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This article presents a reinterpretation of patent laws as components of agency relationships between potential innovators and innovation users.1  In these relationships, patent rights serve as the substitutes for contract terms linking the interests of persons having needs for new technological solutions to the interests of persons with sufficient technological knowledge and resources to provide those solutions.  Here, innovation users are treated as principals whose interests in improved or modified technologies are served by one or more technologically adept agents pursuing innovations of interest to the principals.  Ideal patent incentives and rewards provided to innovators under this model should approximate those which an informed user would incorporate into an efficient agency contract calling for an agent to pursue innovations serving the needs of the principal.

This type of model has several advantages as a means to interpret present patent law standards and to project needed reforms.  First, it emphasizes the technology-enhancing goals of patent laws over sometimes misleading considerations of property rights and controls.2  Patent law standards are desirable under this model solely if they promote the interests of principals in acquiring new technologies.  Rights and incentives provided to innovators are seen as instrumental means to promote the interests of innovation users and consumers who occupy the position of principals in the patent-structured relationships of interest.

Second, by viewing processes for promoting new innovations in agency terms and assessing patent rights as one feature shaping these agency processes, a developed body of methodologies for analyzing agency processes can be brought to bear on both descriptive and normative studies of the patent system.  Descriptive studies using this agency model can help us assess the probable impact of present patent standards in promoting innovations of benefit to invention users.  Normative studies using this model can suggest how patent incentives should be adjusted to bring innovative efforts serving invention users to more efficient levels.

Third, by treating the successful operation of innovative agency relationships as the goal of innovation processes potentially influenced by patent laws, we can not only streamline such agency processes where they can be effective, we can also recognize circumstances where such agency processes usually will be ineffective and where, consequently, patent laws should have no applicability.  The boundaries of potentially effective innovative agency processes become indicators of the proper boundaries of patent-influenced technological development and a useful means to study the proper scope of patentable subject matter.

The analysis here proceeds in five parts.  Part I describes the proposed model treating patent rights as means to promote innovative agency processes.  The model is developed initially in a basic form addressing only the simplified case of one innovator working on behalf of a single potential user of an innovation.  I then elaborate on two extended versions of the model.  One extension considers the impact of encouraging multiple potential innovators to act in competition as agents for a user of an innovation.  The second extension examines the implications of relaxing the expectation that only a single innovation user is encouraging innovation by one or more agents, considering instead the case where potential innovation users are quite diverse, but nonetheless share some functional attribute or need which makes them a common target of a particular innovation effort.

Part II provides a brief overview of agency theory and suggests how it may be applied to the special case of patent-mediated principal and agent relationships aimed at innovation.  The past insights gained through the development of agency theory and the portions of these insights that are most clearly transferable to the study of the patent system are explored.  Some features and limitations of patent incentives in establishing motivating aspects of innovative agency relationships are also explored, with particular attention to problems in creating such incentives globally within the patent system without reference to the particular circumstances of specific innovators and the varying natures of their innovative methods.

Part III examines the implications of the proposed model in identifying patent law features that should be tailored to promote efficient agency behavior of innovators acting on behalf of innovation users.  This discussion will assess a number of present patent law doctrines in terms of whether they shape patent incentives in a manner that is likely to encourage efficient pursuit of the interests of innovation users by potential innovators.

Part IV considers the outer boundary of the proposed model and its implications for questions regarding the proper scope of patentable subject matter.  I argue that patent incentives are only needed to promote innovative agency processes where direct contracting processes for encouraging innovation are not likely to be effective.  This will be the case where numerous potential users can benefit from an innovation which is used repeatedly and the features of this innovation can be described and transferred to users in a systematic manner.

Finally, in Part V, I consider several features of the patent system that may deserve reconsideration in light of their impacts on innovative agency processes.  The breadth of the patent law characteristics considered -- including such patent law features as pre-publication disclosures, non-obviousness standards, and rewards to patent applicants in corporate environments -- is indicative of the wide-ranging potential for useful insights from future assessments of patent laws using agency theory.

I.
The Agency Model
The agency model of patent rights advocated here treats such rights as means to mimic the rights to payment that potential invention users would incorporate into a contract for innovation which was constructed with perfect information and administered through costless transactions.  This section describes the patent rights which this framework would dictate, first on the assumption that the innovation in question is being pursued by a single potential innovator acting as an agent for a single invention user (or a group of similar invention users represented by a single contracting party).  Later portions of this section will relax some of these assumptions and consider how extended forms of the model would apply to settings where there are multiple potential innovators competing to be the first successful agent of innovation users and where the needs and technology applications of multiple users are somewhat different, leading to more complex targets of innovation.

A.
Essential Characteristics of Agency Relationships
Given the complex and distributed nature of productive activities in many spheres today, a wide range of social and business activities are undertaken through agency processes.  Such processes involve actions taken by one person (the agent) on behalf of or for the benefit of another (the principal).  Typically, the agent will receive a reward for successful completion of the tasks that are desired by the principal so as to align the incentives and interests of the agent with those of the principal.  However, principals may only be imperfectly able to monitor the completion of desired actions by agents, leading to rewards to agents when no benefits to the principals have actually been achieved.  These types of errors lead to significant gaps and inefficiencies in the links between rewards to agents and benefits to principals and can cause agents to significantly diverge from the attainment of principals' goals.

These types of agency processes and problems have been the focus of considerable study by economists and others.  While many of these studies have examined agency relationships created by contractual arrangements between principals and agents where the contracts involved have defined the contingent incentives shaping agents' behaviors, economists have recognized that such contracts are not necessary to create agency processes and relationships.  Contractually originated agency relationships are merely a simple and familiar subset of all agency relationships.  The full set of agency relationships include all arrangements in which actions by a party serve another and the nature of the first party's actions are shaped by contingent rewards or penalties.

Steven Shavell has described the breadth of agency process and their essential features as follows:

In all these cases [involving agency relationships], one party, the principal, 'enjoys' the outcome of the activity of the other party, the agent.  The agent's effort (or expenditure or, more generally, his action) together with a random element determines the outcome.  The principal then pays the agent a fee.  For the case of a professional and his client this description of the principal and agent relationship is obviously appropriate.  The description may be seen to apply to [other cases such as the relationship between insurer and insured, shareholders and management, and even society and a polluting firm] and, indeed, to any relationship where only one of the parties directly influences the probability distribution of the outcome."3
In these settings, either the worth of the outcome to the principal or the "fee" paid to the agent or both can be positive or negative.  Thus, in the case of a principal and agent relationship between society and a polluting firm, both the outcome received by the principal (pollution costs suffered by society) and the "fee" for the agent (fines or other penalties imposed on the firm as a result of the pollution) are negative.4
In the situation analyzed here, the agency relationships influenced by patent rights are ones in which potential innovators seek to assess the needs of innovation users and then take actions to produce technological solutions which will provide practical benefits primarily to those users.  Persons who complete patentable inventions and obtain associated patents can use their patent rights as means to obtain compensation for their inventive efforts and the related gains provided to invention users.  Inventive efforts generally do not produce innovations that benefit the innovators themselves (the agents in this model), but rather are completed to realize gains for other users (the principals).5  However, the promise of rewards based on patent rights supplies agents with important incentives and shapes the focus and scope of their innovation efforts.  This promised "payoff" is the special "fee" going to the heart of the patent-mediated principal and agent relationship between invention producers and users.

Within this framework, various substantive and procedural means used to recognize and administer patent rights may be better or worse in establishing an efficient means of linking the interests of invention producers and users.  The assessment of present agency characteristics and inefficiencies presently embedded in patent laws and procedures is a key goal underlying the development of the patent law model presented here.  The use of this same model to project the possible benefits of various patent law reforms should enhance future normative evaluations of the patent system as well.

B.
A Preliminary Distinction Between Agency Law and Behavior
At the outset of the discussion in this section, it will be useful to explain why, despite its name, "agency law" has little to do with the considerations at issue here.6  The term "agency relationship" is used in this article in a behavioral sense, not as a reference to the legal concept of "agency" as defined by "agency law" or to the type of legally recognized relationship which has consequences under agency law.7  Agency law primarily defines the powers and liabilities created when two persons8 enter into an agreement that one of them (the agent) will act on behalf of the other (the principal).  This body of law is intended both to protect the interests of third parties who are not parties to the agency contracts and to specify certain default terms defining key agency features where the parties' own contractual terms establishing an agency relationship are incomplete.9
However, since it presumes some direct interaction and (generally) contracting between principal and agent, agency law is not sufficient to cover innovation processes in which innovators lacking prior contacts with technology users pursue the interests of those users as agents.  In these circumstances, the terms of the agency relationships between innovators and innovation users must be established by means other than provisions dictated by contract law as supplemented by agency law.  The applicable agency relationships must instead be defined by the legal standards shaping intellectual property rights, including standards defining when patent rights are available and the range of behavioral controls and economic rewards associated with those rights.

C.
Contractually-Defined Agency Relationships for Innovation
Where a potential invention user (such as a corporation in need of better tools within its field of operation) can directly identify a likely innovator and enter into a contract calling for that individual to pursue the design and creation of the desired innovation, the user can create a contractually-defined agency relationship for the pursuit of innovation.  The essential terms of the relationship -- defined by contact and the conduct of the parties -- will include a definition of the actions or results desired from the agent who is pursuing an innovation, the means that the principal will use to evaluate the efforts of the agent or the design results the agent achieves, and the triggering circumstances and amount of any rewards the agent will receive for successful performance.10
Such an agency contract can be seen as a means of shifting specific risks of innovation failure from the principals involved to the agents.  If an agent pursues innovation, but does not undertake the efforts or achieve the results that will gain her a reward, the expense and effort associated with the innovation attempt will be born by the agent and the principal will be out nothing.  In contrast, if the principal undertook her own innovative efforts, she would bear the risk of failure.  Hence, agency contracts are means to shift the risk of innovation failure to agents in exchange for rewards -- perhaps combinations of fixed rewards for efforts and contingent rewards dependent on successful innovation -- which compensate agents for the risks they take in seeking innovation.11
In this risk shifting process, various allocations of innovative risks between agents and principals are possible.  For example, corporate principals may seek to acquire all rights to innovations that are produced by their employee-agents while providing those agents with flat salaries and supporting resources to carry out innovative efforts.  If a given innovative effort fails under these circumstances, it is the corporate principal that will bear the loss.  By contrast, where outsiders attempt to develope new product designs and convince corporations to acquire rights to the designs and adopt these designs for manufacturing, the outsiders bear the full risks of failures of their efforts.

Of course, if an agent has greater technological knowledge and skills than the principal the agent is dealing with, the risk of innovation failure born by an agent seeking to produce an innovation may not be as great as would confront a product user trying to produce a similar innovation.  A person with expertise in a field may possess knowledge that allows him to narrow attempted innovation efforts to those with a high likelihood of success.  Alternatively, a person with special expertise or skills may be able to complete innovation attempts more quickly in a given period, thereby increasing the chances for success in a particular innovation project.  Either of these consequences of enhanced skill will reduce the expert's risks in taking on an innovation attempt relative to the risks that would be born by the targeted users of the innovation if they were to attempt a similar innovation project.  Indeed, the likelihood of successful performance based on the exceptional skill or knowledge of an agent in a particular area is often the basis for an agency relationship and the willingness of a principal to pay an agent a considerable sum for the latter's services.  

