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Abstract 

Endogenously chosen economically relevant learning is associated with market failure, 

whether the learnt information is dispersed to everyone or not. Such learning generally 

causes either asymmetric information, or external effects, or both. If the new information is 

not shared, asymmetric information obviously arises. If, on the other hand, welfare relevant 

learning is shared with everyone, through markets or otherwise, choosing to learn represents 

a voluntary contribution to a public good – knowledge – causing externalities. Thus, if 

endogenously chosen learning of economically relevant information is feasible, market failure 

generally prevails and the First Fundamental Theorem of Welfare Economics does not hold.  
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1. Introduction 

The First Welfare Theorem occupies a central position in economic analysis and teaching, 

establishing that under certain conditions, the market equilibrium is Pareto efficient (Arrow 

1951; Debreu 1959). In the present note, I point out a straightforward but apparently often 

overlooked implication of the standard conditions for this Theorem: the joint requirements of 

symmetric information and absence of externalities imply that endogenously chosen learning 

of economically relevant information is precluded.  

The main intuition is straightforward. If learning spillovers are imperfect, i.e., one consumer’s 

learning is not fully dispersed to everyone else, learning obviously causes asymmetric 

information. Perhaps more surprisingly, market failure follows even if the learnt information is 

perfectly shared with everyone. With symmetric information and complete learning spillovers, 

knowledge is essentially a public good; choosing to learn then represents a voluntary public 

good contribution, involving a free-rider problem with its associated externalities.  

If information is fully dispersed through markets, one may question whether this can be said to 

cause externalities. In this respect, however, there is an essential difference between exogenous 

and endogenous (chosen) learning. I argue below that whenever learning spillovers are 

complete and learning is endogenously chosen, the following holds, regardless of the means 

through which information is shared: either, the new information is economically irrelevant, 

affecting no real variables (as in Tirole 1982 and Milgrom and Stokey 1982), or there is an 

associated free-rider problem, adversely affecting individuals’ incentives to learn.  

Grossman and Stiglitz (1976, 1980) point out that informationally efficient markets may be 

impossible: “[B]ecause information is costly, prices cannot perfectly reflect the information 

which is available, since if it did, those who spent resources to obtain it would receive no 

compensation” (Grossman and Stiglitz 1980, p. 405). On a similar note, the literature on patents 

provides extensive discussions of the complex tradeoffs between learning incentives and 

learning spillovers (see Hall and Harhoff 2012 for a survey). My argument, although simpler, 

is related to each.  

It is well known that the conditions for the First Welfare Theorem are highly demanding, 

making the Theorem more useful as a theoretical benchmark than as any sort of empirical 

prediction. Nevertheless, the Theorem is sometimes presented as if it were still widely 
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applicable in practice.2 The present analysis may serve as a reminder of the rather extreme 

restrictiveness of the range of economies for which the First Welfare Theorem holds: not only 

do the underlying assumptions preclude, for example, pollution, monopolies and social 

interaction between consumers; as shown below, choosing to learn economically relevant 

information is precluded too.  

Even in economies with substantial market failure, Pareto efficiency may of course arise in 

special cases.3 Hence, my claim is not that the market equilibrium of an economy with 

endogenous learning can never be Pareto efficient. However, the First Welfare Theorem does 

not merely say that a Pareto optimal market equilibrium is possible – it is guaranteed. Below, I 

show that if learning is endogenous and economically relevant, market failure generally 

prevails.  

Incorporating endogenous learning in a general equilibrium framework may require several 

deviations from the standard Arrow-Debreu framework. The latter does not in itself invalidate 

The First Welfare Theorem. For example, even if markets are not initially complete, the First 

Welfare Theorem can under certain conditions be reproduced in a model of sequential trade 

(Radner 1982; see also Mas-Colell et al. 1994, p. 694-699). Nevertheless, a full-blown general 

equilibrium analysis allowing endogenous learning may easily become very complex, requiring 

a substantial number of assumptions and judgements not central to the current argument. For 

example, can learning be forgotten? If not, is learning a fixed cost, potentially causing non-

convexities? Can learning be purchased and resold; if so, would the seller forget the sold 

information?  

 Rather than addressing these and similar concerns, I simply focus on two market failures – 

asymmetric information and externalities – ignoring many other aspects which would need to 

be addressed in a complete general equilibrium analysis. My presumption is that if at least one 

of these two market failures is present, the Pareto efficiency of the market equilibrium cannot 

be guaranteed, and the First Welfare Theorem will not hold – regardless of whether additional 

market failures are present or not. I show that if endogenously chosen learning is feasible, then 

                                                 
2 See, for example, the public finance textbook by Rosen and Gayer (2014, p. 41): “In a way, the First Welfare 

Theorem merely formalizes an insight that has long been recognized: When it comes to providing goods and 

services, free-enterprise systems are amazingly productive.” See also, e.g., Stiglitz and Rosengard (2015, p.66-

67). 
3 For example, the production level of a polluting monopolist may well be Pareto efficient if the producer’s 

market power reduces production just enough to account for the negative pollution externality. 
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there is generally either asymmetric information, or externalities, or both, except when 

conditions are such that the learning is economically irrelevant. 

