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1. Introduction 

ALTWXGH the assumption that expectations are rational is often made in 
macroeconometric model building, it is seldom tested. Hall and Henry 
(1988), for example, use this assumption in a number of equations of their 
model. but no tests are made against other possible expectational assump- 
tions. The rational expectations (RE) hypothesis has come to be treated like 
the profit maximization hypothesis-a working hypothesis to be used with- 
out testing. This is, however, a risky strategy because the properties of models 
can be quite sensitive to the use of the RE assumption.’ If this assumption 
is not a good approximation of the way that expectations are actually formed, 
models that use this assumption may not be good approximations of the 
economy. 

The RE hypothesis is tested in this paper by nesting equations with- 
out rational expectations within those with rational expectations. The test 
simply comes down to whether certain variables in an equation are 
statistically significant. Also, the test does not require the econometrician to 
have all the variables that agents use in forming their expectations at her or 
his disposals--a partial list will do. In this sense the test differs in an 
important way from Hendry’s (1988) test, where a complete list of the variables 
that at&t expectations is needed (see Section 3 for more discussion of 
this). 

The test is developed in Sections 2 and 3, and the results of applying the 
test to a number of macroeconomic equations are reported in Section 4. The 
setup of this paper also allows an easy way to examine the sensitivity of 
the properties of a model to the RE hypothesis, and this issue is examined in 
Section 5. 

2. Macroeconomic modeling 

To motivate the test, a brief discussion of macroeconomic methodology will 
be helpful. There are a number of ways in which theory is used in the 
specification of empirical relationships. A common procedure in macro- 
economics is to begin by postulating a maximization problem for a representative 
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agent. Consider, for example, the following maximization problem for a 
representative household. Maximize 

E,U(C ,, , CT. L,, ., LT) (1) 
subject to 

S,= ~(~(HL,)+r,A,_,--P,Cr 

A, = A,_, + S, (2) 

A,=2 

where C is consumption, L is leisure, S is savings, W is the wage rate, H is the 
total number of hours in the period, r is the one-period interest rate> A is the 
level of assets, P is the price level. 2 is the terminal value of assets, and 
t=l,..., T. E, is the expectations operator conditional on information 
available at time 0. Given A,, and the conditional distributions of the future 
values of W, P, and r. it is possible in principle to solve for the optimal values 
of C and L for period I, denoted C; and Lf. In general, however, this problem 
is not analytically tractable. In other words, it is not generally possible to find 
analytic expressions for C: and Lf. 

At this point there are two main approaches that can be followed. One is to 
postulate a particular functional form for the utility function and estimate its 
parameters from the first order conditions. This is the basic approach taken, 
for example, by Hall (1978), Hansen and Singleton (1982). and Mankiw: 
Rotemberg, and Summers (1985). 

The other approach is to estimate approximations of the decision equations. 
This approach in the context of the above example is the following. First. the 
random variables, w, P,, and r,, t = 1,. , i”, are replaced by their expected 
values, w:, P;, r;, f = 1,. , T. Given this replacement. one can write the 
expressions for CT and Lf as 

C: = fi(A,, 2, WY,. , IV;, P;, _. , P;. rf. _. _, r;, a) (3) 

L: = f2(Ao, 2, w;, , w;., P;, , p;., r;, , r;, x) (4) 

where c( is the vector of parameters of the utility function. Equations (3) and 
(4) simply state that the optimal values for the first period are a function of 
(i) the initial and terminal values of assets, (ii) the expected future values of the 
wage rate, the price level, and the interest rate. and (iii) the parameters of the 
utility function.’ The functional forms ofequations (3) and (4) are not in general 
known. The aim of the empirical work is to try to estimate equations that are 
approximations of equations (3) and (4). Experimentation consists of trying 
different functional forms and of trying different assumptions about how 
expectations are formed. Because of the large number of expected values in 
equations (3) and (4), the expectational assumptions usually restrict the number 

’ Ii information for period 1 is available at the time the decisions ace made. when Wt. Pt. and 
r; should be replaced by the actual values in equations (3) and (4). 
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of free parameters to be estimated. For example, the parameters for E,W,, , 
E,W, might be assumed to lie on a low order polynomial or to be geometrically 
declining. 