For example, in making legal arguments or crafting legal documents, a client typically relies on the superior expertise and skill of an attorney to produce successful results.  While both may fail in such tasks, the risk of failure of an inexperienced client in making his own argument or drafting his own legally significant document will generally be much greater than the possibility of failure (that is, a poor legal result) on the part of an experienced lawyer.  Hence, while there is still some residual risk of failure when a task is performed by a party with superior knowledge concerning the task, the shifting of a task from principal to agent can be a means to allocate tasks to the low risk provider and thereby reduce the risk of innovation failure.  By reducing the number of failed innovation attempts and resulting losses of resources, such task shifting and risk reduction matching innovation attempts with pre-existing expertise and skills aiding in those attempts should achieve corresponding increases in the efficiency of innovative processes.

Furthermore, agency arrangements in which advances benefiting multiple principals are created by one agent can avoid the duplication of efforts that would otherwise occur if each principal innovated on its own behalf or arranged for its own agent to pursue innovation efforts.  In this setting, an agency arrangement can be the means not only to put the innovative tasks in the hands of a party with superior knowledge, but also to apply that knowledge efficiently to the benefit of the full range of parties who have parallel needs for the innovation at issue.

Another variable feature in contractually-defined agency relationships established to promote innovation is the amount of the results-oriented reward given to an agent and the corresponding strength of the bond between the interests of the agent and those of the principal.  Where a reward to an agent is fully dependent on delivering an innovation that is of tangible benefit to the principal paying the reward, the agent will tend to conform his actions to those tasks that the agent expects will be most likely to further the principals goals and gain the associated reward for the agent.

However, where rewards to agents are available without necessarily producing benefits to innovation users, there is a substantial chance that potential innovators will take the minimum actions necessary to qualify for the rewards, but will pursue few steps beyond this.  Under these circumstances, less than optimal levels and types of innovative efforts may result as agents pursue the conduct that will further their own interests, but not necessarily those of their principals.

The objective of optimal contracts establishing agency relationships for innovation is to provide rewards to agents carrying out innovative efforts that are sufficient to encourage cost effective innovation efforts.  To do this, the contracts should link rewards to the innovators to the completion of innovative designs with significant practical value to users of the innovations or to link similar rewards to efforts by the innovators that are highly likely to produce useful designs.  A strategy which rewards only results delays the "settling" of the innovator's reward to the completion of an innovation project when the nature of the results and their value to users can be measured with some accuracy.  A strategy which rewards efforts tending to produce successful innovations in essence rewards progress, with the advantage of giving an innovator some interim compensation as a project progresses and as the innovator commits more and more time to the project.  The disadvantage of a strategy of rewards based on efforts is that the relationship between efforts and results may be poorly understood.  As a consequence, efforts may be rewarded that ultimately have little impact in promoting a successful innovation result.  Hence, in innovation settings, the value of results achieved for innovation users rather than efforts contributing to these ends are typically superior measures of innovation success.  A reward scheme that depends on an agent's attainment of specific results with substantial benefits to a principal will motivate a risk neutral agent to pursue efficient types of innovation on behalf of the principal.

Where an agent pursuing innovation is risk averse, having that party bear the complete risk of failures will probably cause her to pursue a less than optimal level of innovation to reduce the associated risks.  In order to encourage greater effort without increasing the net risk to a risk averse agent, a principal might agree to give the agent both a flat fee to compensate the agent for some of her risk taking and a further contingent fee to be paid upon production of a successful innovation.  Assuming that effort undertaken by an agent can be measured by a principal in a costless, accurate fashion, the optimal results will follow if the agent's fee is very low unless the agent chooses a pattern of effort which is likely to produce a successful innovation, in which case a flat sum is due and a further contingent reward will be paid if the innovation achieves practical success and widespread usage such that there is a significant aggregate user gain.12
D.
Patent Rights as Gap Fillers For Contracting Breakdown
The argument pursued here is that patent rights can serve as useful substitutes for explicit contractual relationships between innovation producers and users.  Seen this way, patent rights are effectively gap fillers for use in situations involving barriers to agency contract formation or performance.  Patent rights deal with an extreme version of contract failure -- i.e., the situation where no agency contract is formed, but where there is still a mechanism for payoff and reward to an agent engaging in successful innovation and thereby obtaining valuable patent rights.  Thus, the argument posed here is that the innovation processes encouraged through patent rights are in essence extreme examples of incomplete contracting in which none of the terms of the agency relationships involved are defined by the parties in advance and patent law must be looked to as a substitute.

Of course, even in the context where patent rights would normally control, parties may choose to form contractually-dictated agency relationships aimed at encouraging innovation and to provide for different incentive schemes than patent rights alone would have created.  For example, privately constructed and contractually-imposed innovation incentives commonly prevail in corporate workplaces.  There, combinations of employment contract terms and patent assignment agreements are often used to offer corporate employees various combinations of salary payments, bonuses, and shared royalties for innovative efforts.  They will typically receive these types of incentives and rewards for innovation in leu of patent rights, the latter having been assigned to their corporate employers under running assignment agreements that cover all the employees' innovations produced within the scope of their employment.  In these circumstances, parties who would otherwise have held patent rights will typically assign them to others, but will retain some other, often more immediate and more certain form of reward for having successfully served the technology enhancing interests of their principal.

This type of contractual provision for innovation is always available in the background and should serve as a starting point for our discussion of the realm where patent rights are needed.  If contracting is sufficient, the elaborate administrative mechanisms associated with patent examination and the broad conduct restrictions associated with the enforcement of patent rights should probably not be tolerated.  In general, then, a contracting solution to the promotion of innovation by agents should prevail unless there is a positive case that such contractual mechanisms are likely to fail.  Contracting processes for encouraging and rewarding innovation should be dysfunctional or inefficient in an identifiable way before the substantial administrative costs and deadweight loses associated with patent rights should be tolerated.

E.
Circumstances Leading to Breakdowns in Innovation Contracting
A number of circumstances may impede the formation through contracting of effective agency relationships for innovation.  Even where there is only one potential user seeking a particular type of innovative advance, the lack of information sufficient to identify an innovator with the technological knowledge or foresight needed to produce solutions to the user's problem may preclude the user-principal from forming an effective agency contract with the innovator-agent who has sufficient knowledge to craft a practical solution.  The transactional costs of finding the relevant innovators with sufficient expertise may preclude the contracting for the services of those innovators.

Alternatively, the relevant agents capable of a particular type of innovation might be apparent but contracting difficulties may arise because of the costs of bringing together a group of innovation users to act as principals in a contractually-defined innovative agency relationship.  Ideally, where multiple users share a need for a particular type of advance, they should form a single user group to seek the relevant innovation from an appropriate innovator.  Their ability to jointly provide rewards to an innovator which reflect the aggregate benefit of the innovator's work to the group would ensure that an efficient level of innovation was encouraged relative to the full benefit the innovation might achieve.

However, there are a number of reasons why a group of users may fail to jointly contract for innovation in an efficient manner.13  

1.
Barriers to Identifying Potential Innovation Users
Transaction costs related to identifying potential innovation users having similar technological needs may preclude the initiation of a contracting effort among potential innovation users to encourage an efficient level of effort to develope an advance.  Invention users will only tend to provide potential rewards to innovators in amounts that correspond to the full value of new innovations if most or all of the users who will benefit from a new innovation contribute to the reward.  If fewer than this full set of users is involved in an innovation-promoting contract, the maximum reward which will seem cost justified to them will be based on just the benefits to the subset of users involved.  This level of reward will be far less than the optimal reward that would spur the efficient level of innovation given the full scope of value of an innovation to all possible users.

To illustrate this point, consider a setting where the there are approximately 10000 similar businesses that might make productive use of a particular advance.  For simplicity, assume that their needs are all similar in type and the benefit that the advance would achieve for each firm is roughly equal.  If the net gain that the advance would achieve for each firm would be approximately $1000, these users would collectively pay a bit less than $10,000,000 ($1000 x 10000) to reward someone who developed the advance and supplied the necessary equipment or know how to implement it.  A contract -- or a substitute reward scheme such as patent rights -- which offered this type of near $10,000,000 reward to one or more potential innovators would be optimal because it would encourage innovators to expend efforts up to this cost level, but would discourage actions beyond this level (say an expenditure of research efforts costing $12,000,000).  It would discourage this type of excessive effort because such effort would be both against the private interests of the innovator (who would suffer a net loss) and would be against the interests of society generally (which would gain an invention that cost more to develope than the gains which it produced).  These sorts of excessive development efforts are contrary to society's interests because the lost resources -- the $2,000,000 paid out to cover costs over and above realized gains -- are wasted relative to simply going forward with existing technologies and foregoing the innovation effort entirely. 

However, if contracting problems preclude the banding together of most or all of the interested firms, the rewards that will seem cost-justified to a smaller group of contracting users would be far less than this optimal level.  For example, suppose that a particular firm only recognizes that 9 other firms are similarly situated in needing a particular technological advance.  Managers of the firm work in conjunction with the 9 other firms to establish a joint contracting effort for the advance in question.  The maximum reward that will seem cost justified to the 10 firms involved in this effort is $10,000 ($1000 x 10).  The incentives created by this type of contracting will encourage only a fraction of the innovation development effort that a more inclusive contract based on better information and including the interests of all potential users of the invention in question.   Hence, information constraints at the outset of an innovative effort limiting the ability of interested users to identify the full range of potential users and to set reward levels to reflect the full value of invention applications to all these users may severely restrict the ability of a contracting system to set optimal innovation incentives.  This type of contracting limitation may be a frequent problem impinging on innovative processes where the range of potential users for a type of advance is either numerous, diverse in character, or otherwise isolated in separate industries or operating environments such that identifying the common technological interests of the users and, consequently, the full set of parties who will be interested in an advance, is impractical or costly.

2.
Costs of Establishing and Administering a Group Contract
Even if the relevant interested parties are identified, the transactional costs of forming and administering a group contract calling for innovation by a particular agent may be so high as to preclude any net benefit from such a group arrangement.  Assuming that the full range of users of a possible innovation were identified and willing to contribute to a fee or reward for the successful completion of an innovative effort, substantial problems might arise in establishing and carrying out an innovation contract based on this model.

a.
Negotiating Costs
At the outset of this type of contract, the negotiations of the contract terms, including the specification of such critical contract terms as the nature of the innovation being sought, the circumstances in which a reward for such an innovation will be paid, the background arrangements whereby multiple potential users will contribute fractions of the reward, and the type of information and access the contracting parties will have concerning the innovation if it is produced.  The specification of such complex terms among a substantial number of users will itself consume a substantial amount of resources.

b.
Measurement Costs
Several types of measurement costs may also be administrative hurdles to carrying out this type of contract.  In forming the contract, the various innovation users would logically insist that their contribution to the group reward be in proportion to their projected benefits from access to the innovation which is being sought.  However, ascertaining the projected benefits to particular firms, agreeing on the relative size of those benefits, and deciding on the corresponding reward share each firm should bear would all entail substantial administrative costs.

c.
Contract Execution Costs
Similarly, in carrying out the contract, substantial contract execution problems may interfere with the accumulation and application of substantial innovation incentives.  For example, convincing the multiple parties involved that the agent under contract has successfully completed the innovation at issue may be difficult.  Additional administrative difficulties may arise in monitoring the payment of reward shares and disciplining those user-coprincipals who do not make good on their agreement to provide portions of an innovation reward.

Overall, these types of administrative difficulties in a contracting scheme involving numerous innovation users may preclude the formation of contracts involving anything near the full range of potential users of an innovation.  Alternatively, even if these sorts of contracts could be formed, the costs of the administrative tasks addressed here would reduce the potential rewards that could be offered to agents engaged in innovation, thereby reducing those rewards below optimal levels corresponding to the full value of an innovation to potential users.