Before turning to the formal analysis, let me share the origin of my own interest in this issue. 

In addition to being an economics professor, I am also a fiction writer, and one of my books 

(Nyborg 2016) includes a science fiction story about a couple travelling to a place completely 

free of market failure.4 To my surprise, writing this story was exceedingly difficult. Whenever 

a character’s choices made them observe some previously unacknowledged detail or the 

outcome of a random event, I was unable to prevent market failures from arising: either, 

information was no longer symmetric, or else the observation, by being broadcast to the entire 

economy, caused all sorts of repercussions, i.e., external effects. The current paper is my 

formalization of what I came to realize: an economy cannot be completely free of market failure 

if people can choose to learn.  

Below, I start by outlining the formal framework, before providing my definitions of knowledge 

and learning. I then show, using a stylized version of the model, how introducing the feasibility 

of endogenous learning generically causes market failure. I then demonstrate the more general 

result that if endogenous learning of economically relevant information is feasible, there is 

generally either asymmetric information, external effects, or both, implying that the conditions 

for the First Welfare Theorem do not hold. Finally, before concluding, I discuss several 

interpretative issues – including why even information dispersion through markets must be said 

to cause externalities; why the Coase theorem does not solve the externality problem arising in 

the complete spillovers case; and the relationship of the current analysis to the non-trade results 

in the speculation market models of Tirole (1982) and Milgrom and Stokey (1982).   

 

2. The basic framework 

The framework presented below builds on Mas-Colell et al. (1995, Ch. 16&19). Consider an 

economy with 𝐼 > 0 consumers, 𝐽 > 0 firms, and 𝐿 > 0 commodities, while 𝑆 > 1 is the set of 

states of the world.5 Each consumer 𝑖 = 1, . . . , 𝐼 is characterized by a consumption set 𝑋𝑖 ⊂ ℝ𝐿𝑆 

and a complete and transitive preference ≿𝑖 defined on 𝑋𝑖. Each firm 𝑗 = 1, . . . , 𝐽 is 

                                                 
4 While the published book is in Norwegian, a translation to English is available here (“Adam in the Perfectly 

Competitive Market”): http://www.karinenyborg.com/english/.  
5 For convenience, I follow Mas-Colell et al. (1995, p. 688): “For simplicity we take 𝑆 to be a finite set with 

(abusing notation slightly) 𝑆 elements.” 

http://www.karinenyborg.com/english/
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characterized by a nonempty and closed production technology 𝑌𝑗 ⊂ ℝ𝐿𝑆. Initial resources are 

given by �̅� = (�̅�1, … , �̅�𝐿) ∈ ℝ𝐿𝑆. Each consumer has an initial endowment vector 𝜔𝑖 ∈ ℝ𝐿𝑆, 

and gets a share 𝜃𝑖𝑗 ∈ [0,1] of each firm 𝑗’s profits. Contingent markets open before the state 

𝑠 ∈ 𝑆 is realized.  

An allocation (𝑥, 𝑦) = (𝑥1, … , 𝑥𝐼 , 𝑦1, … , 𝑦𝐽) is a consumption vector 𝑥𝑖 ∈ 𝑋𝑖 for each consumer 

𝑖 and a production vector 𝑦𝑗 ∈ 𝑌𝑗 for each firm 𝑗. Firms maximize profits, given prices and 

production technologies; consumers choose their maximally preferred bundles of (contingent) 

commodities given prices, budget sets and preferences.  

This economy is perfectly competitive if i) there is universal price quoting of commodities 

(market completeness), i.e., all 𝐿𝑆 contingent commodities can be traded at the market price; 

and ii) all agents are price takers; and iii) information is symmetric: for every 𝑖, 𝑚 = 1, … , 𝐼, 

any two states 𝑠, 𝑠‘ ∈ 𝑆 are distinguishable by one consumer 𝑖 if and only if these states are 

distinguishable by every other consumer 𝑚; and iv) there are no externalities. 

Requirement iv) requires some further clarification. Mas-Colell et al. (1995, p. 352) specify 

externalities as being present if the well-being of a consumer or the production possibilities of 

a firm are directly affected by the actions of another agent in the economy. This definition is 

somewhat unsatisfactory for the present purpose: first, it may not be entirely clear how to 

interpret the word “well-being”, since the description of preferences above is purely ordinal; 

second, as I will return to, the exact interpretation of the word “directly” matters. Below, I will 

take externalities to be present if, for some consumer 𝑖, the consumption set 𝑋𝑖, initial 

endowments 𝜔𝑖, preferences ≿𝑖, and/or profit shares 𝜃𝑖𝑗 are affected by an action taken by 

another consumer 𝑚 ≠ 𝑖, or by a firm 𝑗 such that 𝜃𝑖𝑗 ≠ 1; externalities are also taken to be 

present if, for some firm 𝑗, the production technology 𝑌𝑗 is affected by an action taken by another 

firm 𝑘 ≠ 𝑗, or by a consumer 𝑖 for whom 𝜃𝑖𝑗 ≠ 1.  