There are pros and cons to both of these approaches. The first approach has 
the advantage of estimating ‘deep structural parameters’ such as the parameters 
of utility functions, but the results may be sensitive to errors made in specifying 
the functional form of the utility function. The results in Mankiw, Rotemberg, 
and Summers (1985), for example, are not supportive of this approach. It is 
also generally not possible from the estimated first order conditions to derive 
analytically the decision equations that correspond to the conditions. 

The second approach does not estimate deep structural parameters, and so 
it is subject to the Lucas (1976) critique. It also uses the certainty equivalence 
procedure, which is only strictly valid in the linear-quadratic setup. On the other 
hand, it allows more flexibility in estimating functional forms, and it does end 
up with estimated decision equations. 

The second approach will be used in this paper. As will be seen; this approach 
allows an easy way of nesting equations without RE within those with RE. This 
paper is thus based on the implicit assumptions that the Lucas critique is not 
quantitatively important and that the certainty equivalence assumption is a 
reasonable approximation. These assumptions can be tested,” but this is beyond 
the scope of this paper. 

When decision equations like (3) and (4) are estimated, it is often the case 
that lagged dependent variables are used as explanatory variables. Since C, 
and L, do not appear in equations (3) and (4), how can one justify the use of 
lagged dependent variables? A common procedure is to assume that CT in (3) 
and Lf in (4) are long-run ‘desired’ values. It is then assumed that because of 
adjustment costs, there is only a partial adjustment of actual to desired values. 
The usual adjustment equation for consumption would be 

c, - co = n(cy - C”), o<-i< 1 (5) 

which adds C, to the estimated equation. This procedure is ad hoc in the sense 
that the adjustment equation is not explicitly derived from utility maximization. 
One can, however, assume that there are utility costs to large changes in 
consumption and leisure and thus put terms such as (C, - C,)‘, (C, - C,)“, 
(L, - L,)*, (L2 - L,)‘, in the utility function (1). This would add the 
variables C, and L, to the right-hand side of equations (3) and (4), which would 
justify the use of lagged dependent variables in the empirical approximating 
equations for (3) and (4). 
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3. Expectational assumptions and the test 

Within the context of the second approach, the assumption that expecta- 
tions are rational can be tested as follows. Assume that the equation to be 
estimated is: 

L’, = x,,a, + tX;,+,“I + u,, t=1,...,7- (6) 

where X,, is a vector of observed variables and ,X;,+! is the expectation of 
X 21+i based on information as of the beginning of period t, i > 0 being 
some fixed integer. The following discussion can easily be generalized to cover 
more than one expectational variable and more than one value of i, but for 
simplicity it will focus on the one-variable, one-value-of-i case. It will also be 
assumed for now that X,, contains only predetermined variables and that all 
these variables are known at the time that expectations are formed for period 
t + i. 

A traditional assumption about expectations is that the expected future values 
of a variable are a function of its current and past values. One might postulate. 
for example, that ,X;,+i depends on X,, and X2,_,, where it is assumed that 
X,, (as well as X2,_ ,) is known at the time the expectation is made. The equation 
could then be estimated with X,, and X,,_, replacing ,X;,+j in (6). Note that 
this treatment, which is common to many macroeconomic models, is not 
inconsistent with the view that agents are ‘forward looking’. Expected future 
values do affect current behavior. It is just that the expectations are formed in 
fairly simple ways-say by looking only at the current and lagged values of the 
variable itself. 

If instead ,X;,+i is rational, equation (6) can be consistently estimated using 
Hansen’s (1982) generalized method of moments estimator. This method 
requires that agents form expectations rationally and that there is an observed 
vector of variables (observed by the econometrician), denoted Z,, that is used 
in part by agents in forming their (rational) expectations. The method does not 
require for consistent estimates that Z, include ail the variables used by agents 
in forming their expectations. 

