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CHAOS THEORY AND MICROECONOMICS: AN 
APPLICATION TO MODEL SPECIFICATION AND 

HEDONIC ESTIMATION 

Steven G. Craig, Janet E. Kohlhase, and David H. Papell* 

Abstract-This paper is the first to apply the theory of deter- 
ministic chaos to a microeconomic problem. Previous applica- 
tions of chaos theory to time series data, while successful in 
uncovering nonlinearities, have not provided guidelines for 
resolving uncovered misspecification problems. In contrast, we 
show that a modified test statistic from chaos theory is an 
extremely valuable tool in microeconomic model specification 
because it shows when excluded information is correlated with 
included information. This test, applied to hedonic estimation 
of marginal housing prices, is able to distinguish among alter- 
native regression specifications and assists in discovering a 
parsimonious specification devoid of nonlinear effects. 

I. Introduction 

JNTEREST in the theory of deterministic chaos 
has recently exploded. Although the theory 

originated in the hard sciences, applications of 
chaos theory to economics, as described by 
Grandmont (1985), Brock (1988), and Baumol 
and Benhabib (1989), are becoming more com- 
mon. All of the empirical applications to date, 
however, have used macroeconomic or financial 
time series data. Even though researchers have 
been successful in detecting evidence of nonlin- 
ear structure, they have not yet used chaos theory 
to provide guidelines for model specification to 
purge nonlinearities from the data. Our applica- 
tion of chaos theory to microeconomic data offers 
a natural way to attempt to resolve the presence 
of nonlinear structure through an examination of 
model specification. 

In this paper we present an innovative statisti- 
cal test, based on the BDS test of Brock, Dechert, 
and Scheinkman (1987), to detect the presence of 

nonlinear structure in microeconomic data. The 
essence of our test is to examine the residuals of 
a regression for systematic patterns. In a time 
series context, the data follow a natural order. 
With cross section data, the choice by which 
variable to order the data becomes imnportant. 
We demonstrate that our modified BDS test ex- 
amines whether there is information omitted from 
the regression that is correlated with the variable 
by which the residuals are ordered. Omitted in- 
formation correlated with included variables can 
either be truly omitted variables, or can be a 
nonlinear combination of the information already 
included in the regression. While there are no 
systematic methods for finding excluded vari- 
ables, it is possible to explore nonlinear combina- 
tions of included variables as alternative regres- 
sion specifications. 

To illustrate the importance of chaos theory to 
microeconomic research, we apply the test for 
nonlinear structure to a hedonic housing price 
regression. This application is particularly impor- 
tant since model specification is a crucial issue 
without clear theoretical guidance in the housing 
literature.' We show that the residuals from the 
standard specification typically exhibit nonlineari- 
ties; that is, the residuals are not independently 
and identically distributed (iid). For some of the 
cases that we examine, we are able to purge the 
nonlinearities from the system by examining al- 
ternative specifications of the regression model. 

There are two separate aspects of specification 
in applied economics that are highlighted in the 
hedonic housing literature. One is to find the best 
overall fit of a regression equation. The second is 
to determine whether the central coefficient of 
the model is correctly estimated. While the 
econometric literature has recently proliferated 
with new specification tests that address the first 
of these problems, no test exists that is focused 
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upon a single variable in order to address the 
second of these problems. The modified BDS test 
is applied with respect to a single variable in the 
equation and does not rely on the overall good- 
ness of fit of the regression model. 

Complicated functional forms are often needed 
to obtain the highest possible goodness of fit 
measures. Achieving the best overall goodness of 
fit sacrifices, however, the parsimonious specifi- 
cation needed to make precise statements about 
single regression coefficients. The problem, as 
discussed in Cassel and Mendelsohn (1985), is 
that complicated functional forms can make it 
difficult to calculate marginal prices and standard 
errors of specific housing characteristics. We find 
that the modified BDS test gives valuable infor- 
mation when applied to the analysis of individual 
variables in hedonic housing regressions. 