The market equilibrium of a perfectly competitive economy (an Arrow-Debreu equilibrium, 

Arrow and Debreu 1954) is an allocation (𝑥∗, 𝑦∗) and a system of prices 𝑝 = (𝑝1𝑆, . . . , 𝑝𝐿𝑆) ∈

ℝ𝐿𝑆 such that (a) for every 𝑗, 𝑦∗ maximizes profits, i.e., 𝑝𝑦 ≤ 𝑝𝑦∗ for all 𝑦𝑗 ∈ 𝑌𝑗, and (b) for 

every 𝑖, 𝑥∗ is the maximal of ≿𝑖 in the budget set {𝑥 ∈ 𝑋: 𝑝𝑥 ≥ 𝑝𝜔𝑖 + ∑ 𝜃𝑖𝑗𝑗 𝑝𝑦∗}, and c) 

∑ 𝑥𝑖
∗

𝑖 = �̅� + ∑ 𝑦𝑗𝑗 .6  

                                                 
6 Mas-Colell et al. 1995, pp. 547-548 and 692. 
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The first fundamental theorem of welfare economics can now be specified as follows: If 

preferences are locally non-satiated, the market equilibrium of a perfectly competitive economy 

is Pareto optimal.7  

The requirement of local non-satiation may be described as ‘mild’ (Hammond 1998). That is 

much less so for the requirements i) – iv) listed above. As already mentioned, I will focus on 

requirements iii) and iv).   

The above framework involves the implicit assumption that learning – observing a change of 

state – can take place, but that if so, this is not an individual choice. One interpretation of the 

statement “contingent markets open before the state is realized” is that realization of the state 

is a random event – the weather is cold, a house catches fire, there is a business cycle downturn 

– which, once realized, is observable to everyone (if observable to anyone) by requirement iii), 

symmetric information. Another interpretation is that the state has occurred but is unobservable 

at the initial point of trade – one cannot tell whether the car is a lemon, whether the eggs are 

fresh, whether antibiotics are required to cure the disease, or whether the First Welfare Theorem 

is consistent with endogenous learning – but again, once the true state is observable by some, 

it is observable by everyone. With each interpretation, the implicit assumption within the 

Arrow-Debreu framework is that revelation of the state is made exogenously by nature, 

identically and simultaneously for all.  

 

3. Knowledge and learning  

For simplicity, I assume that only consumers, not firms as such, can have knowledge (although 

the knowledge of consumers may serve as input in firms’ production technologies).  

Let consumer 𝑖’s knowledge 𝐾𝑖 be defined as the set of pairs of states 𝑠, 𝑠‘ ∈ 𝑆 such that 𝑠 and 

𝑠‘ are distinguishable by 𝑖. More precisely, let Π𝑖 be a partition of 𝑆 into pairwise disjoint 

information sets 𝐸𝑖 ⊂ 𝑆, such that any two states 𝑠, 𝑠‘ ∈ 𝑆 are indistinguishable by 𝑖 if and only 

if there exists 𝐸𝑖 ∈ Π𝑖 such that 𝑠, 𝑠‘ ∈ 𝐸𝑖 (Hammond 2005). 𝐾𝑖 is then the set of pairs of states 

𝑠, 𝑠‘ ∈ 𝑆 such that there does not exist 𝐸𝑖 ∈ Π𝑖 for which 𝑠, 𝑠‘ ∈ 𝐸𝑖 .8  

                                                 
7 See Mas-Colell et al. 1995, p. 549. 
8 This definition of knowledge allows me to treat learning simply as an expansion of knowledge; alternatively, 

definitions could be based on 𝜎-algebras. 
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Let 𝐾𝑖
0 be consumer 𝑖’s exogenously fixed initial knowledge, and let initial knowledge be 

symmetric (otherwise there is obviously market failure at the outset): 𝐾𝑖
0 = 𝐾𝑚

0 = 𝐾0 for all 

𝑖, 𝑚 = 1, … , 𝐼.  

Assume now that for every two potentially distinguishable states 𝑠’ and 𝑠’’ (𝑠’, 𝑠’’ ∈ 𝑆 and 𝑠’ ≠

𝑠’’), there exists a signal 𝜑𝑠′, 𝑠′′
 such that a consumer observing the signal can distinguish 

between 𝑠’ and 𝑠’’. If consumer 𝑖 is initially unable to distinguish 𝑠’ and 𝑠’’ and observes the 

signal 𝜑𝑠′, 𝑠′′
, 𝐾𝑖 is expanded.9  

In what follows, it will be convenient to distinguish between active and passive learning. Let 

passive learning mean that the learning is exogenous from 𝑖’s point of view: for a consumer 𝑖 

who is initially unable to distinguish 𝑠’ from 𝑠’’, 𝑖’s observation of the signal 𝜑𝑠′, 𝑠′′
 is imposed 

exogenously by nature or as a consequence of another agent’s choices. Let Λ𝑖 denote the set of 

pairs of states that 𝑖 is able to distinguish as a result of 𝑖’s passive learning (in addition to the 

pairs of states already included in 𝐾0). Let active learning mean that, for a consumer 𝑖 who is 

initially unable to distinguish 𝑠’ from 𝑠’’, 𝑖’s observation of the signal 𝜑𝑠′, 𝑠′′
 is chosen by 𝑖. Let 

Φ𝑖 denote the additional set of pairs of states that 𝑖 is able to distinguish as a result of 𝑖’s active 

learning.10 Thus, Φ𝑖 is a choice variable, while Λ𝑖 is not. After learning, consumer 𝑖’s 

knowledge is given by 𝐾𝑖 = 𝐾0 ∪ Λ𝑖 ∪ Φ𝑖.  

