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ABSTRACT 

This dissertation presents a new approach to one of the classic problems in 

economics: firms's training and development (T&D hereafter) behavior under externality. 

Its objective is threefold. The first objective is to identify the conditions under which 

T&D externalities are present in the labor market; the second is to examine firms' 

strategic T &D behavior under T &D externality; the third is to provide a possible 

institutional remedy for the less than socially optimal level of firms' T&D investments 

that T &D externalities generate. 

The most important findings of this research are that the labor market in general 

can not fully internalize T&D externalities in a world of imperfect information. In the 

presence of T&D externalities, firms' training investments are socially sub-optimal. In 

a dynamic game environment, one firm's T&D decision depends on the magnitude of 

T&D externalities, as well as on the level of training provided by the other firms. Under 

certain conditions, a firm may invest zero in T&D, pirating skilled workers from the 

other firm. One firm's T&D investment is inversely related to its own discount rate, but 

positively related to its competitors' discount rates. In addition, a T&D externality 

reduces firms' T&D incentive not only at the firm that generates the T&D externality, 

but also at the firm that receives the T&D externality. More importantly, it is shown that 

market structure per se affects firms' T&D investment behavior. The level of firms' 

T &D investments is inversely related to the competitiveness of the output market. In 
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terms of social optimality of T&D, monopoly market organization is superior to perfect 

competition. The results are hence consistent with Schumpeter's (1943) dynamic 

efficiency arguments. Finally, it is shown that joint T&D programs can serve as a 

possible remedy to correct T &D externalities, and joint T &D programs, as impure public 

goods, can be provided efficiently on a voluntary basis under certain conditions. A game 

theoretic model of the public goods provision with positive Nash equilibria is presented 

and experimental evidence which supports the hypothesis is provided. 
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Chapter 1 

INTRODUCTION 

In applying conventional theory of the firm to the regulation of industry, 

economists are frequently faced with a conflict between two economics traditions: one 

is represented by Adam Smith's "invisible hand" doctrine which maintains that perfect 

competition is superior to monopoly; the other is represented by Schumpeter (1943), who 

argues that perfect competition is inimical to inventive activity, and that the gains from 

such activity more than offset the welfare loss arising from production inefficiency 

associated with market power. Thus perfect competition might not be the socially optimal 

market structure when innovative activity is considered. Ever since the seminal work of 

Schumpeter (1943), and especially since the late sixties, formal models of firms' research 

and development (hereafter R&D) behavior have evolved. Numerous studies have looked 

at different aspects of R&Dl. There has also been a growing body of research studying 

the optimal degree of competition within an industry2. These studies, although conclusive 

in some sense3, seem unsatisfactory for a number of reasons. First of all, the policy 

lSee Kamien and Schwartz (1982) for a review of the literature. 

2See Kamien and Schwartz (1975) for a thorough literature review. 

3Both theoretical and empirical studies share one general theme: the existence of a 
degree of concentration intermediate between the pure monopoly and perfect competition 
that is best in terms of R&D performance. See, for example, Scherer (1967), Bazel 
(1968), Kamien and Schwartz (1972, 1976), Nelson and Winter (1978) and Futia (1977). 
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implications of many of these studies are not very cleat. Secondly, and perhaps more 

importantly, the tradeoff between welfare loss and dynamic efficiency is assessed purely 

on the basis of inventive activity. Firms' training and development (hereafter T&D) 

activity is ignored, and whether output market structure is related to the nature of firms' 

T&D behavior has not been investigated. Schumpeter's theory is thereby not as powerful 

as it should be, for the dynamic efficiency associated with monopoly market structure 

arises not only from R&D, but also from T&D. In other words, momentary monopoly 

power is dynamically eroded not only through factors like the entry of new firms, 

imitation, and innovation, but also through the factor of T &D activity. The incorporation 

of such activity into the theory of firm may, potentially, strengthen Schumpeter's theory 

by providing another rationale for his dynamic efficiency arguments, and may thus lead 

to the re-examination of the tradeoff between welfare loss and dynamic efficiency. 

The relationship between output market structure and the nature of firms' T&D 

behavior also remains relatively unexplored in the standard human capital literature. 

Since Gary Becker's pioneering research in human capital theory (1962), there have been 

many papers analyzing how the labor turnover decisions at a single firm are affected by 

the presence of specific training, and how firm-specific training investment is chosen in 

traditional labor market settings. This standard body of the human capital theory, 

however, has not yet extensively examined how firms' T&D investment decisions are 

affected either by T&D externalities in a strategic environment, or by output market 

4See, for example, Loury (1979) and Dasgupta and Stiglitz (1980). 
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competitiveness. 

Thus at a very basic level, the impact of T&D externalities on firms' T&D 

investment behavior, the strategic aspects of T&D investment decisions, as well as the 

effect of market structure on firms' T&D behavior, are far from clear. It has not 

generally been recognized that firms may under invest in training. Therefore a formal 

treatment of how market structure affects a firm's T&D decision making and a formal 

formulation of firms' strategic training investment behavior in the presence of T&D 

externalities seem necessary. 

The objective of this dissertation is threefold. The first objective is to identify the 

conditions under which T &D externalities are present in the labor market; the second is 

to examine the firms' T&D investment decisions in the presence of T&D externalities 

and to provide an analytical framework relating output market structure to the nature of 

firms' T&D activities; the third is to provide a possible institutional remedy for the less 

than socially optimal level of training generated by T&D externalities. 
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Dissertation Overview 

This dissertation will systematically explore: 1) the conditions under which T&D 

externalities are present; 2) firms' strategic T&D investment behavior in the presence of 

T&D externalities and the relationship of output market structure to the nature of firms' 

T&D activities; and 3) the incentive and efficiency aspects for the provision of public 

goods and the application to joint T&D programs. It is shown that joint T&D programs 

can serve as a possible institutional remedy for T &D externalities and the less than 

socially optimal level of training investments that T&D externalities cause. 

Chapter 1 briefly reviews the literature relevant to this work and identifies the 

pertinent problems, both resolved and unresolved. 

Chapter 2 identifies the conditions under which T&D externalities are present in 

the labor market. Our departure from the conventional human capital theory lies mainly 

in the concept of imperfectly firm specific training. While T&D externalities are shown 

to be present under all categories of training, this chapter focuses on how imperfectly 

firm specific training imparts both positive and negative T&D externalities. We argue 

that the existence and the magnitude of T&D externalities depend on whether or not 

training firms can accurately assess the value of their imperfectly firm specific training 

to poaching firms. We first assume that training firms cannot appropriately divide 

imperfectly firm specific training into its general and specific components, and thereby 

cannot tell exactly how useful the training is to all poaching firms in a world of imperfect 

information. In this case, it is first shown that the firm and the worker have to share the 
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full cost of training, and then it is shown that T&D externalities, either positive, or 

negative, or both, are present under a wide range of circumstances. 

In the later part of Chapter 2, we will relax the assumption that training firms are 

unable to decompose appropriately the training into its general and specific components. 

It is shown that when firms that supply imperfectly firm specific training are able to 

appropriately divide the training into its general and specific components, T&D 

externalities are still present under a set of conditions. Specifically, poaching of a trained 

worker by rival firms is possible if the worker's marginal product from his specific 

training investment is less than the discounted share of the general training costs paid him 

by poaching firms. Training firms in this case will be unable to counteract the wage 

offers of poaching firms, and thereby unable to prevent T&D externalities from 

happening. 

Our discussion of T &D externalities in this chapter paves the way for modelling 

firms' strategic T&D behavior under externality, which is the topic of Chapter 3. 

In Chapter 3, we will first develop a dynamic duopoly game in which the 

duopolists invest in T&D strategically. Five propositions are derived, which show that 

one firm's T&D decision depends on the magnitude of T&D externalities, as well as on 

the level of training provided by the other firm. In the presence of T&D externalities, 

firms' steady state, open loop, Nash equilibrium level of training occurs at that point 

where their best reply mappings intersect. Under certain conditions, a firm may invest 

zero in T&D, pirating skilled workers from the other firm. One firm's T&D investment 
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is inversely related to its own discount rate, but positively related to its competitor's 

discount rate. In addition, it is shown that a T&D externality reduces firms' T&D 

incentive not only at the firm that generates the T&D externality, but also at the firm that 

receives the T &D externality. 

To provide an analytical framework relating output market structure to the nature 

of firms' T&D activities, the dynamic duopoly game is then extended to a multi-firm 

environment in which all firms are assumed to be identical. These results are even more 

interesting. The two propositions derived from this model reinforce the argument that 

T&D externality reduces the training incentive for all firms. More importantly, it is 

shown that market structure per se affects firms' T&D investment behavior. In terms of 

social optimality, a monopoly is the best form of market organization, because its T&D 

level is equal to the socially optimal level. A perfectly competitive market, however, 

provides the lowest level of T &D to employees. The level of T &D investment deviates 

further and further away from the social optimum as the number of firms increases. The 

results are hence consistent with Schumpeter's (1943) dynamic efficiency arguments. 

Basically, chapters 2 and 3 have established that in the presence of T&D 

externalities, firms' training investments are sub-optimal from society's point of view. 

The question is whether we as economists can come up with an institutional design to 

provide a remedy for sub-optimal training investments, so as to correct for training 

externalities, thereby increasing firms' commitment to training and increasing the 

international competitiveness of the economy. It is our fundamental hypothesis that joint 
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T &D programs can serve as such a possible remedy for T &D externalities. As a matter 

of fact, we have observed that in many industries firms are seeking alternative ways of 

providing training to their employees by means of joint T&D programs. These joint T&D 

programs are mostly founded on the principle of shared responsibility and investment. 

Chapter 4 presents a game theoretic model of public goods provision with positive 

Nash equilibria to explore both the incentive and the efficiency aspects for the provision 

of public goods, and then discusses the application of the public goods model to joint 

T &D programs, which are treated as impure public goods with a certain degree of 

complementarity. A unique feature of our game theoretic model as well as our 

experimental design is that we use a non-linear and non-separable payoff function, which 

captures the positive link between the provision of public goods and the private gains to 

individual players. Contrary to most pure public goods models in which there often exists 

a single period dominant strategy to free ride, free riding is no longer a dominant 

strategy in our public goods provision model. Instead there exists a) a symmetric Nash 

equilibrium that is characterized by positive contributions conditional on the specification 

of certain parameters. An individual player's contribution is positively related to the 

degree of complementarity between the private and the public good. The greater is the 

degree of complementarity, the less severe is the problem of free riding; and b) multiple 

collusive outcomes which are Pareto superior to the Nash eqUilibrium. As in the N

person "Dilemma-Type" Games, this public goods game involves a conflict between 

maximizing personal gains (Nash strategy) and maximizing group gains (collusive 
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strategy). We thus have at least two hypotheses which can be used to predict the outcome 

of the game: a Nash equilibrium hypothesis and a collusive outcome hypothesis. The 

essence of these two hypotheses is whether players will behave "selfishly" and non

cooperatively or will voluntarily cooperate so as to realize higher profits available to all. 

To overcome the inefficiency problems associated with the Nash equilibrium in 

the basic model, one can alter the underlying institutions and the incentive structure. We 

propose two schemes in the later part of this chapter: 1) allowing communication among 

individual players; and 2) creating a provision point environment. In the provision point 

environment, the conflict between individual rationality and group rationality disappears, 

the group optimal outcomes become a set of Nash eqUilibria. If the Nash equilibrium is 

indeed a good predictor of human behavior, one can then conjecture that public goods 

with a certain degree of complementarity can be provided not only voluntarily, but also 

efficiently. 

Also included in Chapter 4 are the results of 20 experiments designed to test the 

two hypotheses derived from the theoretic model, the role that communication plays in 

the experiments, and how Nash equilibria perform in the provision point environment. 

The experimental results are very consistent with our theoretic conjectures. The baseline 

and I5-period experiments seem to indicate that both the Nash strategy and the collusive 

strategy motivate the investment behavior of the subjects. The total group contribution 

for the four baseline and four I5-period experiments, on average, is between the 

collusive outcome level and the Nash equilibrium level. Dynamically, the average group 
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contribution starts high (very close to the collusive outcome level 60 tokens), gradually 

decreases and tends to converge io Nash equilibrium (20 tokens) toward the end of the 

experiments. In other words, the average group contribution decays relative to the 

positive Nash equilibrium instead of zero contribution. The results of the four 

communication experiments indicate that communication is indeed not a trivial treatment. 

Both the average contribution and the average efficiency are significantly higher with 

communication. The results of the eight provision point experiments are even more 

interesting. The average contribution to the public good converges quickly to the efficient 

Nash equilibria with an average contribution approximately equal to the Pareto optimal 

level when communication is not allowed, and exactly equal to the Pareto optimal level 

when communication is allowed. No "decay phenomenon" is observed in either case. 

Thus, the results of these experiments suggest that public goods with certain degree of 

complementarity can be provided voluntarily and efficiently in the provision point 

environment. The experimental evidence therefore offers strong support for our theoretic 

conjecture that joint T&D programs, as such public goods, can be voluntarily and 

efficiently provided under a wide range of circumstances. How to operationalize the 

provision point scheme in the real world situations is, however, a question to be further 

studied. 

Finally, since this dissertation is the first attempt to formally relate output market 

structure to the nature of firms' T&D behavior, and is among the very first to 

systematically examine firms' strategic T&D decisions in the presence of T&D 
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externalities in an attempt to incorporate firms' T&D behavior into the theory of the 

firm, many more important issues remain open for further exploration. The topics for 

future theoretic, empirical, as well as experimental studies are discussed briefly in 

Chapter 5. 
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Literature Review and Discussion 

This section briefly reviews the relevant literature and identifies the pertinent 

problems, both resolved and unresolved. 

Let us begin by looking at how the standard human capital theory addresses the 

existence of T&D externalities and firms' strategic T&D investment behavior in the 

presence of T&D externalities. There is not much literature in this area. Alfred Marshall 

is among the very first pioneers in this field. He points ouf that firms in competitive 

labor markets have no incentives to provide on-the-job training because trained workers 

would be bid away by other firms. Firms that train workers are supposed to impart 

external economies to other firms because the latter can use these workers free of any 

training charge. An analogy with research and development (hereafter R&D) is often 

drawn since a firm developing a process that cannot be patented or kept secret would 

impart external economies to its competitors. Marshall's analysis is, however, not 

intensive in the sense that he does not consider the differences in the incentive structure 

behind different categories of training. Becker(1962) points out that Marshall's argument 

and analogy would apply only if firms were to pay for all training costs, for they would 

then suffer a "capitalloss" whenever trained workers were bid away by other firms. 

Firms can, however, shift training costs to trainees and have an incentive to do so when 

faced with competition for their services. Becker's analysis on T&D externalities is a 

5See Alfred Marshall (1949, pp 565-66). 
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little more sophisticated than Marshall's. According to Becker6 (1962), there are two 

types of training: general and specific. General training is useful to all firms. Specific 

training is useful only to the training firm. Competitive firms will not provide training 

in general skills unless it is entirely financed by the workers who benefit from the 

training, because the productivity gains from this type of training will be equivalent in 

all firms, the market wage of trained workers is said to rise accordingly, and if the firm 

has paid for this training it will never recoup its investments. For firm-specific training, 

Becker argues that the cost of, and return to, firm-specific training investment will be 

shared by the workers and the firm. The worker invests in specific human capital by 

accepting a wage lower than his/her alternative wage during the training period, and 

receives a return on his/her investment during the post-investment periods in the form 

of a wage higher than his/her alternative wage. The firm invests in specific human capital 

by paying the worker a wage larger than the value of his/her marginal product during the 

training period, and receives a return on the investment in subsequent periods by paying 

a wage smaller than the value of his/her marginal product. The motivation for sharing 

the investment is said to be the uncertainty about the parties' post-investment behavior 

which affects the capturability of the returns to the investment. Under the cost sharing 

rules, specific, unlike general, training would produce certain external effects, for quits 

would prevent firms from capturing the full return on costs paid by them, and layoffs 

6Also see Oi (1962) and Rosen (1966). Subsequent papers that have extended and 
formalized Becker's analysis include Parsons (1972) and Hashimoto (1978 and 1981). 
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would do the same to employees. But Becker argues that workers with specific training 

have little incentive to quit, and firms are not likely to layoff workers with specific 

training. Becker's analysis, although correct in many respects, is incomplete. He 

considers in his analysis only two extreme cases, namely, perfectly general and perfectly 

firm-specific training. In the real world, the overwhelming majority of training is neither 

perfectly firm specific nor perfectly general. This is what we call imperfectly firm 

specific training. It is useful to many firms in an industry in addition to the firm that 

provides it, but its usefulness varies across firms. 

As to firm-specific training investment and its relation to labor turnover, there 

exists a huge body of literature, including models of labor turnover?, implicit contract 

models8
, and job search models9

• One common factor in this literature is its exclusive 

attention to decision making on the part of the worker. The typical role for the firm is 

to manipulate the variables that affect the worker's decision to quit. In addition, most 

models in this literature are formulated as bilateral contracts between the firm and its 

workers, no third party is involved. The strategic interactions among firms, and the 

effects of market structure in general, are ignored in the analyses. This could cause 

serious analytical problems, because in making its training investment decision, a 

7 See Hall (1972) for a survey. 

8 See Baily (1974) and Azariadis(l975) for theory, and Holmstrom(l981) for a 
survey. 

9 See Lippman and McCall (1976) for a survey, also see Jovanovic (1979) and 
Mortensen (1982b). 
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particular firm will not only consider its workers' training and turnover decisions, but 

also take other firms' training investment decisions into account. Other issues that a firm 

engaging in T &D must consider include: the usefulness of a particular T &D program to 

the training firm as well as to its rivals (in order to determine whether the training is 

perfectly general, perfectly specific, or pa..'1ially specific), the possibility that the training 

firm may poach skilled workers from its rivals and that rival firms may appropriate some 

of the benefit of its training investment primarily due to labor turnover, etc .. 

As regards public goods models, there exists divergent evidence from the 

traditional wisdom1o• Traditional economic theory maintains that decentralized 

mechanisms would lead to the non-provision of public goods, or at least to provision 

below the Pareto optimal amount. This theoretical assertion, however, is inconsistent 

with a large number of examples of voluntarily provided public goods: political parties, 

symphonies, churches, industry lobbying, joint T&D programs, etc. There is also 

divergent evidence on free riding in the experimental literature. Among other relevant 

factors ll , conceptual inconsistency is a possible explanation for this paradox. While the 

traditional theory is based on the concept of pure public goods, some of the counter 

examples enumerated above are not pure in the sense that they usually exhibit a certain 

degree of complementarity with private goods. It should be noted that although the 

10 See, for example, Leif Johansen(1977), James Andreoni(1988) and Mark Isaac and 
James Walker(1987). 

llSee R. Mark Isaac and James M. Walker(l987) for a discussion of other factors. 
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standard public goods theory has distinguished between "pure" versus "impure" public 

goods, the differences in the incentive structure have not yet been fully explored. It is 

not clear whether the degree of complementarity between private and public goods is 

related to an individual's contribution decision, nor is it clear to what extent the free 

riding hypothesis is relevant to public goods with different degrees of complementarity. 

As regards the experimental literature relevant to this work, many public goods 

experiments have been conductedl2, especially public goods experiments which employ 

the voluntary contribution mechanism. This experimental research on public goods, 

however, seems to concentrate on pure public goods only. In these designs, with few 

exceptions, the rate of return from an individual exchange (a private good) is constant 

over periods (1 cent per token) and independent of the level of total contributions to a 

group exchange (a public good). Preferences over public goods are induced through 

continuous payoff functions, but preferences over private goods are induced in such a 

way that they are independent of the preferences over public goods. Participants are 

assumed to behave rationally in the sense that they choose to invest to maximize the sum 

of returns from both exchanges, but the group exchange and the individual exchange are 

not related. The standard public goods experiments are designed so that free riding is the 

single period dominant strategy for all participants, while contributing all of one's 

12 See Isaac, Walker, and Thomas(1984), Kim and Walker(l984), Isaac, McCue, and 
Plott (1985), Isaac and Walker(1988) , Andreoni(l988), and Isaac, Schmidtz, and 
Walker(1989). 
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endowment to the public goods is the symmetric Pareto efficient outcomel3. While this 

type of design is an elegant way to test free riding, the results of this line of research 

have restrictive implications to public goods that are not pure in nature. In all of the 

public goods experiments reported in this dissertation, values for the public goods are 

induced through the application of induced value theoryl4. The participants do not 

receive any monetary profit from the group exchange, but the rate of return from the 

individual exchange is an increasing function of the contributions by the group to the 

group exchange. This design provides a better approximation of many real world 

environments. The voluntary contribution mechanism and the incentive structure for the 

provision of public goods are thus re-examined under new designs. 

The next chapter identifies the conditions under which T &D externalities are 

present; Chapter 3 first introduces a dynamic duopoly game, then develops a dynamic 

multi-firm game to investigate firms' strategic T&D investment behavior under 

externality and the relationship of output market structure to the nature of firms' T&D 

activity; Chapter 4 first presents a game theoretic model of the voluntary contribution 

mechanism for the provision of public goods and reports the results of 20 public goods 

experiments, and then discusses the application of the model to joint T&D programs; 

Finally, Chapter 5 presents the conclusions and potential extensions for further research. 

13 See Marwell and Ames (1981), Kim and Walker (1984), Isaac, Walker and 
Thomas (1984), Isaac and Walker (1987), and Andreoni (1988), for examples of the zero 
contribution eqUilibrium. 

14See Vernon Smith (1975) and Charles Plott (1979). 
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Chapter 2 

ON THE EXISTENCE OF TRAINING AND DEVELOPMENT EXTERNALITIES 

Introduction 

The objective of this chapter is to identify the conditions under which T&D 

externalities are present in the labor market. Our departure from the conventional human 

capital theory lies mainly in the concept of imperfectly firm specific training. While T&D 

externalities are shown to be present under all categories of training, this chapter focuses 

on how imperfectly firm specific training imparts T&D externalities. We argue that the 

existence and the magnitude of T &D externalities depend on whether or not training 

firms can accurately assess the value of their imperfectly firm specific training to 

poaching firms. We first assume that, in a world of imperfect information, firms that 

provide imperfectly firm specific training cannot appropriately divide the training into 

its general and specific components, and thereby cannot tell exactly how useful the 

training is to other firms that might poach their newly trained workforce. In this case, 

we will show that the firm and the worker have to share the full cost of such training. 