Hansen’s method is general enough to require some explanation of how it is 
applied in the present case. The following is a brief outline; more details are 
given in Appendix A. First, let the expectation error for ,X;,+! be 

tc,+i = X,,+e ~ ,x;,+i (7) 

\*rhere X,,+( is the actual value of the variable. Substituting (7) into (6) yields 

?‘, = X,&l, + X,,+;“z + lit - ,I:*+ I z2 

= x,r i- UC. (8) 

where X, = (X,,X,,+; and V, = u, - ,~,+<x?. 
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Consider first the two stage least squares (2SLS) estimation of equation (8), 
where the vector of first stage regressors is the vector Z, used by agents in 
forming their expectations. A necessary condition for consistency is that Z, and 
u, be uncorrelated. This will be true if both uT and ,etti are uncorrelated with Z,. 
The assumption that Z, and u, are uncorrelated is the usual 2SLS assumption. 
The assumption that Z, and ,E,+~ are uncorrelated is the rational expectations 
assumption. If expectations are formed rationally and if the variables in Z, are 
used (perhaps along with others) in forming the cxpectatio” of X2i+i, then Z, 
and ,E,+; are uncorrelated. Give” this assumption (and the other standard 
assumptions that are necessary for consistency), the 2SLS estimate of 1 in 
equation (8) is consistent. The 2SLS estimator does not, however, account for 
the fact that t’t is a moving average error of order i - 1, and so it loses some 
efficiency. Hansen’s estimator in this context is simply 2SLS modified to account 
for this moving average process. 

The test of the RE hypothesis can now be described. Consider in the context 
of the above example testing the RE hypothesis against the simpler alternative 
that ,x;,+i is only a function of X,, and X,, _ 1 Assume that X,, and X,, 1 are 
in the X,, vector in equation (6). The test then consists of estimating equation 
(8) “sing Hansen’s method and testing the hypothesis that a2 equals zero. The 
Z, vector used for Hansen’s method would include the variables in X,, plus 
other variables assumed to be in the agents’ information sets. The test is really 
whether these other variables matter. If agents do not use more information 
than that contained in X,, in forming their expectations of Xzliil the” a2 in 
equation (8) is zero-the “se of the variables in Z, as first stage regressors for 
X z,+i adds nothing that is not already contained in X,,. 

The test of the RE hypothesis is thus to add variable values led one or more 
periods to an equation with only current and lagged values and estimate the 
resulting equation using Hansen’s method. If the led values are not significant, 
this is evidence against the RE hypothesis. It means essentially that the extra 
variables in Z, do not contribute significantly to the explanatory power of the 
equation. 

An implicit assumption behind this test is that Z, contains variables other 
than those in X,,. If, say, the optimal predictor of XZfii (and thus the agents’ 
expected value under the RE hypothesis) were solely a function of X,, and 
Xx,_ ,, then the above test would not be appropriate. In this case the traditional 
approach is consistent with the RE hypothesis, and there is nothing to test. 
The assumption that Z, contains many variables is consistent with the 
specification of most macroeconometric models (hence the reason for the last 
three words in the title of this paper), where the implicit reduced form equations 
for the endogenous variables contain a large “umber of variables. This 
assumption will be maintained throughout this paper. The paper has nothing 
to say about cases in which there is a very small number of variables in Z,. 

As a” example of the test, consider the wage rate W in the consumption 
equation (3) and assume that U: is known, where t is period 1. The wage 
variables in equation (3) are @, W:, 1, W;,,, etc. If agents use only current 
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and lagged values of W in forming expectations of future values of W’, then 
candidates for explanatory variables are Ii;, ct;_ I% !+;~*, etc. Under the RE 
hypothesis, on the other hand, agents use Z, in forming their expectations for 
periods t + 1 and beyond, and candidates for explanatory variables are Iv+ 1, 
w r+2, etc., with Hansen’s method used for the estimation. The led values of W 
can thus be added to the equation. Likewise, led values of the price variable P 
can be added. The test is then to test for the joint significance of the added 
values. 