We apply the modified BDS test to the specifi- 
cation of a hedonic housing price equation used 
in Kohlhase (1991). We search for the existence 
of systematic nonlinearities in the error term of a 
regression. If systematic nonlinearities are found, 
we can conclude that the error term is not inde- 
pendently and identically distributed and that the 
regression specification needs to be explored fur- 
ther. We apply the test and show how it leads to 
a parsimonious specification with ease of inter- 
pretation of the coefficients of a single variable. 

The test is described in section II. We show 
that ordering by one of the right hand side vari- 
ables of the regression allows the BDS test to 
detect correlations between the included variable 
and information excluded from the regression. 
Section III discusses the application of the modi- 
fied BDS test to the hedonic housing equation. 
This application shows that a parsimonious speci- 
fication, which allows straightforward analysis of 
the effects of a single variable and relatively un- 
complicated calculation of the resulting standard 
errors, retains some of the desirable features of 
more complex functional forms. Section IV offers 
conclusions and suggestions for further research. 

II. A One Variable Specification Test 

The problem we analyze is to determine the 
correct specification of a hedonic housing price 
equation such as: 

g(P)=f(X)+e (1) 

where P is the price of a residential dwelling, 
and X represents a vector of characteristics of the 
house, the neighborhood characteristics of the 
area, and its location. Goodness of fit tests, such 
as Box and Cox (1964), examine the overall speci- 
fication of (1) and maximize an appropriately 
defined likelihood function. As pointed out in 
Cassel and Mendelsohn (1985), however, if the 
true specification of (1) is 

ln(P) = Eai ln(Xi) + bjXj + e (2) 
ri 

then goodness of fit tests will prefer a log-log2 
specification over all others. This is in spite of the 
fact that Xj is not specified correctly in the 
log-log form. Such a misspecification may be cru- 
cial if Xj is the variable of interest. The modified 
BDS test developed here is the first diagnostic 
test capable of examining the error structure with 
respect to a single variable. 

A. Outline of the Basic BDS Test 

The BDS test developed in Brock et al. (1987) 
examines the pattern of a series of data. Compare 
the ith observation to the (i + 1)th observation. 
There is some positive probability that this pair of 
observations is within a known distance (d) of 
each other. Now consider a third observation. 
Again there is a probability that it is within the 
same distance of the second. If these three obser- 
vations are from an iid series, the probability that 
each pair is within d is well defined. The BDS 
test compares how often a series of data points 
are actually within d of each other to the ex- 
pected value if the series were distributed iid. 

Define an Indicator function I, where I = 1 if 
the absolute value of the difference between two 
points is less than or equal to d, and I = 0 
otherwise. The embedding dimension m defines 
the number of points that are compared in a 
series.3 The function C depends on the sum over 
the product of the indicator functions for each m 

2 Here we define log-linear to mean ln(P) is a function of 
linear X's, linear to mean a linear specification, and log-log to 
indicate logs of both the left and right hand side variables. 

3 The embedding dimension defines the "m dimensional 
cube" that would be filled by the data if the data are truly 
random. If the data are deterministic, then a function of the 
data would show a relationship in m dimensional space. For 
our purposes, the embedding dimension simply represents a 
parameter to be specified, where m can be specified larger 
the larger is the data set. 
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as 

C(m,n,d) 

= cl E ( 1iId(Xi+k, Xj+k))j 
-1<i<j<n k=O 

(3) 

where m is the embedding dimension, n is the 
number of observations minus m, d is the dis- 
tance between two points that causes the indica- 
tor function to equal one, and X represents a 
data point. The expression in parentheses will 
equal one if all m - 1 pairs of points are within 
d of each other, and it will equal zero if even one 
of the pairs of points is farther apart than d. The 
summation shows how many times in an entire 
data series there is a succession of m - 1 pairs 
that are close (within d). 