Then T&D externalities, either positive, or negative, or both, are present under, among 

others 15, the following circumstances: 

1) When the actual alternative marginal product in post training periods at 

15For example, the unavoidable transmission of information among training firms, 
labor turnover due to job dissatisfaction, family and workplace considerations, etc .. 
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poaching firms, or at least a subset of poaching firms, is less than that at the training 

firm, but higher than what is perceived or estimated by the training firm so that its rivals 

can pirate trained workers by offering a higher wage rate, even if the training is most 

useful in the training firm. 

2) When the actual post training alternative marginal product at poaching firms, 

or at least a subset of poaching firms, is higher than what is predicted by the training 

firm and higher than that at the training firm due to the inability of the training firm to 

assess correctly the value of imperfectly firm specific training to at least a subset of the 

rival firms. 

3) When the actual post training marginal product at a subset of poaching firms 

is less than that at the training firm, but higher than what is estimated by the training 

firm, such that, in post training periods, it happens to be equal to its post training wage 

offer. 

4) When the training firm's assessment of the alternative marginal product at all 

poaching firms happens to be true, but workers quit for non-pecuniary benefit or are laid 

off due to the training firm's demand uncertainty. Imperfectly firm specific training in 

this case still produces certain external effects, for quits and layoffs prevent training 

firms from capturing the full return on costs paid by them. 

5) When the actual alternative marginal product at poaching firms in post training 

periods is equal to the marginal product at the training firm (perfectly general skills), but 

higher than what is perceived or estimated by the training firm. 
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In each of the above five cases, the training firms impart either positive T &D 

externalities to poaching firms, negative T&D externalities to themselves, or both. 

In the later part of this chapter, we will relax the assumption that training firms 

are unable to decompose appropriately the training into its general and specific 

components. We will show that when firms are able to appropriately divide the 

imperfectly firm specific training into its general and specific components, T&D 

externalities are still present under certain conditions. Specifically, poaching of a trained 

worker by rival firms is possible if the worker's marginal product from his specific 

training investment is less than the discounted share of the general training costs paid him 

by poaching firms. Training firms in this case will be unable to counteract the wage 

offers of poaching firms, and thereby unable to prevent T &D externalities from 

happening. 

Our discussion of T&D externalities in this chapter paves the way for modelling 

firms' strategic T&D behavior under externality in Chapter 3. 
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Definitions, Assumptions and Sources oj Labor Turnover 

In order to avoid any ambiguities, we now make the following definitions: 

DEFINITION 1: Perfectly general training: training that is equally valuable to all 

firms in all industries. For example, reading and writing, and clerical skills. 

DEFINITION 2: Perfectly industry specific training: training that is specific to 

a particular industry only. This type of training is useful neither in most nor only in a 

single firm, but in a set of firms defined by product, service, or type of work. Carpentry 

training is a good example. It is primarily useful in the construction industry. Other 

examples include training in welding and plumbing. 

ASSUMPTION 1: To simplify our analysis, we assume that training is perfectly 

industry specific throughout this dissertation. 

DEFINITION 3: Perfectly firm specific training: training that is of value 

exclusively to a firm that provides it. For example, the training of missile men, fighter 

pilots, tank drivers, and tank mechanics is only good to the military. Perfectly firm 

specific training is just an extreme case and difficult to exemplify. Even for the tank 

driving and repairing case, the training is not really completely specific to the military 

sector. The skill may be useful, though to a lesser degree, in the automobile repairing 

business. 

DEFINITION 4: Imperfectly firm specific training: training that is only partially 

specific to a firm that provides it. In other words, the training is useful to many firms 

in an industry in addition to the training firm, but to a different degree across firms. In 
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the real world, the overwhelming majority of skills belongs to this category. For 

example, a salesman's marketing skills are only partially specific to one individual firm. 

The salesman will find his/her skills useful to other marketing firms too, but to a 

different degree (due to product or service differentiation, the use of different marketing 

strategies, and the change of customer groups, etc.). An analytical chemist trained at one 

environmental laboratory will find his/her skills to run GC/MS (Gas 

Chromatography/Mass Spectrometer) valuable at other environmental laboratories, but 

the degree of usefulness in a given period of time is different across laboratories. 

Because different laboratories may test different environmental samples, have different 

QA/QC (quality assurance/quality control) programs; and utilize different 

testing/reporting procedures. 

Our departure from the conventional human capital theory is the concept of 

imperfectly firm specific training. We argue that the existence and the magnitude of 

training externalities depend on whether or not firms which provide training can correctly 

assess the value of such training to firms which do not. 

ASSUMPTION 2: We assume that, for imperfectly firm specific training, firms 

cannot appropriately divide the training into its general and specific components, and 

thereby cannot tell exactly how useful the training is to all poaching firms in a world of 

imperfect information. 

This is not an unreasonable assumption, since, first of all, for training firms to 

determine the value of imperfectly firm specific training to all poaching firms, they have 
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to obtain a certain private information about all poaching firms: For example, the 

information about the nature of the product they produce, the kind of workers they are 

seeking, the rank and salary they are offering, the exact skills and experiences required 

for the job, the equipments that prospective employees will be operating, the history of 

the firms, etc .. This information is, if possible, difficult and prohibitively costly to obtain 

in a world of imperfect information. Secondly, whether or not training firms can 

correctly assess the value also depends on the labor as well as the output market 

structure. The task of assessing the exact value becomes very difficult when the training 

firms are confronted with a large number of competitors. Even if they can manage to 

find out the potential marginal product of their trained workers at some of their rival 

firms, it is, if possible, extremely difficult and costly to find out the exact value of their 

training for all rival firms. Lastly, the task of correctly evaluating a trained worker's 

alternative marginal product becomes even more difficult if a worker possesses multi

dimensional skills. In the standard human capital literature (Becker 1962, for example), 

it is implicitly assumed that a worker possesses only one-dimensional skill that is either 

perfectly firm specific or perfectly general. Some interesting conclusions can be obtained 

if the one-dimensional skills assumption is relaxed. Consider a more general case in 

which a worker possesses multi-dimensional skills, and only one skill is imperfectly 

specific to the training firm, then the marginal product of the worker perceived by other 

firms will increase in the post-T &D period, based on the evaluation of all the dimensions 

of skills the worker possesses. Further, weights of different dimensions of skills may also 
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be different over periods and across all other films. It is extremely difficult for the 

training firm to tell the exact value of those weights, and thus difficult to assess the 

worker's alternative marginal product at all poaching firms. 

Assumption 2 is relaxed in later parts of this chapter. We will show that when 

firms are able to appropriately divide the imperfectly firm specific training into its 

general and specific components, T&D externalities are still present under certain 

conditions. Specifically, poaching of a trained worker by rival firms is possible if the 

worker's marginal product from his specific training investment is less than the 

discounted share of the general training costs paid him by poaching firms. Training firms 

will be then unable to counteract the wage offers of poaching firms, and thereby unable 

to prevent T&D externalities from happening. 

A T&D externality can be either positive or negative, or both. 

DEFINITION 5: Positive T&D externalities: is also termed "external economies" 

of T&D. A positive T&D externality is present when some of the T&D benefit accrue 

to firms other than the training firm. For example, a firm providing perfectly general 

training would impart positive externalities to its competitors because the latter can use 

these trained workers free of any training charge. We will show in later parts of this 

chapter that imperfectly firm specific training would also impart external economies to 

firms other than the training firm under a wide range of circumstances. 

DEFINITION 6: Negative T&D externalities: is also called "external diseconomies" 

of T&D associated with labor turnover. A negative T&D externality is present when a 
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training firm cannot capture the full return on costs paid by the firm for T&D. Por 

example, perfectly firm specific training would produce certain negative T&D 

externalities, for quits and layoffs would prevent the training firm from capturing the full 

return on training investments. Notice that these are costs imposed on the training firm, 

not external economies accruing to other firms. 

To fully understand the sources of T&D externalities, we need to take a closer 

look at the concept and the sources of labor turnover. 

DEFINITION 7: Labor turnover: there are two types oflabor turnover: voluntary 

and involuntary. Voluntary labor turnover is termed "quits". It is voluntary in the sense 

that it is initiated by the employee. Involuntary turnover is called "layoffs". It is 

involuntary in the sense that it is initiated by the employer. 

Generally speaking, labor turnover is primarily due to the following reasons: 

A) Pecuniary benefit: a rational worker will quit his job with the firm he is 

currently working for and take a job from another firm if his marginal benefit in terms 

of another firm's wage rate and compensations exceeds his marginal cost associated with 

changing jobs. 

B) Layoffs: are also a major source of labor turnover16. Due to demand 

16Por twenty eight years between 1930 and 1981, the average labor turnover rate in 
the U.S. manufacturing industry is about 4.5 percent. Layoffs account for 1.7 percent. 
In other words, layoffs represent 37% of the labor turnover during this time period. See 
Handbook of Labor Statistics, U.S. Department of Labor, Bureau of Labor Statistics, 
December 1983, Bulletin 2175, page 180. 
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uncertainty, a firm may spend money for training its employees in the training period, 

and layoff some of them in the post training period. 

C) Job dissatisfaction: a worker may leave a job for another position simply 

because of job dissatisfaction. Job dissatisfaction can come from several causes including: 

personnel conflicts; inability to join in on issues of involvement; no clear task or project 

guidance; no trust; no objectivity or fairness; bad work environment and so on so forth. 

D) Any changes in preferences over regions, types of job or marriage and family 

related events can result in labor turnover among firms. 

E) Related to D) is the cost of living considerations for location: One may choose 

to quit and take another job at a location where the living cost is substantially lower. This 

type of labor turnover occurs even if the wage rate one receives at the new location is 

lower than what one receives at the present location. 

In summary, labor turnover may be the result of either employee or employer 

actions. Employees may choose to leave a particular employer because their expected 

utility is greater elsewhere. Such utility comparisons will necessarily incorporate 

monetary as well as family and workplace considerations. Even preference changes are 

possible. Employers on the other hand may choose to terminate a trained employee 

because of basic profit considerations. They stand to make more money by laying such 

an individual off than by keeping him/her on the payroll. After all, all decisions are 

based on utility and profit considerations. 
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On The Existence of Training and Development Externalities 

We now briefly discuss the existence of T&D externalities in the labor market. We 

will first discuss the case in which T&D externalities are chiefly generated by non-

pecuniary labor turnover, then proceed to discuss the conditions under which T &D 

externalities are present due to pecuniary labor turnover under each category of training 

defined earlier. 

A T&D externality can take place for a number of reasons: 

1) Unavoidable transmission of information among firms: the T&D materials, 

books, cassette tapes, video tapes, computer software and lecture notes can flow out of 

the T&D firm to non-T&D firms through interactions among firms, interactions among 

employees of different firms, trainers and trainees; through business TVs, radios, and 

computers. Some information can be obtained by non-T&D firms either at a low cost or 

at zero cost. 

2) A more fundamental reason for the existence of T&D externalities is labor 

turnover among firms. In a non-slavery economy, a firm can own its physical capital, 

but cannot own human capital embodied in its employees, and hence cannot legally keep 

its employees to work for the firm against their will. A worker can legally quit any time 

he/she wants. On the other hand, a firm may layoff its workers for various reasons. In 

fact, this idea is first addressed by Alfred Marshall (1949), who writes: 

A slave owner and a dog trainer expects himself to reap the full pecuniary 
value of any education he bestows on his charge; and in a primitive society in which the 
family is held together by strong and lasting bonds of custom, the father derives nearly 
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as much gain in a direct material form from anything that increases the efficiency of his 
sons, as from anything that increases his own. But in modem life it is otherwise. Those 
who bear the expense of a child's education do not as a rule reap, in a direct material 
form, any considerable part of the benefits which will arise from it. 

Why do T&D externalities arise in the face of labor turnoverl7? If labor turnover 

is due to non-pecuniary reasons, i.e., layoffs, family and workplace considerations, job 

dissatisfaction, etc., the existence of T &D externalities is obvious to see. A poaching 

firm does not have to pay a higher wage since the workers are not leaving for a higher 

wage rate, and hence the poaching firm can appropriate some of the benefits generated 

by T&D firms as long as the training is not perfectly firm specific. At the same time, 

the training firm cannot fully recoup its training investment. Negative T&D externalities 

are also present. 

Even when pecuniary benefit seeking is the only source for labor turnover, we 

can show that turnover of trained workers entails external benefit for non-training firms 

and external costs to the training firm. The nature of T&D externalities, however, 

depends on the types of skills, i.e., whether a T&D externality is positive or negative or 

both depends on whether the T&D is perfectly firm specific, perfectly industry specific, 

imperfectly firm specific, or perfectly general. 

Let us first consider the case of imperfectly firm specific training by briefly 

discussing why firms and workers have to share the cost of such training. Our discussion 

below follows a similar method used by Becker (1962) in his analysis of perfectly firm 

17 For previous discussion on externalities, see A. Marshall (1949), Becker (1962), 
Thurow (1970), and Amott and Stiglitz (1985). 
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specific training. 

We first assume that the training firm cannot decompose appropriately imperfectly 

firm specific training into its general and specific components, i.e., for a given 

imperfectly firm specific skill, the operation of a Mass/Gas Chromatography computer 

controlled instrumentation for example, the training firm cannot tell exactly what percent 

of the training is perfectly general and what percent is perfectly firm specific. In this 

case, we will show that the firm and the worker have to share the full cost of training. 

A rational firm would be in equilibrium when the present value of T &D receipts 

and the present value of T&D expenditures are equal, i.e., 

(2.1) ~ RI; 
1;=0 (l+i) 1;+1 

~ EI; 
1;=0 (1 + i) /;+1 

where I; and R t denote the T&D receipts and T&D expenditures during period t 

respectively, i denotes the market discount rate, and n represents the number of periods. 

Suppose that T&D occurs in period 0 only, then expenditures during period 0 would be 

equal to wages plus T&D investment (represented by T). Equation (2.1) thus becomes, 

It:J. MP It:J. W 
(2.2) MPo+L I; = wo+T+L I; 

1;=1 (1 + i) I; 1:=1 (1 + i) I; 

where MPt denotes the marginal product of the worker at period t. 

Let us define the return from T &D as, 
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(2.3) MPo + B = Wo + T 
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In terms of total T&D cost and alternative marginal product, equation (2.3) can 

be written as, 

(2.4) MPo'+ B = Wo + c 

where MPo' denotes alternative or opportunity marginal product during the training 

period, and c denotes the total T&D cost, which is the sum of opportunity costs and the 

T &D investment. 

The firm has no incentive to pay for the full cost and collect all the returns. Since 

if it had, then MPo' = wo, and B=c. But if a worker quits, the firm could not further 

collect the returns, and suffers a capital loss. Notice that the probability a worker quits 

his/her job is higher than it is in the case of perfectly firm specific training, because the 

worker's marginal product elsewhere also increases when training is imperfectly firm 

specific. 

The worker has no incentive to pay the full cost and collect the returns. If he/she 

had, then Wt = MPt , B=O, and Wo = MPo' - c. But if he/she is laid off, he/she could 

not further collect the returns from the T&D, plus he/she would lose [jc, where [j denotes 

the fraction of imperfectly specific training that is perfectly specific, 0 :::; [j :::; 1. Notice 

that for perfectly firm specific training, a worker would lose entire c when he/she is laid 

off, since [j = 1 for the perfectly firm specific skills. 



42 

Thus, the firm and the worker have to share the costs and returns for imperfectly 

firm specific T &D. 

Let B denote the return collected by the firm; B' be the return collected by the 

worker; B" = B + B'; a be the fraction of the return collected by the firm. 

In equilibrium, we have B" = c, then equation (2.4) becomes, 

MPo'+ ac = Wo + c, or, 

(2.5) Wo = MPo' - (l-a)c 

From above, we have the following: 

In period 0 (training period), a worker receives a wage rate higher than his 

marginal product (this is the way the firm pays for its share of T&D cost) and less than 

his alternative wage rate (this is the way that the worker pays for the T&D cost), i.e., 

(2.6) MPo < Wo < MPo' 

In period t (post-training periods), for t=l, ..... ,n-l, a worker receives a wage 

rate less than his marginal product (this is the way the firm collects its returns) and 

higher than the "perceived" alternative marginal product (this is the way the worker 

collects his share of returns from T&D), i.e., 

(2.7) MPt' < Wt < MPu for t=l, .... ,n-1. 

Notice that MPt ' is called "perceived" alternative marginal product. MPt' may and 

may not be equal to the actual alternative marginal product in the post training periods, 

depending on whether the T&D firm can correctly assess the usefulness of the 

imperfectly firm specific training to all other rival firms in the industry. 
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If we relax the assumption of this analysis, i.e., if firms can decompose 

appropriately the imperfectly firm specific training into its general and specific 

components, then the above cost sharing rules still apply at least to the perfectly firm 

specific component of the imperfectly firm specific training. We won't bother to go 

through the proof, because the proof is completely analogous to Becker's analysisls. 

In Becker's analysis of perfectly firm specific training, the perceived alternative 

marginal product of the trained worker at the non-T &D firms does not depend on the 

amount of T&D the worker has received in the training firm (the alternative marginal 

product is constant and independent of the T&D), i.e., he assumes that MPo' = MPt ', 

for t = O,I, ... ,n-l. If the T&D is imperfectly firm. specific, however, the alternative 

marginal product of the worker does depend on the amount ofT&D the worker received 

from the T&D firm. In other words, by providing imperfectly firm specific T&D, the 

firm increases the worker's marginal product not only at its own firm, but also at other 

firms, or at least a subset of other firms, then we have, MPt ' > MPo', for t= 1, ..... ,n-l. 

The alternative marginal product becomes discontinuous, it jumps to a higher level at the 

end of the training period. If the difference is large enough, then equation (2.7) may not 

hold any more. We then have five possibilities or cases. We will next discuss all five 

possible cases in which either positive or negative T&D externalities are present when 

the training firms cannot accurately assess the value of their training to poaching firms 

in a world of imperfect information. 

IS See G. S. Becker (1962) 
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Case #1: As we have seen in the above analysis, the cost sharing rules for 

imperfectly fIrm specifIc training are that in the training period the training fIrm pays a 

wage satisfying equation (2.6), and (2.7) in post training periods (t=I,2, .... ,n-l). If in 

the post training periods, the actual alternative marginal product at the poaching fIrms 

or at least at a subset of poaching fIrms is higher than what is perceived or estimated by 

the training fIrm (i.e., if the training fIrm underestimated the value of the imperfectly 

fIrm specifIc skills to at least a subset of the rival fIrms) such that, 

(2.8) MPt > MPt ' > Wt fort=I,2, .... ,n-1. 

Notice that equation (2.8) does not imply that the training is more useful at 

poaching fIrms, instead, it says the training is most valuable at the training fIrm. The 

training fIrm however under estimates the usefulness of the training to at least a subset 

of poaching fIrms. 

In this case, a poaching fIrm may pirate a trained worker by paying the worker 

up to a wage rate, 

(2.9) MPt ' ~ wt ' ~ 'YC + Wt for t=I,2, .... ,n-l, and suffIciently small 'Y, 

where wt' denotes the wage offers by poaching fIrms in post-training periods; c is the 

cost of the training borne by the training fIrm in period 0, depreciated over future 

periods; 'Y, 0 ::::; 'Y ::::; 1, is the share of the training investment c payable by the training 

fIrm. Notice that poaching fIrms are able to pay a wage that includes a share of c 

because it did not originally bear these costs. In terms of the present discount value of 

wages over n time periods, 
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Wt =13" Wt ~ MPt <!:yC+13" w t , for t=1,2, .••• ,n 
t=O (l+r) t t=o (l+r) t t=o (l+r) t 

where r is the discount rate, and C is the present value of the training costs. 

In this case, the training firm imparts positive T&D externalities to poaching 

firms, and the positive T&D externalities can be measured, as illustrated in Figure 2.1, 

by the positive differences between the actual alternative marginal product (line MPt'-

MPt') and the actual post training period wage rate (line wcwJ that is pre-specified in the 

training period at the training firm. The total maximum amount of potential positive 

externalities is given in the rectangle MPt'MPt'wtwt. The training firm may also suffer 

from negative T&D externalities, since turnover prevents the firm from collecting further 

returns from the training. The negative T&D externalities can be measured, as illustrated 

in Figure 2.1, by the differences between the post training marginal product (line MPc 

MPJ and the wage rate (line wl-w;). The total maximum amount of potential negative 

T&D externalities is given by the rectangle MPtMPtwtwt. Clearly, the negative T&D 

externalities (area of the rectangle MPtMPtwtw;) outweigh the positive T&D externalities 

In Becker's analysis of perfectly firm specific training, the alternative marginal 

product of the trained worker is assumed to be independent of the training he/she 

receives at the training firm, as shown by the horizontal line labelled as "Becker's 

Assumption of MP' for Perfectly Specific skills" in Figure 2.1. For imperfectly firm 

specific training, however, the alternative marginal product becomes discontinuous, i.e., 
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the alternative marginal product curve jumps to a higher level at the end of the training 

period. 

The cost sharing rules and the sources ofT&D externalities are clearly illustrated 

in Figure 2.1. In the training period, the training firm pays a wage rate wo, which 

satisfies equation (2.6), i.e., MPo < Wo < MPo', and a wage rate Wt for the post training 

periods t=I,2, .. ,n-l, which is less than the marginal product at the training firm and is 

supposed to be higher than the perceived alternative marginal product, so that equation 

(2.7) is satisfied. These cost sharing rules work if and only if the perceived alternative 

marginal product is exactly equal to the actual alternative ones for all poaching firms. If 

the actual post training alternative marginal product, as shown by the line MPt'-MPt' in 

Figure 2.1, is sufficiently higher than what is predicted by the training firm, these cost 

sharing rules can no longer prevent T&D externalities from happening. Both positive and 

negative T &D externalities are present. 

Can the training firm increase the wage rate in the post training periods in order 

to prevent poaching from happening? It does not seem likely for two reasons: a) It is a 

standard assumption of the human capital literature that firms providing training do not 

have the freedom to make ex post adjustment, since the wage rate in the post training 

periods is predetermined in the training period. Any increases in the post training wage 

rate simply imply decreases in the return of the training investment by the training firm; 

and b) the existing human capital literature has established that, in the presence of 

uncertainties of labor turnover, training firms, especially the ones that are risk averse, 
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will pay a lower post training wage rate in the face of uncertainties than would be the 

case under certainty, in order to reduce the loss of return from the training investment 

associated with labor turnover19. 

