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Abstract 
In this paper, we try to analyze the optimal capital and labor input of a competitive firm under price uncertainty 
from the perspective of regret aversion rather than of risk aversion. We show that the optimal input of capital and 
labor for the competitive firm under certain price are higher than those for the regret-averse competitive firm 
under price uncertainty. Moreover, we prove that the optimal input will increase or decrease with the movement 
of the regret factor. Besides, we find that the higher the expected probability of the output price turns out to be 
high and sales turn to be good, the less impacts of the changes of the weight of regret aversion relative to risk 
aversion would on the optimal capital and labor input.  
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1. Introduction 
Decision making under uncertainty has been appealing to many scholars in many fields such as general 
equilibrium theory, monetary economics, public economics, investment theory and so on. Regarding these 
applications, one can read Sandmo (1971), Leland (1972) and etc at length. Within these papers, the authors 
assume that the preferences of a firm are defined only on the foundation of profits, and that a Von 
Neumann-Morgenstern (Hereafter VNM ) type utility functions can be used to describe these preferences. As we 
all know, utility theory has been proved to be adequate for describing the behavior of decision makers. 
Nevertheless, there are some cases in the real world, in which the VNM type utility theory yields poor results 
due to the uni-criterion assumption. In view of this point, Landsberger and Subotnik (1976) attempted to define 
the objective of a firm by a utility function based on firm’s profits and some other factors. They just studied, 
however, the decision making process without uncertainty in their paper. 

In this paper, we will apply a bi-criterion utility function to express the objective of a competitive firm, and will 
focus on the firm’s behavior under uncertainty of output price. To this end, we introduce regret, which implies 
that a decision maker may seek to minimize it that he will feel if it would turn out that he has made the wrong 
decision, as another factor into the utility function of the firm in addition to the profit. Of course, it’s sensible to 
consider regret in practice not only because decision makers indeed take regret into account in decision making 
process, but also because regret consideration can explain some interesting economic phenomena. Many 
researchers have analyzed this criterion in the past, and it has been argued that regret is important in determining 
the behavior of junior executives and is a reasonable criterion to statisticians. Additionally, it has been suggested 
that regret is viewed as a possible explanation for Allais’ paradox and is the only criterion to make a hedging 
strategy optimal. Regarding the issues expressed above, we can refer to Marschak (1974), Paroush and Venezia 
(1979), and so on.  

Generally, we assume the VNM type utility functions are risk-averse, but some researches offered evidence that 
violates the conventional expected utility theory with risk aversion. By contrary, they proposed there were 
alternative choices for utility functions other than risk aversion. Of which, Paroush and Venezia is the first to 
apply a regret-averse model to the competitive firm by considering the firm with a regret utility function, 
Loomes and Sugden (1982) showed that regret aversion is an alternative theory and is a rational choice under 
uncertainty. In particular, Loomes and Sugden, and Bell (1983) presented a formal analysis of regret theory. In 
recent years, considerable literatures studied firm’s behavior by supposing firms are regret-averse instead of 
supposing firms are risk-averse. Notice that they define regret in their papers as the disutility of not selecting the 
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ex-post optimal alternative. That is, firms might regret producing less if the output price turns out to be very high 
and sales turn out to be very good, and firms might regret producing more if the output price turns out to be low 
and sales turn out to be poor. Again, we recall that Paroush and Venezia derived the conditions under which the 
optimal output in certain framework is higher than that under uncertainty in an equivalent case, although the 
shortage of the paper is that their results rely on the relative importance of the regret term and the firm’s profits. 
Luckily, with the development of research, more specific and tractable regret-averse functions than that 
presented by Paroush and Vnezia have been proposed in many works such as in Braun and Muermann (2004), 
Muermann et al. (2006), Mulandzi et al. (2008) and so forth. Specifically, using such type of more specific and 
tractable regret-averse functions, Braun and Muermann (2004) examined optimal insurance purchase decisions 
of individuals and found that individuals with regret-theoretical preferences adjust away from the extremes of 
full insurance and no insurance coverage. This prediction not only holds for both coinsurance and deductible 
contracts, but also can explain the frequently observed preferences for low deductibles in markets for personal 
insurance. Muermann et al. (2006) studied the portfolio’s optimal allocation problem in a defined contribution 
pension plan for a regret-averse investor, who confronts with a risky and a risk-free asset at the same time. The 
results demonstrate that anticipated disutility from regret has potent effects on investment choices. Relative to 
investors with risk aversion, investors who take regret into account will hold more stock when the equity 
premium is low but less stock when the equity premium is high. Moreover, regret increases the regret-averse 
investor’s willingness to pay for a guarantee when the portfolio is relatively risky, but decreases it when the 
portfolio is relatively safe. Mulandzi et al. (2008) analyzed the optimal allocation between loans and treasuries 
for a regret-averse bank and investigated the investment of bank funds in loans and Treasuries with the aim of 
generating an optimal final fund level. Taking risk and regret into account in the utility function and applying 
optimization theory, they provide a comparison between risk- and regret-averse banks in terms of optimal asset 
allocation between loans and Treasuries. Furthermore, they comment on the claim that an investment away from 
loans towards Treasuries is responsible for credit crunches in the banking industry. As to more references, one 
can refer to Stoltz and Lugosi (2005), Michenaud and Solink (2008), Hayashi (2009), Ma and Xu (2009), 
Petersen (2010), Renou and Schlag (2010), Stoye (2011), Sheng (2012), Tsai (2012), Wong (2011, 2012) and 
some references therein. 

