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Small-Sample Performance of the Vuong Test: Symmetric vs Asymmetric Information Models∗ Jose Miguel Abito† June 2007



Abstract In this note, we study the finite-sample performance of the Vuong (1989) model selection test in the context of symmetric vs asymmetric information models. We concentrate on the power of the Vuong test since previous researchers have found that the test tends to underreject the null hypothesis in favor of the correct model. Through Monte Carlo simulation, we show that this observation indeed holds and that it is intimately related to how close the realized private information parameter is to the support boundaries of its distribution. To improve the test’s power, we suggest conditioning the distribution of the private information parameter on some additional prior information.
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Introduction



Vuong (1989) proposes a model selection test for non-nested hypotheses based on the Kullback-Leiber Information Criterion (KLIC). The basic idea of the test is to compare the promixity of two competing models to the true model using information from computed likelihoods. Though the test is routinely used in both economics and political science applications, not much work has been done in terms of evaluating the finite sample performance of the test. From the limited papers that evaluate performance, conclusions have been rather negative. Papers such as the ones written by Genius and Strazzera (2000), Clarke and ∗ This



paper is for the course Topics in Applied Econometrics under Dr. Christian Bontemps, University of Toulouse 1. of Toulouse 1. Email: [email protected]



† University



1



Signorino (2003) and Karainov (2004) find that the test underrejects the null hypothesis (that the two competing models are equidistant to the true model) in favor of the correct hypothesis (that one of the competing models is closer to the true model). In this note, we are interested in the finite sample performance of the test when applied to the mechanism design literature. In this literature, the test is often used to determine which information regime, i.e. full (symmetric) information or asymmetric information, better reflects the data. Examples are Wolak (1994) in the context of estimating cost functions; Gagnepain and Ivaldi (2002) in the context of estimating stochastic frontiers; and Karaivanov and Townsend (2007) in the context of determining information regimes in dynamic models of endogenously incomplete credit markets. We formulate our econometric model and simulation design using a standard textbook model of a regulator-firm relationship. Our study is similar to the environment in Wolak (1994) but we abstract from issues of endogeneity and estimation of the distribution of the private information parameter in order to understand the basic behavior of the test. Through Monte Carlo simulations, we find that not only does the test underreject the null hypothesis, it can also mistakenly favor the wrong model with some small but still significant probability—a stronger negative result from what has been found in the limited literature.1 We provide an intuition and a possible solution to this problem. The proposed solution greatly increases the power of the test. The next section works out the theoretical model that will be used in the simulation exercise. Readers who are familiar with the solution to this type of model can skip to the end of Section 2 where we specify the econometric model. Section 3 presents the simulation design and discusses the results. The final section presents a limitation of the study. 1 While



wrong conclusions arise from the simulation exercise of previous studies, this result has not been emphasized



primarily because occurrence is very rare. For example in Genius and Strazzera (2000), wrong conclusions occur with probability 0.003. Our results instead show that wrong conclusions can occur with probability as large as 0.25, even for n = 5000.



2



2



Basic model



£ ¤ Consider a firm of type θ where θ has a continuously diﬀerentiable cdf F : θ, θ → [0, 1] and pdf



f (·) = dF (·) /dθ. The parameter θ reflects an ineﬃciency parameter that can possibly be private information for the firm. Let the firm’s profit be equal to T − θC (q), where T is the payment transfer and C (q) is the cost function with a given quantity q. Profit is linear in θ with C 0 (q) > 0 C 00 (q) > 0. By the revelation principle, if the social choice rule is weakly implementable, then it should be truthfully implementable. Thus we can restrict our attention to direct contracts that seek truthful revelation, i.e. contracts that are incentive compatible. Specifically, the contract specifies for each reported type ³ ³ ´ ³ ´´ b θ = θ a pair q b θ ,T b θ . Therefore the regulator’s problem then becomes max



q(θ),T (θ)



s.t.



Z



θ



θ



[vq (θ) − T ] f (θ) dθ



T (θ) − θC (q (θ)) ≥ 0 ∀θ ³ ´ ³ ³ ´´ T (θ) − θC (q (θ)) ≥ T b θ − θC q b θ ∀θ, b θ, θ 6= b θ.