Case #2: Another possible case is that, due to the inability of training firms to 

assess correctly the value of imperfectly firm specific training to at least a subset of rival 

firms, the imperfectly firm specific training is more valuable at some of the poaching 

firms than at the training firm. Then, for at least a subset of the rival firms, 

(2.10) MPt' > MPt > Wt for t=I,2, .... ,n-l. 

In this case, a poaching firm can always pirate a trained worker by paying the 

trained worker up to a wage rate, 

(2.11) MPt' l!:: wt' ~ ')'C + Wt for t=I,2, .... ,n-l. 

The training firm imparts positive T &0 externalities to poaching firms, and the 

positive T&O externalities can be measured, as illustrated in Figure 2.2, by the positive 

differences between the actual alternative marginal product (line MPt'-MPt') and the 

actual post training period wage rate (line wcwJ that is pre-specified in the training 

period at the training firm. The total maximum amount of potential positive T &D 

externalities is given in the rectangle MPt'MPt'wtwt. The training firm will also suffer 

from negative T &0 externalities, for quits prevent the firm from collecting further 

returns from the training. The negative T&O externalities can be measured, as illustrated 

in Figure 2.2, by the differences between the post training marginal product (line MPc 

19See FIacco and Zeager (1989) for example. 
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MPJ and the wage rate (line wcwJ. The total maximum amount of potential 

negative T&D externalities is given by the rectangle MPtMPtwtwt, which is smaller than 

that of the positive T &D externalities as illustrated by the area of the rectangle 

MPt' MPt' WtWt· 

Again, the cost sharing rules and the sources of the T&D externalities are clearly 

illustrated in Figure 2.2. In the training period, the training firm pays a wage rate wo, 

which satisfies equation (2.6), i.e., MPo < Wo < MPo', and a wage rate Wt for the post 

training periods (t=I,2, .. ,n-l), which is supposed to be less than MPt and higher than 

the perceived alternative marginal product. But if the actual post training alternative 

marginal product is sufficiently higher than what is predicted by the training firm, both 

positive and negative T&D externalities are present. 

Case #3: If the training firm is unable to correctly assess the value of imperfectly 

firm specific training to at least a subset of the rival firms, such that in the post training 

periods, the imperfectly firm specific training is most valuable at the training firm, but 

the alternative marginal product happens to be equal to its post training wage offer. 

Then, for at least a subset of the rival firms, 

(2.12) MPt > MPt' = Wu for t=I,2, .... ,n-1. 

The training firm will suffer from negative T &D externalities, because turnover 

due to non-pecuniary factors (layoffs, job dissatisfaction, family and workplace 

considerations, etc .. ) prevents the firm from collecting further returns from the training. 

The negative T&D externalities can be measured, as illustrated in Figure 2.3, by the 
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differences between the post training marginal product (line MPcMPJ and the wage rate 

(line wcwJ. The total maximum amount of potential negative externalities is given by the 

rectangle MPtMPtwtwt. 

Case #4: Even under the assumption that training firms cannot appropriately 

divide imperfectly firm specific training into its general and specific components, the 

training firm may still predict the value of the alternative marginal product at a level 

close to or even equal to the true value. This is possible if the market (either the labor 

or the output market) consists of only a small number of firms, so that they "know" each 

other very well, or the cost of obtaining the information required in the determination 

of the true value is low enough. If this is the case, the training firm is able to pay a wage 

satisfying equation (2.6) in the training period (t=O), and (2.7) in the post training period 

(t=1,2, .... ,n-1), i.e., MPt > wt > MPt' for t=1,2, .... ,n-1. 

In this case, can we still show the presence of T &D externalities? 

Imperfectly firm specific training in this case still produces certain external 

effects, since quits prevent firms from capturing the full return on costs paid by them. 

These are external diseconomjes imposed on firms providing the T &D, and can be 

measured, as illustrated in Figure 2.4, by the differences between the post training 

marginal product (line MPcMPJ and the wage rate (line wcwJ. The total maximum 

amount of potential negative externalities is given by the rectangle MPtMPtwtwt. 

This case is actually equivalent to the case of perfectly firm specific skills 

investigated by Becker. T&D externalities are present if and only if the worker quits the 
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job or is laid off. But, according to Becker, workers with firm specific training have no 

incentive to quit, and the firm has no incentive to layoff workers with specific training, 

thus T&D externalities are not likely to occur. 

As we have discussed earlier, wage seeking and layoffs are not the only sources 

for T&D externalities. T&D externalities exist for the reasons other than layoffs and 

wage-seeking: 1) Unavoidable transmission of information among firms; 2) labor 

turnover due to job dissatisfaction, changes in preferences over regions, types of jobs, 

family considerations, and the cost of living considerations for location and so on so 

forth. How much T&D externalities are in fact due to these factors is of course an 

empirical question. 

Case #5: If the training firm shares the cost of imperfectly firm specific training 

with workers according to the cost sharing rules specified in equation (2.6) and (2.7), 

and in the post training period, the actual alternative marginal product at poaching firms 

is equal to the marginal product at the training firm but higher than what is perceived or 

estimated by the training firm (Le., if the training turns out to be equally useful to all the 

firms), then, MPt = MPt' > Wu for t=I,2, .... ,n-1. In this case, a poaching firm can 

always pirate a trained worker by paying the trained worker up to a wage rate, 

MPt' t!:: wt ' t!:: 'YC + Wt for t=I,2, .... ,n-l, and sufficiently small 'Y. 

In this case, the training firm imparts positive T&D externalities, and the positive 

T&D externalities can be measured, as illustrated in Figure 2.5, by the differences 

between the actual alternative marginal product (Le., line MPt'-MP/) and the 
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actual post training period wage rate (line wcwJ that is pre-specified in the training 

period at the training firm. The total maximum amount of potential positive T&D 

externalities is given in the rectangle MPt'MPt'wtwt. The training firm may also suffer 

from negative T&D externalities, for quits prevent the firm from collecting further 

returns from the training. The negative T&D externalities can be measured, as illustrated 

in Figure 2.5, by the differences between the post training marginal product (line MPc 

MPJ and the wage rate (line wcwJ. The total maximum amount of potential negative 

T&D externalities is given by the rectangle MPtMPtwtwt. Clearly, the amount of the 

negative T&D externalities (area of MPtMPtwtwJ is equal to that of the positive T&D 

externalities (area of MPt'MPt'wtwJ in this case. 

Actually we are here talking about a case in which the training is general, but the 

training firm has mistakenly treated it as imperfectly firm specific. 

The preceding lengthy analysis on the existence of T&D externalities relies 

critically on the assumption that the training firms are unable to decompose appropriately 

the training into its general and specific components, and are thereby unable to accurately 

assess the usefulness of the training to at least a subset of poaching firms in a world of 

imperfect information. If we relax this assumption, can we still identify a set of 

conditions under which T &D externalities exist? 

Suppose that a training firm is able to divide imperfectly firm specific training 

into its general and specific components, so that the firm can tell exactly how useful the 

training is to all competitors in the industry. Then we have two cases to discuss. 
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Case #1: If imperfectly firm specific training can be decomposed into its general 

and specific components, according to the standard human capital theory, the firm will 

not finance the general component of the training. The firm and the worker will have to 

share the costs and returns for the specific component of the training. Under the cost 

sharing rules, in the training period, a worker receives a wage rate higher than his 

marginal product (this is the way the firm pays for its share of T&D cost) and less than 

his alternative wage rate (this is the way that the worker pays for the T&D cost), i.e., 

MPo < Wo < MPo'. In post-training periods, a worker receives a wage rate less than his 

marginal product (this is the way the firm collects its returns) and higher than the 

"perceived" alternative marginal product (this is the way the worker collects his share 

of returns from T&D), i.e., MPt' < Wt < MPu for t=1, .... ,n-1. 

This case is actually equivalent to Case #4 under the assumption that firms cannot 

divide imperfectly firm specific training into general and specific components, and is also 

equivalent to the case of perfectly firm specific training investigated by Becker(1962). 

T&D externalities are present if and only if the worker quits the job for non-pecuniary 

reasons or is laid off due to, say, firms' demand uncertainty. 

Case #2: If imperfectly firm specific training can be decomposed into its general 

and specific components, a training firm may still have to pay in part or in full for the 

general component, since it is an integral part of the training so that specific training 
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cannot be conducted without some preliminary general training20. In addition, according 

to Glick and Feuer (1984), if general training is offered along with specific training, 

general training is viable, and is also an effective instrument for safeguarding joint 

investments in specific training and insuring employers and workers against the risks of 

bilateral monopoly. 

Then under what conditions can firms provide general training and remain 

competitive with poaching firms? Under what conditions will T &D externalities exist? 

Glick and Feuer (1984) have investigated these two questions, and some of their 

insights can be used to identify the conditions under which T &D externalities are present 

in this case. 

Suppose that a training firm has paid for the general training, and let c be the cost 

of general training borne by the training firm. Then poaching firms are able to pay wages 

in period t given by, 

where MPt'(g) is the worker's marginal product at t attributable to general training; 'Y is 

the share of the general training investment c payable by the training firm, 0 ~ 'Y ~ 1; 

wt(g) is the wage paid to workers in the training firm, expressed as a function of their 

general training. Poaching firms are able to pay a wage that includes a share of c because 

it did not originally bear these costs. In terms of the present discount value of wages over 

20 This is the so-called common occurrence, which has not been explicitly treated in 
the human capital literature. For previous studies, see Feuer and Glick(1982), 
Feuer(1984), and Feuer, Glick and Desai(1985). 
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n time periods, (2.13) becomes, 

(2.14) 

where r is the discount rate, and C is the present value of general training costs. 

Equation (2.14) reinforces the standard human capital theory's prediction that 

firms' providing general training cannot pay a competitive wage. 

If both general and specific training are provided, then the wage rate the training 

firm can offer to its workers becomes: 

w =~ wt(g) +~ wt(s) 
t t=o (l+z) t t=o (l+z) t 

or, in terms of marginal productivity, 

~ l)~ MF t (g) ~ l)~ MF t (s) 
W=L +L 

t t=O (l+z) t t=o (l+z) t 

where wt'(g) and w/(s) are the worker's wage rates at t attributable to general and 

specific training respectively; OtC and Ot5 denote the shares of the returns to the general 

and specific training investments that the training firm offers the workers. By definition, 

specific training is of value exclusively to the firm that provides it. Thus, the wage that 

poaching firms are able to offer a newly poached worker accounts only for that worker's 

general skills, given by 



It follows that both positive and negative T&D externalities exist if 

(2.15) ~ o~ MPt(g) +~ o~ MPt(S) ~~ MPt(g) 

t=O (l+x) t t=O (l+x) t t=o (l+x) t 
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Intuitively, this condition says that both positive and negative externalities exist 

if the training firm is unable to counteract the wage offers of the raiding firms, i.e., if 

the combined return on the workers' specific training investment and the share of the 

employer's general training investment does not exceed the market return on the general 

training investment, rival firms will be able to hire workers away from the training 

firms. 

Obviously, equation (2.15) holds if the following condition holds, 

~ o~ MPt(S) 
L--~-:-- < yC 
t=o (l+x)t 

Thus one alternative way to interpret condition (2.15) is that T&D externalities 

will be possible if the worker's marginal product from his specific training investment 

is less than the discounted share of the general training costs paid him by rival firms. 

Even if the firm provides the worker with a full return on the general training investment 

(8t
g =1), a poaching firm can improve the offer by paying that return plus a share of the 

training costs. 

Having discussed the existence of T&D externalities, we are now ready to model 

firms' strategic T&D investment behavior in the presence of T&D externalities and the 

relationship of the output market structure to the nature of firms' T&D activity. 
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A DYNAMIC GAME THEORETIC MODEL OF FIRMS' TRAINING AND 
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In Chapter 2, we have identified the conditions under which T &D externalities 

are present. The objective of this chapter is to examine firms' strategic T&D investment 

behavior in the presence of T &D externalities. Among the important issues that a firm 

engaging in T&D must consider are: the feasibility and the profitability of a particular 

T&D program, the usefulness of a particular T&D program to the training firm as well 

as to its rivals (in order to determine whether the training is perfectly general, perfectly 

specific, or partially specific), the possibility that the firm may poach skilled workers 

from its rival firms and that rival firms may appropriate some of the benefit of its 

training investment primarily due to labor turnover, etc .. 

To incorporate the aspects of T&D enumerated above, we will first develop a 

dynamic duopoly game in which the duopolists invest in T&D strategically. Five 

propositions are derived, which show that one firm's T&D decision depends on the 

magnitude of T&D externalities, as well as on the level of training provided by the other 

firm. The more one firm invests in T&D, the less will the other firm invest in T&D. In 

the presence ofT&D externalities, firms' steady state, open loop, Nash equilibrium level 

of training occurs at that point where their best reply mappings intersect. Under certain 



62 

conditions, a firm may invest zero in T&D, pirating skilled workers from the other firm. 

One firm's T&D investment is inversely related to its own discount rate, but positively 

related to its competitor's discount rate. In addition, it is shown that a T&D externality 

reduces firms' T&D incentive not only at the firm that generates the T&D externality, 

but also at the firm that receives the T&D externality. To provide an analytical 

framework relating output market structure to the nature of firms' T&D activity, the 

dynamic duopoly game is extended to a multi-firm environment in which all firms are 

assumed to be identical. The results are even more interesting. The two propositions 

derived from this model reinforce the argument that T&D externality reduces firms' 

T&D incentive. More importantly, it is shown that market structure per se affects firms' 

T&D investment behavior. In terms of social optimality, a monopoly is the best form of 

market organization, because its T&D is equal to the socially optimal level. A perfectly 

competitive market, however, provides the lowest level of T&D to employees. The level 

of T &D investment deviates further and further away from the social optimum as the 

number of firms increases. The results are hence consistent with Schumpeter's (1943) 

dynamic efficiency arguments. 
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Notation, Assumptions and the Fonnulation of the Model 

Let us begin by looking at the notation and assumptions for both the dynamic 

duopoly T&D game and the multi-firm T&D game: 

NOTATION 1. n is the number of firms, indexed by i. 

NOTATION 2. t is the time period, t=I, ... , 00. 

NOTATION 3. Tj(t) is firm i's skills acquisition at t (i.e., the T&D investment 

by firm i at t). To rule out reversible T&D investment, we require that Tj(t) be non

negative, i.e., firm i cannot reverse the training process in the future to get the training 

investment money back, for i = 1, .. , n. 

NOTATION 4. Cj{TJ denotes the full T&D cost for firm i, for i=I, ... ,n. We 

assume that, for Tj E R+o let Cj: R+ - R+. Cj is a strictly increasing convex function 

of T;, i.e., 

(3.1) Cj'{TJ > 0, and Ct{T;) > 0, for i=I, ... ,n, 

NOTATION 5. rj denotes firm i's discount rate. The discount rate mayor may 

not be identical to all firms depending on whether the riskiness of the training investment 

or the uncertainty about future market demand is perceived differently at different 

firms. 

NOTATION 6. Sj(t) denotes the accumulated human capital stock (skills stock or 

skills level) of firm i at t. We assume that the accumulated skills stock of each firm is 

augmented by the amount it invests in training at t plus the rate of T &D externalities at 

t, but decays at an exponential rate ai, and ai ~ 0. 
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Intuitively, aj can be interpreted as the turnover rate of the trained workers at 

firm i. We assume that training at firm i is industry specific, for i=l, ... , n, and labor 

turnover is restricted within the industry. 

Since Sj is labor-specific (the skills stock is largely embodied in the trained 

workforce), if firm i loses aj percent of its trained workers, firm i's accumulated skills 

stock would decay by ajSj(t) (assume no compensations for the firm's loss of its skills 

stock due to labor turnover). 

NOTATION 7. Let 5j denote the rate of positive T&D externalities available to 

firm i. Then the total amount of T&D externalities available to firm i is, 

n 

5j I;Sj(t), for 5j E [0,1], for i=l, ... ,n. 
j;oo!j 

It should be noted that, the value of 5j depends on the nature of training conducted 

by firm j, for j ¢ i, specifically, 

5j = aj, if the training conducted at firm j is perfectly general, for j ¢ i; 

5j < aj' if the training conducted at firm j is imperfectly specific, for j ¢ i; 

and 5j = 0, if the training conducted at firm j is perfectly specific, for j ¢i. 

We thus have, 

The above analysis implies that the time path of firm i's accumulated skills stock 

is determined by the difference between firm i's rate of skills acquisition Tj(t) plus the 

rate of T&D externalities at t, and the decay of its skills stock at t, ajSj(t), i.e., 
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(3.2) Sj(t) = Tj(t) + ojESj(t) -ajSj(t), Sj(O)=SjO > 0, Tj ~ 0, 
j;>ej 
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where Sj(t) is the derivative of Sj(t) with respect to time; SjO is the firm i' s initial skills 

endowment which is assumed to be positive. 

We are now ready to examine firms' T&D investment decision in the presence 

of T&D externalities. For analytical convenience, we decompose each firm's decision 

into two steps. 

Step 1: At any moment, firm i is involved in output choices, i=I, ... ,n. Firm i 

chooses its output to maximize its monetary profit, given the status quo of all firms' 

skills levels and its competitors' current output. 

The output choices by firms result in short run profit functions, better known as 

"quasi-rent functions". Since our primary objective is to shed light on firms' strategic 

training investment decisions under externality, we will start out directly with the quasi-

rent functions, which are assumed to be dependent upon all firms' skills stoc}(2l. 

NOTATION 8. Bj[S(t)] is firm i's quasi-rent function, where S(t)=(SI"'" SJ. 

To ensure the existence of equilibrium points, Bj[S(t)] is assumed to be concave in S(t) 

for all i, continuously differentiable, bounded from above by some arbitrary number Z 

21Similar formulations can be found in the industrial organization literature. See 
Spencer and Brander (1983) and Leonard Cheng (1983, 1984) for example. Our quasi
rent functions are equivalent to Spencer and Brander (1983)'s "profit function" before 
R&D costs are subtracted, and are similar to those in Cheng (1984), in which the quasi
rent functions are uniquely determined by S(t), where S(t) = [SI(t), S2(t)], SI(O and Sit) 
denote the technology stock of firm 1 and firm 2 at t respectively. 



66 

> o. It is natural to assume that an improvement in a firm's own skills level increases 

its quasi-rents but is subject to diminishing marginal returns, while an improvement in 

its rival's skills decreases it. In other words, Bj[S(t)] is increasing in Sit at an decreasing 

rate and decreasing in Sj for j ¢ i, i.e., 

Bj@[S(t)] < 0, for i,j=I, .. ,n, j ¢ i 

where B/i)[S(t)] == aBj[S(t)]/aSj(t), Bj(ji)[S(t)] == a2Bj[S(t)]/a2Sj(t) , 

Bj(J)[S(t)] == aBJS(t)]/aSj(t), and Bj(ij)[S(t)] == a2Bj[S(t)]/aS~t)aSj(t). 

Step 2: For any training investment path Tj(t) for firm j, j ¢ i, firm i chooses 

Tj(t) to maximize discounted value of its profit stream22 subject to the time path of the 

skills stock set by equation (3.2) and the path Tj(t), which in turn determines the path for 

Sj(t), for j ¢ i, i.e., 

22Th ere are basically three sources of profit from T&D: 
1) T&D increases workers' marginal product. If training firms can appropriate 

some or all of the increase in the workers' marginal product, profits can be earned from 
T&D; 

A frequent benefit of T&D programs is the reduction (savings) or avoidance of 
production costs. By ensuring employees' skills, training can help improve the quality 
of a product or service, and thus reduces or avoids production costs. The cost reduction 
can be measured by the reduction of scrap, absenteeism, inaccuracy, grievances, 
accidents, and wasted time or materials; 

2) If there are complementarities between physical capital and the quantity of 
human capital, increasing the quantity of human capital (T&D) may lead to more returns 
to physical capital through more efficient utilization or equivalently less marginal cost; 

3) Intangible benefits. Intangible benefits are activities, qualities, or conditions 
that have value but are difficult or impossible to quantify. For instance, employee skills 
flexibility benefits a firm, but its worth is difficult to quantify. 
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(3.5) MAX 1rj = Fa e-rj t{Bj[S(t)] - Cj[Tj(t)]} dt 

Subject to the dynamic equation (3.2) and the path 1j(t), where 1rj is firm i's discounted 

value of its profit stream. 
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A Dynamic Duopoly Game of Training and Development 

Given the notation and assumptions we have made above, we now consider the 

duopoly game in which the duopolists invest in T&D strategically. 

Let us start by solving firm 1 's optimal control problem. In the language of 

control theory, Sj(t) is firm i's state variable, and Tj is firm i's control variable, for 

i=1,2. For any training investment path T2(t) for firm 2, firm 1 chooses the path of Tt(t) 

to maximize discounted value of its profit stream subject to the time path of the skills 

stock set by equation (3.2) and the path T2(t) (which in tum determines the path for 

S2(t», 

The current value Hamiltonian is: 

(3.6) Ht =B,[S(t)]-Ct[Tt(t)] + At{Tt(t)+otS2(t)-O!tSt(t)} 

where At is the costate variable for firm 1 associated with the dynamic equation (3.2). 

For compactness, we will suppress the dependence of S, Tt, T2 on t in most places. 

By the standard optimal control procedure, optimal functions of St(t), Tt(t), and 

Al must satisfy the following necessary conditions: 

(3.7) Al = CI'(TI) 

(3.8) At = At (rl+O!t) - BI(I)(S) 

(3.9) St = Tt + OtS2 - O!ISI 

where At and St denote the time path of Al and S, respectively. 

At may be interpreted as the shadow value of a marginal increase in resources to 

T&D activities. Equation (3.7) states that, at each t, firm I deploys resources to T&D 
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up to the point where the marginal cost of training equals the marginal value A, of a unit 

of human capital. In other words, equation (3.7) requires that marginal cost equal 

marginal benefit contemporaneously at each t along the optimal training investment path. 

Similarly, for firm 2, the current value Hamiltonian is: 

(3.10) H2=B2(S) - ~(TJ + A2{T2 + 02S1 - 0!2S2} 

where A2 is the current value multiplier for firm 2 associated with the dynamic equation 

(3.2). 

Optimal functions of S2(t), T2(t), and A2 must satisfy the following necessary 

conditions: 

(3.11) A2 = C2'(T2) 

(3.12) A2 = A2 (r2+0!2) - B2(2)(S) 

(3.13) S2 = T2 + 02S1 - 0!2S2 

where A2 and S2 denote the time path of A2 and S2 respectively. 