Symmetric information is preserved if any signal observed by consumer 𝑖 is also observed by 

every other consumer 𝑚, that is, Λ𝑖 ∪ Φ𝑖  = Λ𝑚 ∪ Φ𝑚 for all 𝑖, 𝑚 = 1, … , 𝐼, such that 𝐾𝑖 =

𝐾0 ∪ Λ𝑖 ∪ Φ𝑖  = 𝐾0 ∪ Λ𝑚 ∪ Φ𝑚  = 𝐾𝑚 for all 𝑖, 𝑚 = 1, … , 𝐼. A special case of this is that 

there is never any learning, i.e.,  Λ𝑖 = Φ𝑖 = ∅ for every  𝑖 = 1, . . . , 𝐼, in which case the 

observable world is deterministic.  

Let no spillovers mean that learning by one consumer (whether active or passive) does not cause 

passive learning by others: for all 𝑖, 𝑚 = 1, … , 𝐼 such that 𝑚 ≠ 𝑖, consumer 𝑖’s knowledge 𝐾𝑖 

is unaffected by consumer 𝑚’s learning Λ𝑚 ∪ Φ𝑚. Let complete spillovers mean that any signal 

observed by a consumer 𝑖 is immediately passively observed by every other consumer 𝑚 ≠ 𝑖, 

so that Λ𝑖 ∪ Φ𝑖  = Λ𝑚 ∪ Φ𝑚 always for all 𝑖, 𝑚 = 1, … , 𝐼. Let partial spillovers mean that a 

                                                 
9 If the consumer is initially able to distinguish 𝑠’ and 𝑠’’, i.e., they belong to different elements of 𝐾0, the 

observation is inconsequential and nothing happens. If there is no forgetting, 𝐾𝑖
0 ⊆ 𝐾𝑖.  

10 While passive learning is exogenous from the consumer’s point of view, it can be endogenous in the model as 

a result of learning spillovers; thus the use of “passive” instead of “exogenous” in the current context.  
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(weak) subset of consumer 𝑖’s learning is passively observed by some but not necessarily all 

other consumers 𝑚 ≠ 𝑖.   

In the no and partial spillovers cases, I will assume that no restrictions are imposed guaranteeing 

identical active learning choices by all individuals; i.e., I assume that we may have Φ𝑖  ≠

Φ𝑚 for some 𝑖, 𝑚 = 1, … , 𝐼. 

Consumer 𝑖’s learning Λ𝑖 ∪ Φ𝑖 is economically relevant if, for some 𝑖, 𝑚 = 1, . . . , 𝐼 (where 

possibly, 𝑚 = 𝑖) and/or some 𝑗 = 1, . . . , 𝐽, 𝑖’s learning Λ𝑖 ∪ Φ𝑖 can affect 𝑋𝑚 and/or ≿𝑚 

and/or 𝑌𝑗 and/or 𝜔𝑚 and/or 𝜃𝑚𝑗. Learning can affect economic outcomes for two basic reasons, 

however. First, the learner might achieve an information advantage vis-a-vis others which may 

possibly be exploited to reap economic gains at those others’ expense, as in the speculation 

market models of Tirole (1982) and Milgrom and Stokey (1982). Nevertheless, this effect is 

irrelevant in the complete spillovers case. Second, new information can be directly useful (or 

harmful) per se, e.g., as input to a firm’s production technology (for example, knowing how to 

use some equipment correctly may affect productivity). Thus, let welfare relevant learning 

mean acquisition of information that is economically relevant even if shared with everyone: 𝑖’s 

learning Λ𝑖 ∪ Φ𝑖 is welfare relevant if, for some 𝑖, 𝑚 = 1, . . . , 𝐼 (where possibly, 𝑚 = 𝑖) and/or 

some 𝑗 = 1, . . . , 𝐽, Λ𝑖 ∪ Φ𝑖 can feasibly affect 𝑋𝑚 and/or ≿𝑚 and/or 𝑌𝑗 and/or 𝜔𝑚 and/or 𝜃𝑚𝑗 

given the condition 𝐾𝑖 = 𝐾𝑚 = 𝐾0 ∪ Λ𝑖 ∪ Φ𝑖 = 𝐾0 ∪ Λ𝑚 ∪ Φ𝑚 = 𝐾0Λ ∪ Φ for all 𝑖, 𝑚 =

1, . . . , 𝐼. Similarly, welfare irrelevant learning is learning that would affect no economic variable 

if symmetrically dispersed; i.e., learning such that under the condition 𝐾𝑖 = 𝐾𝑚 = 𝐾0 ∪

Λ𝑖 ∪ Φ𝑖 = 𝐾0 ∪ Λ𝑚 ∪ Φ𝑚 = 𝐾0Λ ∪ Φ, there would be no 𝑖, 𝑚 = 1, . . . , 𝐼 nor any 𝑗 = 1, . . . , 𝐽, 

such that Λ𝑖 ∪ Φ𝑖 could feasibly affect 𝑋𝑚 and/or ≿𝑚 and/or 𝑌𝑗 and/or 𝜔𝑚 and/or 𝜃𝑚𝑗. 