The BDS test relies on a proof that C(m, n, d) 
asymptotically approaches Cm in probability when 
the data series is independent and identically 
distributed. Brock et al. (1987) use this result to 
derive a statistic, called a C statistic, that de- 
pends on comparing the actual calculation of 
C(m, n, d) to the calculation of [C(1, n, d)]m. If 
the data are independent and identically dis- 
tributed, this difference should approach zero. 
Asymptotically, the difference between the two 
functions divided by the standard error ap- 
proaches a standard normal distribution. Dechert 
(1987) has written a computer program to calcu- 
late the BDS statistic defined as 

BDS = nl/2(C(m, n, d) - [C(1, n, d)]m}/bm 
(4) 

where the numerator is called the C statistic and 
bm is the standard deviation of the C statistic.4 If 
there are more (or less) points close together 
than would be expected from iid data, where 
[C(, n, d)]m is the number of times a series of iid 
points would be expected to be close, then the 
BDS statistic indicates the likelihood that those 
points could have been generated by an iid series. 

B. Application of the BDS test to Micro Data 

The BDS test described in (4) has been applied 
to macroeconomic time series data to search for 

occurrences of systematic nonlinearities (for ex- 
ample Brock and Sayers, 1988). In a time series 
context, the data have a natural order. In the 
microeconomic context we must impose sequenc- 
ing on the data by sorting on the variable of 
interest. What further differentiates our applica- 
tion of the BDS test from the time series context 
is that application to micro data allows considera- 
tion of why a series of residuals might or might 
not be "close" to one another. If the observations 
are ordered randomly, it would be expected that 
the BDS statistic would be zero, as the error term 
should be iid. On the other hand, assume the 
data are ordered by one of the right hand side 
variables. If there is a misspecification error, ei- 
ther through incorrect functional form or an 
omitted variable that is correlated with the in- 
cluded variables, then the BDS statistic will be 
significantly different from zero. 

Brock and Dechert (1988) have proven that the 
BDS test is a good specification test for time 
series data provided the residuals of the esti- 
mated regression can be written as a function of 
the current and lagged values of the residuals of 
the true relation. In the case of omitted variables 
for micro data, the intuition works the same way 
because the estimated residuals are a function of 
the omitted variables. This can be seen by assum- 
ing the true model is 

g(P) = f (X) + h(Z) + u (5) 

where u is independently and identically dis- 
tributed. Assume the equation is estimated omit- 
ting the Z terms: 

g(P) = f(X) + v (6) 
so that the error term of the estimated regression 
is 

v=h(Z)+u. (7) 

If the excluded information (Z) from the true 
regression (5) is correlated with the included in- 
formation (X) in the actual regression (6), then 
equation (7) can be rewritten to depend upon 
only the included information: 

v = w(X) + e + u = g(P) - f(X) (8) 

where e is an iid error term independent of u 
and w(X) describes how the excluded informa- 
tion is correlated with the included information. 

Brock and Dechert (1988) show that if g(P) - 

f(X) is independent of X, then v is iid. The 

4 This is the C test based on Corollary 2 of Theorem 2 of 
Brock et al. (1987), rather than the S test which relies on the 
ratio of C functions. 
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modification to the BDS test that we propose 
involves ordering the data by X, the included 
variable of interest. If there is a relation such as 
w(X), then sorting by X will uncover the fact 
that g(P) - f(X) will depend on the size of X. 
Thus the indicator function in the BDS test will 
capture the relationship in w(X) by showing that 
the error terms do not have equal probability of 
being close to each other. We therefore are able 
to use the BDS test as a specification test to look 
for the importance of excluded information from 
the regression. 

To see why the pattern of residuals reflects the 
information omitted from the regression, con- 
sider a set of residuals sorted by X and the 
probability that a given pair of residuals will be 
within, in absolute value terms, d of each other. 
If the series of residuals are iid, the probability 
that one pair of residuals is close to each other is 
unaffected by whether the previous pair of resid- 
uals is close or not. If the residuals reflect the 
omitted information w(X), however, then the 
probability that they are within d of each other 
can be predicted based on knowledge of whether 
the previous residuals are close to each other. 
The prediction is possible only because the previ- 
ous pair reflects the impact of the omitted infor- 
mation. That is, the BDS test will show a signifi- 
cantly greater probability than independence of 
finding residuals close to each other when the 
residuals have been ordered by an included vari- 
able. Therefore the probability that the BDS 
statistic is significantly different from zero de- 
pends on the probability that there is an omitted 
variable that is correlated with the included vari- 
able. 