It should be noted that the test proposed here is quite different from Hendry’s 
(I 988) test of expectational mechanisms. Hendry’s test requires one to postulate 
the expectation generation process, which is then examined for its constancy 
across time. If the structural equation that contains the expectations is constant 
but the expectations equations are not, this refutes the expectations equations. 
As noted above, for the test in this paper Z, need not contain all the variables 
used by agents in forming their expectations, and so the test does not require 
a complete specification of the expectations generation process. The two main 
requirements are only that Z, be correlated with Xzrii but not with ,c,+~. 

4. Results of the tests 

Sixteen macroeconomic equations were examined in this study. The basic 
equations are taken from the Fair (1984) model, but to guard against the danger 
of having the results depend on a particular model, additional variables were 
added to the equations for some of the tests to make the equations general 
enough to encompass several different specifications. The data set used for the 
present results began in 1952 1 and ended in 1988 IV. The estimation period 
for all the equations was 1954 I-1986 IV, a total of 132 observations. Each 
equation was first estimated without the leads and then the equation was 
re-estimated with the leads added. From these two estimates the joint significance 
of the led values can be tested using a chi-squared test.4 

Four tests were performed for each of the 16 equations. The first three tests 
used the Fair-model specification of the equation. For the first test only values 
led one quarter were added: for the second test values led one through four 
quarters were added; and for the third test values led one through six quarters 
were added with the six parameters per variable constrained to lie on a 
polynomial. The polynomial for the third test was second degree with an end 
point constraint of zero at lead 7. This meant that two unconstrained 



R. c. FAIR 175 

parameters were estimated for each variable for the third test.’ The polynomial 
constraint was used to lessen possible collinearity problems. 

For the fourth test the values of all the explanatory variables in the equation 
lagged once and the value of the lagged dependent variable (if it were not 
already included) were added to the equation (with the exception of the age 
variables in the household expenditure equations). In addition, real per capita 
disposable personal income was added to the household expenditure equations. 
Adding disposable personal income incorporates the Keynesian specification. 
Adding the lagged values incorporates a richer dynamic structure. For example. 
Hendry, Pagan, and Sargan (1984) show that adding the lagged dependent 
variable and lagged values of all the explanatory variables is quite general in 
that it encompasses many different types of dynamic structures. For the fourth 
test the six leads with the polynomial restriction were used. 

The estimates of the basic equations before the addition of the leads 
are presented in Appendix B. The chi-squared values are presented in Table 1. 
It will help in the following discussion to refer closely to the equations in 
Appendix B. 

The variables for Z, were chosen to be the main predetermined variables in 
the Fair (1984) model. (These variables are listed in Table 6-l in Fair, 1984). 
The only exception to this was for equations with an autoregressive structural 
error (equations 2, 9, and ll), where the viewpoint date is t ~ 2 rather than 
t - I. This means that lagged endogenous variables for period f - I cannot be 
used. (See the discussion of the autoregressive case in Appendix A.) The use of 
the main predetermined variables in the Fair model for Z, means that the 
information set used by agents is assumed to include these variables. 

All but one of the 16 equations has right-hand side endogenous variables, 
which means that the assumption in the previous section that X,, contains only 
predetermined variables must bc relaxed. In the regular estimation of the model 
the equations arc estimated using 2SLS, with the variables in Z, used for the 
first stage regressors. A variable like U;;, for example, is taken to be endogenous. 
If, as is done here, Z, is used both as the vector of first stage regressors for the 
2SLS method (actually, Hansen’s method in the present context) and as the 
vector of variables used by agents in forming their expectations, it is not possible 