A. Steady State, Open Loop, Nash Equilibria and Testable Implications 

Since each firm's problem is infinite horizon, we inquire about a steady state. The 

steady state is defined by Sj =Aj = 0, for i = 1 ,2, which yields the steady state value of 

Sj and Aj conditional on firm j's T&D investment, for j ;c i. 

At the steady state, SI =A, = 0, which implies that, 

(3. 14a) S, =(TI +0IS2)/0!1; and S2=(T2+02SI)/0!2 

(3. 14b) AI = BI(I)(S)/(rl + O!I); and A2 = B2(2)(S)/(r2 + O!J. 
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But equation (3. 14a) can be rewritten as, 

Then equations (3. 14c) and (3. 14d) become, 

By Cramer's Rule, 

I ~~I 
SI = ---------- , 

I ~~I 
and 

I ~~I 
S2 = ---------- . 

I ~~I 
But 

I ~~I = a2TI+oIT2; 

I AEI 
ICF 

= a IT2+02TI; 

and 

I ~~I = ala2 -0102, 

Notice that, since by equation (3.3), 0 ~ 01 ~ a2, and 0 ~ 02 ~ ai' and since 
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Thus we have, 

Then we have, 

and 

Plugging equations (3. 14b), (3.14f) and (3.14g) into (3.7), we obtain the 

following condition, 

By analogy, we can obtain the following condition for firm 2: 

Equations (3.15) and (3.16) can be interpreted as the steady state best reply 

mappings for firm 1 and firm 2 respectively. 

Proposition 1: In a non-cooperative duopoly environment and in the presence oj 
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positive T&D externalities, onefirm's training investment depends inversely on the other 

firm's investment in training. The more onefirm invests in training, the less is the other's 

training investment. 

Proof: By differentiating equation (3.15) with respect to Tj , for i = 1 ,2, we obtain 

the following: 

Both equations (3.17) and (3.18) are negative, given the assumptions we have 

made in equations (3.1), (3.3), (3.4), and (3.14e). Then, equations (3.17) and (3.18) 

together imply that, dT1/dT2 < O. The steady state best reply mapping of firm 1 is thus 

downward sloping. 

By differentiating equation (3.16) with respect to T j , for i=I,2, we obtain the 

following: 

Then equations (3.19) and (3.20) together imply that dTidTI < O. Thus the 

steady state best reply mappings for both firms are downward sloping. Q.E.D. 
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Intuitively, the higher is fum 2' s investment in T &0, the higher is firm l' skill 

level due to the T &0 externality effect and given the level of firm 2' s labor turnover. 

In anticipating this, firm 1 allocates less resources to T&O to satisfy equation (3.15). The 

same interpretation holds for firm 2. Both firms' steady state best reaction mappings are 

illustrated in Figure 3.1. The open loop, steady state, Nash Equilibrium23 of this 

differential game is determined by the intersection of these best reply mappings, point 

A, as illustrated in Figure 3.1. 

Proposition 2: There exists a unique, locally stable, steady state, open loop, Nash 

Equilibrium characterized by a pair of controls [TI· (t), T2• (t)j such that for any non-

negative control Tz{t) and Tit) the following holds: 

'lr1[TI·(t), T2·(t)j ~ 'lr1[Tz{t), T2·(t)j and 

as long as, 

Furthermore, both T/(t) and T2·(t) are positive as long as, 

(j) (3.22) Bj [OjTjI(OljOlrO/J?J,Olj1jI(OljOlrO/J?JJ > C;'(O)(rj+OlJ, 

for i,j=1,2,j ~ i. 

Proof: The profit function of firm i at time tis: 

'lrit = Bi[S(t)] - Ci[Ti(t)], for i = 1,2. 'lrit is continuous and bounded since both 

23 Following Jensen and Thursby(1986), Cheng (1984), the 
concept of an open-loop solution is adopted simply for analytical conveniences. 
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Bj(S) and Cj(TJ are continuous. Because Bj(.) is bounded from above by Z and '7rjt ~ 0, 

each player's strategy set hence is evidently compact and convex. The existence of Nash 

equilibrium points is assured. 

Condition (3.22) ensures that (Tl·, T2·) is an interior equilibrium. If (3.22) does 

not hold, the Nash Equilibrium would be (T .. O), or (0, Tz), or (0,0). 

By equations (3.17) and (3.19), both awlliJTl and aW2/aT2 are negative, and by 

equations (3.18) and (3.20), both aw/aT2 and aW2/aTl are also negative. Equation (3.21) 

ensures that the Jacobian system of equations (3.15) and (3.16) is negative quasi-definite, 

which in tum ensures the uniqueness and local stability of (Tl·, T2"). Given equations 

(3.17), (3.18), (3.19) and (3.20), it is obvious that a sufficient condition for equation 

(3.21) to hold is that, 

(3.21a) Bl(lJ)[.]B2(22)[.] > Bl(l2)[.] B2(21)[.]. 

Q.E.D. 

Proposition 3: In the presence ofT&D externalities, afirm will not invest in T&D 

unless the marginal benefit of its first unit of resources spent on T &D exceeds the loss 

in current profits. In other words, the steady state, open loop, Nash Equilibrium would 

be a comer solution (0, Tz·> 0), or (1'/>0, 0), or (0,0), whenever the equation (3.22) 

does not hold. 

Proof: Whenever firm i' s marginal revenue is less than its marginal T &D cost at 

Tt =0, given Tj , for j ;c i, we have, 

(3.23) B/i)[ojT/(ajarOl02),ajT/(ajarOlOz)] < Cj'(O)(rj+aj), for j ;c i, 
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Firm i will not undertake any T&D. 

Now suppose that firm i's marginal revenue is equal to its marginal T&D cost at 

Tt·= 0, given Tj , for j ¢ i, we have, 

(3.24) Bj(i)[ojT/(cxjcxrOtoJ,CXjT/(CXjcxrotoJl = Cj'(O)(rj+cxJ, for j ¢ i, 

In this case, firm i will not undertake any T&D either. 

The equilibrium strategies of the two firms are thus: 

(Tt·>O, 0) when equation (3.22) holds for firm 1, but not for firm 2; (0, T2·>0) when 

equation (3.22) holds for firm 2, but not for firm 1; and (0, 0) when equation (3.22) does 

not hold for either firm. 

Q.E.D. 

Intuitively this means that a firm will not invest in T&D unless the marginal 

benefit of its first unit of resources spent on T &D exceeds the loss in current profits. One 

possible explanation is that, in the presence of positive externalities, a firm may pirate 

skilled, trained workers from the other firm, instead of providing T&D by itself. An 

alternative explanation is that, it might be the case that the fixed cost of training is so 

high that firms, small firms in particular, can not afford to conduct training on their own. 

In this case, firms may simply leave the task of training to joint T &D programs or public 

educational institutes, or even switch to a production method which does not require any 

training at all, if possible. 
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B. Comparative Statics and Testable Implications 

Having discussed the steady state, open loop, Nash Equilibria and their 

implications, we now tum to anther interesting aspect of this duopoly model: the effects 

of the changes in the discount rate and the rate of T&D externalities on firms' T&D 

investment behavior. 

Let us now examine how changes in r1 and r2 affect the firms' training investment 

decisions. r1 and r2 can be interpreted as the uncertainty parameters, measuring the firms' 

perception about the riskiness of investment in job training programs. The risk may be 

driven by uncertainty about the future labor turnover rate and/or about market demand. 

Proposition 4: Ceteris Paribus, onefirm's T&D investment is inversely related to 

its own discount rate, but positively related to its competitor's discount rate. 

Proof: By taking total derivatives of equations (3.15) and (3.16) with respect to 

r., we obtain, 

{B1 (1l)[.]a2(ala2-o102)-1 + Bl (12)[.]o2(ala2-o102)-1- C1 "(.)(r1 +al)} dT1/drl 

+ {B1(1l)[.]ol(ala2-o102yl + B1(12)[.]al(ala2-o102yl} dT2/drl = C1'(·) 

and, 

{B2(21)[.]a2(ala2-o102yl + B2(22)[.]o2(ala2-o102)-1} dT1/drl + 

{~(21)[.]ol(ala2-o102yl + ~(22)[.]al(ala2-o102)-1 - ~"(.)(r2+a2)} dTidrl = 0 

The above two equations can be rewritten as, 

A dT1/dri + B dT2/dri = E 

and C dT.tdrl + D dTidrl = F 



where, 

E = C1'(.), 

F = o. 

By Cramer's Rule, 

I ~~I 
dT1/drl = ---------- , 

and 
I ~~I 
I ~~I 

dT 21 dr 1 = ---------- . 

I ~~I 
Since I : ~ I = ED < 0; and I ~ ~ I = - EC > 0; 

The sign of dT1/drl and dT2/dr l depends on the sign of I A B I 
CD . 

= AD-Be 
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Assuming that equation (3.2la) holds, then the first term of the right hand side 

is positive, and since all other terms on the right hand side are also positive by equations 

(3.1), (3.3), (3.4), and (3.l4e), we thus have, 

I ~~I > o. 

Therefore we have, 

I ~~I 
dTtldrl = ---------- < 0, 

I ~~I 
and 

I ~~I 
dT2/dri = ---------- > o. 

I ~~I 
Similarly, one can show that, dT1/dr2 > 0, and dTidr2 < o. 

Q.E.D. 

Graphically, an increase in the discount rate r l shifts firm l' s best reply locus 

downwards and leaves firm 2's best reply locus unaffected, since r l does not appear in 
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firm 2's best reply function, equation (3.16). The new intersection involves a lower value 

of TI and a higher value of T2, as one can see in Figure 3.2. 

Propositions 4 simply implies that in response to a higher value of the discount 

rate, firm 1 will demand a higher risk premium than under the case of certainty. In 

general, firm 1 can compensate itself by reducing its training investment, since the 

required risk premium goes down as the training investment goes down while the 

marginal rate of T&D cost goes down. However, the lower is firm l's investment in 

T&D, the lower is firm 2's skill level due to the T&D externality effect and given the 

level of the labor turnover rate. In anticipating this, firm 2 allocates more resources to 

T&D to satisfy equation (3.16). 

Another interesting question to investigate is how firms' T&D investment is 

affected by the magnitude of the rate of T&D externalities. 

Proposition 5: Ceteris Paribus, a T&D externality reduces firms' T&D incentive 

not only at thefirm that generates the T&D externality, but also at thefirm that receives 

the T&D externality. 

Proof: By taking total derivatives of equations (3.15) and (3.16) with respect to 

01, we obtain, 

{BI (1I)[.]0!2(0!10!2-0102yl + BI (12)[.]02(0!10!2-0102)-1- CI n(.)(rl +O!I)} dT/dol 

+ {BI(II)[.]01(0!10!2-010z}-1 + BI(12)[.]al(aI0!2-0102yl} dTidol 

= -BI(II)[.]{T2(aI0!2-0102)"1 + 02(0!2TI +0IT2)(0!10!2-0102)-2} 

-BI (12)[.] {02(al T2 +02 T I) (0!10!2-0102)"2} . 
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and, 

and 

{B2(21)[.]a2(ala2-5152tl + B2(22)[.]52(ala2-5152tl} dTtfd51 

+ {~(2I)[.]51(ala2-5Ioz)-1 + ~(22)[.]al(ala2-5152tl - C2"(.)(r2+a2)} dTidol 

= -~(2I)[.]{T2(ala2-5Io2tl+52(a2TI + oIT2)(ala2-5152)-2} 

-B2(22)[.] {52(aIT 2+02TI)( ala2-515z)-2}. 

The above two equations can be rewritten as, 

A dTtfd51 + B dT2/do i = E, 

where, 

A = B1(11)[.]a2(ala2-oI52tl 

+ Bl(12)[.]~(ala2-51oz)-I- C1 "(.)(rl +al), 

B = B1(1I)[.]ol(ala2-o102)"1 + B1(12)[.]al(ala2-o102)-1, 

C = B2(21)[.]a2(ala2-5152)-1 + B2(22)[.]o2(ala2-515z)-I, 

D = B2(21)[.]ol(a1a2-5Io2)-1 + B2(22)[.]al(ala2-5Io2tl 

- C2"(·)(r2+a2), 

E = -B1(1I)[.]{T2(ala2-olo2)"1 

+ o2(a2Tl +5IT2)(ala2-olo2t2} 

-BI (12)[.]{ 02(al T2+o2TI)(ala2-oloz)-2}, 

F = -B2(21)[.]{T2(ala2-5152)"1+52(a2TI + oIT2)(ala2-oI52)"2} 

-B2 (22)[.]{ 02( al T2 +02 T1)(ala2-01 02)"2}. 
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and 

By Cramer's Rule, 

I ~~I 
dTl/dol = ---------- , 

I ~~I 

I ~~I 
dT 21 dOl = ---------- . 

I ~~I 
Since 

I ~~I 
= AD - BC 

= {BI(11)[.]B2(22)[.] - BI(12)[.]~(2I)[.]}(aI0!2-010J 

- Bl(11)[.]C2"(·)(r2+a2)a2(ala2-0102)"1 
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Assuming that equation (3.21a) holds, then the first term of the right hand side 

is positive, and since all other terms on the right hand side are also positive by equations 

(3.1), (3.3), (3.4), and (3. 14e), we thus have, 



> O. 

Since, 

= ED - BF 

= - (ozT1 + aITJ(alaz-oloz)"z {B1(1I)[.]Bz(2Z)[.] - BI(IZ)[.]~(2I)[.]} 

+ BI(II)[.]~"(.)(rz+az){Tz(alaZ-OIO:z}-l + oz(azT1 +oITz)(alaz-515z)"Z} 

+ BI(IZ)[.]~"(.)(r2+a2)5z(aITz+ozTI)(alaZ-olo:z}-2. 
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Since by equation (3.21a), B1(1I)[.]Bz(22)[.] > B1(12)[.]B2(21)[.], all terms on the right 

hand side are negative, thus 

= ED - BF < O. 

Similarly, 

= AF - CE 

= Bz(2I)[,]C1 "(.)(rl+al){Tz(alaZ-olo:z}-l + oz(azT1 +oITz)(ala2-5IoZ)"2} 

+ Bz(2Z)[,]CI"(.)(rl+al)5z(aIT2+ozTI)(alaZ-515z)"2 < 0, since all terms on the 

right hand side are negative. 

Therefore we have, 



85 

I ~~I 
dT l /d51 = ---------- < 0, 

I ~~I 
and 

I ~~I 
dT2/d51 = ---------- < o. 

I ~~I 
Q.E.D. 

Graphically, an increase in the rate of positive T&D externality 51 shifts both 

firms' best reply loci downwards. The new intersection involves a lower value of Tl 

and a lower value of T2, as one can see in Figure 3.3. 

Intuitively, the higher is the rate of T &D externalities from firm 2 to firm 1, the 

lower is firm 2's marginal revenue (Bl(.)), thus firm 2 would reduce its training 

investment to satisfy equation (3.16). Also, the higher is the rate of T&D externalities 

from firm 2 to firm 1, the higher is firm l' s skills level, and a higher skills level due to 

T&D externality means a lower level of the marginal revenue (Bl
l(.)). To maintain the 

equality of (3.15), firm 1 would also reduce its training investment. 

We have already examined all the important aspects of firms' strategic T&D 

investment decisions in the duopoly environment. To fully investigate the relationship 

between T&D externality, market structure, and firms' T&D behavior, we need a more 

general model, a multi-firm game environment, to which we now tum. 
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A Dynamic Multi-Firm Game of Training and Development 

---- T&D Externality, Market Structure and Social Optimality 

To provide a meaningful framework relating the nature of the firms' T&O 

activities to market structure, we now consider a dynamic multi-firm game. We will 

follow the notation and assumptions that we have made in section 2 of this chapter. 

Suppose that, in this game, there are n firms in the same industry, each of these 

n firms engages in T&O activity. We exclude the possibility of collusion among the 

firms, and we assume that training at firm i is industry specific, for i = 1 , ... , n, and labor 

turnover is restricted within the industry. Firms' respective T&D processes are 

interrelated by labor turnover among firms, which generates T&O externalities. 

Again, let Sj(t) denote firm i's accumulated human capital stock (or skills level) 

at t. The time path of firm i' s skills stock can be written as, 
n 

(3.29) Sj(t) = Tj(t) + ojESj(t)-ajSj(t), Sj(O) = SiO' Tj ~ 0, 
jr'i 

i.e., the skills stock of firm i is augmented by the amount that firm i invests in T &0 at 

t plus positive T &0 externalities available to firm i at t, but decays at an exponential rate 

aj, and aj ~ 0, for i=l, ... ,n. 

For any T &0 path Tj(t) for firm j, j ¢ i, firm i chooses the path of Tj(t) to 

maximize the discounted value of its profit stream subject to the time path of the skills 

stock set by equation (3.29) and the path Tj(t) (which in tum determines the path for 
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(3.30) MAX 7rj = J~ e·rj t{Bj[S(t)] - Cj[Tj(t)]} dt 

subject to the differential equation (3.29). 

The current value Hamiltonian is: 
n 

(3.31) Hj = B;[S(t)]-C;[Tj(t)] + A;[Tj(t) + ojESj(t)-ajSj(t)] 
j;<!j 

where A; is the current value multiplier for firm i associated with the dynamic equation 

(3.29). 

Optimal functions of Sj(t), Tj(t) , and Aj must satisfy the following necessary 

conditions: 

(3.32) A; = Cj'(TJ 

(3.33) A; = Aj (rj+aJ - B/i)(S) 
n 

(3.34) Sj = Tj(t) + ojESj(t)-ajSj(t) 
j;<!j 

where A; and Sj denote the time path of A; and Sj respectively. Aj may be interpreted as 

the shadow value of a marginal increase in resources to T&D activities. Equation (3.32) 

states that, at each t, firm i deploys resources to T&D up to the point where the marginal 

cost of training equals the marginal value Ai of a unit of human capital. In other words, 

equation (3.32) requires that marginal cost equal marginal benefit contemporaneously at 

each t along the optimal training investment path. 

This game can be solved by first characterizing the steady state equilibrium 

conditions of each player's optimal control problem, given the decisions of other players, 
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and then finding the steady state, open loop, Nash equilibria of the game. 

Since each player's problem is infinite horizon, we inquire about a steady state. 

The steady state is defined by Sj =Aj = 0, for i=l, .. ,n. We also impose a symmetry 

assumption that, at the steady state, Tj = Tj = T, Sj = Sj = S, aj = aj = a, OJ = OJ = 

0, rj = rj = r, Aj = ~ = A, for V i and j, which yields the steady state value of S and 

A: 

(3.35) S=T/{a-o(n-l)}; and A = Bj(i)(S)/(r + a) 

Since firms' skills stock is positive, and [a-o(n-l)] is on the denominator of S, 

we require that, 

(3.36) a-o(n-l) > O. 

Plugging (3.35) into (3.32), we obtain the following condition which can be 

interpreted as firm i's steady state best response function: 

(3.37) wj(.)=Bj(i)[T/{a-o(n-l)}, ... ,T/{a-o(n-l)}] - (r+a)C/(T)=O. 

Proposition 6: There exists a unique, locally stable, steady state, symmetric, open 

loop, Nash Equilibrium characterized by 1;. (t) = 1j. (t), for V i and j, such that for any 

non-negative control 1;(t) and 1j(t} the following holds: 

7rJ1i*(t}, 1j*(t}] ~ 7rJ1i(t}, 1j*(t))and 

7rj[1j. (t), 1;* (t)] ~ 7rj[1j. (t), 1;(t)), for j ¢ i. 

as long as the nxn Jacobian system of the best reply functions is negative quasi-definite. 

Proof: Given our assumptions about the quasi-rent functions and training cost 

functions, the existence of a steady state, open loop, Nash equilibrium is assured. The 
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proof is completely analogous to that of Proposition 2, except that i = l, ... ,n in this case 

instead of i = 1,2 in the duopoly game. 

Q.E.D. 

We are now ready to examine the effects of T&D externalities and market 

structure on firms' T&D investment behavior. 

Proposition 7: If the labor turnover rate is sufficiently high, specifically, if a > 

o(n-l), then a) T&D externality reduces firms' T&D incentive; and b) Firms' T&D 

investment decreases with the number of firms in the industry,' and c) Under monopoly 

market structure, the monopolist invests in T&D up to the social optimal level. A purely 

competitive industry provides the lowest level of T&D. 

Proof: 

a) By differentiating equation (3.37) with respect to 0, we obtain, 

[B j(jl)(.)+, ... ,Bj(in)(.)][a-o(n-l)ll oTloo - (r+a)Cj"(T) oTloo 

= _[B/il)(.)+ , ... ,Bj(in)(.)][a-o(n-I)J2(n-l)T. 

By collecting terms, we have, 

([Bj(il)(.)+, ... ,B/in)(.)][a-o(n-l)ll - (r+a)Cj"(TJ} oTloo 

= _[B/il)(.)+ , ... ,Bj(in)(.)][ex-o(n-l)12(n-l)T. 

Since all terms on the right hand side are positive when n > 1, and all terms in 

the braces on the left hand are negative as long as equation (3.36) holds (Le., a-o(n-

1) > 0), we thus have, aTloo < 0, this completes our proof for a). 

b) By differentiating equation (3.37) with respect to n and collecting terms, we 
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have, 

{[B/il)(.)+, ... ,B/in)(.)][a-(j(n-l)JI- (r+a)Cj"(T)} aT/an 

= -[B/jl)(.)+ , ... ,B/in)(.)][a-0(n-l)l2(jT 

If a > (j(n-l), all terms in the braces on the left hand side are negative and all 

terms on the right hand side are positive in the presence of T &D externalities (Le., 

(j>0), thus aT/an < O. This concludes our proof for b). 

c) Equation (3.36) can be rewritten as, 

(3.40) A;P = Bj(i)[T/{a-o(n-l)}, ... ,T/{a-o(n-l)}]/(r + a), 

where 'A;P may be interpreted as the private shadow value of a marginal increase in 

resources to T&D activity for firm L 

By differentiating equation (3.40) with respect to n, we have, 

We now suppose that there exists a social planner who is able to internalize all 

firms' T&D externalities, i.e., (j = O. In order to attain the social optimality, he/she has 

to maximize the aggregate discounted stream of future profits of all the n firms to 

determine each firm's investment level. Thus his/her problem is: 

n 

MAX 0 S ""e-pt E{Bj[Sj(t)] - Cj(TJ}dt 
j=1 

subject to the differential equation (3.29) when OJ = 0, for i = 1, ... ,n. 