3.
Strategic Behavior Within a Contracting Group
Even if they were able to consider a joint effort to obtain innovation from an agent, the members of a somewhat similarly interested set of innovation users might be unable to agree among themselves on how much benefit each would obtain from the innovation to be sought and how much each should pay for its development.  Each party may attempt to downplay the gain that they would receive from the innovation at issue in hopes that their fellow contributors would bear most of the reward "costs" of producing the innovation.  Absent some independent fact finder and a commitment to be bound by the findings of that party regarding projected innovation value to various users and corresponding levels of reward contributions among innovation users, these sorts of strategic choices of the potential contracting parties may keep them from reaching agreement on appropriate reward levels.

Assuming that they do reach some agreement on appropriate rewards under an innovation contract, the strategic efforts of innovation users to downplay their projected gains and appropriate reward shares may cause them only to agree to provide a set of reward contributions -- and, hence, an aggregate reward -- that is substantially less than the actual sum of gains to innovation users.   Such an aggregate reward at less than the full increased value to all users of the targeted innovation would not encourage efficient levels of innovative effort on the part of the agent involved in the contract.  Rather, the underestimate of gains and underpayment of corresponding development incentive amounts to agents pursuing possible innovations would tend to systematically reduce innovative efforts below optimal levels.

4.
Antitrust Restrictions on Group Innovation Contracting
Efforts by multiple potential users to contract for the development by a particular agent of a given type of innovation may raise antitrust concerns if these arrangements involve an alignment of competitors within the same industry.  This may often be the case since multiple parties in the same industry will frequently have parallel needs for new technology and would, absent a group contracting effort, seek technology solutions separately through contracts with separate parties.  In this setting, an arrangement calling for a single instance of innovation as secured via a group contract could be seen as a restrictive trade device, cutting off what otherwise would be multiple efforts by the several technology users involved to obtain and compete for innovation services from multiple providers of such services.  Such agreements having potential anti-competitive effects will be assessed for validity under the "rule of reason" of federal antitrust laws, under which the arrangement will be illegal if it imposes an unreasonable burden on competition in light of its social benefits.  Hence, where group contracting is either a sham undertaken for purposes other than to ensure efficient levels of action by innovating agents or is pursued for efficiency-promoting reasons, but in an economically unsound manner, the impact might indeed be to reduce instances of innovative services in ways that are unreasonable and in violation of federal antitrust laws.

The possibility that their group contracting efforts may be seen as violating antitrust laws may deter potential innovation users from entering into the relevant contracts.  In determining the reductions in competition that may result from this type of arrangement, the impact of innovation agreements favoring some but not all innovation users must be evaluated in terms of their impacts on competition in both the field of the users and the field of the innovators.  Where it even appears that there may be a substantial reduction of competition in either of these markets and the public benefits of increased efficiency of innovation on behalf of a group are not clear, the combination of apparent reduction in competition and uncertain public benefit may cause some potential beneficiaries of group innovation contracting to forego this technique.

5.
Strategic Behavior at the Margins of Group Contracting -- Free Rider Effects
Finally, and perhaps most significantly, even if some form of group contracting were possible to encourage innovation at increased levels to serve the interests of multiple innovation users, there is a possibility that free rider threats posed by non-participants in this type of scheme may discourage a meaningful number of parties from participating in the type of group contracting addressed here.  Multiple users might each hold back from joint participation in a contractually-implemented agency arrangement in the hope that others would pay for the pursuit of innovative actions.  In this setting, concerns over free rider effects by parties outside the boundaries of a contracting process may preclude the process from proceeding or, alternatively, may scare away enough participants to ensure that the process only proceeds to provide rewards for innovation at far below optimal levels.

Where a technological advance developed through group contracting will soon be available to all parties -- perhaps because the marketing of associated products will reveal the new technology and there are no intellectual property rights barring subsequent adoption of the new technology -- parties who did not participate in the group contracting effort to encourage the development of the new technology will nonetheless gain the benefit of the new technology without paying for it.  

Even if they offer the same products incorporating the new technology at the same prices, outsiders to the contracting group will realize more profit on each product sold than a counterpart in the contracting group since the former will not have paid a fraction of the reward leading to the innovation and will not need to recoup this reward amount as part of its product costs.  When this type of transfer of technology occurs to a competitor of a member of the contracting group, it will appear that the contracting party has paid for a free benefit to that party's competitor.  The non-contracting party would gain at the direct expense of their competitor in the contracting group.

The possibility of such a result will typically be so threatening and distasteful to competitors, that firms will generally not wish to risk falling into these circumstances.  Consequently, firms will tend to shy away from contracting processes that may strengthen competitors more than it strengthens the contracting firms.  In short, the chance that a party looming outside the contracting process will be a "free rider" benefitting from the contracting without paying a share of corresponding innovation reward costs will impair the ability of interested parties to form a contracting group and will make it harder for such a group to build its membership to levels that would allow the accumulation of an aggregate reward for innovation that approximates efficient levels.

II.
An Introduction to Agency Theory
A.
Basic Features
Agency theory focuses on the optimal arrangements between parties where one or more parties (the agent or agents) are acting on behalf of one or more other parties (the principal or principals).14  Agency theory can be used to study the causes and consequences of goal incongruence in principal and agent relationships.15  It can also assess the efficient organization of information and allocation of risks in such relationships.16
While many agency relationships are created by a contract between the parties, such a contract is not necessary.  It is sufficient that one party controls an outcome of interest to a second and that the first party's efforts in this regard are subject to structured rewards or incentives tending to encourage the first party to pursue the interests of the second.17
Much of the literature developing and applying agency theory has focused on three aspects of principal and agent relationships: (1) the structure of the preferences of principals and agents in these relationships (including means to alter the preferences through contingent reward provisions), (2) the nature of uncertainty in such relationships, and (3) the informational structure both within these relationships and in the surrounding environment.18  Studies have examined risk sharing within principal and agent relationships, the form of the optimal contract between principal and agent, and welfare comparisons of equilibrium contracting solutions with and without information costs.19
An additional body of literature uses agency theory to predict the consequences of changes in the environments surrounding principal and agent relationships.  Changes that have received attention include changes in the contracting environments in which principal and agent relationships are formed, changes in the technologies used to monitor actions by agents, and changes in the bonding arrangements used to signal commitments by agents to particular courses of conduct.20  Similar studies have also addressed the impact on principal and agent relationships of differences in the capital intensity of surrounding business enterprises, the degree of specialization of assets, information costs, capital markets, and internal and external labor markets.21
Agency theory has been used to study activities in at least three disparate types of contexts where agency actions are important -- basic agency relationships in which two parties contract to form a principal and agent relationship operating in isolation, firms in which multiple, interrelated agents work on behalf of a single corporate principal, and non-contractual agency relationships in which agents are encouraged to pursue principals' interests without the formation of a contract between the principal and agent.

Simple agency relationships involving two parties acting largely in isolation from other parties offer a useful starting point for considering the risks and incentives facing principals and agents and the means that these can be reallocated between the parties via contract terms or other means.  

To the extent that an end desired by a principal is known (or at least the action by an agent which the principal projects will be most likely to serve the principal's goals is known), then the features of the principal and agent relationship that can be adjusted to encourage the agent to pursue the preferred result or action include: 1) minimum reward levels needed to get an agent's attention and cause the agent to consider the pursuit of the principal's activities, 2) the amount of contingent rewards granted to an agent upon attainment of desirable results or upon the completion of efforts tending to produce the results, 3) the circumstances upon which those rewards are due to the agent, 4) information gathered and transmitted to the principal regarding the results produced or efforts undertaken by the agent, 5) information on the circumstances surrounding the agent's actions to the extent that this circumstantial information bears upon the appropriateness of the agent's actions, 6) the risk aversion levels of the principal and agent, and 7) the allocation between the principal and agent of risks of failure of agency-related activities and 8) payments to agents to encourage them to bear risks of failure in pursuing the principal's interests that they would not otherwise be willing to accept.  Agency theory in its simplest form seeks to define these features of a one agent-one principal relationship so as to produce optimal efforts by a single agent when working for and being overseen by a single principal.

A variant of agency theory has also been used to study corporations and other organizations that operate through the actions of multiple agents.  In these settings, an organization or "firm" is treated as the nexus of numerous agency relationships involving employees of the firm.  The pattern of principal and agent relationships defining a given firm (and the terms of those relationships) are seen as the result of numerous agency tailoring decisions.  In short, the pattern of principal and agent relationships constituting a firm is viewed as an equilibrium condition, with the sum of the agency features optimally serving the interests of the corporate organization involved.  In this setting, analysts can focus on both the means to make particular principal and agent relationships more effective and on further means to adjust the terms and content of one relationship relative to another.

Finally, some studies have considered the potential of agency relationships to be constructed and administered through non-contractual means.  In this setting, some party or body (such as the government) must establish a scheme of contingent rewards encouraging one party to act on behalf of another.  Once these rewards are in place, the conduct of the agent in such a relationship may differ little from that of an agent in a contractually-dictated principal and agent relationship.  The limitation of this type of agency arrangement may lie in the motivation of the outside party establishing the contingent reward pattern.  Such a party -- although not receiving a direct benefit from the agency scheme being created -- must establish and maintain a clear incentive link between the interests of principals and agents if the resulting relationships are to operate in a manner that is both efficient and effective.

Patent-mediated relationships between innovators and innovation users are good examples of this third type of non-contractual principal and agent relationship.  Unfortunately, these sorts of non-contractual agency arrangements have been less frequently studied than their contractually-based counterparts.  Hence, it will frequently be helpful to look to studies of contractually-created principal and agent relationships for insights that can be carried over into the less well understood setting of patent-influenced principal and agent relationships.

B.
Characteristics of Principal and Agent Relationships
For purposes of agency theory, each participant in a principal and agent relationship is presumed to be acting rationally to pursue their own interests as those interests are defined by background environmental features surrounding the relationship and by the particular rewards and incentives created in establishing the principal and agent relationship.22  Each participant is presumed to be motivated solely by self-interest, although each participant's perception of his self-interest and how to pursue it is shaped by the particular information set available to that individual.23
In an agency relationship, the agent controls the nature of his or her conduct and, hence, the degree to which it furthers the interests of the principal.   However, a principal can offer rewards or fees that encourage an agent to undertake particular efforts within the agency relationship.24  The amount and triggering circumstances of these rewards can be structured so as to modify an agent's action towards the type of activities best serving a principal's interests.25
Consider the following simple example of an agency relationship and related incentive problems.26  A real estate agent is engaged by a home owner under a contract calling for the agent to receive a 5 percent commission based on the price of a successful home sale.  Under these circumstances, the agent has an incentive to undertake an action that costs $1 and that improves the price realized for the seller by $100 since the agent will realize an increase in her own welfare of $5 from this same action.  However, the agent will not have an incentive to take an action that costs $10 and increases the seller's price by $100 since the agent will only gain $5 from this action.  This action costing $10 would have advanced the seller's interest since the seller's gain was greater than the cost, yet the agent has no interest in pursuing this action.  Such a lack of interest is evidence that the fee arrangement between the seller and agent has not perfectly aligned their interests, producing a welfare loss.