By adopting the more specific and tractable regret-averse function, we discuss the properties of firm’s behavior 
when optimal input is invested for the regret-averse competitive firm under uncertain price of output. What’s 
more important, our paper makes a few slight contributions to existing literatures. Above all, our paper is the first 
to apply the two-attribute utility function to study the investment behavior of competitive firms with regret 
aversion as well as risk aversion under price uncertainty. Then, our model enables different firms to possess 
different regrets if their utility functions on regret terms are different, which circumvent the limitation that utility 
functions of regret-averse firms with different regret terms possesses the same regret. The last but not the least, 
our framework allows us to make comparative statics of the optimal input by changing the parameter of the 
regret term. By the way, our setup not only represents the production theory for competitive firms with risk 
aversion, but also represents the production theory for competitive firms with regret aversion.  

The remaining of this paper is organized as follows. In Section 2, we introduce the preliminaries for our model in 
detail. Applying a more specific and tractable regret-averse function, Section 3 analyzes the behavior of 
competitive firm with regret aversion under price uncertainty. An illustration for our model is shown in Section 4. 
Finally, Section 5 presents the conclusions.  

2. Preliminaries 
In this paper, we will introduce the decision making process elaborately of a regret-averse competitive firm 
under uncertainty of output price. For our purpose, we present the hypotheses explicitly as below.  

(H1) The competitive firm’s production function is defined as  

 Q= F(K, L) 
where, Q is the quantity of the products, K and L are respectively capital and labor input, function F is 
continuous, twice differentiable, and strictly quasi-concave, i.e., FKK, FLL<0, and FKKFLL≥  with FKL>0. 
Certainly, the production function F is increasing with respect to K and L, i.e., FK, FL>0.  

(H2) The competitive firm sells its output at an uncertain price p, which follows  

                                                                (1) 

 is the expected price, , σ is the standard deviation of price p, and ε is a random variable that 
satisfies  

ˆp p   
p̂ ˆ ( )i e p E p  
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(H3) We define the two-attribute utility function of the regret-averse competitive firm under price 
uncertainty by  

                           u(π, R)= v(π) – λg(R)                                (2) 

Herein, v is a utility function such that v’>0, v”<0 to reflect the risk aversion that accounts for the first attribute, 
while the second attribute that reflects regret aversion is explained by an increasing and strictly convex function 
g with g(0)=0 and g’>0, g”>0 on interval (0, +∞), λ is a nonnegative parameter to measure the weight of 
regret-averse attribute relative to risk-averse attribute. Notice that the two-attribute utility function u(π, R) will 
collapse to the conventional VNM type utility function when λ=0, and then the firm would be a maximizer of 
expected utility under risk aversion only. 

(H4) The firm’s profit function π and the regret function R are denoted respectively by  

                               π= pQ-rK-wL                                  (3) 

                             R= v (πmax) - v(π)                               (4) 

where, w in expression (3) represents the wage rate and r therein represents the capital rent, πmax in formula (4) is 
the ex-post optimal profit without price uncertainty. Moreover, the value of the regret term R is nonnegative 
since v is increasing. Notice that we dropped the fixed cost in the firm’s profit function, because doing this will 
not make any influnce to our results. 

Obviously, from hypothesis (H3), there holds uπ>0, uR<0, which means the firm likes profit but dislikes regret. 
And furthermore, uππ<0, uRR<0, which implies the utility function u(π, R) is concave on the profit π and the regret 
R to reflect risk and regret aversion, respectively.  