By solving for the social planner's problem, we obtain the social optimal valuation 

of training: 



92 

(3.42) 'A;sp = {B/i)[T/a, ... ,T/a]}/(r + a), 

Compare equation (3.42) to equation (3.40), since T/{a-o(n-1)} > T/a, by our 

assumptions about Bl.), we then have, Ajsp > At, and TjSP > TjP. 

Let Ajm, A{ denote the marginal valuation of training for a monopolist and a 

perfectly competitive firm respectively, by equation (3.41), it is straight-forward to see 

that, 

Ar = Ajsp > 'A;c, and A{ is the lowest, and 

Tr = Tjsp > T{, and T{ is the lowest. 

Intuitively, ifn = 1, the social benefit ofT&D happens to be equal to the private 

benefit of T&D perceived by the monopolist. The monopolist will hence invest in T&D 

up to the social optimal level. As the number of firms (n) increases, AjP deviates further 

and further away from AjsP. If n = 00, i.e., the industry is perfectly competitive, AjP 

becomes the lowest, thus the perfectly competitive market structure yields the lowest 

level of T&D. This concludes our proof for c). 

Q.E.D. 

Proposition 7 points out for the first time that market structure per se affects 

firms' T&D investment behavior. Specifically, the level of firms' T&D investment is 

negatively related to the number of firms in the industry. The greater is the number of 

firms, the less is firms' investment in T&D. In terms of the social optimality, monopoly 

is superior to perfect competition. These results are very important and interesting, and 

merit some more explanation and interpretation: 
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1. For a firm that is a monopolist in the output market but a pure competitor in 

the labor market, Proposition 7 implies that its T &D is equal to the social optimal T &D 

level under the assumption that T&D is industry-specific, so that T&D spillovers to other 

industries can be ignored. For a dual monopolist (a firm monopolizing not only the 

output market, but also the labor market), the industry-specific assumption can be 

relaxed. Proposition 7 sufficiently implies that it invests in T&D up to the social optimal 

level. Intuitively, a dual monopolist faces the lowest T&D externalities (0 = 0), and is 

indifferent between firm-specific T&D and industry-specific T&D. 

2. A dual monopolist provides a socially optimal level of T&D regardless of the 

types of T&D. The standard human capital theory predicts firms have no incentive to 

invest in general T&D. This is not true for a dual monopolist, because to a dual 

monopolist, any training is firm specific. A dual monopolist is able to appropriate gains 

from general T&D for its workers, while any other forms of market structure can not. 

3. It should be noticed that Proposition 7 also implies that the training investment 

per worker under monopoly is higher than that under perfect competition. Let km denote 

the per worker training investment under monopoly, i.e., k.'D = rm/L m, where L m denotes 

the employment under monopoly and Tm is the total training investment under monopoly; 

and let kC denote the per worker training investment under competition, i.e., Ie' = riLe, 

where LC denotes the employment under competition and r is the total training 

investment under competition. If the output monopolist is a perfect competitor in the 

labor market, L m < V; If the output monopolist is a monopsonist in the labor market, 
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Lm < LC also holds. By Proposition 7, 'f"l > TC
, i.e., the total training investment by 

a monopolist is higher than that under competition. Thus we have Tm > r and L m < 

LC
, which implies that ICD > lC'. 

Basically, chapters 2 and 3 have established that in the presence of T&D 

externalities, firms' T&D investments are sub-optimal from society's point of view. 

Chapter 4 of this dissertation examines the incentive and the efficiency aspects for the 

provision of public goods, and the public goods model can be applied to joint T&D 

programs. It can be shown that joint T&D programs can serve as a possible remedy for 

the less than socially optimal T&D investments that T&D externalities generate. 
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Chapter 4 

A GAME THEORETIC MODEL OF PUBLIC GOODS PROVISION WITH POSITIVE 

NASH EQUILIBRIA, EXPERIMENTAL EVIDENCE, AND THE APPLICATION TO 

JOINT TRAINING AND DEVELOPMENT PROGRAMS 

Introduction 

As we can see from the previous three chapters of this dissertation, in the 

presence of T&D externalities, firms' T&D investments are in general sub-optimal from 

society's point of view. The question is whether we as economists can come up with an 

institutional design to provide a remedy for socially sub-optimal training investments, so 

as to correct for T&D externalities, thereby increasing firms' commitment to training and 

increasing the international competitiveness of the economy. It is shown in this chapter 

that joint training and development programs Goint T &D programs, hereafter) can serve 

as a possible remedy to correct for T&D externalities. As a matter of fact, we have 

observed that in many industries firms are seeking alternative ways of providing training 

to their employees specifically by means of joint T&D programs. These joint T&D 

programs are mostly founded on the principle of shared responsibility and investment, 

along with equal return. Obviously, joint T&D programs have some public goods 

characteristics. Thus the central theoretic questions we will investigate in this chapter are 

the following: Can joint T&D programs, as public goods, be provided on a voluntary 

basis? Can joint T&D programs be established efficiently on a voluntary basis? To 
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provide an answer to these questions, this chapter first examines both the incentive and 

the efficiency aspects for the provision of public goods with a "positive link" feature in 

Sections I through V, and then discusses the application of the public goods model to 

joint T&D programs in Section VI. 

Traditional economic theory has maintained that the distinguishing property of 

non-excludability, inherent in public goods, implies that all decentralized mechanisms 

would lead to the non-provision of public goods, or at least to provision below the Pareto 

optimal amount. This theoretical assertion, however, is inconsistent with a large number 

of examples of voluntarily provided public goods: political parties, symphonies, 

churches, industry lobbying, joint T&D programs, etc. There is also divergent evidence 

on free riding in the experimental literature24. Experimentalists have found no 

significant evidence of free riding behavior in one-shot games. In multiple-period 

experiments, the voluntary contribution mechanisms (hereafter VCM) fail to provide the 

Pareto optimal outcome in the laboratory, but the total amount of contributions 

significantly exceeds the free-riding level, especially in earlier periods. 

Among other relevant factors25, conceptual inconsistency is a possible 

explanation for this paradox. While the traditional theory is based on the concept of pure 

public goods, some of the counter examples enumerated above are not pure public goods 

24 See, for example, Leif Johansen(1977) , James Andreoni(1988) and Mark Isaac and 
James Walker(1987). 

25See R. Mark Isaac and James M. Walker(l987) for a discussion of other factors. 
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in nature. It is the purpose of this chapter to examine both the incentive and efficiency 

aspects for the provision of public goods with some "impure" characteristics, specifically, 

the public goods that involve a perceptible "positive link" between their provision and 

the private gains to their potential providers. There is nothing particularly special about 

the "positive link" , all it involves is some degree of complementarity between private and 

public goods. Thus one way to distinguish between "pure" versus "impure" public goods 

is to look at the degree of complementarity associated with these two types of public 

goods. For a pure public good, the degree of complementarity is low relative to an 

impure public good. National defense and clean air, for instance, are typical text book 

examples of pure public goods. Counter to this type of public goods is that of "impure" 

public goods which (at least a non-trivial subset of such public goods) usually exhibit a 

relatively high degree of complementarity or a perceptible "positive link" between its 

provision and the private gains to its providers. For example, the provision of reservoirs 

and irrigation systems clearly generates benefit to the private agricultural production, and 

this link is perceptible to all potential providers. Similarly, industry lobbying for certain 

congressional bills or government programs is such a public good as well. Firms 

contribute to industry lobbying activities, in the hope that they will benefit by receiving 

higher profits once the bills or programs are approved. Another example is political 

parties' fund raising activities. Special interest groups contribute a lot of money to 

campaign funds of political parties, not only because they are interested in politics itself 

or the parties themselves, but also, perhaps more importantly, because of their "special 



98 

interest": they expect that their private activities will benefit if the party wins an election 

or adopts a policy in favor of their interests. This chapter is partially motivated by the 

"impure" characteristics of public goods. 

It should be noted that although the standard public goods theory has distinguished 

between "pure" versus "impure" public goods, the differences in the incentive structure 

have not yet been fully explored. Is it true that the greater is the degree of 

complementarity the less severe is the problem of free riding? To what extent is the free 

riding hypothesis relevant to public goods with different degrees of complementarity? The 

answer is not very clear. In what follows, a simple game theoretic model of public goods 

provision is developed. A unique feature of our theoretic model as well as our 

experimental design is that we use a non-linear and non-separable payoff function, which 

captures the positive link between the provision of public goods and the private gains to 

individual players. Contrary to most pure public goods models in which there often exists 

a single period dominant strategy to free ride, free riding is no longer a dominant 

strategy in our public goods model under certain conditions. Instead there exists a) a 

symmetric Nash equilibrium that is characterized by positive contributions conditional 

on the specification of certain parameters. An individual player's contribution is 

positively related to th~ degree of complementarity. The greater is the degree of 

complementarity, the higher is the contribution by an individual player, thus the less 

severe is the problem of free riding; and b) multiple collusive outcomes which are Pareto 

superior to the Nash equilibrium. As in the N-person "Dilemma-Type" Games, this 
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public goods game involves a conflict between maximizing personal gains (Nash strategy) 

and maximizing group gains (collusive strategy). We thus have at least two hypotheses 

which can be used to predict the outcome of the game: a Nash equilibrium hypothesis 

and a collusive outcome hypothesis. The essence of these two hypotheses is whether 

players will behave "selfishly" and non-cooperatively (Le., a Nash Strategy) or will 

voluntarily cooperate so as to realize higher profits available to all. To overcome the 

inefficiency problems associated with the Nash equilibrium in the basic model by some 

alterations in the underlying institutions and the incentive structure, we proposed two 

schemes in later parts of this chapter: 1) allowing communication among individual 

players; and 2) creating a provision point environment. In the provision point 

environment, the conflict between individual rationality and group rationality disappears, 

the group optimal outcomes become a set of Nash eqUilibria. If the Nash equilibrium is 

indeed a good predictor of human behavior, one can then conjecture that public goods 

with the perceptible "positive link" feature can be provided not only voluntarily, but also 

efficient! y. 

Also in this chapter, we report the results of 20 experiments26 designed to test 

the two hypotheses derived from the game theoretic model, the role that communication 

plays in the experiments, and how Nash equilibria perform in the provision point 

2~he results of the experiments reported in this chapter are robust, in the sense that 
Experiments 1 through 16 are basically the replication of 16 experiments the author 
conducted at Illinois Wesleyan University in 1990. No statistically significant differences 
have been found between them. For details, see Li, Ya(l991). 
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environment. Many public goods experiments have been conducted27
, especially public 

goods experiments which employ the VCM. This previous experimental research on 

public goods, however, seems to concentrate on pure public goods only. In these designs, 

with few exceptions, the rate of return from the individual exchange (private goods) is 

constant over periods (l cent per token) and independent of the level of total 

contributions to a group exchange (public goods). Preferences over public goods are 

induced on the participants through continuous payoff functions, but preferences over 

private goods are induced in a way such that they are independent of the preferences over 

public goods. Participants are assumed to behave rationally in the sense that they choose 

to invest to maximize the sum of returns from both exchanges, but the group exchange 

and the individual exchange are not related. The standard public goods experiments are 

designed so that free riding is the single period dominant strategy for all participants, 

while contributing all of one's endowment to the public goods is the symmetric Pareto 

efficient outcome28
• While this type of design is an elegant way to test free riding, the 

results of this line of research have restrictive implications to public goods that are not 

pure in nature. In all of the public goods experiments reported in this chapter, values for 

27 See Isaac, Walker, and Thomas(l984), Kim and Walker(1984), Isaac, McCue, and 
Plott (1985), Isaac and Walker(l988), Andreoni(1988), and Isaac, Schmidtz, and 
Walker(1989). 

28 See Marwell and Ames (1981), Kim and Walker (1984), Isaac, Walker and 
Thomas (1984), Isaac and Walker (1987), and Andreoni (1988), for examples of the zero 
contribution equilibrium. 
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the public goods are induced through the application of induced value theorf9. The 

participants do not receive any monetary profit from the group exchange, but the rate of 

return from the individual exchange is an increasing function of the contributions by the 

group to the group exchange. This design provides a better approximation of many real 

world environments. The VCM and incentive structure for the provision of public goods 

are thus re-examined under new designs. 

The remainder of this chapter is organized as follows: Section II presents a simple 

game theoretic model of the VCM for the provision of public goods; Section III describes 

the experimental environment, the VCM, and the design for all 20 experiments; Section 

IV reports the results of the baseline and IS-period experiments; Section V first discusses 

the prospects for the provision of public goods in the provision point environment and 

then reports four communication and eight provision point experiments; and finally 

Section VI discusses the application of the public goods model to joint T&D programs. 

29See Vernon Smith (1975) and Charles Plott (1979). 
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The Model 

This section presents a simple game theoretic model of the VCM for the provision 

of public goods. 

Let's first assume that in this game, we have n players indexed by i, each player 

i has an endowment of 1; tokens and faces a decision of investing those tokens between 

a group exchange (a public good) and an individual exchange (a private good). The 

individual exchange is called " Market 1 ", and the group exchange is called " Market 

2 ". Each player, thus, has to decide how many tokens to invest in Market 1 and Market 

2. 

The payoff function from Market 1 for player i is specified as30
: 

(4.1) 'It.= (E.-X.) (a+ b tx.) 
~ ~ ~ nj=l J 

where 7rj denotes the payoff for player i from Market I; Ej denotes player i's initial 

30 An alternative interpretation of this payoff function is that 7rj is player i's utility 
function. Let y and G denote the consumption of a private good and the provision of a 
public good respectively, Uj is player i's utility function, then equation (4.1) can be 
rewritten as, 

U.=y(a+ b G), where y=E.-X., G= tx. 
~ n ~ ~ j=l J 

The marginal utilities of the private and the public good are respectively the 
following: 

aUi b 
-=-(E.-X.) aG n ~ ~ 

Clearly, player i's marginal utility of the private good is an increasing function of 
the provision of the public good. 
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endowment; X j denotes player i's investment to Market 2; EXj represents the total 

investment to Market 2 by the group as a whole; a and b are positive constants; n 

denotes number of players. Intuitively, a denotes the per capita return from Market 1 

without the provision of the public good; (b/n)EXj denotes the addition to the per capita 

return from Market 1 due to the provision of the public good. 

We can see from equation (4.1) that the major difference of this payoff function 

from most other payoff functions in public goods literature is that, this payoff function 

is non-linear, non-separable, and continuous. An individual player does not receive any 

direct monetary return from Market 2, instead the benefit of the public good is 

incorporated into the payoff function for Market 1, i.e., the monetary return from Market 

1 is an increasing function of the total contribution to Market 2. In most other public 

goods models31
, the payoff from individual exchange is linear and separable, and equal 

to '7rj = Zj - Xj (where Zj is player i's initial endowment), which, one can show, is a 

special case of equation (1). '7rj = Zj -~, ifEj = Zj, a = 1, b = 0 or n = 00 (holding 

EXj constant, so that lim (EXj)/n = 0, when n ~ 00). Intuitively, this implies that a 

public good with the "positive link" feature becomes a pure public good, if its provision 

involves sufficiently low private gains in terms of private goods production or 

consumption to the providers (i.e., if b is close to 0), or the group size is very large 

(Le., n ~ 00, holding EXj constant), or both. 

31 See Isaac, Walker and Thomas (1984), Isaac and Walker (1987 and 1988), Isaac, 
Schmidtz, and Walker (1989). 
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This game also has the following interesting features: 

1) The return from Market 1 depends not only on the investment by player ito 

Market 1, but also on the total investment by all the players to Market 2, which 

corresponds to the benefit of the public good to the individual player's private activities. 

2) The per capita return from Market 1 for player i is an increasing function of 

the total investment by all the players to the public good. The higher is the total 

contribution to the public good, the higher is the individual player's per capita return 

rate. 

3) The most interesting and unique feature of the game is that, with the nonlinear, 

non-separable and continuous payoff function and under certain conditions, free riding 

is no longer a dominant strategy in this environment. Instead, there exists a) a symmetric 

Nash equilibrium that is characterized by positive contributions; and b) multiple collusive 

outcomes which are Pareto superior to the Nash eqUilibrium. There are at least two 

hypotheses that can be used to predict the outcome of the game: the Nash equilibrium 

hypothesis and the collusive outcome hypothesis. 

Under the Nash equilibrium hypothesis, in each period, an individual player's 

problem is to make contribution decisions to maximize his/her monetary profit, given the 

actions taken by other players. As a result of the strategic behaviors of the players, the 

Nash equilibrium prevails. The collusive outcomes are not likely to occur, because any 

attempt by a single player to deviate from the Nash equilibrium will be punished by 

receiving less profit. In addition, the collusive outcomes are not stable. 
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The Nash equilibrium, although stable, is not efficient, and is Pareto dominated 

by the collusive outcomes, which are characterized by a vector of contributions to the 

public good at the group optimum level. Under the collusive outcome hypothesis, in a 

single period, a player may play the game strategically, but in an infinitely repeated 

setting, players can condition their behavior at any stage of the game on the observed 

past behavior of other players. As a result, a player may behave in a way that is not in 

his/her short run interests because any attempt to realize short run gains may lead to 

future losses if other players retaliate. In other words, after realizing over periods that 

it is in his/her own long run interest to cooperate with other players, a player may give 

up the Nash strategy and behave cooperatively so as to achieve the group optimum, 

which may be fruitfully interpreted as being collusive. The collusion in general does not 

require any binding agreements to ensure that players cooperate. 

To understand the Nash equilibrium hypothesis, we need to look at an individual 

player's decision process. 

Proposition 1: There exists a symmetric Nash eqUilibrium which is characterized by 

equal contributions to the public good of an amount equal t032
: Xjn = E/(n+l) -

[nl(n+l)J(alb),for i = 1,2, ···,n. 

Proof: Player i's problem is to maximize his/her profit function (1) with respect 

to Xi> given the actions taken by player j, for j ;c i. Then we obtain: 

32 Hereafter, Xr denotes the Nash equilibrium level of the investment by player i to 
the public good. 
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(4.2) 

From equation (4.2), we obtain the best response function for player i: 

(4.3) 

By imposing symmetry, i.e., ~ = Xj , we can solve equation (4.3) for the 

symmetric Nash equilibrium of the game, 

(4.4) Xr = E/(n+ 1) - [n/(n+ 1)](a/b), for i = 1,2 .. ··,n. Q.E.D. 

For the purpose of testing the proposition in the laboratory, we assume that ~ = 32, 

for i=1, .. ,n; a = 1; b = 4/7; and n = 4. Then equation (4.1) becomes: 1rj = (32-XJ(1 

+ (l/7)EXj ). According to equation (4.4), the symmetric Nash equilibrium occurs at 

(5,5,5,5), at which each player invests 5 tokens to the public good, receives a profit of 

$1.053\ and the group as a whole receives $4.20. 

This Nash equilibrium is stable in the sense that no individual player has an 

incentive to deviate from the Nash equilibrium (5,5,5,5). For example, at (6,5,5,5), i.e., 

if player 1 invests one more token, his/her profit will decrease from $1.05 to $1.04, 

while all other's profits will increase from $1.05 to $1.08. Thus no single player has an 

incentive to invest more than 5 tokens if all others invest 5 tokens. At (4,5,5,5), i.e., if 

player 1 invests one less tokens, his/her profit will decrease from $1.05 to $1.04, while 

33The per capita return is rounded up to 3.9 per token. Throughout this chapter, we 
assume that one token is worth one cent. 



107 

all others' profits decrease from $1.05 to $1.00. Thus no single player has an incentive 

to invest less than 5 if others invest 5. Therefore any attempt to deviate unilaterally from 

the Nash equilibrium will result in a lower profit. 

By further investigating the Nash strategy, we find that the best response functions 

have the following additional implications: 

Proposition 2: Ceteris Paribus, a) an individual player's contribution to the public 

good is positively related to the degree of complementarity between the private and the 

public good. The greater is the degree of complementarity, the more is the player's 

contribution, thus the less severe is the problem offree riding; b) an individual player's 

contribution to the public good is inversely related to the group size, i.e., the level of 

contributions to the public good decreases with group size; and c) the level of 

contributions is inversely related to the size of per capita return from the private good. 

The higher is the private per capita return, the less is the contribution to the public good. 

Proof: The degree of complementarity between the private and the public good 

is captured by the parameter b in equation (4.1). By differentiating player i's best 

response function, equation (4.3), with respect to b, we obtain that, 

ax. 1 
-' =-anb-2 > 0, since a > 0, n > 0 
ab 2 

This proves part a). 

From equation (4.1), we can see that the per capita return from Market I is a 

decreasing function of group size n, i.e., as n increases, the marginal benefit from the 



public good decreases, holding the total contribution constant. 

By differentiating equation (4.3) with respect to n, we have, 

aXt 1 a 
-= --- < 0 since a > 0 b > 0 an 2b' , 

This concludes our proof for part b)34. 

By differentiating equation (4.3) with respect to a, we have, 

aXt 1 n 
-= --- < 0, since n > 0, b> 0 
aa 2b 

This completes our proof for Proposition 2. 
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Q.E.D. 

To see the arguments of the collusive outcome hypothesis, we need to solve the 

joint profit maximization problem for all the players as a group. 

Proposition 3: Any vector of contributions totalling (EX.l = 1I2{EEj - (a/b)n) 

tokens is a collusive outcomt!5. 

Proof: The payoff to the group as a whole is: 

34 Isaac and Walker (1988) have examined the effect of group size on public goods 
provision. This chapter will not consider such effect experimentally, although it is 
potentially interesting. 

35 Hereafter, (E Xl denotes the collusive level of total investment by the group to 
the public good. 
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The group's maximization problem, thus, becomes to maximize 7r by choosing 

By differentiating equation (4.5) with respect to E~, we obtain: 

an; b n n b n 
E =-(EEr EXj) -(a+-EXj) =0 

a( X) n }=1 }=1 n}=1 
(4.6) 

Solving equation (4.6) for the group optimal level of the total contributions to the 

public good, we get: 

(4.7) (EXl = 1I2{EEj - (a/b)n}. 

Q.E.D. 

Again we assume that E j = 32, for i=l, .. ,n; a = 1; b = 417; and n = 4. Then, 

according to equation (4.7), the group should invest (EX/ = 60, approximately 47% of 

the group endowments36. Then any vector of contributions totalling 60 tokens is a 

collusive outcome, at which the total profit for the group as a whole is $6.53. 