The losses that stem from such misalignments of interests are called agency costs.  Three types of costs generally plague agency relationships and processes.  These costs stem from difficulties of principals in monitoring the actions of agents (monitoring costs), problems of agents in convincing principals of their capacity and trustworthiness (bonding costs), and residual costs resulting from reductions in welfare due to the divergence of the interests of principals and agents (residual loss).  The $100 loss resulting from the real estate agent's failure to pursue actions in the house seller's interest as discussed above is an example of a residual loss due to the lack of full alignment of the agent and seller's interests.

The objective of most reward arrangements imbedded in principal and agent relationships is to align the interests of the principal and agent such that, when an agent takes action furthering her own interest, the action also advances the interest of the principal.  The incentives provided to the agent should, ideally, not only encourage the type of activity that will advance the interests of the principal, but also the degree of activity that will be most efficient in advancing the interests of the principal.

Despite reward arrangements incorporated in principal and agent relationships, the interests of principals and agents may diverge.  This divergence may arise for two different reasons having to do with weaknesses in the ability of principals (or others acting on their behalf) to motivate agents to pursue the interests of the principals.

First, a principal may be able to monitor an agent's performance only imperfectly, giving rise to the possibility that a reward for successful or desirable performance will be given when the interests of the principal have not actually been served.  This type of problem is referred to as involving moral hazard27 -- that is, a hazard or risk that the agent will act in a manner diverting from the interests of the principal because this divergence is not measured and does not affect the rewards or incentives the agent receives within the agency relationship.28
For example, where an employee is given a bonus for completing a certain number of sales calls, the calls may have been performed in a perfunctory manner that was not likely to actually increase the sales of the employer's products.  In this setting, sales calls are not of interest to the employer per se, but are taken as a measurable surrogate for actual furtherance of the employer's interest in sales.  Since their performance is measured in terms of sales efforts (i.e., sale calls), employees are motivated to complete the sales calls, but not to take the further steps that are needed to complete sales.  Indeed, they will tend to be discouraged from taking these further steps since they consume the time and effort of the employees, but do not achieve any actual reward from their employer.

A second source of weakness in devices linking the interests of principals and agents in agency relationships concerns the "adverse selection" of agents for tasks they are either not qualified to carry out or are disposed to carry out through fraud or other misconduct.  In a principal and agent relationship, an agent may have opportunities to choose actions that poorly serve the interests of a principal where the principal does not have sufficient information to detect this type of adverse choice.  Given that an agent will often have greater information about the contexts of her actions than a principal, a principal may not be able to properly interpret the actions of an agent where those actions take place in a context that is not fully understood by the principal.  Where the principal is not aware of the choices of action available to an agent, then the principal will sometimes not be able to detect that an agent has chosen to pursue activities which are less than optimal in furthering the principal's interests.  In essence, this is a problem which stems directly from the information disparity which may exist between the principal and agent even under the best of agent monitoring arrangements.  Such a weakness in linking the interests of the principal and agent involves undetected choices of undesirable actions by an agent.29
For example, in the sales context just discussed, if an employee's compensation increases based on the number of sales calls he makes, a typical employee will diligently make and report sales calls in order to boost his earnings.  However, a particular employee may boost his numbers of apparent sales calls by conducting some calls, fabricating records for additional calls, and reporting both the real and fake calls as completed efforts.  The employer involved may not have sufficient information about the quality of the particular employee's sales efforts to appreciate that the employee is sometimes shirking his duties and falsely reporting sales activities.  In this context, the failure to pursue sales calls and accurate reporting is a selection of undesirable behavior by the employee involved, but one that is undetected by the employer and, hence, undiscouraged by the contingent rewards provided to the employee under the compensation system turning on the reported number of sales calls. 

C.
Examples of Agency Theory Applied to a Non-Contractual Principal and Agent Relationship
Given that agency theory is rarely used to assess non-contractual relationships between principals and agents, some examples of how agency theory applies to this type of non-contractual relationship may help to suggest how agency theory can be extended to patent-mediated relationships.

Steven Shavell has used agency theory to assess the varying allocation of incentives and risks between acting and protected parties where an actor is subject to either a negligence or strict liability scheme of safety-promoting liability.30  He views agency theory as a means to assess the situation where a person or firm occasionally causes accidents having adverse external effects (such as environmental damage) and in which the probability or severity of the accidents is influenced to some degree by the actions of the firms.  In such a situation, a government may encourage safety measures by imposing either negligence liability (triggered only where the acting party fails to exercise due care to prevent the harmful accidents) or strict liability (imposed in every case where there is an accident).  According to Shavall:

"The choice between strict liability and negligence may be thought of as a choice of fee schedule for a principal (the government or society) and an agent (a firm).  In this view, under strict liability an agent's fee (zero of there is no accident and negative otherwise) depends only on the outcome (accident losses), whereas under a negligence standard the fee depends on information about the agent's actions."31
Shavall concludes that, so long as an actor is risk neutral in these situations, a system of strict liability will tend to encourage the actor to take an optimal level of safety measures to protect society.  However, where an actor is risk averse, a negligence standard in which liability is sometimes reduced based on the quality of efforts of the agent will sometimes be preferable to a strict liability scheme which would cause the actor to invest too much time and resources in safety promoting efforts.32
A similar analysis of non-contractual agency features can profitably be applied to government-imposed penalties for pollution.  Fines for illegal pollution are means to impose a payment or fee schedule on potential polluters which will cause them to act as agents of the public in seeking to prevent harmful pollution.  At least where the triggering circumstances -- or the size -- of pollution fines depends on a showing of harm to community members from pollution, the threat of such fines sets up a contingent penalty system (the inverse of the contingent reward system associated with most agency relationships) in which the interests of society in preventing harmful pollution and avoiding associated losses is tied to parallel incentives encouraging firms to take adequate pollution control measures.  Such pollution control measures are actions taken by the firms serving as agents of community members.  The fines which link the interests of these parties ensure that pollution control measures which aid the public (by reducing losses from pollution) also aid the firms (by avoiding the adverse economic impact of large fines).33
D.
Agency Theory as a Means to Study Innovation
Agency theory is a useful tool for analyzing innovation efforts because, except in the rare case where an innovator is also a significant user of her innovation, the object of innovation efforts is ultimately to serve the interests of users of the innovation under development.  Even where an innovator expects to be a user of a particular innovation on some scale, the scope of efforts that the innovator will undertake to produce a new innovation may still be influenced by the interests of other users.  If an innovator expects that a particular innovation, if successful, will be useful to many users in addition to serving his own interests, the potential benefits to these further users may spur different or more extensive development efforts than if an innovator is only trying to produce an item or practice that is of use to him or his company.

Obviously, one difficulty surrounding the specification of agency relationships in the context of innovation is knowing what sorts of actions by an agent undertaking to develop and perfect a new innovation will entail the most efficient means to promote the interests of users of the innovation.  Where frequently repeated actions are undertaken by potential innovation users in a constant environment, the nature of the users' needs and desires for innovative items may be known in advance with great particularity.  However, where, as with the type of innovative activities covered by patent interests, many features of the practical needs of innovation users and how to serve those needs through as yet undeveloped new technologies may be highly uncertain.

  
Indeed, one of the common features of the principal and agent relationship between an innovator and innovation users is that the innovator must often define the nature of user needs in an operational context before going on to show how a particular technology can meet those needs.  Hence, substantial ex ante uncertainty about optimal action by an innovating agent is typical of the type of principal and agent relationships governed by patents.

However, certain features of the desired conduct of innovating agents can be defined in advance of a particular attempt to innovate.  The most basic is that a successful innovation must be either more functionally successful or more cost effective (or both) than prior items or practices addressed to the same practical problem.  Otherwise, the innovation will achieve no net societal benefit over prior devices or practices and will not be worth the consideration of consumers or the administrative costs of issuing and enforcing a patent.  Hence, the needs of invention users and the specific quality that a useful innovation should serve those needs in a way that is in some way superior to present tools and practices for addressing the same practical problem guides innovating agents and provides some content to the principal and agent relationships linking innovators and innovation users.

E.
Characteristics of Optimal Principal and Agent Relationships
1.
Factors Influencing Incentives and Actions
In economic terms, the factors influencing the incentives and actions of a principal and agent are summarized by the following equation defining the expected value of actions to the principal (EU(a)) and the agent (EV(a)):34
EV(f,e) = (((((V(f(x,z),e)q(z|x;e)dz) r(x;e)dx)

and

EU(f,e) = ((((U(x-f(x,z))dz) r(x;e)dx)

where:

U(a) = principal's utility function (in wealth)

V(b,e) = agent's utility function (in wealth and effort)

e = agent's effort

z = principal's observation of e

x = outcome

f(x,z) =
fee paid by the principal to the agent (a function of x (outcome) and z (observation of effort))

r(x;e) = probability density of x given e

q(z|x;e) = probability density of z given x and e

An optimal fee schedule within this construct will be one in which there is no alternative schedule that would make one or both of the parties better while not harming the other party.  That is, the aim in this situation is to select a Pareto optimal fee schedule under which the expected utility for the principal and agent can not be improved without harming the other.  In formal terms, this means that the first-best fee schedule is one which solves the problem:

max EU(f,e) over f

subject to 

EV(f,e) > or = Vmin

EV(f,e) is maximized over e

where Vmin = the fallback utility level that the agent could achieve by undertaking other types of activities.  This utility is measured by the agent's bargaining power and market forces which dictate the value of the agent's services in other contexts.

2.
Terms of Efficient Incentive Fees
a.
Risk Neutral Agents
Shavall has shown that, in these circumstances, the choice of an optimal fee schedule linking the interests of a principal and agent depends on whether the latter is risk neutral or risk averse.35  In the former case, the optimal approach is to adopt a fee structure that depends only on the results achieved by the agent and which gives the agent all of the resulting benefits from a given outcome, minus a constant amount kept by the principal.  That is, the optimal fee f is dictated by:

f(x,z) = x - k

where x is the value of the outcome x and k is a constant amount kept by or transferred to the principal.  The latter reflects a minimum payment to the principal to induce the latter to administer and participate in the applicable principal and agent relationship.  Under this type of fee structure, the marginal fee of the agent and incentive perceived by the agent as an encouragement to invest effort that the agent believes will affect an outcome will vary directly with the increase achieved in the utility of the outcome.  To encourage increased efforts in proportion to their impacts in improving the outcome of the agent's activities, the aggregate fee or reward motivating the agent should approximate the full benefit of a particular outcome, less a minimum fee to the principal.36
Variations in the accuracy with which the agent and principal can identify successful results will not affect the form of the optimal solution so long as errors in this regard are symmetrical and the net benefits and rewards are maximized under the same circumstances as would produce the maximum benefits in the case of perfect information.

However, differing abilities of a principal and agent to perceive successful results will affect the optimal fee schedule as this difference will lead to increase risks to one or the other of these parties.  Assuming that a principal can perceive a successful result with perfect accuracy and administers a fee accordingly, the relative inability of the agent to perceive the successful result adds a new component of risk to the agent's behavior.  Under these circumstances, an agent may feel at risk that some results potentially qualifying for greater rewards from the principal will not be perceived by the agent as such and will not be pursued, thereby adding some increased risk of failure and forfeiture of a fee to the agent's situation.  An otherwise risk neutral agent, once aware of this increase source of risk, will become the equivalent of a somewhat risk averse agent with perfect information.  The nature of the fee incentives necessary to induce optimal conduct on the part of a risk averse agent are described below.