The key to the test we propose is how the 
excluded information impacts the included vari- 
ables. When the functional form of a regression is 
not correct, it is quite likely that the excluded 
information is related to the included informa- 
tion. Even in the case of truly omitted variables, 
however, the BDS test will detect the influence of 
omitted information if it is correlated with the 
included information. This poses a potential 
problem for the applied researcher, in that a 
significant value of BDS (showing a lack of iid) 
may mean more than one problem exists. On the 
other hand, a BDS value insignificantly different 
from zero shows that excluded information does 
not have any significant effect on the estimated 

parameters of interest. Thus our modified BDS 
test has the advantage of providing a stopping 
rule in the search for an appropriate specifica- 
tion. 

III. Empirical Application of the Modified 
BDS Test 

We apply the modified BDS test to the residu- 
als from the housing price equation used in 
Kohlhase (1991). Hedonic estimation to find 
marginal prices of various housing attributes pro- 
vides a particularly useful application because 
there is no theoretically preferred functional form 
and the correct functional form is likely to be 
rather complicated. For many purposes, however, 
what is of interest is the marginal price of a 
specific housing attribute. We focus here on the 
marginal price of square feet of living area 
(SQFT) for illustrative purposes. 

The data set consists of 1366 cross sectional 
observations on housing prices in Houston in 
1985. There are three types of variables differen- 
tiated by geographic level.5 The first type differs 
by observation and includes housing characteris- 
tics such as SQFT. The second and third types 
vary by geographic area, Keymap number and 
census tract level.6 The second and third type of 
variables may have systematip measurement error 
due to geographic aggregation bias, so we con- 
centrate on discussing the specification of a 
house-specific variable SQFT, and report other 
specifications for comparison. Variables that are 
truly constant over geographic area, however, 
should not pose a problem for the modified BDS 
test. 

Our goal is to find an estimate of the marginal 
price of SQFT where we are confident that we 
have captured any nonlinearities in the specifica- 
tion of this variable. We proceed in two steps. 

5 Variables included in the regression are of 4 types: 
(1) house-specific-square feet, lotsize, parking, bedrooms, 
fireplaces, baths, condition, age, central air, range, dish- 
washer, (2) Keymap number specific-distance to toxic waste 
site, (3) census tract specific-distance to employment, % 
owner occupied, % with high school education, income, poor, 
blue collar, black, hispanic, % under 19 years, and (4) time 
period-dummies for quarter. A data appendix is available 
from the authors. 

6 There are 286 keymap letter areas and 155 census tract 
areas in the data set. A Keymap letter area is about 0.56 
square miles and the average census tract is about 3.44 square 
miles. 
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First we examine three primary simple specifica- 
tions, linear, log-log, and log-linear to find a 
preferred basic functional form. Because the pre- 
ferred log-linear specification does not pass the 
modified BDS test, we examine alternative inter- 
action and higher order terms. This allows us to 
find a relatively parsimonious specification where 
the marginal price of SQFT and its standard 
error are straightforward to calculate, but which 
still meets the requirements of statistical reliabil- 
ity as identified by an iid error structure. 

A. Evidence for Systematic Nonlinearities 

Table 1 presents the C statistics, their standard 
errors, and the resulting BDS statistics for the 
three alternative hedonic housing price equation 
specifications with the data ordered by SQFT.7 
There are two basic results presented in table 1. 
First, there is considerable evidence of nonlinear 
structure, as the BDS statistics are all over 4V8 
Second, table 1 shows that the log-linear func- 
tional form is clearly preferred to the linear, and 
is weakly preferred to the log-log. This can be 
seen because the log-linear specification has a C 
statistic significantly below that of the linear 
model, and a C statistic lower than that of the 
log-log model.9 We will therefore use the log-lin- 
ear specification in the remainder of the paper.10 

We find the BDS test to have considerably 
more power for detecting complex patterns in the 
error structure than do commonly used tests for 
functional form. We perform two standard func- 
tional form tests: MacKinnon, White and David- 

TABLE 1.-MODIFIED BDS TEST RESULTS 

FOR ALTERNATIVE FUNCrIONAL FORMS 

ca 
(Standard BDS 

Basic Modelb Error) Statisticc 

Linear 1.57 10.61 
(0.15) 

Log-Log 0.43 4.84 
(0.09) 

Log-Linear 0.29 4.06 
(0.07) 

a Calculated from the regression residuals sorted by SQFT. 
See text. 