i Consider adding the values oi W led one through six quarters to the equation. The valuer enter 
as z,“= i p, yij. The polynomial constraint is 6, = p. + 7, j + ;sij2z j = I,. ,6. Also, )I, = 0. The 
zero consmint for & implies that 

y. = -7y, - 4P?2 

The way in which the icd values enter the equation is then 

y,& + 72F;, 
where 

F,,= f. (i-7)Ki 
j=i 
h 

~5 = Z: U’ - 49) Y+j 
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to test the assumption that a variable like U: is known against the assumption 
that agents only have a rational expectation of it. It would in principle be 
possible to do this if there were some contemporaneous exogenous variables 
in the model that agents forming rational expectations do not know but must 
forecast ahead of time. These variables are appropriate first stage regressors 
for 2SLS (since they are exogenous)l but they are not used by agents. In practice, 
however, this is likely to be a small difference upon which to base a test, and 
no attempt was made to do so here. The key question of interest here is whether 
values dated t + 1 and beyond are significant. 

The first seven equations in Table 1 are behavioral equations for the 
household sector. The explanatory variables in the consumption and housing 
investment equations (equatmns t-4) include the real value of wealth, the 
after-tax nominal wage. the price level, the after-tax interest rate, the real level 
of transfer payments, and a ‘labor constraint’ variable, which is designed to 
pick up possible disequilibrium effects. The lagged dependent variable is also 
included to pick up partial adjustment &as. In addition, the lagged stock of 
durable goods is in the durable goods equation, and the lagged stock of housing 
is in the housing investment equation. There are also two ‘age’ variables in 
each equation, which are designed to pick up effects of the changing age 
distribution on consumption and housing investment. The theory behind these 
equations is that households chooseconsumption and labor supply to maximize 
a multiperiod utility function, possibly subject to a ‘disequilibrium’ constraint 
regarding the amount that they can work at the current set of wage rates. The 
estimated equations can be considered to be approximations to decision 
equations like (3).6 . 

Led values of the after-tax wage rate and the price level were added to the 
basic version of each of the four equations. If the RE hypothesis is valid, the 
led values ol the wage rate and the price level should be significant in an 
estimated version of an equation like (3), which the present equations are like. 
The most favorable results for the RE hypothesis in Table 1 are those using 
six leads with no additional explanatory variables added. The results for this 
(third) test show that for the three consumption equations the led values are 

‘Equations I through 6 arc the same as in Fair and Dominguez (1991) except that the period 
ofestimation ends in 1986 IV here rather than in 1988 IV. The estimation period had to end earlier 
hex because “Ithe use orthe led FBIUCS. The use oltbc age variables is explained in this other paper. 

Two of the variables in cquaiion 1 and two in equation 4 have coeilicien~ cstimalcs ol the wrong 
expected signs. Tbcsc variables were Ml in, however, with the rcaliwtion that the estimates may 
change sign when the led wiucs arc added. Note in Table B that Wand P are entered separately 
rather than as U:P. One does not necessarily expect M’ and P 10 cnier as &P/P. The P used for 
each equation is the own price of the good (the price deflator for scrviccs for ibc sewice equation, 
the price dcffator four nondurables for the nondurables equation. and so on), and in principle the 
prices of the other goods should be included in Ihe equarion as well. There is, howcvcr; too much 
collinearity among the various price deflators to pick up sensible effects in the aggregate data. 
Therefore, only the own price was included, but included separately. Finally. note that the values 
oithc explanatory variables in equation 4, the housing invesimenl equation. are lagged once rather 
than unlagged. This is because housing investment depends in barge part on housing sfacts decisions 
made at least one quarwr earlier. When the leads were added to this equation, they began with 
period t rather than period t + 1. 
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significant ar the 5:/, level. The values are not significant for the housing 
investment equation. The only other significant value is for the second test for 
consumption of durables. 