On the other hand, where an agent (at the time of fee settlement) has a superior ability to perceive a successful result in comparison with a principal, then the agent may also perceive an increased risk of non-payment of a fee.  In this combination of circumstances, the source of risk is a bit different.  The agent may believe that she will attain a successful result in some task, but that the principal will fail to recognize that this result has been attained and fail to pay the relevant fee.  Here the source of risk is not the failure to perceive the course of conduct that will best serve the principal, but rather a justified uncertainty over whether the pursuit of conduct aiding the interests of the principal will actually increase the rewards given to the agent.

In addition to differential accuracy in their perceptions of desireable results, differential biases in the measurements of results may cause the conduct of an agent to diverge from that which will best serve a principal.  Differing biases in information measurements may arise for a number of reasons.  For example, a principal may be able, perhaps because he is the immediate recipient of benefit, to perceive increases in the beneficial results of an activity better than the agent who achieves the results.  Alternatively, an agent may be able, perhaps because he bears the development costs of producing the results, to perceive the costs and risks of particular conduct more accurately than a principal.  In either of these types of cases, increased risk to the agent will result.  Either of these asymmetries in the measured size of costs and benefits of alternative conduct by the agent will tend to cause the rewards paid to the agent to diverge from the conduct which the agent perceives as being the best way to increase benefits to the principal.  

b.
Risk Averse Agents
If an agent is risk averse, the agent will not take optimal actions to pursue his principal's interests if the agent's incentives are tied just to the attainment of results desired by the principal.  The agent's risk aversion will cause the agent to fail to pursue certain risky actions that would, on balance, be projected to promote the principal's interests, but which are rejected by the agent due to the latter's risk aversion.  Hence, a simple fee structure that directly links improved rewards for an agent to increases in the value of actions to the agent's principal will not cause the agent to balance risk, projected return, and action in a way that will optimally promote the principal's interests.  Instead, certain actions falling between the risk preferences of the principal and the agent will go unaddressed.

To offset this problem, the optimal fee schedule linking the interests of a risk averse agent and her principal will sometimes need to offset the agent's risk aversion and encourage the agent to undertake efforts optimally promoting the principal's interests despite the agent's concern over particular risks.  Specifically, a risk averse agent must sometimes be paid a fee associated with efforts tending to support a successful result regardless of whether the efforts produce such a result.

This type of fee schedule encourages the agent to take actions that entail risks that the agent would not personally be comfortable in bearing, but which are nonetheless associated with optimal pursuit of the principal's interests.  At the same time, by tying a fee to the completion of efforts promoting success, the agent is given encouragement to pursue those efforts.  Where some or all of the rewards given an agent are linked to efforts in this way rather than results, the principal is in effect taking the risk that the efforts generating the reward will not produce an benefit to the principal.  This element of risk has been shifted from the agent to the principal, thereby lessening the risks born by the agent.

The fee schedule that will produce optimal conduct on the part of a risk averse agent is that which shifts a sufficient quantum or nature of risk from the agent to the principal to make the agent risk neutral as to the residual risk that the agent still bears.  Where there are certain types of risks that the agent is particularly averse to and others that the agent tends to be risk neutral towards, the effort-related features of a fee schedule may be tailored to shift to the principal the types of risks that the agent is risk averse towards.  In other areas where the agent is risk neutral, successful results should remain the scaling criteria for fees paid to agents.

Likewise, even if there is only a single dimension of risk and the approach just described involving separate fee treatments for different types of risks is not an option, then the degree of risk adjustment achieved through effort-related rewards for agents should be tailored to shift enough risk to make the relevant agent risk neutral, but no more.  Once sufficient risk of failure has been placed on the principal to make the agent risk neutral regarding further marginal risk, remaining components of fee rewards should depend solely on the attainment of successful results.

III.
Agency Theory and Its Implications for Patent Law
A.
Optimal Patent-Mediated Agency Relationships Promoting Innovation
Viewing the aggregate user set as the principal on behalf of whom a party working on a potential innovation is serving as an agent, the expected aggregate utility of the invention to users is:37
Expected Aggregate User Utility = ((((U(x-f(x,z))dz) r(x;e)dx)

where:

U(x) = Users' Utility Function

e = agent's effort

z = users' observation of e

x = outcome

f(x,z) =
fee paid by the users to the agent (a function of x (outcome) and z (observation of effort))

r(x;e) = probability density of x given e

The agent's perceived utility in this situation is given by:

Expected Innovator's Utility = (((((V(f(x,z),e)q(z|x;e)dz) r(x;e)dx)

where:

V(x) = Agent's utility function

q(z|x;e) = probability density of z given x and e

Under these incentive and reward schemes, optimal action to promote the interests of the user-principals should be encouraged where an incentive fee scheme f is presented to the innovating agent and this scheme is Pareto optimal in the following sense:

1)
The expected aggregate users' utility is maximized over alternative fee schemes;

2)
For a given fee structure, the innovator's utility is maximized over alternative effort levels; and

3)
The innovator's utility is at least equal to or above the utility associated with alternative conduct.

Each of these three considerations deserves some further attention.

1.
Implications for Innovation Users
The first of these considerations suggests that, ideally, various fee structures (as implemented by contractual payments committed to by users or alternative patent rights schemes) should be considered (or tried) to determine their influence on the desirability of the agent's results and the net utility of innovation users.  Clearly, a scheme providing for higher payments upon the production of a useful device will encourage greater efforts to produce such a device and, assuming that greater efforts produce a greater probability of success or greater functionality in successful results, a better result for innovation users.  However, at some level, the increased amounts paid in increased fees do not encourage increased efforts that attain increased gains to innovation users.  At this point, movement to a higher fee level will not be in the interests of innovation users and a fee structure just short of this level will probably be desirable.

As previously discussed, where the agents in question are risk neutral, a fee structure that directly ties improvements in the interests of innovating agents to utility gains to innovation users may not produce optimal innovative efforts where the agents in question are risk averse.  The agents in this situation will tend to fail to pursue certain risky types of product innovation that exceed the limited risk preferences of the risk averse agents.  In these situations, the optimal fee scheme will be one that involves some components of both rewards for innovation-promoting efforts and further rewards for increases in benefits to innovation users.

In addition to offsetting the risk aversion of some innovating agents, a fee scheme that turns (at least in part) on efforts rather than results may be easier to implement because the relevant efforts are easier to observe and interpret than the results.  Information gathering costs may also influence choices about optimal reward criteria.  To the extent that observations are imperfect (or that improved observations are highly expensive to obtain), administering a fee scheme that accurately matches rewards to agents to the completion of particular efforts or the attainment of particular results may be correspondingly expensive.  At some point, the expense associated with greater information gathering steps will overshadow the gains achieved in increased utility to innovation users.  In these situations, less emphasis might be given in a fee scheme to whichever of efforts and results was more difficult to monitor.  For example, if the value of innovation results are difficult to measure at the time a payoff to an innovating agent is expected (perhaps because associate products are still in development or because the full range of users and beneficial impacts are still uncertain), then a fee scheme emphasizing the completion of efforts tending to produce useful results might be the only practical scheme for providing incentives to innovating agents.

2.
Implications for Innovating Agents
Similarly, once a probable fee structure is known, innovating agents will tend to jockey their efforts to maximize their own returns within the structure of available rewards.  This behavior has several consequences under the proposed model.  

First, agents will tend to focus on efforts or results exclusively if either of these are the primary means for determining the agents' potential rewards.  Where the sole criteria for determining the fee to be payed to an innovating agents is the value of results attained for innovation users, the goal of these agents will be to closely match their innovation aims and sense of progress to the attainment of beneficial results for innovation users.  The practical value of innovation results to innovation users will be key to both increased benefits to users and increased fee payments for agents.   Because user benefits and agent fees increase in parallel, net benefits to users will be the economizing focus of these agents' behavior.  However, to the extent that particular efforts (hopefully, efforts tending to promote successful innovation) are the criteria for fee rewards to agents, the agents' behavior will tend to shift towards the completion of those efforts regardless of whether the efforts will actually promote the interests of innovation users in a particular case.

Second, agents may be able to direct their attention and allocations of personal resources to combinations of project efforts and results, suggesting the desirability of a mixed rewards strategy blending rewards for efforts and results.  Innovating agents will tend to adjust the focus and the content of their efforts in accordance with the portions of the innovators' total rewards which are tied to these two factors.  A mixed strategy of efforts-based and results-based rewards may be needed to offset the risk aversion of highly skilled agents who are capable of technological innovation, but who are unwilling to bear the full risk that these efforts will fail to produce useful, valuable results.

3.
The Constant Lure of Alternative Activities
While it is the simplest of our considerations, the third component of an optimal innovation fee scheme requiring that the scheme must provide an expected net reward to an agent that is at least as large as the rewards the agent can gain through alternative activities implies an important limitation on viable fee arrangements.  Unless, in light of the above considerations, an agent considering whether to embark on a course of innovative effort can project a probable reward that is greater than the rewards available for other, less risky activities, then the agent will simply not participate in the innovative process.

This background lure of alternative incentives and rewards suggests some important features of innovating agency relationships.  First, background labor market conditions and career alternatives for potential innovators may say a lot about what sorts of innovative arrangements and projects are attractive.  Where the expected payoff of an innovative course of activity is not demonstrably greater than the pay that an engineer or other innovator might obtain in a more mundane but more certainly rewarding work on behalf of an employer, there would seem little economic reason for the engineer to pursue the innovative project over the more certain source of income.  Perhaps other factors such as perceived increases in prestige or reputation may influence a potential innovator in these situations, but even these factors may only be sufficient to overcome small gaps between in the apparent economic rewards for high risk innovative behavior relative to simultaneously available, low risk behavior that appears to have a greater expected economic reward.

Second, for members of the engineering or academic elite who are capable of producing the types of non-obvious advances that are the primary concern of patent laws, the background or "reserve" incentives that patent rights or equivalent contract rights encouraging innovation must overcome may be particularly large.  The value of the skills of these parties to corporations or other organizations will be very high, providing many attractive alternatives to these individuals in private or academic employment.  The alternatives establish the threshold compensation above which innovative incentives must rise to attract these individuals' attention, meaning that the rewards for innovation provided under patent laws or contract schemes may need to be extremely large to even attract the attention of key innovators.

By contrast, the average engineer in a particular field -- a person with widely held skills who is capable of obvious insights gained by applying analytic techniques that are used in day to day activities in the field of interest -- is probably employed only at a lower rate of compensation than his exceptionally skilled counterpart.  For such an individual with widely held skills, the reserve level of rewards that must be overcome by innovation incentives to encourage innovative risk taking and participation in innovation efforts is lower than will be the case for those few innovators with exceptional, highly compensated skills.  In short, elevated incentives -- perhaps administered through patent rights -- may need to be offered to scientists and engineers with rare, highly compensated knowledge or skills to lure these parties with "non-obvious" insights into the innovation game as agents serving potential innovation users.

B.
The Model Illustrated: A Simple Innovative Process
To illustrate some of the analytic applications of the agency model of innovation and incentives just described, this section examines a simple example of an agent working on an innovation on behalf of a particular principal.38  Assume that a particular business person A operating a widget39 sales retail store (our principal) wishes to improve the widget containers used in his retail store business.  Widgets are fragile devices which are known to become inoperative unless kept in a special container that has a carefully controlled temperature and humidity.  Being dissatisfied with the widget containers currently being sold for use in retail stores, A contracts with engineer B to produce an improved widget container suitable for use in A's store.  The criteria for a successful design is that the design must reduce spoilage levels or electrical operating costs (or both) relative to present designs of widget containers for retail stores.