 

4. A simple model with active learning 

Before turning to the more general result, a modified, simple version of the framework 

presented above may help illustrate. Assume that the state to be realized is either 𝑠’ or 𝑠’’; but 

learning (observing 𝜑𝑠′, 𝑠′′
) is required to be able to distingush between the two. For example, 

in the absence of learning, no-one can know whether a certain disease is best cured using 

medication A or medication B. 
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Assume that observation of 𝜑𝑠′, 𝑠′′
 can be purchased by anyone at the market price 𝑝𝐿𝑆 (for 

example by trading with firms supplying a device enabling observation of this signal). Thus, I 

disregard here the possibility to choose to learn intrinsically private information that can never 

be accessed beyond a limited set of consumers (such as an individual consumer’s innermost 

emotional reactions to a random event). 

Since active learning is a choice variable, it must be included among the consumer’s choices. 

Let active observation of the signal 𝜑𝑠′, 𝑠′′
 be represented by the 𝐿th commodity; let 𝑥𝑖

𝐿 denote 

𝑖’s active learning choice, and for simplicity, let learning choice be binary, so that consumer 𝑖 

either chooses to learn (𝑥𝑖
𝐿 = 1) or not to learn (𝑥𝑖

𝐿 = 0). If 𝑥𝑖
𝐿 = 0, Φ𝑖 = ∅, while if 𝑥𝑖

𝐿 = 1, 

Φ𝑖 = (𝑠′, 𝑠′′). For every 𝑖, 𝑚 = 1, … , 𝐼, let 𝑥𝑖
𝐿 be observable by 𝑚, i.e., participation in learning 

activities is observable to others. Furthermore, let there be two periods, 𝑡 = 𝑡0 and 𝑡 = 𝑡1. 

Learning, spot trade and forward trade can take place in 𝑡0; in 𝑡1, the state is revealed (although 

only consumers for whom 𝑥𝑖
𝐿 = 1 are able to distinguish 𝑠′ from 𝑠′′) and spot trade takes place. 

Initial information 𝐾0 is now imperfect (otherwise there would be nothing left to learn). 

Markets may then be considered incomplete in 𝑡0: while consumers may engage in trades 

contingent on 𝑠′ occurring 1 rather than 𝑠′′, the ability to enforce such trades requires that one 

chooses 𝑥𝑖
𝐿 = 1, which would (if the cost of learning is strictly positive) represent a transaction 

cost. However, since sequential trade might conceivably solve this problem (Radner 1982; Mas-

Colell et al. 1994, p. 694-699), let us pursue the thought experiment a bit further.  

Consider first the case of no learning spillovers. Since there is no guarantee that all consumers 

make identical learning choices, there are in general some 𝑖, 𝑚 = 1, … , 𝐼 , 𝑖 ≠ 𝑚, such that  

𝑥𝑖
𝐿 = 0 and 𝑥𝑚

𝐿 = 1. Hence, without learning spillovers, the following observation is trivial: at 

the point of spot trade in 𝑡1, there is asymmetric information; for some 𝑖, 𝑚 = 1, … , 𝐼, 𝐾𝑖 ≠ 𝐾𝑚.  

Consider then the case of complete learning spillovers. For example, it may be conceivable that 

in the spot market in 𝑡1, rational but uninformed consumers can deduce 𝜑𝑠′, 𝑠′′
 from the market 

behavior of the informed. If this is true for all consumers, information is now kept symmetric 

through passive learning: if there exist some 𝑖 for whom 𝑥𝑖
𝐿 = 1 and some 𝑚 such that 𝑥𝑚

𝐿 = 0, 

we have Φ𝑖 = (𝑠′, 𝑠′′) = Λ𝑚, and consequently 𝐾𝑖 = 𝐾0 ∪ (𝑠′, 𝑠′′) = 𝐾𝑚 for all 𝑖, 𝑚 =

1, . . . , 𝐼. Thus, there is symmetric information and complete market coverage in 𝑡1. 
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If the distinction between 𝑠′ and 𝑠′′ is welfare irrelevant, the no-trade result of Tirole (1982) 

and Milgrom and Stokey (1982) applies; nothing would happen, and the learning becomes 

economically irrelevant. 

If the distinction between 𝑠′ and 𝑠′′ is welfare relevant, however, a free-riding problem arises. 

A consumer 𝑖 for whom 𝑥𝑖
𝐿 = 1 must pay the market price of learning, while possibly – through 

providing knowledge to others – affecting not only her own economic situation, but also 𝑋𝑚 

and/or ≿𝑚 and/or 𝑌𝑗 and/or 𝜔𝑚 and/or 𝜃𝑚𝑗 for some 𝑚 ≠ 𝑖 (𝑖, 𝑚 = 1, . . . , 𝐼), and/or some 𝑗 =

1, . . . , 𝐽. This represents, by the above definition, externalities. For example, if 𝑖 learns how to 

use her equipment more efficiently, and 𝑚 understands the new trick by observing 𝑖’s market 

behavior, 𝑖 does not have a sufficient incentive to take 𝑚’s benefits into account.  