Consider now the three labor force equations, equations 5_ 6, and 7. 
Explanatory variables that are common to these three equations are the 
after-tax nominal wage. the price level, and the labor constraint variable. Each 
equation also includes the lagged dependent variable. In addition. the equations 
for males 25-54 and females 25-54 include W times AGE2554, the percent of 
the working age population aged 25-54. This latter variable is designed to 
account for the possibility, as Easterlin (1987) suggests, that the average wage 
facing a particular age cohort depends negatively on the size of the cohort. If 
this is so, the coeficient of W, the aggregate wage, and W.AGE2554 should 
have coefficient estimates of opposite signs. The coefficient of W should be 
positive if the substitution effect dominates and negative if the income effect 
dominates.’ Finally, the labor force equation for all others except those 25-54 
includes the lagged value of the wezalth variable. 

Led values of the after-tax wage rate and the price level were also added to 
the basic version of each of the three labor force equations. Again, if the RE 
hypothesis is valid, the led values of the wage rate and the price level should 
be significant in an &mated version of an equation such as (4), like the present 
equations. The results in Table 1 show that the led values are significant at the 
57; level for males 25-54 for the third and fourth tests. at the l:‘, level for 
females 25-54 for the third test, and at the 5% level for females 25-54 for the 
second and fourth tests. The led values are not significant for the other labor 
force equation for any of the tests. 

Equations 8 through 12 in Table 1 are behavioral equations for the firm 
sector.’ Equation 8 is the price equation. According to the theory upon which 
this equation is based, expected future wages should have a positive effect on 
current price decisions. In the basic version of the equation the current value 
of the wage rate is used to proxy for expected future values, and it is highly 
significant in Table B. The results in Table 1 show that the led values of the 
wage rate are not significant for any of the tests. 

Equation 9 determines output given sales. According to the theory behind 
the equation, output is smoothed relative to sales, and in the basic version of 
the equation the current value of sales is used to proxy for expected future 
values. If the RE hypothesis is valid; one would expect the led values of sales 
to be significant. Again, the results in Table 1 show that led values are not 
significant. 

Equations 10, ll_ and 12 determine the demand for investment, jobs. and 
hours paid per job, respectively. In the investment equation the change in 
investment is a function of the amount of excess capital on hand and of current 



R. C. FAIR 119 

and lagged output changes. Similarly. in the jobs and hours equations the 
changes in jobs and hours are a function of the amount of excess labor on hand 
and of current and expected future output changes. In all three equations the 
current and lagged output changes are proxying for expected future output 
changes. These are obvious equations to MThich led values of output changes 
can be added to test the RE hypothesis. When the led values of output changes 
are added to the equations, the results in Table I show that they are significant 
at the 5:o level for investment (for the third test) and jobs (for the third and 
fourth tests), but not for hours paid per job. 

Equation 13 explains the three-month Treasury bill rate. The estimated 
equation is interpreted as an interest rate reaction function of the Federal 
Reserve. The explanatory variables include: (i) the rate of inflation, (ii) a 
measure of labor market tightness, (iii) the rate of growth of real output. and 
(iv) the la&ged rate of growth of the money supply. The equation is a ‘leaning 
against the wind’ equation in the sense that as these four variables increase 
(decrease) the Fed is estimated to allow short term interest rates to rise (fail). 
Current values of the rate of inflation, labor market tightness, and real growth 
are used in the basic version of the equation. If the Fed has rational 
expectations, the led values of these variables should be significant. When the 
led values are added, however, the results in Table 1 show that they are not 
significant. 

Equations 14 and 15 explain the long term bond rate and the mortgage rate, 
respectively. These are standard term structure equations in which the long rate 
is a function of current and lagged short rates. In this case the short rate is the 
three-month bill rate. The current and lagged values of the bill rate are meant 
to proxy for expected future values. When the led values of the bill rate are 
added to the equations, the results in Table 1 show that they are not significant 
except for the second test for the bond rate. The results for the term structure 
equations are thus not generally supportive of the RE hypothesis. 