(Expected welfare) (IR) (IC)



The IC constraint can be rewritten as



³ ´ ³ ³ ´´ θ − θC q b θ U (θ) = max T b e θ



where U (θ) = T (θ) − θC (q (θ)) by the revelation principle. Similarly, the IR constraint can be written as U (θ) ≥ 0. By the envelope theorem, the IC constraint implies ·



U (θ) ≡



dU (θ) = −C (q (θ)) < 0 dθ



¡ ¢ hence U (θ) is decreasing in θ. Thus U (θ) ≥ 0 ⇐⇒ U θ ≥ 0. We can easily see that the IR for θ will ¡ ¢ bind at the optimum, i.e. U θ = 0. The FOC of the IC constraint implies



³ ´ ³ ´ ³ ³ ´´ dq b θ =0 θ − θC 0 q b θ T0 b db θ



at b θ = θ. This defines a diﬀerential equation based on T which describes the optimal tariﬀ. Note that 3



the SOC requires that at b θ = θ,



³ ´ ⎡ ³ ´ ⎤2 ³ ´ ³ ³ ´´ dq b ³ ³ ´´ d2 q b θ θ ⎦ − θv 0 q b T b ≤ 0. θ − θC 00 q b θ ⎣ θ 2 db θ db θ 00



If we diﬀerentiate the FOC with respect to θ when evaluated at b θ = θ, we arrive at z



SOC ≤ 0



}| { ³ ´ ⎤2 ³ ´ 2 b b ³ ´ ³ ³ ´´ dq θ ³ ³ ´´ d q θ 00 dq (θ) ⎦ − θv 0 q b =0 θ − θC 00 q b θ ⎣ θ +T b −C 0 (q (θ)) 2 dθ db θ db θ ⎡



which implies



−C 0 (q (θ))



dq (θ) ≥ 0. dθ



Since C 0 (q (θ)) > 0, we therefore have the monotonicity condition dq (θ) /dθ ≤ 0. Together with the earlier result using the envelope theorem, the diﬀerential equation on T and the monotonicity condition completely characterize the set of IC constraints. Instead of maximizing expected welfare with respect to the pair (q (θ) , T (θ)) we can choose to maximize with respect to (q (θ) , U (θ)) by using the fact that U (θ) = T (θ)−θC (q (θ)). This has the advantage of eliminating the diﬀerential equation constraint on T and further simplifying the objective functional. The regulator’s problem then becomes max



q(θ),U(θ)



s.t. ·



Z



θ



θ



[vq (θ) − U (θ) − θC (q (θ))] f (θ) dθ



¡ ¢ U θ =0



(Expected welfare) (IR)



U (θ) = −C (q (θ)) dq (θ) ≤ 0. dθ



(Law of motion) (Monotonicity)



As one can see, this is a dynamic programming problem since we have a moving state variable U (θ). This can be easily solved using Optimal Control Theory (in fact the way we have written the model adheres to a standard control problem). Nonetheless, the more common method is to eliminate the dynamic state variable and solve the problem using pointwise maximization, i.e. maximize the integrand for an arbitrary θ. We proceed by concentrating on the integral Z θ U (θ) f (θ) dθ θ
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since we want to eliminate U (θ) in the objective functional. Using integration by parts, we have Z



θ



U (θ) f (θ) dθ



=



U (θ) (F



θ



Z



=



θ (θ))|θ



+



Z



θ



F (θ) C (q (θ)) dθ θ



θ



F (θ) C (q (θ)) dθ θ



¡ ¢ where the second line follows from U θ = 0, and F (θ) = 0. Therefore the regulator’s problem simplifies to



max q(θ)



Z



θ



θ



∙ µ ¶ ¸ F (θ) vq (θ) − θ + C (q (θ)) f (θ) dθ f (θ)



dq (θ) s.t. ≤ 0. dθ



To solve this problem, we first ignore the monotonicity condition and solve the unconstrained problem. We then derive suﬃcient conditions for the monotonicity constraint to be satisfied. Since we no longer have a dynamic variable, we can solve this by maximizing the integrand with respect to q for a given θ, i.e.



∙ µ ¶ ¸ F (θ) C (q (θ)) f (θ) . max vq (θ) − θ + q f (θ)



The FOC of this problem is v=



µ



F (θ) θ+ f (θ)



¶



¡ ¢ C 0 q SB



¡ ¢ Recall that the first best outcome is characterized by θC 0 q F B = v (marginal cost equals marginal social



benefit) and thus q SB (θ) = q F B (θ) and q SB (θ) < q F B (θ) for the remaining types.



³ Now it remains to check whether the monotonicity condition is satisfied. Define g (θ) ≡ θ +



> 0 and thus the FOC rewrites as



F (θ) f (θ)



´



¡ ¢ v − g (θ) C 0 q SB = 0.