Thus, in the complete spillovers case, no-one may choose to learn if the cost of learning is too 

high, even if aggregate net benefits would be substantial if someone did. This occurs due to 

information spillovers, independently of whether these spillovers occur through markets or 

otherwise. Moreover, since one learner is enough for everyone to share the new knowledge 

through passive learning, coordination failure could also yield inefficiently high learning 

efforts.  

 

5. The systematic prevalence of market failure in economies with active 

learning 

As shown by the below Proposition, the joint fulfilment of symmetric information and the 

absence of external effects is generally incompatible with economically relevant learning 

choices being feasible.   

Proposition 1. If active learning is feasible, there is either market failure, or the learnt 

information is economically irrelevant.  

Proof. 

Consider first the case of no spillovers. Since active learning is feasible and no restrictions 

ensure Φ𝑖
∗ = Φ𝑚

∗  always for every 𝑖, 𝑚 = 1, … , 𝐼, then in general Φ𝑖
∗ ≠ Φ𝑚

∗ . Thus, 𝐾𝑖 = 𝐾0 ∪

Φ𝑖
∗ ≠ 𝐾0 ∪ Φ𝑚

∗  = 𝐾𝑚 for some 𝑖, 𝑚 = 1, … , 𝐼. Thus, there is asymmetric information, 

representing a market failure.  
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Consider then the case of complete spillovers. Then, since 𝐾𝑖 = 𝐾0 ∪ Λ𝑖 ∪ Φ𝑖
∗ =

𝐾0 ∪ Λ𝑚 ∪ Φ𝑚
∗ = 𝐾𝑚, there is no asymmetric information. However, via spillovers, Φ𝑖

∗ may 

affect 𝐾𝑚 for every other consumer 𝑚.  

Assume first that learning is welfare irrelevant. The new information then cannot, by the 

definition of welfare relevance, affect any economically relevant variable if shared with 

everyone. With complete spillovers, the new information is indeed shared with everyone. 

Hence, with complete spillovers, welfare irrelevant learning does not cause market failure but 

is economically irrelevant.  

Assume then that spillovers are complete, while the learning is welfare relevant. Then, by the 

definition of welfare relevance, for some 𝑖, 𝑚 = 1, . . . , 𝐼 such that 𝑚 ≠ 𝑖, and for some 𝑗 =

1, . . . , 𝐽 such that 𝜃𝑖𝑗 ≠ 1, consumer 𝑖’s active learning Φ𝑖
∗ may affect 𝑋𝑚 and/or ≿𝑚 and/or 𝜔𝑚 

and/or 𝜃𝑚𝑗 and/or 𝑌𝑗 (where 𝑚 ≠ 𝑖 arises from the learning spillovers), which by the above 

definition represents externalities and thus market failure.  

Finally, consider the case of incomplete spillovers. Since in general Φ𝑖
∗ ≠ Φ𝑚

∗  and there is no 

guarantee that Λ𝑖 ∪ Φ𝑖 = Λ𝑚 ∪ Φ𝑚 for all 𝑖, 𝑚 = 1, . . . , 𝐼, we generally have 𝐾𝑖 = 𝐾0 ∪

Λ𝑖 ∪ Φ𝑖 ≠ 𝐾0 ∪ Λ𝑚 ∪ Φ𝑚 = 𝐾𝑚 for some 𝑖, 𝑚 = 1, . . . , 𝐼, implying that requirement iii) for 

perfect competition, symmetric information, is violated. In addition, requirement iv) is also 

violated if some consumer 𝑖’s active learning Φ𝑖
∗ spills over to another consumer 𝑚 (where 

𝑚 ≠ 𝑖) and thus affects 𝑋𝑚 and/or ≿𝑚 and/or 𝜔𝑚 and/or (for a firm j such that 𝜃𝑖𝑗 ≠ 1) 𝜃𝑚𝑗 

and/or 𝑌𝑗. This can occur whether or not the learning is welfare relevant, since information is 

dispersed to some, but not to everyone. ∎ 

Thus, if active learning is feasible, it either causes asymmetric information, external effects, or 

both; or it is economically irrelevant. 

 

6. Discussion  

Several remarks may now be in order.  

First, the reader may wonder why the externality problem occurring in the spillovers case 

cannot simply be solved through bargaining between consumers (Coase 1960). However, when 

information is symmetric and participation in the bargaining is voluntary, Ellingsen and 
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Paltseva (2016) show that the Coase theorem holds in general only when 𝐼 ≤ 2.11 The reason 

is that although all consumers may benefit from striking a deal, each consumer may prefer not 

to participate in negotiations in order to free-ride on others’ contributions. In addition, an 

economy with only two consumers, who make their learning decisions through bilateral 

bargaining, would hardly satisfy the requirement that all agents are price takers.  