At the end, according to the definitions of u(π, R) and R that shown in expressions (2) and (4), we claim that u(π, 
R) is a function of π in essence because πmax is the ex-post optimal profit under certain price. Hence, we can 
rewrite the two-attribute regret-averse utility function as  

u(π)= v(π) – λg(v (πmax) - v(π))                           (5) 

which suggests the pleasant experience of possessing the profit π depends not only on v(π) but also on regret 
term R= v (πmax) - v(π), i.e., the difference between the value the firm assigns to the ex-post optimal profit level 
πmax that could have achieved and the value it assigns to its actual final level of profit π. Exactly speaking, 
possess the maximal profit πmax is better off possessing profit π and suffering regret experience as well. To this 
sense, the attribute of regret aversion depicted by function g indicates that the more pleasurable the consequence 
might have been, the more regret will be undergone.  

3. Behavior of Competitive Firms with Regret Aversion 
To begin, we declare that the objective of the competitive firm with regret aversion under price uncertainty is to 
maximize the expectation of u(π) by selecting the capital and labor input. Mathematically, we can write our 
problem as  

                                                                (6) 

Here, E is the linear expectation operator, u(π) is defined as in expression (5), and π is subject to constraint (3). 
It’s clear that the objective proposed for regret-averse competitive firm under uncertainty here is different from 
the one for risk-averse competitive firm under uncertainty, since the latter’s objective is to maximize the 
expectation of utility function only for the profit, but the former’s objective that shown above is to maximize the 
expectation of utility function on the profit and regret as well.  

There are many merits to take advantage of such a model setting. For one thing, both the theory for competitive 
firms with risk aversion (λ=0) and the theory for competitive firms with regret aversion (λ>0) are involved. For 
another thing, we use v (πmax) - v(π) rather than πmax - π to index the regret term in the model setting, which 
enables different firms to own different regret as long as their utility functions on the regret term are different, 
and circumvents the shortage that different firms possess the same regret though their utility functions on regret 
are different. Besides, we can see that the bigger the value of λ, the stronger the attitude of regret. And so on.  

Subsequently, we will adopt the more specific and tractable regret-averse utility function u(π) to investigate the 
optimal behavior of competitive firms with regret aversion under price uncertainty.  

For our purpose, differentiating Eu(π) with respect to K and L, respectively, and taking equalities (3) and (5) into 
account, we see the first-order conditions are  

ˆ( ) 0 ( ) 1 ( ) 1E Var Prob p           
( )u R 

max ( )
K L

Eu 






www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 5, No. 8; 2013 

112 
 

                                                      (7) 

                                                     (8) 

and the second-order conditions are  

 

where, u’(π)= v’(π) – λg’(v (πmax) - v(π))v’(π), while u’’(π)= v’’ – λg’’v’2 +λg’’v’’.  

Reminding that  and , it’s evident to see 

. Therefore, we can claim that  and  are the optimal capital and labor 

input for the maximal expected utility of the competitive firm with regret aversion under price uncertainty, 

provided that there holds  at  and  at . As a matter of fact, 

we have the following Lemma.  

Lemma. Let  and  be the optimal capital and labor input chosen to maximize the objective of the 

regret-averse competitive firm with uncertain price that defined in the optimal problem (6), then under the 

hypotheses (H1)- (H4), we see  

  

Put differently, if u’(π) is increasing with P, then ; if u’(π) is decreasing 

with P, then ; and if u’(π) is uncorrelated with P, then 

, which is equivalent to the case without price uncertainty.  

Proof. Actually, by simple computation, it’s easy to rewrite equations (7)-(8) as  

                                         (9) 

                                        (10) 

Thus, by setting , and considering  as well as , 

the results shown in the Lemma is obtained. The proof is completed.  

We remark that  just hold under the price without uncertainty, 

. While under price with uncertainty,  will hardly happen 

in reality. To elaborate the reasons in detail, we present the Theorem 1 below.  

( )
{ ( )( )}K

Eu
E u pF r

K

    


( )
{ ( )( )}L
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L
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
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2
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Theorem 1. Let  and  be the optimal capital and labor input chosen to maximize the objective of the 

regret-averse competitive firm with uncertain price that defined in optimal problem (6), then under the 

hypotheses (H1)- (H4), there must hold , which implies that both the 

optimal input of capital and labor under price uncertainty are less than those under certain price.  

