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INTRODUCTION

The aim of this paper is to discuss the implications for the process of expectations formation assumed by Keynes and the Post Keynesians when technical change, as understood by the Evolutionary and Institutional school of thought, is taken into account. The claim made here is that the traditional division of expectations in Short and Long–Period is insufficient to deal with all features of technical change, and so, a new type of expectations (Medium-Period) is proposed. Moreover, it is claimed that the independence among different types of expectations cannot stand when Medium-Period Expectations is take into account. The discussion will be done as follow: in the next two sections brief expositions of both Keynes’s and Institutionalist’s approaches are done; in section three the implications of technical change to the process of formation of expectations are analysed and in section four some conclusions are draw. 

I. EXPECTATIONS IN KEYNES’S APPROACH

In the General Theory Keynes explains the importance of expectations in the determination of the level of employment and output. He defines two types of expectations: short- and long-period expectations (SPE and LPE respectively). The former are responsible for the determination of ‘daily’1 output. These are expectations about both the costs of production and sales proceeds. Its main feature is the fact that the stock of capital is taken as given. They define the volume of production and employment provided by firms. 

The second type of expectations (long-period) refers to the expected proceeds from the sales of a good produced with new equipment. In other words, these are investment expectations. 

There are two important distinctions between these types of expectations. The first one is the period of time related to each one. The formation of short-period expectations involves a period of time considerably shorter than long-period expectations, making easier the calculation of expected proceeds. Secondly, the amount of monetary resources involved in each decision is considerably different, being smaller in the short-period. 

Taken together, these two features - the period of time and the amount of resources involved in these decisions – suggest that the consequence of a miscalculation of the prospective yields in both types of decision will be very different. A miscalculation by the entrepreneur in terms of production expectations can be corrected within a short time, as the amount of resources involved is relatively small, and the consequences are minimal. By contrast, taking in consideration these two aspects - the period of time and the amount of monetary resources involved in an investment decision - it is easy to appreciate that a miscalculation of the prospective yields implies a significant loss for the entrepreneur. This feature of the investment decision makes the formation of long-period expectations a very important aspect of Keynes’s theory.

Another important difference between these types of expectations is related to how easily they can be revised. As Keynes noted, SPE could be modified gradually and continuously, based upon the knowledge of the outcome of production decisions (Chick 1983). In contrast, LPE embraces a much longer period of time and so, “they cannot be checked at short intervals in the light of realised results”(Keynes, C.W. VII: 51). Moreover, previous and present LPE are treated as being independent of each other. This is due the fact that the time lag between these two moments is so long that the conditions upon which previous LPE were formed bear no relation with those observed when present LPE are formed. In this sense, the fulfilment or not of previous LPE does not influence the formation of the present LPE.

The relationship between these two types of expectations has been discussed extensively in the Keynesian literature. In an insightful paper, Kregel (1976) shows that the methodology used by Keynes implies the use of three distinct models related to expectational factors. What differentiate them are the assumptions regarding the fulfilment of expectations and their interactions.

The first model, presented by Keynes in his 1937 lecture notes, assumes that long-period expectations are constant and that the short-period expectations are always and instantaneously met. Given these assumptions, the system moves automatically to the point of effective demand. What Keynes wants to stress with this model is that unemployment equilibrium can be achieved “irrespective of the process by which the system reacted to disappointed expectations” (Kregel 1976: 214; also Davidson 1978: 374-75).2  Keynes uses this model to emphasise that unemployment is not essentially a short-period disequilibrium phenomena. Kregel labeled this model as the “static model”.

The second model, which is used in the first eighteen chapters of the General Theory, assumes that SPE can be disappointed without any effect on LPE. Keynes uses this model to demonstrate the role of the principle of effective demand as the main determinant of the level of employment (Kregel 1976:215). This model is called “stationary equilibrium”. The disappointment of short-period expectations from suppliers of consumption goods does not affect their demand for capital goods. As Torr (1988:49) pointed out, this model assumes an apparently stable demand for consumption goods, although their producers have to find this out by trial and error. This model is today the most common interpretation of Keynes’s work.

The last model - the model of shifting equilibrium - assumes that the disappointment of short-period expectations can affect long-period expectations. This means that the system will be in equilibrium only if, by chance, the point of effective demand is achieved at the beginning of the process. If not, there will be a shift of the aggregate demand and supply curves, “since their underlying determinants (propensity to consume, liquidity preference, marginal efficiency of capital) will be readjusting to disappointment and this is in addition to any shift which is independent of these factors” (Kregel 1976:215). This shifting of aggregate demand and supply curves makes the economic system function as a process of chasing an ever-changing equilibrium point, and there is no guarantee that it will be caught.3
Since the focus of Keynes’ analysis was the determination of the level of employment and output, he uses two methodological devices: the static model, where short-period expectations are always fulfilled, and the de-emphasise of the shifting model. The issue we shall analyse is what happens with this framework if we assume that technical change is continuous. The question is whether or not the methodological artifices used by Keynes can be sustained when technical change is assumed to be continuous. 