For simplicity, the contract between A and B specifies that B's efforts will last for three months, at the end of which B will deliver whatever design he is able to create.  At that time, if he is successful in producing an improved design (as measured under the above criteria), B will receive a fee.  A and B initially put forward two different ideas about how this fee should be determined.  B wishes to receive a fee compensating him a flat amount for each hour he spends on engineering efforts related to the contract.  He is not sure that he can produce a design that will be successful in terms of the improvements that A is looking for, but B thinks that there is some hope of success.  However, since he foresees a substantial chance of failure, he is not willing to contribute his own time and effort to the project at the risk of losing these resources if he can not produce a successful widget storage container design.  B, in effect, wants to put the risk of project failure on A.  B points out that he has recently been employed at $50 per hour as an engineer and expects to produce at least this level of income from the present project.

A, on the other hand, hopes that the fee in the contract will provide for no payment unless B produces a successful design and then only a payment which is scaled to the cost savings achieved by the new device.  A proposes that B's fee equal the cost savings realized by A during a year of operating a widget container based on the new design.

After some negotiation, the parties agree on a fee structure that includes both an efforts-based component (that is, an hourly payment) to interest B in starting the project and a considerable further bonus to be paid after the delivery of a new design to A.  The hourly fee is due for his work if, after one month of work, B can demonstrate to A types of modifications to A's present widget container that would reduce spoilage or operating costs in this older design (efforts).  The further project completion bonus is to equal 50 percent of the cost savings realized by A over one year of use of the widget container delivered by B (results).  The bonus is to be paid, if at all, a year after B delivers a widget container reflecting a new design to A.

Under this contract, there are two relevant monitoring steps and two corresponding sets of performance signals of interest.  At the demonstration step, B can qualify for the hourly fee if he can demonstrate valuable redesign efforts as measured from a demonstration of apparently helpful modifications to A's old equipment.  B will be concerned about completing and demonstrating these efforts to qualify for the hourly component of his fee.  A will be correspondingly concerned about the clarity with which he can measure these efforts and the cost of making such efforts measurements.

Whether the rewards for hourly efforts specified under the contract are given for efforts that actually promote a successful new design of the widget container depends on two factors: first, the accuracy with which A can measure the quality of B's efforts leading to desirable modifications to A's old equipment and, second, assuming that the type of efforts specified in the contract can be measured with perfect accuracy, whether those efforts are meaningful in at least increasing the likelihood of a successful project outcome.

A second type of finding and uncertainty may surround the determination of successful project completion.  While the use of a widget container conforming to B's design for a year may provide a practical measure of the actual value of the design to A, the representativeness of this measurement (or A's honest reporting of the scope of benefit achieved) may still be in doubt.  Where this benefit is expected to be measured in an uncertain fashion, B may be correspondingly uncertain about the scope of the results-based reward he will achieve.  In the face of such uncertainty, B may cut back on his redesign efforts to a level that is below the level that would have produced optimal redesign efforts in terms of A's cost/benefit perspective.

In this setting, both the principal and agent are presumed to be profit maximizers seeking to adjust their behaviors to further their respective interests.  A (the principal) values only his residual gain from the project -- that is, his net gain from use of the new widget container taking into account his cost savings, less the flat fee paid to B and the further percentage of savings paid to B.  B (the agent) dislikes undertaking the engineering efforts needed to complete the project and the advancement of whatever other resources which are needed to complete the project.  At the same time, B values the receipt of the hourly fee and the further results-based payment and will tend to pursue conduct that will increase these payments.   

A's problem as principal is to choose B's payment schedule and the associated monitoring system for gauging B's efforts and results so as to maximize A's own expected utility subject to inducing B to act as an agent advancing A's interests.  B's problem as an agent is to supply the amount of design effort that will maximize his own expected utility given the chosen payment schedule and monitoring system.  In determining the desirability of any payment schedule-monitoring system pair, A, acting as principal, must analyze what level of innovative effort the agent (acting in the agent's best interest) is likely to be induced to supply given the pair.

C.
Extending the Model to Innovation Involving Multiple Agents and Multiple Principals
In many contexts, innovation opportunities are pursued simultaneously by multiple agents (that is, competing innovators) who are acting to serve the interests of multiple principals (that is, several users of a single innovation).  The addition of several participants to one or both of the roles in a principal and agent relationship aimed at innovation may have several consequences regarding the formation, execution, and effectiveness of these types of relationships.  This subsection explores some of these sources of complexity and strategic behavior.

1.
Implications of Promoting Innovation by Multiple Agents
Where multiple parties are involved in advancing an innovative effort, a number of features of innovating agency processes may shift.  The nature of the shifts involved will depend on whether the multiple agents act in a cooperative, independent, or strategically negative manners.  Each of these possibilities is considered here in terms of their impacts on the form of optimal fee incentive schemes for the agents involved.

a.
Independent Agents
Where a user would benefit from a particular innovation, the user may wish to promote competition between multiple agents to produce the innovation.  For example, in the context of the project involving the widget container described above, A many know of two engineers, B and C, who appear to be capable of developing a new design for an improved container.  A might wish to present each of these individuals with a development contract in which the first to submit an improved design is offered a fee, with the amount of the fee to be determined as already discussed.  However, the second party to submit an improved design would receive nothing.  

Where in a situation like this multiple agents are aware of the efforts of others, but are unable to interact to form coalitions so as to undertake cooperative actions, the innovation incentives presented to the agents may suffer.  Even if a user offers a reward to the first party to produce an innovation that is equal to the full net value of the innovation to the user, the predicted reward seen by each of several competing innovators will not be at this same level.  Each of the innovators will feel some uncertainty about the progress and success of the others, adding a source of perceived risk that the individual innovator will be beaten out by his rival and will not qualify for the reward at issue.  The addition of this uncertainty will reduce the perceived incentives seen by each innovator, which will reduce the efforts by each to a level below the level that would best serve the interests of the user seeking the innovation.  Unless a particular innovator has sufficient private information to believe that he need not worry about competition by rivalrous innovators or the innovator is unaware of the potential for rivals to trump his efforts and preclude a reward for a successful innovation, the presence of competition for innovation may reduce the incentives presented to each innovator and diminish the overall efforts of each innovator.  Such competition may also create a bias in favor of quick innovation since such action will win the "race" with rivals even though a slower course of innovation would have been a more cost-effective way to further the interests of innovation users.

Alternatively, in this situation where the risk of losing to a rival innovator is real, each innovator may refuse to embark on the innovation project unless paid a substantial fee for their efforts.  This type of payment would overcome the innovators' concerns over losing out to rivals, but would also reduce the incentives for any agent to pursue innovation tasks in proportion to the improved results which are likely to be achieved for innovation users.

b.
Cooperative Behavior
Where multiple agents can bind their efforts together and pursue an innovation project jointly, a number of benefits may follow.  If innovators are able to band together and act in a cooperative manner, many of the potential problems associated with rivalrous action are avoided.  The multiple innovators will be ensured a reward for their group success and will not have to worry about members of the group as rivals.  If the rewards for successful innovation provided to the group are scaled to the full value of their innovation to users, the group will be encouraged to exert aggregate efforts as a group that cost as much but no more than this full value.  By contrast, where rivals work in isolation, their uncertainty about whether they are going to obtain a reward (due to being beaten out by rivals) would reduce the apparent value of the rewards to each below the full value of an innovation to users, meaning that no one of the rivalrous innovators would have the full, efficient incentive to pursue innovation up to a cost equal to the value of the innovation to users.

Also, where innovating agents are capable of cooperation, they can allocate sub-tasks in pursuit of innovation to match the particular skills or expertise of the multiple innovators.  Through these sorts of work allocations, multiple innovators acting through coordinated efforts in a group may be able to capitalize on efficiencies related to their specialization and produce more efficient actions as a group than the same number of innovators could have achieved acting as generalists in isolation.

Of course, working in a cooperative fashion has its own costs.  A group of innovators working together -- perhaps in a joint venture -- will need to work out their personal allocations within the group of portions of the reward their group may receive for a successful innovation.  The group members will also need to specify other administrative details of working as a group.  These sources of administrative costs and potential strategic behavior may somewhat offset the economic advantages of coordinated group activity.

c.
Negative Strategic Behavior
Where agents do not cooperate, but are aware of their respective rivalrous activities and have opportunities to influence those activities, the multiple agents may also interact in a negative fashion so as to impede the chances of success by a rival.  This type of negative action may appear to be in the self-interest of each individual agent to the extent that the negative actions are either undetected or at least unpenalized within the principal's reward scheme and the rewards for involvement in an innovation project are strongly skewed towards the payment of only one fee for the first to innovate.

2.
Implications of Innovation Benefitting Multiple Users
The addition of multiple potential innovation users -- that is, multiple principals -- in an innovation setting may also add some complexity to the formation and execution of principal and agent relationships aimed at innovation.  For example, suppose that in the widget container context just discussed there are approximately 1000 retail stores with needs similar to those of A.  The operators of all of these additional stores might benefit from an improved widget container design.  For simplicity, assume that B is the sole innovator who seems capable of producing an improved design in an efficient manner.  Although B's efforts could produce benefits for the multiple store operators under these facts, the involvement of multiple potential users may raise problems that will cause B's incentives for innovation to be far less than the aggregate benefit supplied by his design to the full range of potential users.

One problem in this context relates to fears of free riders among potential users.  If a particular user such as A thinks that efforts he funds will work to the benefit of a rival such as another store owner D, then A will be hesitant to fund and reward innovation efforts by B.  For example, A might enter into a contract with B like the one discussed earlier in which B was entitled to a reward for successful innovation that was equal to A's net savings from using the new widget container for one year.  If B's successful design is immediately available to D who can put it into use without paying any fraction of B's fee, then D can realize a year's savings without paying out anything.  If he does not pay the same fee that A is obligated to pay, D is left that much financially stronger than A.  From A's perspective, this scenario seems like the equivalent of putting A's money in the pocket of a rival, with the potential to strengthen D versus A in subsequent competition between the two.  Rather than provide D with this advantage as a "free rider" capable of gaining benefit from B's efforts without paying for those efforts, A might forgo the innovation project altogether.  A may rightly believe that moneys he would otherwise have used to encourage B's innovation are better used to fund business activities with a greater certainty of a profitable return.

One way for A to avoid these free rider effects and to justify investing in innovation is for A to restrict use of the results of B's efforts to A.  This might be accomplished through trade secret protections if the new widget container can be used in secret such that its new design elements are not revealed to others.  This would at least lessen fears of free rider effects and ensure that if other competitors such as D want access to a similar new widget container, they will have to pay their own development costs.  However, this type of system of parallel development efforts undertaken on behalf of multiple users raises its own problems.  First, under this scenario, each user would need to identify and contract for its own innovation effort, a considerable waste in parallelly-incurred transaction costs.  Furthermore, unless they all contracted with B, the other users of the widget containers would need to obtain innovation services from someone who was less qualified or who would, at least, need to wastefully repeat many of the innovation efforts that B had already undertaken.  While the incentives provided to innovators in each of these additional innovation contracts and efforts could be tied to the benefits to each of the users involved, and could therefore be set at efficient levels within each contracting process, the unnecessary duplication of resource consumption in these sorts of parallel innovation efforts would still produce a societal loss relative to a system in which an initial innovation effort worked to the benefit of the full range of users of an innovation.

One potential solution is for the anticipated users of an innovation to band together to share the costs and incentives provided to a particular innovator to produce an advance that is then shared with the group.  While this would reduce some of the costs of parallel, duplicative development, it would also add some administrative difficulties.  The multiple users would need to find each other, successfully contract for an innovation fee sharing scheme, designate someone to administer that scheme in dealings with the innovator or innovators involved, and agree on a means to share the resulting innovation.  While agreement on such terms might be possible, at some point of user group size the complexity of the contracting process will become so costly that it will severely reduce the level of incentives to innovating agents, thereby producing suboptimal innovation incentives.