Equation 16 explains the change in aggregate stock prices. The explanatory 
variables in the basic equation include the change in the bond rate (to pick up 
changes in expected future short term rates) and the change in after-tax cash 
flow. When the led values of the change in after-tax cash flow are added to the 
equation, the results in Table 1 show that they are not significant. These results 
are thus also not supportive of the RE hypothesis. In this case, however. the 
results probably do not say much because not even the current value of after-tax 
cash flow is significant. 

The overall results thus show a scattering of support for the RE hypothesis. 
The led values are significant for at least one of the tests for five of the seven 
household equations and for two of the five firm equations. They are not 
significant for any of the interest rate and stock price equations except for the 
second text for the bond rate. With one exception, when the led values are 
significant, they are significant at the 5% level but not at the I”, level. The led 
values thus add to the explanatory power of these equations, but the addition 
is only moderate. Adding them is roughly like adding variables with t-statistics 
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around 2. Put another way, the results show for the household equations that 
the variables in Z, matter somewhat. This is some evidence that agents use the 
variables in Z, informing their expectations. 

5. Sensitivity of policy effects to the RE hypothesis 

The last section examined the statistical significance of the RE hypothesis. 
This section examines its economic significance. How much difference to the 
properties of a model does the addition of the led values make? Two versions 
of a model are examined here. The first consists of the equations in Appendix 
B plus the other equations that make up the model in Fair (1984). This version 
will be called Version 1. It has no led values in it. The second version replaces 
the equations in Appendix B with the equations estimated for the third test in 
Table 1, namely the equations with the six led values of the various variables 
added. This version will be called Version 2. The other equations in the Fair 
(1984) model are the same for both versions. 

It should be noted that Version 2 has fewer restrictions imposed on it than 
are imposed on most RE models. The only restrictions imposed before 
estimation arc that there are six leads and the coefficients of the led variables 
he on a second degree polynomial. In many RE models at least some of the 
coefficients are chosen a priori rather than estimated. For example, the RE 
version of the model in Fair (1979b) simply imposes rationai expectations in 
the bond and stock markets without estimation. It is thus quite possible for 
Version 2 to have properties similar to those of Version 1 and yet for other, more 
restricted, RE models to have very different properties from those of their non- 
RE versions. 

Version 2 is solved under the assumption that expectations are rational in 
the Muth sense. In particular, it is assumed that agents use the model in solving 
for their expectations and that their expectations of the exogenous variables 
are equal to the actual values. These two assumptions imply that agents’ 
expectations of the future values of the endogenous variables are equal to the 
model’s predictions of them. Version 2 is solved using the solution method in 
Fair and Taylor (1983). Because future predicted values atfect current predicted 
values, the standard way of solving models period-by-period cannot be used. 
One must iterate over solution paths, and this is what the solution method does. 

Four policy experiments were performed. The first two are a sustained 
increase in federal government purchases of goods in real terms beginning in 
1970 1. For experiment I the change is unanticipated, and for experiment 2 the 
change is anticipated as of 1968 1. The second two experiments are a sustained 
decrease in the bill rate beginning in 1970 1. For experiment 3 the change is 
unanticipated, and for experiment 4 the change is anticipated as of 1968 I. For 
the second two experiments the interest rate reaction function (equation 13) is 
dropped and the bill rate is taken to be the exogenous policy variable of the 
Fed. The results for real GNP and the private non-farm price deflator are 
presented in Table 2. Both the anticipated and unanticipated results are the 
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same for Version 1 because future predicted values do not affect current 
predicted values-Version I is not forward looking in this sense. 

The results for each experiment were obtained as follows. The version was 
first solved using the actual values of all exogenous variables. These solution 
values are the ‘base’ values. The policy variable was then changed and the 
version was solved again. The difference between the predicted value of a 
variable from this solution and the predicted value from the first solution is 
the estimate of the response of the variable to the policy change. 