Significance test from zero. 

son's (1983) PE test and Kmenta's (1986) 
Durbin-Watson (DW) statistic test. Neither pro- 
vides any clear guidance about which functional 
form of the regression is preferred and the incon- 
clusive results in the DW test do not even warn 
the researcher of the nonlinearity problem. 

We also estimate an autoregressive moving av- 
erage (ARMA) model on the basic residuals or- 
dered by SQFT for the log-linear regression, and 
find that, based on the Ljung-Box Q Statistic, the 
appropriate specification for our data is an 
ARMA (1, 1). We then apply the modified BDS 
test to the residuals from the ARMA model. 
Purging the linear structure from the residuals, 
however, appears to have little effect. The C 
statistic falls insignificantly from 0.29 (0.07) for 
the basic model residuals to 0.27 (0.07) on the 
ARMA residuals. Further, the resulting BDS 
statistic of 3.82 indicates that significant nonlin- 
ear structure remains. 

B. Respecification of the Basic Model 

While the preference for the log-linear specifi- 
cation is consistent with results elsewhere, the 
BDS statistics in table 1 indicate that further 
model specification is needed. There is statistical 
evidence that the regression residuals vary sys- 
tematically, but nonlinearly, with the size of 
SQFT. When the regression residuals are or- 
dered randomly, the BDS statistic falls to 0.003 
with a standard error of 0.06. It is therefore 
because of ordering by SQFT that we uncover a 
pattern in the residuals through the BDS test. 

Possible causes of a significant BDS statistic 
include omitted unobserved variables, higher or- 
der terms, or interaction terms. Clearly, it is not 

7 We use an embedding dimension (m) of 5 and a distance 
(d) of the standard deviation of the data divided by the range. 
The results are robust for values of m between 3 and 10 and 
for values of d between 0.5 and 1.5 times that chosen. 

8 We use standard normal tables to calculate probabilities. 
Hsieh and LeBaron (1988) show that small sample properties 
of the BDS statistic only become important for sample sizes 
less than 500. 

9 The test of significance is approximate only and is based 
on comparing the statistic z = (Cl - C2)/(Var(C1 - C2))5 
to a standard normal distribution, where Cl is the C-statistic 
in model 1. This calculation is approximate because the co- 
variance between Cl and C2 has not yet been theoretically 
derived and is assumed here to be zero. z equals 7.73 compar- 
ing the linear model to the log-linear, and z equals 1.21 
comparing the log-log to the log-linear model. 

10 Both the linear and the log-linear specification include 
SQFT squared as in the basic Kohlhase model. The BDS 
statistic without the squared term is significantly higher under 
both of these specifications, but the relative results are un- 
changed. 
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possible to include unobserved variables. We 
therefore first search higher order terms of the 
included variables. While squared terms have a 
theoretical basis, to capture variation in marginal 
effects for example, further higher order terms 
are not very appealing theoretically. Including 
terms up to SQFT to the sixth power, however, 
reduce the BDS to 3.12 which is still significantly 
different from zero. We conclude that simple 
nonlinearities are not the explanation for the 
observed pattern of the regression residuals. 

To refine the model further, we desire a parsi- 
monious set of interaction terms that will still 
allow a relatively straightforward calculation of 
the marginal price of SQFT. There is no clear 
guidance as to which interaction terms, or how 
many interaction variables, might be appropriate. 
Table 2 presents BDS results when each of the 
house-specific characteristics, and two region- 
specific variables, is used as an interaction vari- 
able with all of the other variables in the regres- 
sion model. In all cases, we ordered the data by 
SQFT to calculate the BDS statistic. We find that 
an interaction with the number of bedrooms 
(BED) passes the BDS test.1" The BDS statistic 
of 0.92 shows that the hypothesis of iid residuals 
cannot be rejected at the 5% level. This specifi- 
cation has the further attraction that the marginal 
price of SQFT calculation only involves SQFT, 
the squared term, and the interaction of these 
two variables with BED. 