Notice that the collusive outcomes (60 tokens) are characterized by the group 

optimum, and are Pareto superior to the Nash equilibrium (5,5,5,5). But these collusive 

outcomes are not stable in the sense that an individual player has an incentive for 

unilateral deviation. For example, suppose the original equilibrium occurs at 

(15,15,15,15) and player 1 decides to invest one less token (Le., 14 tokens), his/her 

profit will increase from $1.63 to $1.69, while all others' profits decrease from $1.63 

36For simplicity and the convenience of laboratory testing, the collusive level of 
contributions is rounded down to 60 tokens. The per capita return at the collusive level 
is rounded up to 9.6 per token. 
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to $1.60. 

The essence of these two hypotheses is whether players will behave "selfishly" 

and non-cooperatively (i.e., the Nash Strategy) or will voluntarily cooperate so as to 

realize higher profits available to all (i.e., the collusive strategy). If sufficient gains are 

left unrealized by virtue of uncoordinated decision making, then this means that there is, 

potentially, further gain to be had by alternatives to voluntary provision of the public 

goods. 

By taking a closer look, we find that in this game, an individual player is 

frequently faced with a conflict between maximizing personal gains and maximizing 

group gains. Moreover, when all the players attempt to maximize personal gains given 

their rivals' actions (the Nash strategy), they are often worse off than if they had all 

attempted to maximize group gains (the collusive strategy). The situation depicted here 

is usually represented by the dilemma confronting players in the two-person prisoner's 

dilemma game, but has much greater generality and applicability to real world situations. 

It is thus very interesting to see how the players behave and which outcome will occur 

in the laboratory environment. 
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The Experimental Environment, the Voluntary Contribution Mechanism, and the Design 

A. Participants and experimental setting 

A total of 20 experiments were conducted. All experiments used participants 

drawn from a population of undergraduate students at the University of Arizona. 

Recruitment was strictly voluntary. No special background in economics was required. 

All participants were experienced in the sense that they had previously participated in a 

public good experiment. 

$3.00 was paid to each participant who showed up for the experiment. No 

communication was allowed for experiments 1 to 4, 9 to 12, and 17 to 20. After all 

participants were seated, the experimenter read instructions37 and answered questions 

from participants. 

B. Information 

The payoff table, participants' own initial endowments, total group endowments, 

number of participants, number of periods, and current group investment in Market 2 

were common knowledge. Participants' current investment and potential payoffs, and 

participants' own earnings were private information. 

C. Market periods 

For Experiments 1 through 16, there were a total of 10 market periods. For 

experiments 17 to 20, there were 15 periods. 

37 See Appendix II for instructions for all experiments. 
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D. The VCM 

At the beginning of each experiment, subjects were told that they would be 

participating in an economic market in which they would make investment decisions. 

Given a specific endowment of tokens, each subject faced a decision of investing those 

tokens between Market 1 Market 2. They were allowed to invest all the tokens in one 

market or to split their investment between the two markets. Market 1 was described as 

providing the investor with a return depending upon the level of the group investments 

in Market 2, and subjects were told that they would not receive any direct monetary 

returns from Market 2, but the investment in Market 2 could increase the return rate of 

Market 1. The per capita return rate from Market 1 was given to each subject in the 

form of a table which presented the return to the subject for different levels of total 

tokens invested in Market 2. This table could be accessed anytime during the 

experiments. 

E. Experimental treatments 

Experiments 1 to 4 were the baseline experiments, in which no communication 

was allowed. Experiments 5 to 8 were the communication experiments, in which 

communication was allowed at the end of period 5. Experiments 9 to 12 were provision 

point experiments, in which the provision point was set at 60 tokens and no 

communication was allowed. Experiments 13 to 16 were the provision point experiments 

(60 tokens) in which communication was allowed in all periods. Experiments 17 to 20 

were exactly the same as Experiments 1 to 4, except that there were 15 periods (see 



Table 4.1 for summary). 

F. Parameter specification 
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In all the experiments, parameters were specified such that E j = 32, for i = 1, .. ,n; 

a = 1; b = 4/7; and n = 4. 
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Table 4.1 Treatments Table 

Treatments Experiments 

Baseline Experiments Experiments 1 to 4 

Communication Experiments Experiments 5 to 8 

Provision Point Experiments Experiments 9 to 12 

without Communication 

Provision Point Experiments Experiments 13 to 16 

with Communication 

I5-period Experiments Experiments 17 to 20 
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Experimental Results 

A. Baseline Experimental Results (Experiments 1 to 4) 

If we simply look at the average contribution to the public good and average 

efficiency, the results of the four baseline experiments seem to suggest that neither the 

collusive outcome hypothesis nor the Nash equilibrium hypothesis performs well in the 

laboratory, because the total contributions by all participants to the public good are on 

average between the collusive outcome level(60 tokens) and the Nash equilibrium 

level(20 tokens). The average contribution per period across all four experiments, as 

indicated in Table 4.2, is 40 tokens. The average profit per period is $5.60, and the 

average efficiency is 86 % . 

If we look at the contribution pattern over periods, however, the four baseline 

experimental results seem to indicate that the Nash equilibrium hypothesis has a stronger 

predictive power. For all the experiments without exceptions, the contribution to the 

public goods starts high (very close to the collusive outcome level 60 tokens), gradually 

decr~ses and converges to the Nash equilibrium level (20 tokens) toward the end of each 

experiment, as indicated in Figure 4.1 and Table 4.2. The efficiency follows the same 

pattern, starting at 98 % and ending up with 64 %. 

Although the total contribution tends to diminish over periods and converge to the 

Nash equilibrium towards the end of each experiment, we find that in general the 

contribution path (the average contribution over periods) is not monotonically decreasing. 

Instead, the contribution path has at least one upward-sloping segment or one flat 
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segment. For example, from Table 4.2, we can see that period 8's average investment 

(34 tokens) is the same as period 7's, period 4's average investment (45 tokens) is higher 

than period 3's (40 tokens). By looking at the results of individual experiments38 , we 

find that the contribution path usually has multiple upward-sloping segments and multiple 

flat segments. For example, there are three upward-sloping segments in Experiment 1, 

in which period 4's total group contribution (51 tokens) is higher than period 3's (39 

tokens), period 6's total group contribution (49 tokens) is higher than period 5's (25 

tokens), and period 9's group contribution (33 tokens) is higher than period 8's (20 

tokens). 

Those upward-sloping and flat segments may be possibly interpreted as the results 

of collusive efforts of the players, who (at least some of them), in response to the falling 

of the total contributions, try to signal other players to increase contributions by 

increasing their own contributions in order to achieve the collusive outcomes, or at least 

to prevent the total contributions from decreasing further. Once a higher level of 

contributions is achieved, however, because of the instability of collusive outcomes, 

individual players have an incentive to decrease their contributions (Le., Nash strategy). 

Thus, one possible interpretation of the cycling of contributions is that both collusive and 

Nash strategies motivate the investment behavior of individual players. In an environment 

that is characterized by multiple players, multiple periods, multiple outcomes, continuous 

payoffs, no communication among the players and the conflict between individual 

38The results of Experiments I through 20 are given in Appendix I. 
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rationality and group rationality, the decision to invest between the public good and the 

private good may be extremely difficult for players to make, and may be made on a trial 

and error basis. In such an environment, players may try the collusive strategy in one 

period, and then switch to the Nash strategy in another period in response to changes in 

the level of total contributions and individual payoffs. This might be why the average 

group contribution for the four baseline experiments is between the collusive outcome 

level and the Nash equilibrium level. 

Furthermore, a distinguishing feature of our public goods experiments is that free 

riding is not a dominant strategy. Instead, a player's strategy is characterized by either 

Nash strategy or collusive strategy. In the four baseline experiments reported here, the 

average group contribution decays relative to the positive Nash equilibrium instead of the 

zero contribution, even in the absence of communication. The average contribution in 

period 10 for all four experiments remains positive, or to be more precise, a Nash 

equilibrium level. Therefore, the results of the four baseline experiments seem to suggest 

that at least a class of public goods, impure public goods with a certain degree of 

complementarity, can be provided at no less than the positive Nash equilibrium level 

under the VCM. 
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Table 4.2 Average Group Contribution across Experiments 1 to 439 

Period Average Group Average Per Average Average 

Contribution Capita Return Profit Efficiency 

1 59 9.4 $6.41 98% 

2 55 8.8 $6.43 98% 

3 40 6.7 $5.77 88% 

4 45 7.4 $6.09 94% 

5 41 6.8 $5.70 87% 

6 38 6.4 $5.62 86% 

7 34 5.8 $5.33 82% 

8 34 5.8 $5.37 82% 

9 29 5.1 $5.04 78% 

10 21 4.0 $4.20 64% 

Average 40 6.6 $5.60 86% 

39No communication is allowed in these four baseline experiments. 
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B. The results of J5-period experiments (Experiments 17 to 20) 

How robust are the results of the four baseline experiments? Can the total group 

contribution lock on the Nash equilibrium or converge to it more quickly in a more than 

lO-period environment? Can we observe the same pattern of contribution in a setting with 

a greater number of periods? In order to answer these questions, We conducted four 15-

period experiments under exactly the same design. 

The results of these four experiments indicate that the contribution pattern is the 

same as in the baseline experiments. The total contribution by all players to the public 

good is, on average, between the collusive outcome level and the Nash equilibrium level. 

The average contribution per period across all four experiments, as indicated in Table 

4.3, is 32 tokens. The average profit per period is $5.09, and the average efficiency is 

78%. Dynamically, the contribution to the public good starts high, gradually decreases 

and converges to the Nash equilibrium level toward the end of each experiment, as 

indicated in Figure 4.2. The efficiency follows the same pattern, starting at 97% and 

ending up with 62 %. The contribution path has three upward-sloping segments and two 

flat segments, which, again, can be possibly interpreted as the results of collusive efforts 

of the players, who try to signal other players to increase contribution by increasing their 

own contribution in order to achieve the collusive outcomes, or at least to prevent the 

total contribution from decreasing further. The total contribution does not converge to 

the Nash equilibrium until towards the end of the experiments (periods 14 and 15), i.e., 

the convergence does not happen sooner than in the baseline environment. This comes 
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as no surprise, because subjects are confronted with the conflict between individual 

rationality and group rationality. The total contribution decays relative to the positive 

Nash equilibrium instead of zero contribution. The average investment in period 15 for 

all four experiments remains at the positive Nash equilibrium level. Therefore, the results 

of the four IS-period experiments, like those of the baseline experiments, suggest that 

public goods with the "positive link" feature can be provided at no less than the positive 

Nash equilibrium level under the VCM. 
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Table 4.3 Average Group Contribution across Experiments 17 to 20"° 

Average Group Average Per Average Average 
Period Contribution Capita Return Profit Efficiency 

1 54 8.7 $6.35 97% 

2 49 8.1 $6.24 96% 

3 44 7.3 $6.02 92% 

4 41 6.8 $5.82 89% 

5 31 5.4 $4.99 77% 

6 28 5.0 $4.81 74% 

7 35 6.0 $5.47 84% 

8 28 5.1 $4.84 74% 

9 24 4.5 $4.42 68% 

10 29 5.2 $5.05 77% 

11 29 5.2 $5.05 77% 

12 25 4.6 $4.61 71% 

13 25 4.6 $4.57 70% 

14 19 3.7 $4.03 62% 

15 20 3.8 $4.05 62% 

Average 32 5.6 $5.09 78% 

4<No communication is allowed in these four experiments. 



Average Group Contribution Figure 4.2 
70 

: I Group OptImal Outc:omea 

65 

50 

45 

40 
35 

30 
25 

20 I ""==-
15 

10 

6 I Period o Iii iii iii I I I i 

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

-tv 
W 



Can the Voluntary Contribution Mechanism Function More Efficiently? 

--- Communication and Provision Point Experiments 
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The results reported above suggest that we have found at least a class of public 

goods, public goods with the "positive link" feature, that can be provided at no less than 

the positive Nash equilibrium level under the VCM. The problem is that the Nash 

equilibrium is not efficient. The average per period efficiency across all four experiments 

is 86% for the baseline experiments, and 78% for the IS-period experiments, decreases 

from 98% in period 1 to 64% in period 10 for the baseline experiments, and from 97% 

in period 1 to 62 % in period 15 for the IS-period experiments. 

The question is: is there any way that we can improve the VCM so as to further 

increase the efficiency for the provision of the public goods? What we are really 

concerned with now is not whether the public goods with the "positive link" feature can 

be provided voluntarily, but whether the public goods can be provided efficiently on a 

voluntary basis. 

We believe that the efficiency problem can be solved by some alterations in the 

underlying institutions and the incentive structure. Specifically, two of such schemes are 

proposed: 1) Allowing communication among individual players, and 2) Creating a 

provision point environment. In this section, we first discuss the results of four 

communication experiments, and then the prospects for the voluntary provision of the 

public goods in the provision point environment. 
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A. Communication Experiments (Experiments 5 to 8) 

In the basic game theoretical model, we implicitly assume that there is no 

communication among the players. From Experiments 1 to 4 and 17 to 20, one observes 

that in a world where no communication is allowed, the decisions to invest between the 

two markets are usually made on a trial and error basis, both Nash and collusive 

strategies underlie the players investment behavior, and the Nash hypothesis exhibits 

stronger predictive power. To see whether communication makes a difference, We 

conducted four experiments (Experiments 5 through 8) in which communication is 

allowed at the end of period 5. The experimental parameters and the design are exactly 

the same as the four baseline experiments. 

Since communication is allowed at the end of period 5, a comparison between the 

first five periods and the last five periods is necessary. The average per period 

investment in the public good, as one can see in Table 4.4, is 43.2 tokens for the first 

five periods, and 49.4 tokens for the last five periods, a substantial increase with 

communication (also see Figure 4.3). 

Communication also increases the efficiency for the provision of the public good. 

The average per period efficiency is 90% for the first five periods. For the last five 

periods, the average efficiency is 95 %, which is substantially higher than that for the first 

five periods. 

The contribution per period across all four communication experiments (46.3 

tokens) is significantly higher than that across ail four baseline experiments (40 
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tokens). 

The average efficiency across all communication experiments is 92 %, which is 

substantially higher than the average efficiency across all baseline experiments (86%). 

Furthermore, under communication, the collusive outcomes have a better chance of 

prevailing. In Experiment 5, collusive outcomes are achieved in periods 6, 7, 8, and 9. 

In Experiment 8, collusive outcomes are achieved in periods 6 and 7. But the role of 

communication can not be over emphasized, for it, in general, does not change the 

unstable nature of the collusive outcomes. The total group contribution tends to go down 

towards the end of each experiment, but still remains at a level higher than 40 tokens 

(also see Figure 4.3), a level between the collusive outcomes and the Nash equilibrium. 

Thus, these experimental results seem to indicate that, first of all, communication is 

indeed not a trivial treatment, it can significantly increase the total group contribution to 

the public good as well as the efficiency; Secondly, the Nash equilibrium hypothesis does 

not necessarily have stronger predictive power when communication is allowed. Both 

collusive and Nash strategies underlie the investment behavior of individual players. 
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Table 4.4 Average Group Contribution across Experiments 5 to 841 

Period Average Group Average Per Average Average 

Contribution Capita Return Profit Efficiency 

1 60 9.6 $6.47 99% 

2 49 8.0 $6.31 97% 

3 41 6.8 $5.94 91% 

4 33 5.7 $5.38 83% 

5 33 5.7 $5.38 83% 

6 56 9.0 $6.47 99% 

7 53 8.6 $6.38 98% 

8 49 8.0 $6.22 95% 

9 46 7.5 $5.80 89% 

10 43 7.2 $6.08 93% 

Average 46.3 7.6 $6.01 92% 

41Communication is allowed at the end of period 5 for all four experiments 
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B. The Provision Point Environment 

We now discuss the prospects for the voluntary provision of public goods in the 

provision point environment (hereafter PP environment), which can be created by 

modifying the public good game we presented in section II so that the return from 

Market 1 is discontinuous if the investment in the public good falls below the provision 

point. 

The PP environment changes the incentive structure of the public good game in 

a fundamental way. To see this, let us set the provision point at the collusive outcome 

level 60 tokens (47% of total endowments), so the payoff from Market 1 for player i is 

no longer continuous if the group investment in Market 2 falls below 60 tokens, i.e., 

n 
'1t j =(Ej -Xj)a if EX.<60 

j=l J 

Since we have assumed that E j = 32, for i=1, .. ,n; a = 1; b = 4/7; and n = 4, 

the payoff for player i becomes: 

In this environment, the original Nash equilibrium (5,5,5,5) is no longer a Nash 

eqUilibrium. The original collusive outcomes (60 tokens) become a set of Nash equilibria. 

To be more precise, any vector of contributions totalling 60 is a Nash equilibrium as 

long as none of the contributions is greater than 28. Thus, the collusive strategy is the 

same as the Nash strategy. These Nash equilibria are stable and 100% efficient. One of 
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such Nash equilibria is (15,15,15,15), which is not only stable and efficient, but also 

symmetric. The PP environment also yields an inefficient Nash equilibrium( 0,0,0,0). 

Player i's best choice is not to contribute if no one else contributes. 

Let's first look at the efficient Nash equilibria. Examples of such equilibria 

are: (20,20, 10, 10), (0,18,18,24) and (20,0,12,28). At (20,0,12,28), the best response for 

player 4 is to invest 28 tokens in Market 2 if others invest 32 tokens. By doing so, he 

makes a profit of $0.38. If he invests 0, he makes only $0.32. Some vectors of 

contributions totalling 60 are not Nash equilibria. For example, (0,20,11,29) is not a Nash 

equilibrium. Player 4 would be better off if he invests ° in Market 2. 

Before proceeding further, it would be helpful to compare this PI> environment 

with the medium provision point (hereafter MPP) environment designed by Mark Isaac, 

David Schmidtz and James Walker (1989, hereafter ISW)42. Although similarities exist, 

42 A comparison between our PP environment and the high provision point (hereafter 
HPP) environment designed by ISW is also interesting. The major differences are: 

a) In their HPP environment, there are two Nash equilibria. One is at the group 
optimum (62,62,62,62). The other is at zero contributions (0,0,0,0). The former is 
Pareto superior to the latter. In our PP environment, there exists multiple efficient Nash 
equilibria and one inefficient Nash equilibrium (0,0,0,0). The efficient Nash equilibria 
thus have a better chance to dominate the inefficient outcome. 

b) A more important difference lies in the fact that, in their HPP environment, 
the efficient Nash equilibrium (62,62,62,62) is not stable in the sense that, if one 
participant deviates by a single token, the best response for other participants is to jump 
to zero contribution. Due to the physical constraint(62 tokens represent 100% of a 
participant's endowment), an individual participant can not increase his/her contribution 
to sustain the efficient Nash equilibrium when others deviate even by a single token. On 
the other hand, if anyone adds a token to the inefficient equilibrium (0,0,0,0), the best 
response for the others is to remain at zero contribution. This is the strategic essence of 
the so called "assurance problem". In our PP environment, however, all the efficient 
Nash equilibria are stable. If in case one player deviates by one token, the best response 
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these two environments have distinct incentive characteristics: In their MPP environment, 

the provision point is set at 216 tokens, but the group optimum is 248 tokens. Any vector 

of contributions totalling 216 is a Nash equilibrium, so is the inefficient outcome 

(0,0,0,0). There thus exists a conflict between individual rationality and group 

rationality in their MPP environment. This conflict, together with the "assurance 

problem" and the "cheap riding" incentive, might be used to explain, at least partially, 

the fact that none of their MPP experiments succeeds for all ten periods. In our PP 

environment, however, the provision point is set at 60 tokens, which is exactly the group 

optimal level. Any vector of contributions totalling 60 is a Nash equilibrium as long as 

none of the contributions is greater than 28. The conflict between individual rationality 

and group rationality disappears. In other words, individual rationality may lead to an 

outcome that is also rational from the perspective of the group in this environment. We 

are thus confident that our PP environment can not only significantly increase the level 

of contributions and the efficiency for the provision of the public goods, but also 

eliminate the "decay phenomenon" towards the end of experiments. 

Since in our PP environment, the conflict between individual rationality and group 

rationality is eliminated, the inefficient Nash equilibrium is not likely to prevail, 

especially when communication is allowed. Suppose that, for some reasons, the players 

for other players is to increase their contributions by one token to sustain the efficient 
Nash equilibria, rather than to jump to zero contributions. This is physically possible, 
because the PP is set at 60 tokens, which represent only 47% of the total endowments. 
This fundamental difference provides us a reason to believe that the efficient Nash 
equilibria have a better chance to prevail in our PP environment. 
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find themselves in the inefficient situation (0,0,0,0), what are the driving forces that can 

lead the players to the efficient Nash equilibria? One hypothesis is that communication 

can serve as a driving motor to ensure the achievement of the efficient outcomes. At 

(0,0,0,0), each player makes a profit of only $0.32, the group as a whole makes $1.28, 

the lowest payoff. At any of the efficient Nash equilibria, everyone's profit increases. 

For example, at (20,20,10,10), the first two players' profit increases from $0.32 to $1.15 

respectively. The other two players' profit increases from $0.32 to $2.11 respectively. 

The group's total profit increases from $1.28 to $6.52, a 100% efficiency. 

Communication is effective, because the transition from zero contribution to the efficient 

outcomes not only makes the group as a whole better off, but also makes each individual 

in the group better off. There does not exist any conflict between the interest of the 

group and an individual member's interest. 

If this hypothesis survives the controlled laboratory experiments, then we can say 

public goods with the "positive link" feature can be provided efficiently on a voluntary 

basis. 

a) The results of provision point experiments without communication (Experiments 9 to 

12) 

The provision point experimental results are very interesting. On the one hand, 

we find that the total contribution by all players to the public good is significantly higher 

than that in the baseline experiments. The average contribution per period across all four 

experiments, as indicated in Table 4.5, is 62 tokens (as compared to 40 tokens for the 
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baseline experiments), which is even higher than the efficient Nash equilibrium level (60 

tokens). The average per period investment across the four experiments starts high (59 

tokens), converges to the efficient Nash equilibrium in period 6, then after one up-tum 

and one down-tum above the efficient Nash equilibrium level, converges again to this 

level towards the end of the experiments (also see Figure 4.4). On the other hand, the 

average per period efficiency across all four experiments is only 75 % (as compared to 

86% for the baseline experiments). The reason is that, in the PP environment, the payoff 

to the players is no longer continuous. If the total contribution falls below 60 tokens, the 

per capita return for all players becomes 1, the lowest return rate. In such an 

environment without communication, the efficient Nash equilibrium outcomes are 

difficult to achieve, and can only be achieved through "learning by doing process" at the 

cost of efficiency. 