Using the implicit function theorem, we have



dq g 0 (θ) C 0 (q) =− . dθ g (θ) C 00 (q) Note that the denominator is always positive by the convexity of C (·). Therefore it must be that g 0 (θ) > 0 for the monotonicity condition to hold. The monotone hazard property, µ ¶ d F (θ) ≥0 dθ f (θ) 5



satisfies this, i.e. if it holds then ∙ µ ¶¸ d F (θ) > 0. g 0 (θ) = 1 + dθ f (θ) This property is satisfied for uniform, normal, exponential and other common distributions. Let C (q) = wq 1/α where w is the real wage and α ∈ (0, 1) is the parameter we want to estimate. Then we have qF B = and q SB



α ³ α ´ 1−α θw



⎡ ³ ⎢α θ + =⎣



F (θ) f (θ)



w



α ´−1 ⎤ 1−α



⎥ ⎦



.



Hence total cost (assuming no fixed costs) for the symmetric and asymmetric information models respectively are given by −α



1



T C (S) = (θw) 1−α α 1−α and T C (A) = θw



−α 1−α



α



1 1−α



µ ¶ −1 F (θ) 1−α θ+ f (θ)



Our econometric model will then be ln T C (S) =



α 1 1 ln α − ln w + ln θ − ln θ + ζ 1−α 1−α 1−α



≡ Ψ (S) + ζ and ln T C (A) =



µ ¶ α 1 F (θ) 1 ln α − ln w + ln θ − ln θ + +ζ 1−α 1−α 1−α f (θ)



≡ Ψ (A) + ζ where we will assume that ζ ∼ N (0, 1). Observe that the only diﬀerence between the two models can be found in the fourth term where the likelihood ratio F (θ) /f (θ) is present in the asymmetric information model. The likelihood conditional on T C, w and θ is thus φ (ln T C − Ψ (·)) where φ is the standard normal pdf. The econometrician does not observe θ but knows its distribution. Assume θ is uniformly distributed 6



on [1, 2] where θ = 1 reflects the most eﬃcient firm. Suppose that it is possible for the econometrician to have prior information with regard to the distribution of θ. Specifically, let this information be that in her sample, the most eﬃcient firm has θ = b θ ∈ (1, 2). Thus we find an estimate for α such that the



following is maximized:



X i



ln



R2 e θ



φ (ln T C − Ψ (·)) dθ . 2−b θ



A rationale for this additional information of the econometrician is that data at hand reflect postregulation behavior hence it is not unlikely that the information on the distribution of θ that the econometrician has is more informative than the regulator’s (assuming the asymmetric information case) at the pre-regulation stage. Nonetheless in our simulations, we start by assuming that b θ = 1.
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Simulation design and results



Set the true value of α to be 1/2. We need to simulate values for w and T C, given the values of α and θ. We do this by directly generating ln w as draws from a standard normal distribution and then use these values to generate ln T C, i.e. ln T C = Ψ (·) + ζ where ζ is a draw from the standard normal distribution. We say that the true model is the symmetric (asymmetric) model if Ψ (·) = Ψ (S) (Ψ (A)). The Monte Carlo simulation exercise involves 1000 simulation runs for each sample size we consider (n = 100, 250, 500, 1000 and 5000). For each simulation run, we draw a single θ from the uniform distribution with support [1, 2] and simulate the values for w and T C n times. The parameter α is estimated using the symmetric and asymmetric information models by maximum likelihood. We then perform the Vuong test to see which model is closer to the true model. In this paper, we are concerned with the power propeties of the Vuong test. Tables 1 and 2 give the simulation results for the case where S and A respectively, is the true model. As one will notice, not only do we underreject the null even for large sample sizes, the test can also produce incorrect conclusions. The probability of having an incorrect conclusion is greater when the true model is the asymmetric model. Nonetheless, the correspnding estimates of both models for α are close
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in this scenario, hence if estimation of α is the primary concern (and not whether the true information regime is symmetric or asymmetric), then this does not pose much of a problem. Note however that when the true model is the symmetric model, we can have completely wrong conclusions regarding the information regime and α with some small probability.2 Table 1: Simulation results with true model = S true model = symmetric



α b /α from model (·)



n



correct



incorrect



not reject



mean (S)



msqe (S)



mean (A)



msqe (A)