The problem becomes even worse if it is assumed that the interests of the users are somewhat diverse, such that the benefit that each will receive from a new widget container design is perceived within the group as being somewhat different.  In these circumstances, the user set would probably need to reach some agreement on a means to measure the relative degree of benefit received by the various users and to allocate their shares of the fee to be provided to the innovator accordingly.  This type of attribution process -- and the increased opportunities for disagreement and frustration of contract formation processes -- adds a substantial further dimension of uncertainty and dysfunctionality to contractual means for promoting innovation on behalf of multiple users.

IV.
The Outer Boundary of Patent Rights -- Patentable Subject Matter Under the Agency Model
A.
When Should Patent Rights and Rewards Substitute for Contract Terms as Innovation Incentives?
In light of these types of limitations of contractually-initiated processes, the proper scope of patent rights may depend on when contractually-induced innovation processes are so burdensome and poorly encouraged that patent-induced innovation will be more successful in producing the types of innovation that society desires?  Or considering the same point from a different perspective, given that contractual rights can usually be tailored and administered in a much more varied and context-specific manner, why should the law provide a second, context-independent set of innovation incentives through the promise of patent rewards?  And, as a further related point, where the conditions indicating a need for patent rights are present, what sorts of patent-influenced rewards will create the optimal fee scheme so as to encourage desirable innovative efforts by agents seeking to promote societal interests through new inventions?

The key to answering this first question regarding the need for patent rights in addition to contractually-influenced agency arrangements aimed at innovation is to think about when contracts establishing innovating agency relationships are likely to be ineffective.  There are two circumstances where this seems likely to be the case.  The first involves innovations that are likely to be of interest to a large number of potential users.  The second involves innovations that are likely to be of interest to only a few users, but which can probably be developed by only a narrow number of innovators who may be difficult to identify and contractually influence.  This section considers each of these settings where patent rights may be of particular value in adding meaningful inducements for desirable innovation.

B.
Innovations Foreseeably Capable of Producing Use By Multiple Parties
Where an innovation will be of use to multiple parties, the optimal incentives for innovation effort by an agent pursuing the innovation should reflect the aggregate projected utility increase if the innovation is used by all of its potential users.  Where this level of increased utility is translated into related incentives for new innovation development, the types of innovative steps that will seem cost effective to an agent working on a new innovation will be the steps that increase the net value of the innovation taking into account the value of the innovation to all foreseeable users, not just the lesser sent of uses and increased utility that are relevant to a particular user subset.   Hence, a desirable set of innovation incentives will set the fee for innovation available for an innovator to a level roughly equal to the aggregate increase in utility resulting from innovation.

At the same time, it will be desirable for a scheme for innovation incentives to encourage one innovator to act on behalf of all innovation users rather than having all such users contract in parallel for similar innovations.  Such a scheme of parallel contracting, even if successfully set up, would entail parallel repetitions of transaction costs to establish the necessary contracts.   These contracts would also call upon multiple innovators to pursue innovative tasks in parallel, with the result that they might undertake duplicative (or at least superfluous) efforts to solve and resolve the same practical problem of supplying an item or process to serve a single type of user need.40
Finally, a process depending on contracting by individual users or substantial groups of users in order to encourage the development of new innovations for their use might fail where the innovation at issue appears likely to be of use to numerous parties because the parties considering such contracting will fear free rider behavior by non-contracting beneficiaries of the innovation in question.  Persons considering entry into such a contracting scheme and binding themselves to pay portions of the rewards to be provided to a successful innovator would fear that free riders will be able to profit from the resulting innovation without paying a corresponding portion of the incentive fees leading to the creation of the innovation.  These fears would grow as the range of potential users for an innovation increased since the possibility of limiting access to an innovation encouraged by a particular contract would go down as the number of non-contracting parties and opportunities for unrestricted access and free rider benefits goes up.

Also, as the set of potential users becomes large, administrative costs within a group of contractually aligned users who are seeking an innovation might lead to substantial losses in efficiency or refusals of users to participate in such a contracting group.  Even if a large scale contracting scheme could be concluded calling for incentives to one or more innovators, the difficulty of policing this arrangement (for example, to encourage payment of the amounts due from each contracting party or to ensure that a contracting party did not make the resulting innovation available to a non-contracting party) would increase with the size of the user group entering into the contracting scheme.  In an extreme case, a contracting party might become a free rider by shirking his contractually-dictated duties in a way that concealed his shirking and which thereby allowed him to gain access to the innovation in question without bearing any of the associated costs of development.  

Hence, even where an innovation-promoting contracting scheme is possible, large scale user groups lead to significant problems in creating innovations through contractual means.  Rather than relying on contractual processes, a scheme such as the rewards created by the enforcement of patent rights can establish potential rewards that approach or approximate the aggregate utility that is projected from a new innovation, while avoiding the contract formation costs and free rider effects that are associated with private contracting processes aimed at encouraging innovative efforts by agents.41
C.
Innovations Serving Few Users But Capable of Production By a Narrow Set of Innovators
A second class of innovations would also seem to be poor targets for contractually-induced innovation and, hence, potential objects of patent-based incentives.  These innovations are presumed to be distinct from those just discussed in that the present innovations involve small enough numbers of probable users to allow the users to join together and contract for the development of relevant advances by one or more agents.  However, if the range of agents with the necessary expertise for developing the innovation of interest are few or are active only in a field different than that of the users, it may be difficult for the interested users to identify the relevant individuals and to conclude contracts encouraging those individuals to pursue the development of the desired innovation.  In such circumstances where search costs for relevant innovators are large, contracts for innovation -- and associated incentives for innovation by the limited group of appropriately skilled agents -- may seldom be put in place.  Neither of the sets of interested parties -- the potential users of a new advance and the parties with sufficient skill to develop this advance -- may have a sufficient stake in the outcome to invest the search costs needed to find each other, resulting in a gap in the contracting process needed to promote innovation.  This type of gap will be particularly severe at the outset of an innovative effort when the merit (or even the existence) of a successful innovation is still in doubt and, hence, its projected value may be low due to this and other sources of uncertainty.

For example, if a few makers of computer chips were having difficulty with a particular chip cleaning problem in the course of their manufacturing operations, the companies involved might have few, if any, means to determine that persons in a food canning company were working on a similar cleaning problem in the context of can filling procedures.  Even if they were aware of some parallel areas of cleaning concern and technology application in the can cleaning setting, persons in the chip cleaning field might have no way to appreciate that persons in the former field had reached insights into the cleaning process that might be of use to the chip making companies.  Hence, it is unlikely that the chip makers will initiate one or more contracts calling for the canning company to act as an agent of the chip manufacturing concern in the development of the cleaning technology in ways that are peculiarly of interest to the chip manufacturers.

Given that they have some information about the new technology at issue, it is possible that the engineers or executives in the canning company might seek out the chip manufacturers and attempt to form the relevant technology development contracts.   However, while its engineers or executives may have a rough idea that their can cleaning advances have implications outside of the immediate context of food canning, the canning company might have few incentives to seek out parties in the chip manufacturing industry or other industries with related cleaning problems.  The difficulties in finding the relevant users and in concluding innovation contracts calling for the canning company to act as an agent of the chip manufacturing concern in the development of the cleaning technology may raise sufficient transaction costs and information barriers that the relevant contracts will not seem cost effective and will never be put into place.  It is far more likely that the innovators in the canning company will retain their limited perspective on the potential value of the technology they are working on and not seek to extend or clarify the value of that technology as it may serve broader interests such as those in the chip manufacturing domain.  The full incentives for optimal development efforts by the agents in this setting are lacking because the probable value of the innovation at hand to users in both food canning and chip manufacturing industries are not reflected in the incentives presented to the canning company and its engineers.  Rather, the difficulties of user search and contract formation may cause the innovators in question to operate only under incentives that relate to the relatively certain use of the innovation in food canning rather than the more remote, poorly understood, and poorly controlled setting of chip manufacturing.

A non-contractual set of rights such as those emanating from a patent interest may reduce some of the uncertainties in this situation and give the innovators in a particular setting like food canning a constant reminder that they should be attentive to the implications of their advances in other settings.  The promise of patent rights without the need for intervening contract negotiations and formation should remind innovators to adjust their sense of cost effective innovation measures in accordance with the broader perspective of all users of an innovation.  If they gain such an interest, innovators can be fairly confident that they can seek rewards from users in various domains at a later point when the merit of the advance to users in those domains can be demonstrated through real, functional products rather than just projections of potential commercial significance of the sort which would be the sole focus of contracting at an earlier stage.

Where an innovation of potential use in a particular industry comes from outside the normal channels of development in that industry, the parties producing the innovation may have far more technological understanding of the operation and merit of the innovation than those users who will apply the innovation.   This disparity of information may cause users to fail to enter into contracts for the further development of the new technology that the users would realize were advantageous if they had the same level of knowledge as the innovators in question.  Hence, this information disparity will impede the formation of some desirable contracts for innovation.  However, under a system providing for patent interests, the presence of patent rights promises innovators that they can count on an ultimate reward that depends on the value of an innovation in whatever setting it is used in, determined at the time operative products and services are presented to users.  At this point, the users have much more relevant information on the true value of the innovation and how much should be paid to the innovator as a reward for the development of the innovation than the users will have at the outset of an innovation project when contracts for such a project would need to be concluded.  

In short, patent rights can deal in a beneficial way with the changing pattern of information disparities between an innovator and the users of her innovation.  In some instances, particularly where an innovator is not working on behalf of one of the typical users of an advance, the full merit of an innovation may be poorly understood by potential users and the latter may be unmotivated to enter into contracts for the development of the innovation.  However, once the innovation is created and translated into operative products or services, the impact on users and the benefit they will receive will be more completely understood.  

Patent rights create incentives for the pursuit of innovation and for searches into uses for a potential innovation without the need for the formation of contracts before those uses are established in the eyes of potential users.  Patent rights ensure that innovating agents are offered a promise of a reward that relates to the full ultimate value of the advance to users (at least during the term of the patent rights) but does not depend on any particular user or users appreciating the value of the potential innovation at the stage when an innovation contract would need to be concluded.  Rather, it defers the point of fee settlement -- that is, the determination of the proper amount of payment to the agent for a successful innovation -- to a point when users have much more information about the impact of the innovation and the full benefit that should be the basis for the fee to the innovator.

Thus, in addition to allocating risks of engineering success, patent rights may be a useful means for dealing with a timing problem related to innovators' and users' development of information about an advance.  Patent rights offer means for overcoming information processing barriers to the formation of contracts calling for innovation on the part of agents.  Where there are systematic information gathering and transfer barriers regarding innovation value information, potential users of an innovation may refuse to participate as principals in contracts which, in the light of better information on projected invention value, would be in the best interests of the users to pursue.  Patent rights in effect allow innovators to rely on their own superior information, not only about the engineering aspects and chances for technical success of their projected innovations, but also their conclusions about the probable value of the innovations to the full range of users who are ultimately likely to perceive benefits in the innovations.

V.
Further Patent Issues for Study from an Agency Perspective
By examining the impact of patents in terms of their effect on innovating agents, we can see that many patent law standards and policies have previously unappreciated influences and functions.  These standards and policies deserve further study to determine if agency analyses suggest desirable patent law changes.  This section identifies several issues for further study, but by no means exhausts the range of patent standards that raise significant agency problems and that deserve reassessment from an agency perspective.