One does not observe any free riding behavior as suggested by the inefficient 

Nash equilibrium (0,0,0,0), because a heavy penalty has been imposed on such behavior. 

The results indicate that both collusive and Nash strategies underlie the high level 

contributions by individual players, because the Nash and collusive equilibrium coincide 

at 60 tokens. 
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Table 4.5 Average Group Contribution across Experiments 9 to 1243 

Period Average Group Average Per Average Profit Average 

Contribution Capita Return Efficiency 

1 59 5.3 $3.61 56% 

2 65 8.3 $4.98 77% 

3 64 8.1 $4.83 77% 

4 65 8.3 $4.99 77% 

5 59 5.3 $3.62 55% 

6 60 5.3 $3.61 55% 

7 62 7.9 $5.05 77% 

8 65 10.3 $6.49 99% 

9 62 7.8 $5.04 77% 

10 61 9.7 $6.50 100% 

Average 62 7.6 $4.87 75% 

43Por all four experiments, the provision point is set equal to 60 tokens, 
communication is not allowed. 
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b) The results of provision point experiments with communication (Experiments 13 to 

16) 

In order to see whether communication makes a difference and how much 

difference it makes in the PP environment, We conducted another four provision point 

experiments (Experiments 13 to 16) in which communication is allowed in all periods. 

As predicted by our theory, the provision point plus communication experiments are the 

most successful ones. We find that the total contribution by all participants to the public 

good is not only significantly higher than that in the baseline experiments, but that it is 

also characterized by Pareto optimum. The average contribution per period across all 

four experiments, as indicated in Table 4.6, is 60 tokens (as compared to 40 tokens for 

the baseline experiments), which is exactly the efficient Nash equilibrium level. 

Furthermore, these Nash equilibria are achieved not at the cost of efficiency, rather they 

are accompanied by an increase in efficiency. As a matter of fact, the average per period 

efficiency across all four experiments is 100% (as compared to 86% for the baseline 

experiments and 75% for the provision point experiments without communication). The 

average profit per period is $6.53 (as compared to $5.60 for the baseline experiments and 

$4.87 for the provision point experiments without communication), which is the 

maximum achievable profit. 

As indicated in Figure 4.5, after a small up-tum and a small down-tum in the first 

two periods, the contribution path becomes a horizontal line, i.e., the average group 

contribution converges very quickly to the efficient Nash equilibrium level 60 tokens (as 
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early as in period 3) and is sustained all the way through period 10. 

What have we learned about the role of communication in these experiments? 

Because the only design difference between these four experiments and the four provision 

point experiments without communication is communication, we may presume that 

communication accounts the differences in terms of the experimental results. As we have 

already seen from the Experiments 5 to 8, communication helps increase the level of 

contribution as well as the degree of efficiency for the provision of the public good. In 

Experiments 13 to 16, the group contribution converges to the efficient Nash equilibria 

very quickly with an average contribution exactly equal to the Pareto optimal level (as 

compared to a slower convergence and an average contribution approximately equal to 

the Pareto optimal level in Experiments 9 to 12). One possible explanation is that 

communication may have served as a driving force to ensure the achievement of the 

efficient outcomes rather than the inefficient outcome (0,0,0,0), or any other inefficient 

outcomes. Communication is effective in this environment, partially because the 

transition from zero contribution, or any other inefficient outcomes, to the efficient 

outcomes not only makes the group as a whole better off, but also makes each individual 

in the group better off. There does not exist any conflict between the interest of the 

group and an individual member's interest. 

Therefore we have found an environment in which public goods with the "positive 

link" feature can be provided efficiently on a voluntary basis. 

Compared to pure public goods, public goods with the "positive link" feature have 
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a distinct incentive structure which, under certain conditions, can be characterized by 

positive Nash equilibrium contributions instead of zero contribution as a single period 

dominant strategy. It is thus important for us to distinguish pure vs. impure public goods 

on the basis of the degree of complementarity before we challenge the predictive power 

of traditional public goods theory with real world or laboratory observations. 
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Table 4.6 Average Group Contribution across Exp 13 to Exp 1644 

Period Average Group Average Per Average Profit Average 

Contribution Capita Return Efficiency 

1 60.5 9.6 $6.52 100% 

2 60.75 9.7 $6.52 100% 

3 60 9.6 $6.53 100% 

4 60 9.6 $6.53 100% 

5 60 9.6 $6.53 100% 

6 60 9.6 $6.53 100% 

7 60 9.6 $6.53 100% 

8 60 9.6 $6.53 100% 

9 60 9.6 $6.53 100% 

10 60 9.6 $6.53 100% 

Average 60 9.6 $6.53 100% 

44For all four experiments, the provIsIon point is set equal to 60 tokens. 
Communication is allowed in all periods and all four experiments. 
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The Application to Joint Training and Development Programs 

The previous three chapters of this dissertation have established that, in the 

presence of T&D externalities, firms' T&D investments are sub-optimal from society's 

point of view. We thus must find a way to correct T&D externalities, so as to increase 

firms' commitment to training and thereby increase the international competitiveness of 

the economy. In what follows, we will show that joint T&D programs can serve as a 

possible remedy to correct for T &D externalities, and the previous sections of this 

chapter have shown that joint T&D programs, as public goods with a perceptible 

"positive link" feature, can be provided voluntarily and efficiently under certain 

conditions. As a matter of fact, we have observed that in many industries firms are 

seeking alternative ways of providing training to their employees specifically by means 

of joint T&D programs45 • These joint T&D programs are mostly founded on the 

45 While many firms may continue to provide job training on their own, a growing 
number are seeking to collectively conduct training through joint T&D programs. 

The participants of the joint T&D programs are not restricted to business firms. 
Also involved are educational institutes, labor unions, and government agencies. 

Examples of joint T&D programs: 
1) The Alliance for Employee Growth and Development: A cooperative effort of 

AT&T, the Communications Workers of America (CEA) , and the International 
Brotherhood of Electrical Workers (IBEW), has made education, counseling and training 
services available to CW A and IBEW represented employees at more than 90 sites. 

2) In Pennsylvania and Delaware, Bell of Pennsylvania, Diamond State Telephone 
Company, the CW A, and the IBEW are collaborating to offer employees counseling and 
education planning, prior-learning assessment, skills assessment, and prepaid tuition for 
education programs or service at a school of the employee's choice. (Sources: examples 
1 and 2 are from an article "Joint Ventures: A New Agenda for Education", Vocational 
Education Journal, April 1989, pages 25 and 45) 

3) National Technological University Network (NTU): The NTU provides an 
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opportunity for companies to allow employees to follow university level courses but 
remain on the company site. This organization using a consortium of universities uses 
satellite technology to offer courses within the field of continuing education in 
engineering. There have been several companies in the U.S. who have used the NTU 
technology for company training(e.g. Hewlett-Packard, DEC, and Kodak). 

4) The National Institute for Learning Technology: The U.S. does not have a 
detailed national policy for skill formation, however, the following proposal outlines one 
possible way of coordinating one set of activities of training providers and users. The 
office of Productivity, Technology, and Innovation (OPTI) in the U.S. Department of 
Commerce, is one of several government agencies concerned with the issues of training 
and productivity. One of its recent activities was the encouragement of legislation to 
create a National Institute for Learning Technology. Although this program is 
hypothetical, it illustrates one possible direction to develop in order to create better 
coordination of training in the U.S. 

5) The Boston Compact and Private Industry Council (PIC): An example of an 
actual attempt to coordinate training activities 
of firms, labor unions, schools and government. The compact is an agreement signed in 
1982 between business firm leaders, public educators and local government officers to 
improve the quality of education in order to ultimately enhance the skill levels of Boston 
high school graduates entering the workplace. This program has been so successful that 
the National Alliance of Business has replicated the Compact in ten metropolitan areas 
across the country.{Sources: for examples 3, 4 and 5 , see Leslie Stackel, 1988) 

6) To bridge the gap between corporations and universities, Boston University has 
created the Center for Corporate Education. The center works as a training partner with 
several national companies, providing customized programs that aim at high-quality 
training, low recruiting costs and turnover, and a development process that builds needed 
skills and a bond between the trainees and companies. The center is a model for strategic 
training partnerships that both colleges and corporations need. {Sources: Philip J. Harkins 
and David Giber, "Linking Business and Education Through Training", Training and 
Development Journal, October 1989, page 71) 

7) Now more and more community colleges have emerged as centers for joint 
training programs for manufacturers and business firms: from the manufacturing center 
in northern Illinois, where a new $8.7 million complex at Rock Valley College will train 
local workers through programs designed by the leaders of 60 local businesses, to 
Portland Community College in Oregon, where 4,600 workers underwent technical 
training last year. The collaboration between the community colleges and businesses, 
financed by the contributions of private firms and government revenues, involves a 
strategy to improve workers' skills through the joint training programs that many small 
firms could not afford on their own. According to Dr. Karl J. Jacobs, president of Rock 
Valley College, "the college's growing ties with local manufacturers are a matter of 
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principle of shared responsibility and investment, along with equal return. 

Having discuss!',d extensively the incentive and the efficiency aspects for the 

provision of public goods in the first five sections of this chapter, we are now ready to 

discuss the application of the public goods model since joint T&D programs have certain 

public goods characteristics. Specifically, we must answer the following questions: Can 

the joint training programs be provided on a voluntary basis? Can they be voluntarily 

established in an efficient manner? 

In the first section of this chapter, we have distinguished between pure versus 

impure public goods on the basis of the degree of complementarity between the provision 

of public goods and their benefit to private activities of potential providers. For a pure 

public good, the degree of complementarity is low relative to an impure public good. 

National defense, clean air, and radio signals, for instance, are typical examples of pure 

public goods. An impure public good, on the other hand, usually exhibits a relatively 

high degree of complementarity or a perceptible "positive link" between its provision and 

the private gains to its providers. 

According to the above concepts, joint T&D programs are public goods that are 

not pure, because of the relatively high degree of complementarity between their 

bottom-line self-interest (rather than an act of charity)". (Sources: "Community Colleges 
Emerge As Centers for Job Training", by William E. Schmidt, il 34 col in. v137, The 
New York Times, June 20, 1988, pl(n), pAl(L), col 5.) 

For other examples that firms voluntarily co-operate in paying training costs, 
especially when training apprentices, see A Look at Industrial Training in Mercer County, 
N.J., Washington Bureau of Apprenticeship and Training, 1959, page 3. 
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provision and the private gains. The provision of joint T &D programs obviously involves 

a benefit to the private production of the participating firms, and this link is perceptible 

to all potential providers. 

In Section II of this chapter, a simple game theoretic model of such public goods 

provision is developed. Contrary to most pure public goods models in which there often 

exists a single period dominant strategy to free ride, free riding is no longer a dominant 

strategy in this public goods provision model under certain conditions. Instead there 

exists a) a unique and symmetric Nash equilibrium that is characterized by positive 

contributions conditional on the specification of certain parameters. An individual 

player'S contribution is positively related to the degree of complementarity. The greater 

is the degree of complementarity, the higher is the contribution by an individual player, 

thus the less severe is the problem of free riding; and b) multiple collusive outcomes 

which are Pareto superior to the Nash equilibrium. As in the N-person "Dilemma-Type" 

Games, the public goods game involves a conflict between maximizing personal gains (an 

individual rationality, as represented by the Nash equilibrium) and maximizing group 

gains (a group rationality, as represented by the collusive outcomes). We thus have at 

least two hypotheses which can be used to predict the outcome of the game: a Nash 

equilibrium hypothesis and a collusive outcome hypothesis. The essence of these two 

hypotheses is whether players will behave "selfishly" (Le. , a Nash Strategy) or voluntarily 

cooperate so as to realize higher profits available to all. To overcome the inefficiency 

problems associated with the Nash equilibrium in the basic model by some alterations in 
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the underlying institutions and the incentive structure, we proposed two schemes in later 

part of this chapter: 1) Allowing communication among individual players; and 2) 

Creating a provision point environment. In the provision point environment, the conflict 

between individual rationality and group rationality disappears, the group optimal 

outcomes become a set of Nash equilibria. If the Nash equilibrium is indeed a good 

predictor of human behavior, one can then conjecture that public goods can be provided 

not only voluntarily, but also efficiently. 

It is our fundamental hypothesis that joint T&D programs, as public goods with 

the "positive link" feature, can be successfully provided on a voluntary basis for four 

reasons. 

First, firms have incentives to contribute to joint T&D programs because doing 

so can increase their profits. There are two sources of profit from joint training 

programs: a) Joint training increases workers' marginal products, and if the participating 

firms can appropriate some or all of the increases in workers' marginal products, profits 

can be earned from joint training; b) If there are complementarities between physical 

capital and the quantity of human capital, increasing the quantity of human capital can 

lead to more returns to physical capital through more efficient utilization. 

The second rationale for successful voluntary provision of joint T&D programs, 

as we have seen in Chapter 2, is that there exists T&D externalities in the labor market. 

Firms that conduct training individually do not fully internalize the positive T&D 

externalities; rather, part of this benefit accrues to their rivals. They thus under-invest 
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in training from society's point of view. Joint T&D programs correct at least part of the 

externality between the participating firms, and thus increase firms' spending on training. 

Thirdly, economies of scale has a certain amount of explanatory power. It may 

be the case that the fixed cost of training is so high that certain firms can not afford to 

undertake training projects by themselves. Joint T&D programs may give such firms a 

means to exploit increasing returns to scale and undertake training. 

Finally, conducting T&D efficiently is not only a goal of an individual firm, it 

is also a social goal. Besides private firms, other parties (for example, government, labor 

unions, community colleges, universities and so on so forth) also have an incentive to get 

involved in training activities as we can see from the examples we enumerated in the 

beginning of this section. Local Governments are involved because they are interested 

in attracting perspective employers with skilled workers; labor unions are involved 

because they are interested in up-grading the skills level of the union members, so as to 

reduce the probability of being laid off. Beyond exploiting complementarities of the 

participating members' T&D assets, Joint T&D programs allow the coordination of 

training activities between the participating firms, government, labor unions, community 

colleges, and universities. For instance, they can prevent the wasteful duplication of a 

given T&D project. Thus a given T&D expenditure is likely to be better exploited 

through coordination between these parties. 

Also in this chapter, 20 experiments are designed to capture the characteristics 

of the public goods and to test the two hypotheses derived from the model, the role that 
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communication plays in the experiments, and how Nash equilibria perform in the 

provision point environment. The experimental results based on 20 experiments are very 

consistent with our theoretic conjectures. The baseline and 15-period experiments indicate 

that both the Nash strategy and the collusive strategy underlie the investment behavior 

of the sUbjects. The total group contribution for the four baseline and four I5-period 

experiments, on average, is between the collusive outcome level and the Nash 

equilibrium level. Dynamically, the average group contribution starts high (around the 

collusive outcome level 60 tokens), gradually decreases and tends to converge to Nash 

equilibrium (20 tokens) toward the end of the experiments, i.e., the average group 

contribution decays relative to the positive Nash equilibrium instead of zero contribution. 

Thus, the results of the four baseline and four I5-period experiments seem to suggest that 

we have at least found a class of public goods, public goods with a certain degree of 

complementarity, that can be provided at no less than the positive Nash equilibrium level 

under the VCM. The results of the four communication experiments indicate that 

communication is indeed not a trivial treatment, because the average contribution and 

average efficiency are significantly higher than those in the baseline experiments. The 

results of the eight provision point experiments are even more interesting. The average 

contribution to the public good converges quickly to the efficient Nash equilibria with an 

average contribution approximately equal to the Pareto optimal level when 

communication is not allowed, and exactly equal to the Pareto optimal level when 

communication is allowed. No "decay phenomenon" is observed in either case. The 
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results are thus consistent with the theoretic conjecture that this type of public goods can 

be provided not only voluntarily, but also efficiently in the provision point environment. 

It is clear that an experimentalist can identify a provision point scheme that will 

improve the efficiency of the predicted Nash equilibrium, if he/she knows the payoff 

structure. One can test how well such a scheme works, by using experiments. But an 

important issue for further research from the mechanism point of view, in general, and 

from the training investment perspective, in particular, is whether a mechanism can be 

found that yields efficiency when the mechanism designer does not know firms' private 

information. In other words, how to operationalize the provision point scheme in the real 

world situations is a question to be further studied. 

In any event, we are encouraged by the insights that joint T&D programs can 

serve as a possible remedy to correct for T&D externalities, and by the experimental 

evidence that offers very strong support for our theoretical prediction that joint T&D 

programs can, under certain conditions, be provided efficiently on a voluntary basis. 
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Chapter 5 

CONCLUSIONS AND EXTENSIONS FOR FURTHER RESEARCH 

This dissertation has systematically explored: 1) the conditions under which T&D 

externalities are present; 2) firms' strategic T&D investment behavior in the presence of 

T&D externalities and the relationship of output market structure to the nature of firms' 

T&D activity; and 3) the incentive and the efficiency aspects for the provision of public 

goods and the application to joint T&D programs. 

The most important findings of this research are that the labor market in general 

can not fully internalize T&D externalities in a world of imperfect information. In the 

presence of T&D externalities, firms' training investments are socially sub-optimal. The 

level of firms' T&D investments is negatively related to the competitiveness of the output 

market. The more competitive is the output market, the less firms invest in T &D. In 

terms of social optimality of T&D, monopoly market organization is superior to perfect 

competition. The results are hence consistent with Schumpeter's (1943) dynamic 

efficiency arguments. Finally, joint T&D programs can serve as a possible institutional 

remedy to correct T&D externalities, and joint T&D programs, as impure public goods, 

can be provided efficiently on a voluntary basis under certain conditions. 

Since this dissertation is the first attempt to formally relate output market structure 

to the nature of firms' T&D behavior, and is among the very first to systematically 

examine firms' strategic T &D decisions in the presence of T &D externalities in an 
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attempt to incorporate firms' T&D behavior into the theory of the firm, many more 

important theoretic issues remain open for further exploration. 

First, although the main effects governing T&D are relatively well understood, 

economists have devoted little attention to the optimal size and mix of public policies 

with regard to T&D. As we have seen from this dissertation, private firms have little 

incentive to invest in T&D in the presence of T&D externalities, and their T&D 

investment is in general sub-optimal from the society's point of view> the role of 

government becomes very important. Thus the policy implications of this work become 

important to study (for example, government's public education policies, the role of 

government in joint T&D programs, government T&D programs, government T&D 

policies, and T&D subsidies, etc.). 

Secondly, one of our major findings of this research is that monopoly output 

market structure is superior to competitive output market structure in terms of T&D. 

This is consistent with Schumpeter's (1943) dynamic efficiency arguments and many 

other R&D models in the industrial organization literature. Some empirical studies, 

however, are needed in order to see whether empirical evidence offers any support for 

this proposition. 

Lastly and perhaps more importantly, the ultimate goal of this research is to 

determine what degree of competition within an industry leads to performance that is in 

some sense optimal. This dissertation has clearly strengthened Schumpeter's dynamic 

efficiency argument by arguing that dynamic efficiency associated with market power 
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arises not only from R&D, but also from T&D. In other words, momentary monopoly 

power is dynamically eroded not only through factors like the entry of new firms, 

imitation, and innovation, but also through T&D activity. This dissertation has thus 

paved the way for further analysis on the tradeoff between monopoly static welfare loss 

and dynamic efficiency. In the standard industrial organization literature, this tradeoff is 

examined on the basis of firms' R&D activities only, firms' T&D behavior is ignored. 

If the gains from R&D activity alone cannot more than offset the welfare loss arising 

from the production inefficiency associated with market power, can the dynamic 

efficiency arising from the combination of R&D and T &D outweigh the static 

inefficiency? Clearly, more theoretical and empirical studies are needed to re-examine 

this tradeoff. 

As to the experimental part of this work, one possible and interesting extension 

for further research is to run more experiments to discern the limitations of our public 

goods model. 

Recall that in Chapter 4, the payoff function from private production for player 

i (or the total payoff for player i) is specified as: 

where ?T'j denotes the payoff for player i from Market 1; E; denotes player i's initial 

endowment; Xj denotes player i's investment to Market 2; ~Xj represents the total 

investment to Market 2 by the group as a whole; a and b are positive constants; n 
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denotes number of players. Intuitively, a denotes the per capita return from Market 1 

without the provision of the public good; (b/n)EXj denotes the addition to the per capita 

return from Market 1 due to the provision of the public good. For the purpose of testing 

the proposition in the laboratory, weassumethatEj = 32, fori=I, .. ,n; a = 1; b = 4/7; 

and n = 4. Then we obtain a positive Nash equilibrium of contributions (5,5,5,5), at 

which each player invests 5 tokens to the public good, receives a profit of $1.05, and the 

group as a whole receives $4.20. 

It should be noted that the positive Nash equilibrium depends critically on the 

specification of the parameters. Specifically, the positive Nash equilibrium of 

contributions will be replaced by free riding whenever any of the following holds: 1) n = 

{[Ejb]/a} = 18, i.e., if the group size exceeds 18, free riding, instead of positive 

contributions, would emerge as a Nash equilibrium; 2) a = {[Ejb]/n} = 4.6, i.e., if the 

return from private production is high enough, players would tend to free ride, rather 

than to contribute to the public good; 3) E; = {[an]/b} = 7, i.e., if individual players' 

initial endowment is small enough, free riding, instead of positive contributions, would 

become a Nash equilibrium; 4) b = {[an]/E;} = 0.125, i.e., if the marginal benefit of 

the public good to the private production is small enough, free riding would replace the 

positive Nash equilibrium. 

It would be very interesting to see whether the subjects would actually switch to 

free riding strategy in response to changes in the following factors: 1) group size 

(increasing the group size from 4 to 10, and then from 10 to 18 for instance); 2) 

---------------- -- - -- ----
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marginal benefit of the public good to private production (decreasing b from 417 to 217, 

and then from 217 to 117, for instance); 3) the amount of wealth (decreasing the 

endowment from 32 tokens to 16, and then to 7, for example); 4) private production 

return rate (increasing a from 1 to 3, and then from 3 to 5, for example); and 5) any 

combinations of the above four factors. 

By running the above experiments, we can test the robustness of our public goods 

model. More importantly, bearing in mind the limitations of our theoretic model, we can 

find out how applicable our model is to joint T&D programs. 
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APPENDIX I. 