II. SOME CONCEPTS OF TECHNICAL CHANGE

In Keynesian / Post Keynesian tradition, technical change is treated as exogenous to the economic system. Despite minor differences among them, Keynesian authors assume that there is always a blue-print of techniques at the disposal of investors, which are sometimes subject to financial restrictions (whether or nor the investor will have the money to ‘buy’ the technology). While this approach could be appropriate to the study of the effects of technical change on income distribution, it is doubtful if it is useful for understanding the impact of technical change on the formation of expectations. Thus, the approach that will be adopted in our analysis comes from the studies of the Evolutionary and Institutional school (hereafter EI). 

What makes this approach distinctive from the traditional Keynesian point of view is that technological knowledge is not a free good that any investor can pick up off the shelf whenever they want. There are features of the knowledge base used in every activity that make the diffusion of technological knowledge more difficult in some cases than in others. The access to the blue print does not guarantee the access to the knowledge necessary to use a technology. There is thus a clear distinction between information and knowledge.4 

The firm is viewed as a repository of knowledge that is contingent on the firm’s past history. The size and composition of this stock of knowledge differentiates firms and inhibits the free transfer of technological knowledge among them. The firm must therefore be seen as a collection of capabilities (Penrose, 1995[1959]) and these are the

effect of learning, technological opportunities and the selection process. [Moreover] at any point in time these capabilities are not only inherited from the past, [but] they are constrained by the past. …Capabilities are ‘stick’[sic] in the sense that they cannot easily, quickly and at low cost be acquired or passed on. Certainly, there is no well-oiled market in capabilities.

(Fransman 1998: 181) 5
Together with this conception of the firm, the concepts of technological paradigm (TP) and technological trajectory (TT) (Dosi 1982) are important to the understanding of the relations between technical change and expectations. These concepts shed light on special features of innovative activity, entailing a representation of technologies centred on the cognitive procedures that they involve (cf. Cimoli and Dosi 1995:244).

In summation, we are assuming a conception of firm as a repository of knowledge that is expressed through its capabilities. Firms use their capabilities to increase their market power and their profitability. 
Moreover, a fundamental aspect of this dynamic competition is the introduction of innovations, either of the products produced by the firm or in its productive processes. Thus, a firm could be seen as developing a technological trajectory as a mechanism to increase its competitive power.

III. TECHNICAL CHANGE AND EXPECTATIONS

The question now becomes whether the acceptance of this understanding of technical change implies some modification on the way Post-Keynesians address the process of formation of expectations. In other words, we are interested in investigating to what extent the concepts of short - and long-period expectations are capable of dealing with technical change. To make the argument clearer, we distinguish the impact of the introduction of product innovation from the impact of the introduction of process innovation on the formation of expectations. 

III.1. Product Innovation

To facilitate the analysis let us divide the present discussion in two parts: the study of product innovation with the same capital good and the inquire into the impact of product innovation on LPE.

III.1.1 Product innovation and medium-period expectations

Let us begin by recapitulating two important assumptions that we are working with. First, the concept of technical change assumed here denies the possibility of firms obtaining the new technology freely. It is assumed that to introduce a new product innovation a firm must develop it by itself. Secondly, we assume, for the moment, that we are not dealing with radical product innovations that signify a completely new set-up of the process of production.

The importance of product innovation to the behaviour of the firm has been study for a long time in economic literature. Scherer and Ross (1990:630) estimate that roughly for each dollar spent on internal process R&D three are spent on product innovation. The latter “is usually viewed as tapping into a market with some potential for earning profits”. This fundamental role played by product innovation imposes that it should receive its own theoretical approach. 

Elsewhere (Crocco 1999, 2000), we demonstrated that the weight of argument related to the introduction of an innovation changes at each stage of the development of a TT. The main argument can be synthesised as follows. The development of a TT can be understood through the evolution of the uncertainty related to the innovative activity of that TT. Uncertainty will be characterised by situations in which the evidential set upon which the decision-maker has to decide does not provide a reliable guidance to conduct. This unreliability is due both to the amount and quality (relevance) of the evidence and, to the provisional feature of the knowledge necessary to judge the evidential set. Under this definition of uncertainty it is possible to explain situations that are qualitatively different, that is to say, subject to different degrees of (non-numerical) uncertainty.6 Based in this definition, one can argue that as a TT evolves the degree of uncertainty related to the introduction of an innovation decreases due to an increase on the weight of argument. 7 

To have a better understand of the process, one has to keep in mind that as one moves along a TT, one’s knowledge increases for two reasons: (i) the innovator improves his understanding of the technology that he is using, and (ii) he improves his knowledge about market behaviour in relation to this previous innovation. Thus, there is a learning process, which is similar to the learning process implicit in Keynes’s theory of probability (Keynes C.W. VII, O’Donnell 1989, among others). What is changing in this process is the weight, defined as the degree of completeness of the information set. A successful move along the TT increases the relevant knowledge about both the technology and the market behaviour in relation to this specific technology and, simultaneously, decreases the relevant ignorance. As a consequence, the state of confidence in the success of the introduction of a new innovation becomes greater. 

Moreover, at each improvement of the product, the set of premises increases; and as past innovations have been successfully introduced, the new premises work to increase the probable knowledge8 about the success of a new innovation. This approach helps us to understand the different degrees of uncertainty associated with different kinds of innovation.