Second, as touched briefly upon above, note that even if there is no actual learning at all, i.e., 

if Φ𝑖
∗ = Φ𝑚

∗ = ∅ for all 𝑖, 𝑚 = 1, … , 𝐼, the mere feasibility of active learning can cause the 

market equilibrium to be Pareto inefficient in the case of spillovers. In particular, if active 

learning is costly, aggregate welfare effects of learning are positive and sufficiently large, and 

spillovers are partial or complete, incentives for active learning are insufficient to achieve the 

Pareto optimal level of shared learning in equilibrium, since consumer 𝑖 has no incentive to take 

into account 𝑚’s welfare gain caused by 𝑖’s learning (𝑚 ≠ 𝑖). Thus, the Pareto efficient level 

of shared learning may well be non-empty while Φ𝑖
∗ = Φ𝑚

∗ = ∅ for all 𝑖, 𝑚 = 1, … , 𝐼.12 The 

Appendix provides a simple example.  

Third, if there exists some type of information that is never relevant to anyone else but the 

learner, active learning of such information would hardly involve efficiency problems: with no 

spillovers, the asymmetric information might not matter; with complete spillovers, the 

information would not cause external effects. I find it hard to come up with possible examples 

of such information, however – particularly if everything of interest is subject to trade (no 

missing markets). It is well known, for example, that asymmetric information about private 

preferences is often associated with inefficiency (e.g., Myerson and Satterthwaite 1983).  

In purely speculative markets where traders have identical priors and rational expectations, new 

private information can be fully reflected in the new equilibrium prices, triggering no new trade 

(Tirole 1982; Milgrom and Stokey 1982). Note, however, that learning in the pure speculation 

market models of Tirole (1982) and Milgrom and Stokey (1982) is not necessarily active; and 

it is not welfare relevant. In these models, trading is a zero-sum game: learning provides no 

aggregate gains, and new information is useful only by providing an informational advantage 

vis-a-vis others. Thus, the no-trading result of these analyses corresponds to the case of 

                                                 
11 Myerson and Satterthwaite (1983) demonstrate the general impossibility of ex post efficient, non-subsidized 

mechanisms for bargaining between a buyer and a seller about a single object, but assume that valuations are 

private information. In the full spillovers case studied above, all information is symmetric. 
12 This is related to the reasoning of Grossman and Stiglitz (1976, 1980): If costly active information acquisition 

is perfectly transmitted to all economic agents, no-one has sufficient incentives to acquire the information. 
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complete spillovers with welfare irrelevant learning in the proof to Proposition 1, which indeed 

concludes that such learning is economically relevant. 

Mas-Colell et al. (1995, p. 352) define an externality to be present “whenever the well-being of 

a consumer or the production possibilities of a firm are directly affected by the actions of 

another agent in the economy”, elaborating further: “When we say “directly”, we mean to 

exclude any effects that are mediated by prices” (Mas-Colell et al. 1995, p. 352). At first glance, 

thus, this would seem to exclude the effects of information spillovers occurring through 

markets. However, as should now be clear, there is a strong economic argument against this 

view: if learning is active and welfare relevant, the fundamental free-riding problem discussed 

above is present regardless of the means of information dispersion. If information is distributed 

for free, consumers have insufficient incentives to take potential welfare effects of others into 

account when deciding what and how much to learn (Grossman and Stiglitz 1976; 1980). 

Indeed, the continuation of the explanation by Mas-Colell et al. seems consistent with the 

definition of externalities used in the present paper: “That is, an externality is present if, for 

example, a fishery’s productivity is affected by the presence of a nearby oil refinery, but not 

simply because the fishery’s profitability is affected by the price of oil (which, in turn, is in 

some degree affected by the oil refinery’s output of oil)” (Mas-Colell et al. 1995, p. 352). 

Similarly, a firm owner learning how to increase her firm productivity causes externalities if 

others understand what she has learned, through markets or otherwise, then using their new 

insight to for improve the productivity of their own firm – not as a result of changes in the 

equilibrium prices per se, as when a fishery’s profitability is affected by the prices of oil, but 

through the resulting change in the production technologies available to their firms.  

 

8. Conclusions 

Endogenously chosen learning, if economically relevant, is intrinsically linked to market 

failure. If, starting from a situation of symmetric information, a consumer learns something 

new, information becomes asymmetric unless the new information spills over to everyone else. 

With complete spillovers, on the other hand, endogenously chosen, economically relevant 

learning is associated with externalities: choosing to learn then essentially amounts to private 

provision of a public good, i.e., knowledge – leaving consumers with insufficient incentives to 

take into account the impacts of their learning on others.  
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Hence, if active learning is feasible, then in general there is either market failure or the learnt 

information is economically irrelevant. Thus, the market equilibrium in an economy with active 

learning is not guaranteed to be Pareto optimal, and the First Theorem of Welfare Economics 

does not hold.  
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Appendix: a simple model with active, economically relevant learning 

and complete spillovers 

There are 𝐼 consumers. Assume complete learning spillovers. Let knowledge 𝐾 be a public 

good, and let there be some resource 𝑅 that can be spent either on consumption or learning. For 

every 𝑖 = 1, … , 𝐼, let the consumer’s utility 𝑖 be given by  

(A1) 𝑈𝑖 = 𝑢𝑖(𝑐𝑖 , 𝐾)   

where 𝑐𝑖 is 𝑖’s consumption. Utility is quasiconcave and strictly increasing in each variable (𝑢𝑐
𝑖  