Before discussing the results, it should be noted that the experiments were 
performed without concern about possible wrong signs of the coefficient 
estimates of the led values. Not all signs were what one might expect. For 
example, in the investment equation the coefficients of the output changes led 
three through six quarters were negative, which is not consistent with the theory 
behind the equation. Nevertheless, the negative values were left in. The aim of 
the exercise in this section is not to test theories, but to see how much difference 
the addition of led values makes to a model’s properties, regardless of what 
their coefficient estimates might be. It may be that other theories would imply 
different signs, and so this section has remained agnostic about the signs. 
Likewise, no concern was given as to whether the led values were statistically 
significant or not. All the equations estimated for the third test in Table 1 were 
used regardless of the significance levels of the led values. 

Consider first the results in Table 2 for the government spending increase. 
The effects on real GNP are fairly similar, with Version 2 having slightly higher 
multipliers. The negative effects on real GNP before the policy change for 
Version 2 in the anticipated case are primarily due to the above mentioned 
negative elects of future output changes on current investment changes. Firms 
know that future output changes will be larger after the policy change, and. 
other things being equal, this has a negative effect on investment before the 
change (according to the coeflicient estimates). The effects of the price deflator 
are in &eneral slightly higher for Version 2. This is due in large part to the 
higher GNP values for Version 2. 

The differences between the two versions are in general larger for the bill 
rate decrease than for the government spending increase. The peak effect on 
real GNP is 1.22% for Version 1 compared to .8Ou/, or .75% for Version 2. The 
effects on the price deflator are in general lower for Version 2, which is due in 
large part to the lower GNP values for Version 2. The differences between the 
anticipated and unanticipated results for Version 2 are quite small for this 
policy change. 

Overall, the results in Table 2 do not show large differences in the policy 
properties of the model from the addition of the led values. The differences for 
the bill rate experiment are probably large enough to make at least some 
difference to policy makers in deciding what policy to follow, but this is not 
the case for the government spending experiment. 

In a way the results in this section are not surprising given the results in 
Section 4. The led values are at best only marginally significant, and so one 
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would not expect them to contribute in important ways to the properties of 
the model. A good way to see that the led values are not very important is to 
compare Casey 2 and 2” in Table 2. The anticipated and unanticipated results 
are fairly similar, and in the anticipated case there is not much action until the 
policy change is actually carried out. 

6. Conclusion 

The results in this paper show for the particular model considered that the 
RE hypothesis is of fairly minor quantitative importance. The led values do 
not in general contribute much to the explanatory power of the equations, and 
their use does not change the properties of a model very much. These results 
may_ of course, be model specific, and in the future it would be useful to perform 
the tests using other models. Until more modeis are used, no general conclusions 
can be drawn. 

The results so far do suggest, however, that one should be very careful in 
imposing rational expectations constraints on models without testing the 
constraints against alternative specifications. These constraints may not be 
supported by the data. For example, the results in this paper do not support 
the use of led values of the short term interest rate in the term structure 
equations for the long term rates. It is thus probably not a good idea to replace 
estimated term structure equations like 14 and 15 in Table B.l with equations 
that are consistent with there being rational expectations in the bond market. 
This replacement is not likely to be consistent with the data. For another 
example, the multicountry model of Taylor (1989) is one in which many rational 
expectations constraints have been imposed without being tested, and the 
properties of the model are quite different from those of non rational expecta- 
tions models (see Fair, 1989). 

It should be noted for future work that there is a more efficient way of testing 
the RE hypothesis than using Hansen’s method, namely using full information 
maximum likelihood (FIML). A method for computing FIML estimates for 
nonlinear models with rational expectations is discussed in Fair and Taylor 
(1990) and this appears to be computationally feasible for large models. Using 
this method one could perform likelihood ratio tests to test the significance of 
the led values. An entire model would be estimated by FIML first without and 
then with the led values. From these two estimates the likelihood ratio test 

. could be performed. The FIML technique is the obvious technique to use in 
this context because it accounts for all the cross equation restrictions implied 
by the RE hypothesis. 

Cowles Foundation, Yale Unioersity 
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