From the definition of uncertainty used here, it can be argued that probable knowledge can be seen as a guide in situations where uncertainty prevails, and the degree of reliability in this probable knowledge - confidence - determines the degree of uncertainty that exists in a specific situation. In the case of the development of a technological trajectory, one can see that the probable knowledge about the success of the introduction of an innovation is increasing and so the reliability of this probable knowledge as a guide to conduct increases as well. Thus, confidence is increasing and the degree of uncertainty decreasing.

However, this process entails expectations that do not fit comfortably within the dichotomy of short- and long-period expectations. The central point is that the introduction of a product innovation is a decision process located between the production decision and the traditional investment decision.9 First, the expectations involved in the introduction of a product innovation and what Keynes calls ‘short-term expectations’ (C.W. VII, Chapter 5) are different. Despite the fact that in both cases the stock of capital is given, the decision to introduce a product innovation is different from the decision about how much to produce of a specific product. The variables that should be taken into consideration in these decisions are different. In the case of a production decision, the entrepreneur is concerned with the recovery of the cost of one production period. On the other hand, in the case of a product innovation, the firm is concerned with the recovery of the money spent on the development of its new product through the revenues of many production periods. Thus, it is a decision process that implies a different process of expectation formation from the process related to a production decision.

Secondly, the introduction of a new product and the acquisition of a new capital asset will differ in relation to the period of time considered and the amount of monetary resource involved. The calculation of the prospective yields from the acquisition of a physical capital good is much more complicated due to the length of time involved. On the other hand, the number of periods of production that have to be taken into consideration is shorter in the case of a product innovation. Moreover, because of the amount of monetary resources involved, the consequences of a miscalculation of the prospective yields from a traditional investment decision will be more damaging to the firm than a miscalculation arising from the introduction of a product innovation. Thus, these two types of decision possess properties that make their respective processes of expectation formation different.

Therefore, there emerges the necessity of elaborating a new class of expectation to deal with the introduction of a product innovation. We will call this class of expectations ‘medium-period expectation’ or ‘single-product expectation’. It will be defined as the expectations concerning the quasi-rents arising from the introduction of a new product. It involves many production decisions, although it also involves a shorter perspective of time and less monetary resources than the acquisition of a capital good.

What are the main factors affecting the formation of medium-period expectations? Are these factors conventions or the realisation of the last expectation? We think that an intermediate position between short- and long-period expectations formation provides the must satisfactory grounds on which to address this issue. 

The fulfilment or not of previous expectations certainly will affect the expectations about the next product innovation.10 In this sense, there are similarities with the formation of short-period expectations. However, there are two important differences. First, short-period expectations are about the demand for a standard product. When a producer has to decide how much to produce, there is nothing that he can do to affect the demand.11 He has to guess the relatively stable demand. In this context, matching the demand means equilibrium (given the LPE). This is why Keynes said that equilibrium could be achieved through a process of trial and error. In this case, a vital element of the formation of the expectation is the degree of mismatch between previous expectations and realised outcomes. If the mismatch is positive (negative)12 the next expectation will be increased (decreased). 

Medium-period expectations, are concerned with a new product that is, at the same time, a development of the previous one. Holding everything else constant, this means that a firm can affect its own demand by launching a new product in the market. The main implication of this special feature is that there is no one-to-one relationship between the mismatch of previous expectations and the formation of the next one, as it is in the case of short-period expectations. The disappointment of previous expectations does not necessarily imply a negative revision of expectations for the new product. As the latter has some element of novelty, there is a possibility that firm’s demand will be positively affected. Of course, if the disappointment is large the expectations will have to be revised. 

The key element in this discussion is that firm’s demand cannot be considered stable when product innovation is considered. Product innovation implies that a firm cannot be seen as passive in relation to its own demand. As we saw before, the concept of competition used here means rivalry, which, in turn, implies an active behaviour by the firm in relation to the market conditions.

By the same token, in the case of medium-period expectations, the match of previous expectations and realised outcomes does not necessarily produce an equilibrium that equates the prospective yields of sequential products. As we are dealing with a new product, a successful prediction of the prospective yields of a previous product can positively affect the expectations for the next ones. What is behind this analysis is the discussion about the development of a technological trajectory and its relation to the weight of argument. The success or failure of the introduction of an innovation changes the weight of argument in relation to the introduction of the next innovation. In situations where the previous product innovation has been successfully introduced (expectations were confirmed), there is an increase in the weight of argument related to the introduction of the new one, and so, there is an increase in confidence allowing for in increase on the expectations for the next product.

One must bear in mind that the approach adopted here presupposes two leads: one external, i.e. market response and one internal, i.e. R&D inside the firm. The market lead expresses itself through the validation or not of previous single product expectations. In its own turn, the internal lead (R&D) operates through changes in firm’s capabilities. The decision to launch a new product and the expectations about it are affected by both internal and external leads. A firm has to balance the influence of both aspects when making its own MPE.

The particularity of the approach used here is that both elements are captured on the weight of argument. The disappointment of previous medium-period expectations will not negatively affect the formation of present MPE whenever the R&D generates an increase on the relevant knowledge about firm’s technological trajectory. In situations like this, the negative influence in the weight of argument due to disappointment of previous expectations13 is counterbalanced by the increase on the relevant knowledge in relation to the technology that are being used. Thus, the weight related to the introduction of the next product increases and, consequently, increases the confidence. This process explains why the expectations about the new product are not negatively revised in relation to the previous expectations despite the invalidation of the latter. Similar argument can be used to explain why the validation of previous expectations can positively affect the formation of expectations about the next product.