> 0, 𝑢𝐾
𝑖  > 0, subscripts denote derivatives). Furthermore, let knowledge be determined by 

exogenous initial knowledge 𝐾0 plus the sum of each individual 𝑖’s active learning ℎ𝑖:  

(A2) 𝐾 = 𝐾0 + ∑ ℎ𝑖𝐼
1    

Let each individual 𝑖 take the active learning of other consumers 𝑚 ≠ 𝑖 as exogenously given, 

making the market equilibrium a Nash equilbrium. With complete spillovers, there is no need 

for several different consumers to actively observe the same signal; however, disregard the 

possibility that resources are spent on wasted learning, since this obviously can occur neither 

in a Pareto optimum nor in a Nash equilibrium (spending resources to actively learn information 

provided by others cannot be a best response).   

Let 𝑅𝑖, the total amount of resources available to consumer 𝑖, be exogenously fixed. Total 

resources are shared between consumption and learning. The consumption good is the 

numeraire, while active learning units are normalized to correspond to a unit price of 1:  

(A3) ∑ 𝑅𝑖𝐼
1 = ∑ (𝑐𝑖𝐼

1 + ℎ𝑖).  

Finally, each consumer’s budget restriction is given by 

(A4) 𝑅𝑖 = 𝑐𝑖 + ℎ𝑖 .    

The Pareto optimal supply of knowledge can be found by maximizing 𝑈𝑖 subject to 𝑈𝑚 = 𝑈0
𝑚 

for every 𝑚 ≠ 𝑖, where 𝑈0
𝑚 is exogenously fixed, using eqs. (A1) - (A3).  

The Lagrangian is 

ℒ = 𝑢𝑖(𝑐𝑖 , 𝐾0 + ∑ ℎ𝑚𝐼
𝑚=1 ) − 𝜆1(∑ (𝑐𝑚𝐼

𝑚=1 + ℎ𝑚) − ∑ (𝑅𝑚𝐼
𝑚=1 )) − ∑ 𝜆2

𝑚
𝑚≠𝑖 (𝑢𝑚(𝑐𝑚, 𝐾0 +

∑ ℎ𝑚𝐼
𝑚=1 )) − 𝑈0

𝑚).  

The first order condition for an interior Pareto optimal allocation is 

(A5)  ∑ (
𝑢𝐾

𝑖

𝑢𝑐
𝑖 )𝐼

1 = 1, 
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corresponding to the standard Samuelsonian condition for Pareto optimal supply of a public 

good.  

In the Nash equilibrium, every individual 𝑖 maximizes her own utility as given by eq. (A1), 

taking others’ knowledge supply and her budget as given (eqs. A2 and A4). The Lagrangian for 

this problem is ℒ𝑖 = 𝑢𝑖(𝑐𝑖, 𝐾0 + ∑ ℎ𝑖𝐼
1 ) − 𝜇𝑖(𝑐𝑖 + 𝑘𝑖 − 𝑅𝑖). Thus, the first order condition for 

an interior optimum is 𝑢𝑐
′1 = 𝑢𝐾

′1, or  
𝑢𝐾

𝑖

𝑢𝑐
𝑖 = 1. By symmetry, a similar condition holds for 

consumer 𝑚 ≠ 𝑖, such that the market equilibrium is characterized by 

(A6)   
𝑢𝐾

𝑖

𝑢𝑐
𝑖 =

𝑢𝐾
𝑚

𝑢𝑐
𝑚 = 1 for all 𝑖, 𝑚 = 1, … , 𝐼, 

which is inconsistent with eq. (A5), since all marginal derivatives are strictly positive. Thus, in 

this economy, an interior market equilibrium cannot be Pareto efficient. 

It remains to be shown that the market equilibrium may be Pareto inefficient even in the corner 

solution where no learning takes place. Consider the case where 
𝑢𝐾

𝑖 (𝑅𝑖,𝐾0)

𝑢𝑐
𝑖 (𝑅𝑖 ,𝐾0)

< 1 for each 𝑖; that 

is, the marginal individual benefit of information is too small for anyone to bother to engage in 

learning even when all resources are spent on private consumption and no-one engages in active 

learning. The Nash equilibrium is then the corner solution ℎ𝑖 = ℎ𝑚 = 0 for every 𝑖 = 1, … , 𝐼. 

Nevertheless, even if 
𝑢𝐾

𝑖 (𝑅𝑖,𝐾0)

𝑢𝑐
𝑖 (𝑅𝑖 ,𝐾0)

< 1 for each 𝑖, we may still have ∑ (
𝑢𝐾

𝑖 (𝑅𝑖,𝐾0)

𝑢𝑐
𝑖 (𝑅𝑖,𝐾0)

)𝐼
1 > 1. If so, the 

market solution ℎ𝑖 = 0 for all 𝑖 = 1, … , 𝐼 is not Pareto optimal.  