EXPERIMENTAL RESULTS 

Table A.l Total Group Contribution for Experiment 1 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 65 10.3 $ 6.49 99% 

2 62 9.9 $ 6.53 100% 

3 39 6.6 $ 5.87 90% 

4 51 8.3 $ 6.40 98% 

5 25 4.6 $ 4.73 72% 

6 49 8.0 $ 6.32 97% 

7 25 4.6 $ 4.73 72% 

8 20 3.9 $ 4.21 65% 

9 33 5.7 $ 5.41 83% 

10 13 2.9 $ 3.34 51% 

Average 38.2 6.5 $ 5.40 83% 
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Table A.2 Total Group Contribution for Experiment 2 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 62 9.9 $ 6.54 100% 

2 51 8.3 $ 6.39 98% 

3 27 4.9 $ 4.95 76% 

4 54 8.7 $ 6.43 99% 

5 61 9.7 $ 6.50 100% 

6 48 7.9 $ 6.32 97% 

7 50 8.1 $ 6.32 97% 

8 45 7.4 $ 6.14 94% 

9 30 5.3 $ 5.21 80% 

10 32 5.6 $ 5.38 82% 

Average 46 7.6 $ 6.02 92% 
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Table A.3 Total Group Contribution for Experiment 3 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 44 7.3 $ 6.14 94% 

2 49 8 $ 6.32 97% 

3 38 6.4 $ 5.76 88% 

4 40 6.7 $ 5.91 91% 

5 33 5.7 $ 5.42 83% 

6 26 4.7 $ 4.80 74% 

7 22 4.1 $ 4.35 67% 

8 32 5.6 $ 5.38 82% 

9 30 5.3 $ 5.19 80% 

10 24 4.4 $ 4.57 70% 

Average 33.8 5.82 $ 5.38 83% 
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Table A.4 Total Group Contribution for Experiment 4 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 64 10.1 $ 6.48 99% 

2 56 9.0 $ 6.48 99% 

3 56 9.0 $ 6.48 99% 

4 36 6.1 $ 5.62 86% 

5 44 7.3 $ 6.14 94% 

6 29 5.1 $ 5.05 77% 

7 40 6.7 $ 5.90 90% 

8 38 6.4 $ 5.76 88% 

9 22 4.1 $ 4.35 67% 

10 15 3.1 $ 3.50 54% 

Average 40 6.7 $ 5.58 85% 
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Table A.5 Total Group Contribution for Experiment 5 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 62 9.9 $6.53 100% 

2 45 7.4 $6.15 94% 

3 41 6.9 $6.00 92% 

4 39 6.6 $5.87 90% 

5 12 2.7 $3.13 48% 

6 60 9.6 $6.52 100% 

7 60 9.6 $6.52 100% 

8 60 9.6 $6.52 100% 

9 60 9.6 $6.52 100% 

10 45 7.4 $6.17 95% 

Average 48.4 7.9 $5.99 92% 
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Table A.6 Total Group Contribution for Experiment 6 

Period Total Group Per Capita Total Group EffiCiency 

Contribution Return Rate Profit 

1 69 10.9 $6.43 99% 

2 48 7.9 $6.32 97% 

3 38 6.4 $5.76 88% 

4 30 5.3 $5.19 80% 

5 38 6.4 $5.76 88% 

6 50 8.1 $6.32 97% 

7 48 7.9 $6.32 97% 

8 53 8.6 $6.45 99% 

9 38 6.4 $5.76 88% 

10 52 8.4 $6.38 98% 

Average 46.4 7.6 $6.10 93% 
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Table A.7 Total Group Contribution for Experiment 7 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 53 8.6 $6.45 99% 

2 48 7.9 $6.32 97% 

3 38 6.4 $5.76 88% 

4 37 6.3 $5.73 88% 

5 45 7.4 $6.14 94% 

6 55 8.9 $6.50 100% 

7 45 7.4 $6.14 94% 

8 38 6.4 $5.76 88% 

9 40 6.7 $4.76 73% 

10 34 5.9 $5.55 85% 

Average 43.3 7.2 $5.90 91% 



161 

Table A.8 Total Group Contribution for Experiment 8 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 57 9.1 $6.46 99% 

2 53 8.6 $6.45 99% 

3 46 7.6 $6.23 95% 

4 25 4.6 $4.74 73% 

5 35 6 $5.58 86% 

6 60 9.6 $6.52 100% 

7 60 9.6 $6.52 100% 

8 45 7.4 $6.14 94% 

9 45 7.4 $6.14 94% 

10 42 7 $6.02 92% 

Average 47 7.7 $6.08 93% 
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Table A.9 Total Group Contribution for Experiment 9 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 56 1 $0.72 11% 

2 66 10.4 $6.45 99% 

3 64 10.1 $6.46 99% 

4 66 10.4 $6.45 99% 

5 62 9.9 $6.51 100% 

6 63 10 $6.50 100% 

7 62 9.9 $6.51 100% 

8 61 9.7 $6.50 100% 

9 63 10 $6.50 100% 

10 60 9.6 $6.52 100% 

Average 62.3 9.1 $5.92 91% 
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Table A.10 Total Group Contribution for Experiment 10 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 58 1 $0.70 11% 

2 70 11 $6.38 98% 

3 72 11.3 $6.33 97% 

4 70 11 $6.38 98% 

5 55 1 $0.73 11% 

6 56 1 $0.72 11% 

7 67 10.6 $6.47 99% 

8 64 10.1 $6.46 99% 

9 64 10.1 $6.46 99% 

10 64 10.1 $6.46 99% 

Average 64 7.7 $ 4.71 72% 



164 

Table A.11 Total Group Contribution for Experiment 11 . 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 60 9.6 $6.52 100% 

2 70 11 $6.38 98% 

3 62 9.9 $6.51 100% 

4 68 10.7 $6.42 98% 

5 62 9.9 $6.51 100% 

6 59 1 $0.69 11% 

7 63 10 $6.50 100% 

8 67 10.6 $6.47 99% 

9 63 10 $6.50 100% 

10 60 9.6 $6.52 100% 

Average 63 9.2 $5.90 91% 
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Table A.12 Total Group Contribution for Experiment 12 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 62 9.9 $6.51 100% 

2 55 1 $0.73 11% 

3 56 1 $0.72 i1% 

4 55 1 $0.73 11% 

5 56 1 $0.72 11% 

6 62 9.9 $6.51 100% 

7 56 1 $0.72 11% 

8 69 10.9 $6.43 98% 

9 57 1 $0.71 11% 

10 60 9.6 $6.52 100% 

Average 59 4.6 $3.03 46% 
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Table A.13 Total Group Contribution for Experiment 13 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 60 9.6 $6.53 100% 

2 60 9.6 $6.53 100% 

3 60 9.6 $6.53 100% 

4 60 9.6 $6.53 100% 

5 60 9.6 $6.53 100% 

6 60 9.6 $6.53 100% 

7 60 9.6 $6.53 100% 

8 60 9.6 $6.53 100% 

9 60 9.6 $6.53 100% 

10 60 9.6 $6.53 100% 

Average 60 9.6 $6.53 100% 



167 

Table A.14 Total Group Contribution for Experiment 14 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 60 9.6 $6.53 100% 

2 60 9.6 $6.53 100% 

3 60 9.6 $6.53 100% 

4 60 9.6 $6.53 100% 

5 60 9.6 $6.53 100% 

6 60 9.6 $6.53 100% 

7 60 9.6 $6.53 100% 

8 60 9.6 $6.53 100% 

9 60 9.6 $6.53 100% 

10 60 9.6 $6.53 100% 

Average 60 9.6 $6.53 100% 
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Table A.15 Total Group Contribution for Experiment 15 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 60 9.6 $6.53 100% 

2 60 9.6 $6.53 100% 

3 60 9.6 $6.53 100% 

4 62 9.6 $6.53 100% 

5 60 9.6 $6.53 100% 

6 60 9.6 $6.53 100% 

7 60 9.6 $6.53 100% 

8 60 9.6 $6.53 100% 

9 60 9.6 $6.53 100% 

10 60 9.6 $6.53 100% 

Average 60 9.6 $6.53 100% 
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Table A.16 Total Group Contribution for Experiment 16 

Period Total Group Per Capita Total Group Efficiency 

Contribution Return Rate Profit 

1 62 9.9 $6.51 100% 

2 63 10 $6.50 100% 

3 59 9.4 $6.49 99% 

4 60 9.6 $6.53 100% 

5 60 9.6 $6.53 100% 

6 60 9.6 $6.53 100% 

7 60 9.6 $6.53 100% 

8 60 9.6 $6.53 100% 

9 60 9.6 $6.53 100% 

10 60 9.6 $6.53 100% 

Average 60.4 9.6 $6.53 100% 
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Table A.17 Total Group Contribution for Experiment 17 

Total Group Per Capita 
Period Contribution Return Profit Efficiency 

1 56 9 $6.48 99% 

2 41 6.9 $6.00 92% 

3 43 7.1 $6.04 93% 

4 38 6.4 $5.76 88% 

5 42 7 $6.02 92% 

6 42 7 $6.02 92% 

7 38 6.4 $5.76 88% 

8 42 7 $6.02 92% 

9 44 7.3 $6.13 94% 

10 39 6.6 $5.87 90% 

11 37 6.3 $5.73 88% 

12 39 6.6 $5.87 90% 

13 42 7 $6.02 92% 

14 19 3.7 $4.03 62% 

15 28 5.0 $5.00 77% 

Average 39 6.6 $5.78 87% 
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Table A.18 Total Group Contribution for Experiment 18 

Total Group Per Capita 
Period Contribution Return Profit Efficiency 

1 54 8.7 $6.44 99% 

2 56 9 $6.48 99% 

3 56 9 $6.48 99% 

4 42 7 $6.02 92% 

5 45 7.4 $6.14 94% 

6 38 6.4 $5.76 88% 

7 44 7.3 $6.13 94% 

8 35 6 $5.58 85% 

9 26 4.7 $4.79 74% 

10 31 5.4 $5.24 80% 

11 28 5 $5.00 77% 

12 27 4.9 $4.95 76% 

13 19 3.7 $4.03 62% 

14 17 3.4 $3.77 58% 

15 22 4.1 $4.35 67% 

Average 37 6.3 $5.73 88% 
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Table A.19 Total Group Contribution for Experiment 19 

Total Group Per Capita 
Period Contribution Return Profit Efficiency 

1 64 10.1 $6.46 99% 

2 59 9.4 $6.49 99% 

3 41 6.9 $6.00 92% 

4 54 8.7 $6.44 97% 

5 19 3.7 $4.03 62% 

6 19 3.7 $4.03 62% 

7 33 5.7 $5.42 83% 

8 25 4.6 $4.74 73% 

9 14 3 $3.42 52% 

10 29 5.1 $5.05 77% 

11 27 4.9 $4.95 76% 

12 13 2.9 $3.34 51% 

13 25 4.6 $4.74 73% 

14 22 4.1 $4.35 66% 

15 13 2.9 $3.34 51% 

Average 30 5.4 $4.85 74% 
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Table A.20 Total Group Contribution for Experiment 20 

Total Group Per Capita 
Period Contribution Return Profit Efficiency 

1 43 7.1 $6.04 92% 

2 41 6.9 $6.00 92% 

3 35 6 $5.58 85% 

4 29 5.1 $5.05 77% 

5 17 3.4 $3.77 58% 

6 14 3 $3.42 52% 

7 24 4.4 $4.58 70% 

8 11 2.6 $3.04 47% 

9 13 2.9 $3.34 51% 

10 19 3.7 $4.03 62% 

11 24 4.4 $4.58 70% 

12 21 4 $4.28 66% 

13 15 3.1 $3.50 54% 

14 18 3.6 $3.96 61% 

15 15 3.1 $3.50 54% 

Average 23 4.2 $4.31 66% 
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APPENDIX II. 

INSTRUCTIONS FOR PUBLIC GOODS EXPERIMENTS 

WELCOME 

This experiment is a study of investment behavior. The instructions are simple, 

and if you follow them carefully and make good investment decisions, you may earn a 

CONSIDERABLE AMOUNT OF MONEY which will be paid to you in cash at the end 

of the experiment. Various research foundations have provided funds for this research. 

PLEASE READ THE FOLLOWING INSTRUCTIONS VERY CAREFULLY! 

You are one person in a group of ~. Each of you will be given an investment 

account with a specific number of tokens in it. You have 32 tokens in your account. All 

tokens must be invested to tum them into cash income. 

HOW TO INVEST: 

There are 10 periods for this experiment. 

In each period, you have 32 tokens in your investment account. 

Your have to invest these tokens between MARKET 1 and MARKET 2, i.e., you 

have to decide how many tokens to invest in MARKET 1 and MARKET 2. You are 

allowed to invest all the tokens in one market or to split your investment between the two 

markets. The amount of your investment in MARKET 1 is equal to 32 minus whatever 
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you invest in MARKET 2, in other words, your investment in MARKET 1 and your 

investment in MARKET 2 must add to 32 tokens. 

For example, 

You may invest 32 in MARKET 2, thus invest 0 in MARKET 1; 

You may invest 0 in MARKET 2, and thus invest 32 in MARKET 1; 

You may invest 30 in MARKET 2, and thus invest 2 in MARKET 1. 

You may invest 5 in MARKET 2, and thus invest 27 in MARKET 1. 

Or any other combination that sums to 32 tokens. 

If you invest in MARKET 2: you will not receive any direct earnings for the 

investment. But your investment in MARKET 2 a~: well as the investment in MARKET 

2 by all other people in your group will increase the return rate on your investment in 

MARKET 1. 

If you invest in MARKET 1: the guaranteed minimum return rate is 1 cent per 

token you invest. This return rate will increase as the total of all four of your investments 

to MARKET 2 increase, i.e., the return rate from MARKET 1 depends upon the total 

level of investments in MARKET 2 by all four participants. The higher is the total 

investment in MARKET 2. the higher is the your return rate from MARKET 1 ! 

For example, if everyone in your group invests 0 in MARKET 2, the total 

investments by the group as a whole to MARKET 2 is zero, and your return rate from 

MARKET 1 is 1 cent per token. Thus you will receive a profit of $ 0.32 for the 32 

tokens you have invested. 
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Next, suppose you choose to invest 20 tokens in MARKET 1 and 12 tokens in 

MARKET 2, and suppose the total investments by the group in MARKET 2 is 70 tokens, 

your return rate from MARKET 1 will increase from 1 cent per token to 11 cents per 

token, so that you will receive a return of $ 2.20 for the 20 tokens you have invested in 

MARKET 1. 

Rules of the Investments in MARKET 1 

You and three other people are members of a group. 

In your group, each person has an investment account with a specific number of 

tokens in it. You have 32 tokens in your account. The group as a whole has 128 tokens. 

When you invest in MARKET 1, how much money you get back depends on what 

YOU do and also on how much YOU and THE OTHER GROUP MEMBERS invest 

in MARKET 2. 

The more the GROUP invests in MARKET 2, the higher is the return rate from 

MARKET 1. 

The per capita return rate from MARKET 1 for all possible levels of investment 

in MARKET 2 is given in Table 1, which presents the return to you for different levels 

of total tokens invested. 



Table 1.1 

Payoff Table 

For Experiments 1 to 8 and 17 to 20 

Total tokens invested in Your return per token for tokens 

MARKET 2 by all 4 participants invested in MARKET 1 

0 1 

1 1.1 

2 1.3 

3 1.4 

4 1.6 

5 1.7 

6 1.9 

7 2 

8 2.1 

9 2.3 

10 2.4 

11 2.6 
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12 2.7 

13 2.9 

14 3 

15 3.1 
.-

16 3.3 

17 3.4 

18 3.6 

19 3.7 

20 3.9 

21 4 

22 4.1 

23 4.3 

24 4.4 

25 4.6 

26 4.7 

27 4.9 

- -- --------------------- --------
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28 5 

29 5.1 

30 5.3 

31 5.4 

32 5.6 

33 5.7 

34 5.9 

35 6 

36 6.1 

37 6.3 

38 6.4 

39 6.6 

40 6.7 

41 6.9 

42 7 

43 7.1 
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44 7.3 

45 7.4 

46 7.6 

47 7.7 

48 7.9 

49 8 

50 8.1 

51 8.3 

52 8.4 

53 8.6 

54 8.7 

55 8.9 

56 9 

57 9.1 

58 9.3 

59 9.4 

.. --.-.. --. --... -- .-
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60 9.6 

61 9.7 

62 9.9 

63 10 

64 10.1 

65 10.3 

66 10.4 

67 10.6 

68 10.7 

69 10.9 

70 11 

71 11.1 

72 11.3 

73 11.4 

74 11.6 

75 11.7 
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76 11.9 

77 12 

78 12.1 

79 12.3 

80 12.4 

81 12.6 

82 12.7 

83 12.9 

84 13 

85 13.1 

86 13.3 

87 13.4 

88 13.6 

89 13.7 

90 13.9 

91 14 
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92 14.1 

93 14.3 

94 14.4 

95 14.6 

96 14.7 

97 14.9 

98 15 

99 15.1 

100 15.3 

101 15.4 

102 15.6 

103 15.7 

104 15.9 

105 16 

106 16.1 

107 16.3 
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108 16.4 

109 16.6 

110 16.7 

111 16.9 

112 17 

113 17.1 

114 17.3 

115 17.4 

116 17.6 

117 17.7 

118 17.9 

119 18 

120 18.1 

121 18.3 

122 18.4 

123 18.6 
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124 18.7 

125 18.9 

126 19 

127 19.1 

128 19.3 



Total tokens invested in 

Table 1.2 

Payoff Table 

For Experiments 9 to 16 

Your return per token for tokens 

MARKET 2 by all 4 participants invested in MARKET 1 

0 1 

1 1 

2 1 

3 1 

4 1 

5 1 

6 1 

7 1 

8 1 

9 1 

10 1 

11 1 

186 



187 

12 1 

13 1 

1 A 1 ~ ... 

15 1 

16 1 

17 1 

18 1 

19 1 

20 1 

21 1 

22 1 

23 1 

24 1 

25 1 

26 1 

27 1 
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28 1 

29 1 

30 1 

31 1 

32 1 

33 1 

34 1 

35 1 

36 1 

37 1 

38 1 

39 1 

40 1 

41 1 

42 1 

43 1 
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44 1 

45 1 

46 1 

47 1 

48 1 

-
49 1 

50 1 

51 1 

52 1 

53 1 

54 1 

55 1 

56 1 

57 1 

58 1 

59 1 
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60 9.6 

61 9.7 

62 9.9 

63 10 

64 10.1 

65 10.3 

66 10.4 

67 10.6 

68 10.7 

69 10.9 

70 11 

71 11.1 

72 11.3 

73 11.4 

74 11.6 

75 11.7 
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76 11.9 

77 12 

78 12.1 

79 12.3 

80 12.4 

81 12.6 

82 12.7 

83 12.9 

84 13 

85 13.1 

86 13.3 

87 13.4 

88 13.6 

89 13.7 

90 13.9 

91 14 
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92 14.1 

93 14.3 

94 14.4 

95 14.6 

96 14.7 

97 14.9 

98 15 

99 15.1 

100 15.3 

101 15.4 

102 15.6 

103 15.7 

104 15.9 

105 16 

106 16.1 

107 16.3 
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108 16.4 

109 16.6 

110 16.7 

111 16.9 

112 17 

113 17.1 

114 17.3 

115 17.4 

116 17.6 

117 17.7 

118 17.9 

119 18 

120 18.1 

121 18.3 

122 18.4 

123 18.6 
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124 18.7 

125 18.9 

126 19 

127 19.1 

128 19.3 
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For Example: Suppose that the members of your group together invest a total of 

119 tokens in MARKET 2, then, as you can see from Table 35, your return rate from 

MARKET 1 is 18 cents per token. In this hypothetical example, if you have invested 10 

tokens in MARKET 1, your profits for this period would have been 10 x 18 = $1.80. 

Tips On Investing 

When you invest, you can divide your tokens in any way you want. That is, you 

can: 

a. put all of them into MARKET 2, 

b. put all of them into MARKET 1, 

c. put some of them into MARKET 2 and some of them into MARKET 1. 

STAGES OF INVESTMENT 

You will have 1 practice trial in which the experimenter will show you how to 

make a sample investment decision. 

Remember that when you are asked how you want to invest, you may put all, 

some, or none of your 32 tokens in MARKET 2, and put the remaining tokens in 

MARKET 1. After you and everyone else in your group has had a chance to invest at 

this first stage, you will be informed how many of the group's 128 tokens have been put 

into MARKET 2 and the corresponding per capita return rate from MARKET 1. Finally, 
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your profits will be calculated based on the formula: 

Your Profits = Per Capita Return Rate of MARKET 1 times the amount of 

tokens you invest in MARKET 1. 

PRACTICE TRIAL 0 

To give you practice in entering your investments, let's go through an example, 

which will show the same information it will contain in the actual experiment. 

In the beginning of the experiment, you will receive a sheet of paper from the 

experimenter. You are asked to answer the following questions: 

How many tokens do you wish to invest in MARKET 2 ? 

How many tokens do you wish to invest in MARKET 1 ? 

Now, suppose everyone in your group decides to put 22 tokens in MARKET 2 

and 10 tokens in MARKET 1, that would mean that a total of 88 tokens were invested 

in MARKET 2. Please fill out the payoff sheet appropriately. This sheet is for you to 

keep. 

Please also fill out the small sheet attached to the payoff sheet, and then submit 

to the experimenter. 



PRACTICE TRIAL PERIOD 0 

Participant #:_ 

You have 32 tokens in your investment account. 

YOUR INVESTMENT 

How many tokens do you wish to 

invest in MARKET 2 ? 

How many tokens do you wish to in

vest in MARKET 1 ? 

YOUR TOTAL PROFITS THIS PERIOD 

(1) Number of tokens invested in 

MARKET 1 

(2) Return per token, based on total 

investment in MARKET 2 

(3) YOUR PROFITS THIS PERIOD 

= Row (1) times Row (2) 
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Note: Please fill this out, and submit to the experimenter at the end of this period. 

Participant#: ___ _ 

Period#: -----

I decide to invest tokens in MARKET 2. 

Since the group as a whole invests 88 tokens in MARKET 2, according to Table 

1, the per capita return rate from MARKET 1 is 13.6 cents per token. 

Since you have invested 10 tokens in MARKET 1, your profits for this period is 

10 times 13.6, which is equal to $ 1.36. 

IF YOU HAVE QUESTIONS. PLEASE RAISE YOUR HAND AND THE 

EXPERIMENTER WILL HELP YOU. 

ARE YOU SURE ? 

The actual experiments will begin shortly. If there is any doubt in your mind, 

raise your hand. 

GOOD LUCK 
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