However, there is another element that also plays a role in this process, which is conventional behaviour. We have shown elsewhere (Crocco 1999) that the diffusion of an innovation can be explained by conventional behaviour. We can say that a convention related to a product innovation also affects the formation of medium-period expectations. Take for example a firm that produces televisions. If its competitors have introduced remote control and have been successful, there is an incentive for the firm to adopt this conventional behaviour14 and introduce its own remote control device.15 Despite the outcome of previous expectations, the convention gives rise to positive expectations about the new product. In this sense, the process of medium-period expectations formation resembles the formation of long-period expectations.

To sum up, the process of formation of medium-period expectations could be seen as a balance between the elements that are involved in the formation of short- and long-period expectations. Because they concern a new product that belongs to a specific technological trajectory, mismatches of medium-period expectations cannot be ‘solved’ by trial and error like in the case of SPE. However, the period of time elapsed since the last product decision is shorter than the time elapsed between investment decisions, in a way that demands that the compatibility between previous expectations and realised outcomes should be taken into consideration. Although mismatches play a relevant role in this process, there is not a direct relationship between these mismatches and the direction in which expectation must be revised. Moreover, because of the similarities to the investment decision, the introduction of a product innovation also will be affected by the conventions related to technical change. 

The point that will be addressed now concerns the relationship between medium and long-period expectations. The main issue here is to analyse whether it is possible to assume, as a methodological device, as Keynes did in relation to short- and long-period expectations, that these kinds of expectations are independent. To answer this question it is necessary to analyse investment decisions with continuous product innovation. 
III.1.2. Investment decision with continuous product innovation 

When deciding about an investment in physical capital, Keynes points out that a firm takes into consideration the expectations about prospective yields from the sales of its products. Allowing continuous product innovation implies that the calculation of prospective yields has to take into account not the expected sales of a unique product, but rather of several products with different technologies. The problem here is that the product innovations that will be introduced in the future are not known at the time of the investment decision. The future behaviour of the firm’s demand will also depend on the future developments of the technological trajectory of the firm’s product.

From what has been said above, one can conclude that the basis upon which the investor has to make the calculation of prospective yields becomes weaker if one assumes the prospect of continuous product innovation. From this point of view, the introduction of technological change in the investment decision reinforces the claims made by Keynes and the Post-Keynesians about the precariousness of the basis upon which investment decisions are made, as it seems to increase the uncertainty.

However, as Keynes has already pointed out, 

It would be foolish, in forming our expectations, to attach great weight to matters, which are very uncertain. It is reasonable, therefore, to be guided to a considerable degree by the facts about which we feel somewhat confident, even though they may be less decisively relevant to the issue than other facts about which our knowledge is vague and scanty. For this reason the facts of the existing situation enter, in a sense disproportionately, into the formation of our long-term expectations; our usual practices being to take the existing situation and to project it into the future, modified only to the extent that we have more or less definite reasons for expecting a change.

(Keynes C.W. VII: 148)

According to the quotation above, one has to be guided by the facts of the present situation when deciding whether to invest or not. The usual approach in this case is to introduce into the framework the conventions that are held by investors at the moment of the decision. While this cannot be denied, our previous discussion of technological trajectories suggested that another element could be introduced into this framework. 

Applying Keynes’s framework mentioned above to the problem in question, it can be seen that when an investor makes a prospect of future receipts from the sales of the products produced by the capital asset that is now being bought, he attaches great weight to the prospective yields from the product that will be produced immediately by the new equipment.

Although the firm knows little about the products that will be produced by this new capital good in a more distant future, it knows that the immediate products to be produced usually represent a stage on a technological trajectory that has been developed by the firm. Unless the first type of product to be produced by the new capital good is a completely new product (a change of the technological trajectory), there will be strong connections between the latest products produced with the old capital asset and the first products to be produced with the new capital asset. As we showed before, if the latest innovations have been introduced successfully, the confidence about the introduction of the new product innovation increases along with the weight related to this decision increases. Thus, the expectation of prospective yields from the first types of products to be produced with the new capital asset are strongly affected by the outcomes obtained by the latest types of products produced with the old equipment. 

The main point here is to show that when one tries to analyse the firm’s investment decision, one has to acknowledge that the firm has been developing a technological trajectory. This feature implies a dual impact on the formation of long-period expectations. First, technical change weakens the grounds on which the formation of expectations is based, as the agent has to try to calculate the prospective yield of different types of products, some of which are largely unknown. Secondly, because of some features of the technological knowledge possessed by the firm (tacitness, cumulativeness, etc.), the formation of expectations can be made on stronger grounds as the immediate past outcomes obtained by the firm strongly affect the formation of expectations about the immediate future, even when these expectations are about an investment in a new plant.

A similar point was made by Kaldor and Mirrlees:

… under conditions of continuing technical progress, the expectation concerning the more distant future … are regarded as far more hazardous or uncertain than the expectations for the near future, where the incidence of unforeseeable major inventions or discoveries is less significant. Hence investment projects that qualify for adoption must pass a further test – apart from the test of earning a satisfactory rate of profit – and that is the gross profit earned in the first h years of its operation must be sufficient to repay the cost of investment.

