). These lead to the discrete CDFs shown in Figure E.1. The concept of FSD is
obviously not applicable here since it requires one CDF to lie everywhere below another
for a given class of preferences to prefer f(x) to g(x). However, we show that (1) is
satisfied in its discrete version.
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FIGURE E.1
F/v\ G(x\
^W. G(X)

CDF's of Baseline (F(x)) and
treatment i3(x))

x

,jv

bold)

1'F(x) (thin line)

B
{1-p)=-3.

a/qN

a/qN

X

Using Figure E. I, it is apparent that (1) is equivalent to asking whether the area
A is greater than or less than the area B. If the conjecture is that f{x) >- G(x) in the
sense of SSD then this question simplifies to
f

^

\

a-a
\ qN J

(2)
or

9

a > pal

a
It is then apparent that this holds for all values of x up to —7 (with the aforementioned
qN
parametrization), which is the upper bound of the cumulative distribution function G(x).
d

At X = —— equation (2) holds as an equality (since this is the upper limit of G(x) and
Cjiy

both CDFs must integrate to 1). This shows that for the two functions f(x) and g(x)
equation (1) is satisfied and therefore f(x) is preferred to g(x) in the sense of SSD. To
complete the picture. Theorem 2 in Hadar and Russell (1971) shows that individuals
with risk averse preferences will prefer f(x) to g(x).^

' Specifically, it holds for preferences that are bounded, strictly increasing, possessing continuous
derivatives of order one and two at each point in R with the first derivative being finite, and the second
derivative being nonpositive e\ erywhere in R. This is less restrictive that the set of all conca\ e and
quadratic preferences.
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