Proof. Letting , then by equality (7), it yields  

                                        (11) 

Taking equations (1) and (3) into account, we have  

                                                        (12) 

Reminding that  is a concave function, so following formula (12) above, we obtain  

  
Directly, we can get  

                                               (13) 

Taking expectation on both sides of inequality (13), and noting that  is a given value, there holds  

                                         (14) 

Observing formulae (11) and (14), we can see  

  
And then, we have  

  
because ,  is a determined number.  

Repeating the same argument, we can obtain  

  
Especially, we should notice that  hold just under the condition 

 is a constant variable. In other words, under price uncertainty, there only holds 

, which means that both the optimal input of capital and labor under 

price uncertainty are less than those under certain price since  and  are decreasing functions with 

respect to  and , respectively. The proof is completed.  

Finally, we continue to examine the question that how the optimal behavior changes with the movement of the 
regret factor. To this end, Theorem 2 is proposed straightforwardly.  

Theorem 2. Let  and  be the optimal capital and labor input chosen to maximize the objective of the 

regret-averse competitive firm with uncertain price that defined in optimal problem (6), then under the 

hypotheses (H1)- (H4), there yields  

  

Particularly, neither the sign of  nor of  can be determined definitely if 
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 and 

.  

Proof. Since , thus, the optimal capital input  and labor input  can 

be obtained by solving equations . By equations (7)-(8), we see that  

satisfy  

  

Naturally,  are the solutions for equations  

                                           (15) 

                                           (16) 

because . Evidently, the two equations indicate  can be 

expressed by . That is,  is a function of .  

We next examine the dynamic relationships between  and ,  and .  
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In particular, the signs of  are undetermined if 

The 

proof is completed.  

4. Illustration 
In this section, we illustrate the findings we obtained in Theorems 1-2 in Section 3.  

For simplicity and operability, the production function F(K,L) of the regret-averse competitive firm is adopted by 

Cobb-Douglas type function, namely  

  
It’s clear to see that  satisfies the quasi-concave conditions. Without loss of generality, we 

set  and normalize the technology  to unit one hereafter, . Secondly, we 

assume function  and function , which satisfy the hypothesis (H3). Lastly, we 

suppose the price  with expected probability  or  with expected probability , and 

.  

Under the theory developed in this paper, the competitive firm with regret aversion under price uncertainty will 

choose optimal input by maximizing the expected utility , that is  
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function that can consider feelings of both regret and rejoicing at the same time is set up to study our problem in 
this paper. Fortunately, many results that are consistent with the behavior of regret-averse managers are obtained 
from the model we established in the paper. For instance, both the optimal capital and labor input of a 
competitive firm with regret aversion under price uncertainty are small relative to those of a competitive firm 
under certain price. Also, we show that the optimal input will change with the movement of the weight of regret 
aversion relative to risk aversion. Furthermore, the lower the expected probability of the bad case (The output 
price turns out to be low and sales turn out to be poor), then the higher the expected probability of the good case 
(The output price turns out to be high and sales turn out to be good), which means the more positive the attitude 
of decision-maker toward the future, thereby, the more investment would made by the decision-maker. Lastly, 
the higher the expected probability of the good case, the less impacts of the changes of the regret aversion weight 
relative to risk aversion would on the optimal capital and labor input.  

In short, to assume that a firm is only risk-averse may not always be correct or appropriate though it is common 
in economic theory. That is why we extend the traditional production theory by introducing a regret aversion 
factor to a competitive firm under uncertainty. Put differently, we assume that a decision maker of a competitive 
firm under uncertain output price is not only risk-averse, but also regret-averse. Furthermore, our assumptions 
are consistent with some cases in the reality, which means our extension is sensible and reasonable, instead of 
taking it for granted.  

The last but not the least, the major contribution of this paper can be concluded as below. First of all, this paper 
is the first to apply the two-attribute utility function to study the properties of a competitive firm’s investment 
behavior with regret aversion and risk aversion under price uncertainty. Secondly, the model enables different 
firms to possess different regrets provided that their utility functions on the regret term are different, which 
circumvents the limitation that utility functions of regret-averse firms with different regret terms possesses the 
same regret. Finally, the framework allows us to make comparative statics of the optimal input by changing the 
parameter of the regret term. Certainly, the model not only represents the production theory for competitive firms 
with risk aversion, but also represents the production theory for competitive firms with regret aversion.  
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