(Kaldor and Mirrlees 1962:178)

The introduction of technological change into the investment decision sheds light on one element that has not been taken into consideration either by Keynes or by the Post-Keynesians. This element is the link between the fulfilment of the product expectations (medium-period) of the latest products produced by the firm with the old capital asset16 with the expectations of prospective yields from the immediate products produced by the firm with the new capital good. In other words, the interaction between the validation or not of MPE and its impact on the formation of LPE. One can safely say that LPE becomes partially endogenised when MPE are brought into account. Moreover, even from the methodological point of view, the complete separation of these kinds of expectations cannot be made as this procedure implies the exclusion of an important element of the process of expectation formation, that is the fact that a firm is always producing a product that belongs to a technological trajectory.

The figure below can help to understand the relationship among the three kinds of expectations we are dealing with. Figure I represents the sequential decisions made by an entrepreneur during the successful development of a technological trajectory. The marks on the horizontal axis represent the three types of decision we have discussed in this paper and the V curve represents the evolution of the TT’s weight of argument. i1,1 represents the first investment decision and the fact that the new equipment will start, producing the good with technological age 1. i2,6 is the second investment decision, where the equipment will initially produce the good with technological age 6. The distance between i1,1 and I2,6 represents the lifetime of the capital asset that has been acquired after the first investment decision. 

FIGURE I

 Time Horizon for Investment, Product and Production Decisions and Evolution 

of Weight of a Successful Trajectory 
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where   i is the point at which an investment decision is made (based on long-period expectation);


p is the point at which a product decision is made (based on medium-period expectation);


q is the point at which a production decision is made (based on short-period expectation).

During the lifetime of a capital good, different products with different technologies will be produced using the same stock of capital. pj represents the decision to invest in a new product. Thus, in our example, the capital asset i1 will produce five different types of good during its lifetime. Between the introduction of two different products, many production decisions (qn) are made. For each type of decision a different type of expectations is involved. Long-period expectations are related to decisions i1,1 and i2,6. Product expectations came to deal with decisions pj, while qn represents production decisions.

In this example we are dealing with a successful technological trajectory, and thus we can see that the weight of argument related to the introduction of a new product is increasing at each product decision.17 The fulfilment of the set of productions expectations between p1 and p2, for example, is important to determine the expected yields from the introduction of p2. In the same way, the fulfilment of the production expectations between p5 and p6 will produce an increase of the weight related to the formation of the expectations related to the new capital’s prospective yields (i2,6). This could improve the long-period expectations and induce an increase in the amount of resources allocated to the acquisition of the new capital good. This is represented in the figure by an increase in the height of the mark that represents the investment decision. Moreover, in the calculation of these prospective yields, the expected yields from the production of the good with technological age six will also enter into the calculation with a higher weight than the goods with technological ages of seven, eight, nine and ten. 

Figure I, also helps us to understand the dual impact of product innovation on the formation of LPE. At point i2,6 the investor does not know for sure how many products it may produce with the new equipment. Products p7, p8 and p9 will be known only in the future. This makes the estimation of prospective yields from the use of the capital good much more difficult. On the other hand, at point i2,6, the investor knows whether the product expectation in relation to p5 has been realised or not. Based on this he can have greater confidence in the expectations about p6. This means that two types (p5 and p6 in the figure) of expectations enter into the formation of long-period expectations disproportionately. In Keynes’s words,

Accordingly it is sensible for producers to base their expectations on the assumption that the most recently realised results will continue, except in so far as there are definite reasons for expecting a change.

(Keynes C.W. VII: 51)

Although the above quotation is related to short-term expectations, the discussion of technological trajectories allows us to extend it to the relation between medium-period and long-period expectations.

Moreover, this analysis is also compatible with two out of the three techniques Keynes suggests when discussing conventions: 

(1) We assume that the present is a much more serviceable guide to the future than a candid examination of past experience would show it to have been hitherto …

(2) We assume that the existing state of opinion as expressed in prices and the character of existing output is based on a correct summing up of future prospects … (C.W. XIV: 114).

We can claim that the introduction of the technological element into the formation of expectations does not change the core of Keynes’s approach. According to O’Donnell, Keynes developed important insights concerning expectation formation, both related to the choice of the appropriate levels of abstraction and realism.

The first is that only a part of existing knowledge will commonly be used in the inductive projection, namely, knowledge of the present and recent past […] The second idea is that the reliability of induction as a guide to the economic future decays rapidly when expectations are pushed beyond the immediate horizon.

(O’Donnell 1989:252)

Another aspect that deserves attention is related to the volatility of long-period expectations. The Keynesian literature along with references to the flimsy foundations on which long-period expectations are based. However, despite the possibility of sudden instability arising from changes outside the system, Keynes himself noted that, as a norm, the economic system is not very unstable.18 According to him, to understand this feature it is necessary to suppose that the environment and the psychological propensities of the world are able to produce this stability. Among the Post-Keynesians there have been intense discussions about the institutional conditions that generate this stability (Davidson 1978: Chapter 16; Crotty 1994). Examples of these institutions are spot and forward markets; money and forward contracts; institutions and practices that regulate competition; the institutionalisation of decision making19; and government regulation of the macroeconomy. These institutions can help to reduce uncertainty by delimiting - however imperfectly - likely future outcomes. 