100



0.596



0.003



0.401



0.9948



0.0029



0.9343



0.0068



250



0.657



0.004



0.339



1.0004



0.0011



0.9374



0.0049



500



0.730



0.007



0.263



1.0008



0.0006



0.9382



0.0044



1000



0.802



0.010



0.188



0.9999



0.0003



0.9372



0.0043



5000



0.845



0.046



0.109



1.0009



0.0001



0.9378



0.0041



(two-sided) 5% significance level



Table 2: Simulation results with true model = A true model = asymmetric



α b /α from model (·)



n



correct



incorrect



not reject



mean (S)



msqe (S)



mean (A)



msqe (A)



100



0.555



0.178



0.267



0.9361



0.0881



1.0051



0.0053



250



0.641



0.226



0.133



0.9564



0.0686



1.0049



0.0044



500



0.644



0.235



0.121



0.9626



0.0615



1.0010



0.0035



1000



0.669



0.262



0.069



0.9564



0.0651



1.0034



0.0034



5000



0.708



0.256



0.036



1.0080



0.0273



1.0043



0.0031



(two-sided) 5% significance level



The occurrence of wrong conclusions is found to be related to how close θ is to its upper or lower support for the case where the true model is S or A respectively. Figures 1 and 2 plot this relationship. 2 Observe



also that the probability of having incorrect conclusions is roughly increasing in the sample size. A reason for



this is that given θ is uniformly distributed, having a larger sample size increases the probability of having more draws of θ in the troubled region, where the troubled region is the region of θ that leads to wrong conclusions. See Figures 1 and 2.
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Here θ is plotted against the absolute values of the computed Vuong test statistic, where larger magnitudes (>1.96) reflect having wrong conclusions.



Figure 1: Relationship between θ and having an incorrect conclusion (true = S )



Figure 2: Relationship between θ and having an incorrect conclusion (true = A )
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Therefore from these graphs we can see that the test has lower power when θ is close to the boundaries of its support. An intuition for this result is as follows. When the firm is very eﬃcient, the Vuong test favors the explanation that the regulator sets first best quantities. In contrast, when the firm is very ineﬃcient, the Vuong test favors the explanation that the regulator sets second best quantities instead of recognizing that the firm is actually very ineﬃcient. Thus it seems that the test presupposes moderate levels of θ and attributes the observed lower (higher) quantity as being due to a second (first) best model. In other words, without additional information on the realized value of θ, the individual likelihoods are averaged over the whole support. Therefore we run into trouble when the actual value of θ is near the support. For example, if the firm is very ineﬃcient, the computed likelihoods do not take this information into account. Hence implied low quantities will be attributed to a firm with an average level of eﬃciency operating in a second best environment instead of the (true) explanation that low quantities stem from a highly ineﬃcient firm operating in a first best environment. Note that the problem is not due to the Vuong test per se, but on the particularities of model comparisons of information models. Suppose now that the econometrician has more information than what the regulator has at the time the latter was designing the regulatory contract. Specifically assume that the econometrician knows that the realized value of θ actually belongs to [1.6, 2]. Therefore instead of integrating the conditional (on θ among others) likelihoods over the whole support [1, 2], the econometrician integrates them over [1.6, 2]. Finally assume that the true information regime is asymmetric. Simulation results are given in table 3. Table 3: Simulation results for special set-up true model = asymmetric



α b /α from model (·)



n



correct



incorrect



not reject



mean (S)



msqe (S)



mean (A)



msqe (A)



100



0.839



0.000



0.161



1.0579



0.0486



0.9961



0.0024



250



0.982



0.000



0.018



1.0955



0.0215



0.9990



0.0015



500



0.999



0.000



0.001



1.1073



0.0140



1.0007



0.0010



1000



1.000



0.000



0.000



1.1085



0.0123



0.9996



0.0008



5000



1.000



0.000



0.000



1.1095



0.0124



1.0006



0.0007



(two-sided) 5% significance level; support of conditional distribution: [1.6, 2]
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As one can see, the assumption that the econometrician can take hold of useful information with regard to the distribution of θ improves the power of the Vuong test. In fact, contrary to previous studies, the Vuong test displays relatively good power properties.
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Limitations



One limitation of our study is that we have assumed the distribution of θ is known to the econometrician (and even go beyond as assuming that she has more information than what the regulator has at the pre-regulation stage) unlike in Wolak (1994) where this distribution is estimated for both the symmetric and asymmetric information models. However we conjecture that estimating the distribution would likely make our results stronger or at least would still be consistent with our results. Assuming we can consistently estimate all the parameters and the distribution of θ, the likelihood for the true model should not increase by a significant amount. In contrast, the likelihood of the wrong model would most likely increase substantially and therefore the probability of having wrong conclusions will increase. Nonetheless, this issue warrants future research.
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