A.
Timing and Content of Patent Application Disclosures
The need for and timing of pre-issuance patent disclosures can profitably be assessed in terms of the impact of such disclosures in cutting off potentially duplicative and wasteful parallel innovation efforts by multiple agents seeking to fill a single societal need and to receive a corresponding societal reward.  By modeling this type of parallel development effort as a form of competition between agents seeking a single payoff upon successfully meeting a societal need, patent application disclosures can be treated as a signal from one competitor to others that the party filing an application has reached an apparently successful technological solution.  This signal can cause other innovators pursuing similar advances to take one of several responsive actions: 1) ceasing their efforts (because the efforts would be duplicative of those already completed by the party filing the patent application), 2) redirecting their efforts to ensure that they are pursuing a substantially different engineering approach which will not compete with the already developed approach (and which may be able to qualify for a patent in addition to the advance covered by the published patent application), or 3) gaining new confidence that they are already on a second, fundamentally different track from the advance in the published patent application, thereby reducing their perceived risk because at least one potential competitor (the party revealed via the published application to have taken a different track) is now no longer seen as a viable threat for earlier and patent-blocking development of the second technology.  

All of these responses will reduce waste due to unproductive efforts and tend to improve the range of new technological development in the relevant field.  However, the researchers involved -- those receiving a signal or "technological status report" on the efforts of a competing innovator via a published patent application -- will gain the most if they receive this sort of signal as early as possible.  The earlier that it is apparent that another party has succeeded in some technological development task, the more duplicative research can be cut off and the earlier and more completely fears of superceding innovation development can be cut off.  Hence, the agency model of patent law suggests that the earliest possible public disclosure of patentable advances is desirable, not for the consumer protection reasons related to "submarine patents" that are often cited as the basis for pre-issuance publication of patent applications, but rather because the earliest possible disclosure promotes desirable channeling of innovation by agents and reassurance to those agents that their efforts are not likely to be trumped by earlier efforts of competing researchers.

The contents of a published patent application can also affect the impact of publication on the efforts of competing researchers other than the patent applicant.  Presently, required disclosures in a patent application -- and, hence, in the content of published applications -- focus on the information needed to "enable" the new technology sought to be patented.  That is, patent applications are required to pass on to other engineers and the public enough information to ensure that other parties can implement and recreate the patented invention.  This type of disclosure aids in making the technology covered by the patent claims available to the public in a practical way.  However, an enabling disclosure alone may not maximize the potential impact of a published patent in conveying valuable information to other engineers in a way that would improve subsequent innovation and ultimately benefit the public.

If the publication of a patent application is seen as a means to signal fruitless lines of inquiry to other competing innovators, a different type of disclosure in published patent applications might be desirable.  Applicants might be required to describe a more complete history of their innovation efforts leading to their reduction to practice of their claimed invention, thereby signalling to other innovators both their failures and partial successes in innovation efforts.  Such helpful disclosures about engineering progress and "dry holes" -- given to the engineering community and the public in exchange for the patent rights being sought in the patent application where the disclosures occur -- might be a highly desirable way to increase the impact of published patent applications in preventing duplicative innovation efforts and in directing subsequent innovative efforts towards as yet unexplored technological territory.

B.
Interpreting Non-Obviousness Criteria
Under Unites States patent law standards, patents will presently issue only for advances that are non-obvious innovations over pre-existing, publicly available engineering knowledge.  Non-obvious advances are characterized as those innovations that are unlikely to be made by the average engineer in the relevant field applying common design techniques and working for a modest period on the design problem at issue.  Courts have recognized that, in essence, an advance should be deemed non-obvious for patent law purposes if it would be unlikely to have been discovered through normal innovation processes commonly operating in the relevant field at the time that the patent applicant made the innovation in question.

Seen from an agency perspective, this standard for non-obviousness reserves patent rewards to those settings where normal, privately implemented contracting processes may be insufficient to encourage innovation.  In most instances, the subset of engineers capable of producing non-obvious advances in a particular field may be small.  This may be because such advances typically require either a special body of engineering information held by a limited number of persons or require the application of special skills to produce a non-obvious design.  Given the small number of parties who are qualified to produce non-obvious advances, few opportunities may exist for private contracting to promote innovation by these limited numbers of highly skilled innovators.  The scarcity of these contracting opportunities may lead to the type of contracting failure that patent rights can offset.  In short, given limited opportunities for the relevant innovation users to effectively identify and contract with the few parties capable of non-obvious innovation, the promise of patent rights ensures that these specially informed or exceptionally skilled parties have incentives to work toward publicly advantageous advances regardless of whether they have been given contractual incentives promoting such advances.

The need for patent incentives to encourage innovation efforts by these elite engineers or researchers may be particularly high in light of the alternative rewards available to these parties.  As previously noted, in order to encourage a preliminary interest of an agent in pursuing innovation on behalf of a principal, incentives provided to the agent must rise above the threshold of the rewards that are available to the agent for other activities.  The sorts of individuals capable of producing non-obvious innovations will often be highly esteemed and sought after employees, consultants, or academics who have many desirable alternatives available to them other than the pursuit of publicly beneficial innovations.  One or more contracting parties -- even if they are able to band together and offer contractual incentives for innovation by these highly skilled innovators -- may be unable to offer incentives larger than the reserve amount needed to get a highly skilled innovator interested in and started on the development of publicly beneficial advances.

Only the promise of patent rewards measured against the full increased utility of an advance to all of its users may be capable of establishing a large enough reward to promote innovative efforts by the narrow set of innovators who are capable of producing non-obvious advances given the many pressures and incentives that may draw these exceptional individuals away from pursuing such advances.  Patent incentives may be superior to contract-based incentives in this regard because patent rewards are tied to the full scope of increased utility gained by a patented invention, while contractually implemented incentives will generally only reflect the increased utility to the contracting parties.

C.
Achieving Blended Rewards for Patent-Influenced Innovation
The agency model suggests further that, given the risk averse condition of many individual innovators, a combination of rewards to innovators for innovation-promoting efforts and innovation results may be needed to achieve optimal efforts on the part of the innovators.  Patent rights may provide means to implement several types of "blended" incentives that entail combinations of rewards for innovation efforts and further rewards based upon the full utility of a given advance as measured from a substantial period of use.

In particular, if the issuance of a patent is seen by a significant group of product developers or investors as creating an asset of immediate value, a patent holder can obtain a reward for licensing or assignment of the patent soon after patent issuance.  Such a reward is, in effect, a reward for innovation efforts to this point -- both the creation of the patented invention and the perfection of patent rights in it.  

This is not, however, a reward which will typically reflect the actual results achieved by the patented invention since these results will not yet be ascertained and will only be known when the patented invention is transformed into useful products, those products are marketed, and the usefulness (and relevant purchase price) are determined by users.  A patent recipient can gain a results-based reward through a further type of royalty provision.  Such a reward can be implemented through a royalty provision in a patent licensing or assignment agreement providing a patent recipient with a second component of reward measured by the net profits realized by the party marketing or using the patented item or process.  Hence, through the combination of immediate payments to induce entry into a patent licensing or assignment scheme, coupled with further provisions in that scheme for deferred royalty payments dependent on the full net profits realized by the patented invention, a patent holder can gain the type of blended combination of efforts-based and results-based rewards which are likely to encourage efficient pursuit of patentable innovations.

While some combination of efforts-based and results-based rewards might also be promised to an innovator under contract terms not involving patent rights, the variable component of these rewards would be unlikely to be as favorable as those which result from transfers or licensing of patent rights.  The controls over product making, using, and sale which patent rights give to patent holders ensure that such holders can bargain for compensation at a value which varies with the full range of uses of an innovation not just those uses undertaken by a particular subset of parties who enter into an innovation contract with a potential innovator.  Hence, patent rights ensure that the results-oriented component of a compensation arrangement with a patent holder can be negotiated to provide for a split of the full marketing profits from a patented innovation not just the user benefits to those particular users who seek out the innovation via contract incentives.

Patent rights may also provide a means to adjust compensation to innovators through corporate employment.  If they choose to work as corporate employees, innovators typically will be obligated to assign their patent rights to their corporate employers and will receive a salary for their innovation services.  However, in conjunction with these assignments, corporations often provide employees with bonuses which turn on the ultimate revenues generated by the patented invention.  In both the amount of the flat fee compensation provided to an employee who is a probable innovator and in the degree of results-oriented bonus compensation added to the flat fee, companies who are confident that the commercial potential of a patented invention will be protected by patent rights can provide compensation levels to employee-innovators that vary with the full commercial value of the patented invention, not just the value to the corporation in connection with its own operations.  

In effect, a corporate employer can reflect the commercial interests of the ultimate user group, providing compensation to innovators that encourages innovative efforts to a level that is efficient in light of the projected utility gains to the full user set.  At the same time, by provided a blended combination of efforts-based and results-based incentive compensation, a corporate employer can provide blended compensation to an innovator that offsets the latter's risk aversion and encourages optimal efforts by the individual to pursue advances serving a broad user set.

Universities can engage in a similar blending of compensation for academic innovators producing patentable inventions.  In this setting, however, the nature of the efforts-based compensation may be somewhat different than that in a corporate setting.  In addition to providing a salary related in part to the completion of research efforts potentially leading to patentable inventions, a university may provide an academic innovator with further non-monetary compensation by supplying a stimulating intellectual environment and reputational rewards corresponding to academic positions and titles.  On top of this, a university may provide an academic with a portion of the royalties related to a patentable invention or allow flexible leaves of absence to innovators such that an academic researcher producing a patentable invention is able to become a co-owner and profit participant in a startup company that commercializes the patented invention.  In either case, the academic has a further opportunity to realize gains scaled to the full user functionality and commercial potential of the patented invention.  Hence, the university environment also involves a combination of efforts-based compensation (through salary and environmental perks) and additional compensation related to results of innovation projects.  Such a combination permits universities to match the particular risk and incentive preferences of academic innovators and to encourage efficient levels of innovation efforts by these parties aimed at producing inventions of use to broad segments of the public.

VI.
Conclusion
By examining patent rights from an agency perspective, the role of these rights in encouraging efforts on behalf of the public is appropriately made the central consideration in normative patent assessments.  Rather than being confused by often misleading and unnecessary property law analogies, patent analyses within an agency framework can directly examine the risk allocations and informational disparities surrounding innovative processes.  

Patent rights serve as alternatives to contract-based rewards in establishing incentives for innovation by agents and adjusting the risks of innovation and informational disparities between innovation producers and users.  These rights -- in combination with related institutional contracting arrangements such as employment contracts in corporate and university settings -- can create innovation incentives for potential innovators which are sometimes closer to optimal incentives than private contracting processes will allow.  The scope of our patent system should depend, at least in part, on our conclusions about where private contracting for needed innovations is likely to be ineffective and where we need further, institutionally guaranteed rewards such as patent rights and remedies as non-contractual substitutes.

Where contracting processes are particularly unlikely to succeed in producing innovations -- as, for example, with innovations by the relatively few engineers and researchers capable of efforts to produce non-obvious innovations -- patent incentives may be the only practical way to encourage innovators to take a public-oriented perspective, to pursue the technological advances that will significantly depart from prior learning, and to materially broaden the range of useful technological tools applied for public benefit.  In this role, patent rights are critical features of innovative agency processes, providing an essential and highly valuable link between private innovation incentives and public benefits from successful inventions.
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