In the light of our previous discussion, it can be strongly argued that technological trajectories and technological paradigms can be added to this list. 

Both the technological and institutional knowledge of how and what people learn, what are their beliefs and how they change [features that are strongly shaped by the technological paradigm] … are factors of behavioural order which contribute to explain coordination and consistency in uncertain, complex and changing environments.

(Dosi and Orsenigo 1988:19)    

Moreover, if we take into account the concept of techno-economic paradigm (Perez, 1985) in which there is a “change in the basic approach and ‘common-sense’ of designers, engineers and managers which is so pervasive that it affects almost all industries and sectors of the economy” (Freeman 1994: 487), the propensity towards stability in the system is strongly reinforced.

The concepts of technological trajectory and technological paradigm are important elements in the formation and in the linking of medium- and long-period expectations. They also reinforce the bounds in which the formation of expectations takes place. This mechanism strongly contributes to overcoming the volatile conditions under which long-period expectations are formed.

The situation that has been discussed above represents a case of a successful development of a technological trajectory. However, this could not be the case. The next two figures below (II and III) represent the development of a technological trajectory with a failure occurring with the product with technological age five. One can see, in this example, that the market failure implies a decrease in the weight related to the next product. However, the reaction to this failure will vary according to the comparison between the decrease on the weight of the existent trajectory and the weight of the alternative trajectory. In Figure II, the lack of success does not imply a change of trajectory. This is represented by the continuity of the V curve. The decrease in the weight affects the investment decision i2,6 by reducing the amount of resources allocated to this decision.

FIGURE II 

Time Horizon for Investment, Product and Production and Evolution

of Weight of a Trajectory with Failure 
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Figure III, in turn, shows a situation in which failure results in a decrease of the weight of argument of the present trajectory of the firm. The question to be answer is about whether to continue or not in the same trajectory. The principle of maximum weight (O’Donnell 1989: 74-5) gives the solution to this question. This principle claims that when deciding about what course of action to undertake, it is rational to choose that which has the greatest weight of argument. According to O’Donnell, this applies to cases where the

[S]ame conclusion a to which increasing amounts of evidence h1,h2,…, hn are relevant, each successive evidence set exceeding but including the previous set. A typical example would be accumulation of evidence over time in research investigating a particular hypothesis.

(O’Donnell 1991b: 76-7)

FIGURE III

Time Horizon for Investment, Product and Production Decisions and Evolution

of Weight with a change of Trajectory
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where   V1 is the weight related to the first technological trajectory (which fails at p5); 

V2 is the weight related to the second technological trajectory; 

p j is the product decision inside the second technological trajectory and;

It,j is the investment decision related to the second technological trajectory.

One can see that the example suggested by O’Donnell in the previous quotation is exactly the case we are discussing. The effect on the weight due to the disappointment of the product expectations about p5 is so great that the weight in relation to the expectations about the next product (p6) becomes lower than the weight related to a new product in a completely different trajectory (P1). The available alternative technological trajectory, defined by the capabilities of the firm, is represented by curve V2. At its beginning it has a bigger weight than the weight related to the development of the technological trajectory. The changing trajectory will be more rational to the investor as it possesses a greater weight. So, the innovator will launch the innovation (P1), and will develop the technological trajectory represented by V2. 

A last scenario should be discussed. That is, what happens with the formation of expectations when the product innovation is a breakthrough, i.e. a radical innovation? One can argue that in this case a completely new capital good is required. The reason for that relies on the enormous differences between the technical requirements for the production of the old product and the technical specifications for the production of the new product. Usually, this situation implies a change on the technological trajectory of the firm.

In this case, the introduction of a radical product innovation resembles the traditional investment decision. As the new TT of the firm is at its initial stages, the partial endogeneity that operates on the formation of MPE and LPE is decisively weakened. Thus, conventional behaviour and animal spirits will be the most important element on the formation of expectations.

III.2. Process Innovation and Expectations 

This discussion can be framed as follows: What is the impact of a process innovation on the formation of short- and long-period expectations? To clarify the matter the analysis should separate the two kinds of expectations, in turn.

Starting with short-period expectations, it is necessary to remember that process innovations can only be brought into the productive process by adding a new capital good to the firms’ stock of capital, which is a decision-process related to long-period expectations. This implies that there will be no significant impact on the formation of short-period expectations. The latter take the stock of capital as given. Therefore, with respect to process innovations, there is no need to modify Keynes’s analysis.

However, for the case of LPE the analysis is different. To illustrate, we will assume a situation in which all process innovations are produced outside the firm. In other words, we are assuming an economy with two sectors: capital and consumer goods sectors. 

The first aspect to be noted is that the equipment that embodies the process innovation generated in the capital good sector is a product innovation from the point of view of this sector. In other words, in relation to process innovation there are two dimensions that work simultaneously. One is related to its impact on the formation of LPE from the point of view of the ‘consumers’ of the process innovation. The another one is related to the ‘producers’ of the process innovation and is related to the development of the capital equipment technological trajectory. As we shall see, both processes present some degree of interdependence. To elucidate the discussion let us analyse these two processes separately.

III.2.1. Process innovation and ‘consumers’ of capital goods 

The first aspect that should be analysed refers to what Rosenberg (1982) has called technological expectations. In other words, the impact on the formation of LPE when there are expectations of future improvements on the process of production. First, let us discuss the acquisition of a capital good related to an increase on the productive capacity. In this case, positive technological expectations will decrease the marginal efficiency of capital (mec) of the new capital asset. This situation was described by Keynes when he wrote that,

The output from equipment produced to-day will have to compete, in the course of its life, with the output from equipment produced subsequently, …, perhaps by an improved technique, which is content with a lower price for its output and will be increased in quantity until the price of its output has fallen to lower price with which it is content. … In so far as such developments are foreseen as probable, or even as possible, the marginal efficiency of capital produced to-day is appropriately diminished.

(Keynes C.W. VII: 141)

However, this adverse impact on investment expectations will depend on how developed the capital asset’s technological trajectory is. When the new capital asset represents a major innovation, meaning that the exploration of its technological trajectory is in its early stages, one could argue that it is more appropriate for an investor to delay his investment. As Rosenberg points out, 

…there may be situations where large-scale improvements are confidently expected after the introduction of some major innovation. In such cases these expectations may lead to a surprising result of making rational a delay in the widespread diffusion of the innovation.

(Rosenberg 1982:106)

From a Keynesian point of view, what this means is that the relevant knowledge about the technology is low and the relevant ignorance high, which implies a low weight related to the investment decision. Thus, the degree of uncertainty related to this decision is high and there is a negative impact on expectations as the relevant knowledge pertaining to this decision is not reliable. Thus, in this situation the expected rate of technical change can work to decrease the volume of investment. 

However, this argument loses relevance when the process innovation represents a later development of its TT. Despite the fact that the product that will be produced with the capital asset that is now being bought has to compete in the future with products produced with better technology - if continuous technical change is assumed - the impact of this on the cost of production will vary depending on the stage of development of the technological trajectory of the capital asset. It can be assumed that in the early stages of this development, the increase in the productivity due to a new innovation is larger than that of innovations at a later stage of the development of a TT. Thus, if an innovation is late in the development of a TT, the impact of expected improvements in the technology on expectations is weak, and consequently, the negative impact on the amount of investment is small. 

Another effect on the formation of LPE due to the assumption of continuous technical change is related to the calculations of expected quasi-rents. The latter is calculated as the prospective yields minus the prime costs, which are composed by the factor cost plus user cost. However, the value of the user cost is influenced by the optimum level of maintenance of the equipment. This level of maintenance, in turn, depends on both the expected behaviour of demand and the expectations about technological change, which will affect the expectations about the lifetime horizon of the capital good now being bought. Thus, expectations about improvements on the capital good will imply a reduction on the user cost as the life expectation of the equipment will be reduced.20 As a consequence, the expected quasi-rent will increase. As might be expected, the marginal efficiency of capital, also, augments. 

The last point to be mentioned in relation to the ‘consumers’ of capital goods is associated with the decision to invest aiming at increasing the productivity, without adding new productive capacity (i.e. stable demand). In this case, the decision to introduce a process innovation is driven by developments that occur on the technological trajectory of the capital good. These developments reduce the cost of production and, so, create the possibility of the firm increasing either its market share (if this reduction is translated into prices cut) or its rate of profits, or both. The point here is to acknowledge that even in situations where there is a stationary demand for firm’s product, there will be an incentive to invest, at least to protect firm’s market share. One can see that this feature has some implications for the effective demand. Due the lack of space these implications will not be explored here.21
III.2.2. Process innovation and ‘producers’ of capital good
It remains to be discussed the implications of the assumption of continuous process innovations from the point of view of the ‘producers’ of capital goods. The whole discussion that has been made about product innovation applies to this case. As said before, a capital good is a product that has its own technological trajectory and its own weight of argument. However, there is an important element that creates a particularity on the development of the TT of a capital asset that is not present on the TT of a final consumer good.

There are studies (Rosenberg 1976, Fransman 1986) that show that the efficiency of the capital good sector is dependent upon the level of demand for capital goods. This argument refers to Smith’s division of labour and its impacts on productivity. According to Adam Smith the division of labour is limited by the extension of the market. The bigger the market, the greater the specialisation of capital goods sector and the greater its technological development. According to Rosenberg,

The economies of specialization referred to derive not from the production but from the concentration upon a relatively narrow (heterogeneous) product range that in turn requires a relatively homogeneous collection of resources in their production. … This highly developed facility in the designing and production of specialized machinery is, perhaps, the most important single characteristics of a well-organized capital good industry and constitutes an external economy of enormous importance to other sectors of the economy.

(Rosenberg 1976:144)

Taking into account the concepts that have been used in this paper, one can say that the development of the technological trajectory of a capital good sector is heavily affected by its own degree of specialisation, which is, in its turn, dependent on the size of its demand.

Moreover, the development of the productive process of the capital good sector has itself an important impact on the whole economy. Regardless being of labour-saving or capital-saving nature, any cost reduction in this sector is capital-saving for the whole economy. 

Rosenberg synthesises this point as follows,

Currently developed economies, then, have gone through the following historical sequence: with the growth in the demand for machinery the capital goods industry became gradually more and more highly specialized and subdivided in order to undertake the production of machines, the cost of producing was thereby sharply reduced, and as a result capital-saving for the economy as a whole was achieved.

(Rosenberg 1976:147)

IV. CONCLUSIONS

It has been shown that Keynes in his writings uses a methodology that allows him to analyse the interactions between short and long-term expectations in three different ways, depending on what he wants to explain. In two of these models (the stationary and the static) there is no interdependency between disappointment of short-period expectations and the formation of long-period expectations. In the third (shifting equilibrium model) these types of expectations are interdependent. 

However, the main feature of these three models is that technology is taken as given. The claim made here is that this latter assumption is determinant to the behaviour of the expectations. If the concepts of technological paradigm and technological trajectory are assumed not only a new kind of expectations must be brought into the picture (medium-period expectations) but also the methodological device used by Keynes, of assuming the independence of different types of expectations cannot be used. The formation of long-period expectations must take into account whether or not the previous medium-period expectations were fulfilled. This does not mean that uncertainty about the future disappears, but rather that the formation of long-period expectation has one component that is partially endogenous. 

Moreover, the assumption of continuous process innovation sheds lights on two processes. From the ‘consumers’ point of view, the existence of a TT on the capital good sector is an inductor to investment, affecting the formation of LPE due to their impact on the user cost. However, from the ‘producers’ point of view, the level of demand is an important element on the development of the equipment’s TT as it opens the possibility of specialisation. It is a cumulative process where the TT stimulates investment decisions in the consumer sector, and the demand of capital good facilitates the technological progress.
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1 Keynes uses the expression ‘daily’ to refer to “the shortest interval after which the firm is free to revise its decision as to how much employment to offer” (C.W. VII:47 n1).


2 In Keynes’s words: “For the theory of effective demand is substantially the same if we assume that short-period expectations are always fulfilled” (C.W. XIV, p. 181).


3 For a further discussion about the model of shifting equilibrium see Davidson (1978) and Setterfield (1999). For a comparison of the classical view of instability and the Post-Keynesian approach see Deprez and Dalendina (1994).


4 As Fransman writes,


While processed information may be an important input into the knowledge-creation process, the creation of knowledge involves more than processing of information. … Knowledge is always in a process of becoming, extending beyond itself. The firm’s knowledge, therefore (that is the knowledge of its decision-makers including the knowledge of those who create the firm’s knowledge) must be conceived as being open-ended.


(Fransman 1998:151)


5 It should also be notes that in a monetary economy the main objective of every capitalist activity is ‘to make money’. The approach of the firm as a repository of knowledge must be viewed as the use of this knowledge ‘to make money’. 


6 For a discussion about true uncertainty as a concept capable of being ranked see Runde (1990, 1991), Dow (1995), Dequech (1997) and Crocco (1998, 1999). The definition adopted here is similar, not identical, to Dequech (1997).  He advocates a notion of uncertainty “in which knowledge, due to the paucity of evidence, is incomplete to an extent that makes it not completely reliable as a guide to conduct” (Dequech 1997: 21).  My disagreement with this definition is that the use of “the paucity of evidence” as the origin of uncertainty captures only one dimension of the evidential set: its size. However, there is another dimension that it is important to take into account, that is its ‘quality’ or  “relevance”.


7 Weight of argument is defined here as the degree of completeness of the information set upon which the decision is made.  It can be measured as the ratio between relevant knowledge and total relevance - knowledge plus ignorance – (Runde 1990, Crocco 1998, 1999). Weight can be seen as a measure of the confidence of  the agent.


8 For a discussion about probable knowledge see Runde (1990, 1991) Dow (1995) and Crocco (1998, 1999).


9 The term ‘traditional investment’ will be used here as to identify the Post-Keynesian theory of investment without technical change.


10 Remember that we are assuming that each firm has a place along a specific technological trajectory.


11 For simplicity we are excluding marketing efforts from the analysis.


12 By positive (negative) mismatch we mean that the realised outcome is greater (shorter) than previous expectations.


13 The disappointment implies an increase on the relevant ignorance relative to market conditions. 


14 As pointed out by Littleboy (1992:33) “imitation and faith in the views of the others can spontaneously give raise to conventions”


15 Supposing that the firm has the technological capacity to develop its own remote control.


16 Whether or not the expectation has been fulfilled determines the success or not of the technological trajectory that has been developed by the firm.


17 Notice that the weight curve intercepts the vertical axis above its minimal point. This is because a new product is only launched into the market after some fundamental research has been made. This research creates a little amount of weight.


18 In Keynes’s words:


… it is an outstanding characteristic of the economic system in which we live that, whilst it is subject to severe fluctuations in respect of output and employment, it is not violently unstable.


(Keynes C.W. VII:249)


19 Examples include rules of thumb, routinized behaviour, heuristics fixed by law, formal policy, etc.  


20 For a discussion about user cost see Chick (1983: Chapter 3); Torr (1992, 1997).  


21 For a discussion about the relations between  the approach to expectation’s formation used here and effective demand see Crocco (1999). 
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