Choosing a specification with BED as the in- 
teraction variable is attractive on a priori grounds. 
The interaction allows the marginal price of SQFT 
to vary by the number of bedrooms. Table 3 
presents the marginal price of SQFT and its 
standard error under the two alternative specifi- 
cations. In the basic model, a marginal price of a 
square foot of living area is estimated to cost 
$52.49 irrespective of other house characteristics. 
Under the interactive and correctly specified 
model, however, the marginal price varies from 
$33.42 for a two bedroom house to $85.95 for five 
bedrooms. The modified BDS test allows a cer- 
tain confidence that the interaction specification 

TABLE 2.-MODIFIED BDS TEST RESULTS 
WITH VARIOUS INTERACTION TERMS 

ca 
(Standard BDS 

Error) statisticb 

Interaction Variable 
SQFT .18 2.66 

(.07) 
Lotsize .24 4.16 

(.06) 
Bedrooms .06 0.92 

(.07) 
Fire .23 3.30 

(.07) 
Bath .15 2.18 

(.07) 
Cond .29 4.08 

(.07) 
Age .30 4.11 

(.07) 
Air .24 3.60 

(.07) 
Range .30 4.54 

(.07) 
Toxic .21 2.77 

(.08) 
CBD .41 5.16 

(.08) 
Other Specifications 
No Sqft Squared .44 5.97 

(.07) 
With Higher Order .23 3.12 

Sqft Terms (.07) 
a Calculated from the regression residuals sorted by SQFT. 
bSignificance test from zero. 

TABLE 3.-MARGINAL PRICE OF A SQUARE FOOT 

OF LIVING AREAa 

Basic Model $52.49 
(2.34) 

Bedroom Interaction 
-Two Bedrooms 33.42 

(4.06) 
-Three Bedrooms 50.93 

(2.32) 
-Four Bedrooms 68.44 

(3.64) 
-Five Bedrooms 85.95 

(6.33) 

aAsymptotic standard errors are in parentheses. 

has captured any systematic nonlinearities with 
respect to square feet. In addition, the advantage 
of the parsimonious specification is shown be- 
cause the marginal prices of SQFT calculated 
under the interaction model are still estimated 
relatively precisely. 

Because of the success of the BED interaction 
model, we examine other housing characteristics 

11 The BED interaction specification is not the only possible 
specification that passes the modified BDS test, for example, 
additional interaction variables also pass. Brock and Dechert 
(1988) conclude their paper by speculating on whether the 
BDS test is a unique test for specification error. Our empirical 
results indicates that it is not. 
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TABLE 4.-MODIFIED BDS TEST RESULTS WITH INTERACTION TERMS 

Basic Model Bedroom Interaction 
ca Ca 

(Standard BDS (Standard BDS 
Error) statisticb Error) statisticb 

Sorted Variable 
SQFT .29 4.06 .06 0.92 

(.07) (.07) 
Lotsize .32 4.44 .28 4.25 

(.07) (.07) 
Bedrooms .51 7.09 .25 3.78 

(.07) (.07) 
Fire .34 4.69 .14 2.12 

(.07) (.07) 
Bath .28 3.98 .11 1.64 

(.07) (.07) 
Cond .29 4.08 .11 1.65 

(.07) (.07) 
Age .53 7.44 .32 4.76 

(.07) (.07) 
Air .37 5.18 .11 1.66 

(.07) (.07) 
Range .44 6.15 .20 3.01 

(.07) (.07) 
Toxic .71 9.87 .55 8.26 

(.07) (.07) 
CBD .82 11.42 .49 7.40 

(.07) (.07) 
a Calculated from the regression residuals sorted by indicated variable. 
bSignificance test from zero. 

and their performance on the BDS test. Table 4 
presents the results. The first two columns show 
BDS test results for the basic model when the 
residuals are ordered by each of the housing 
specific characteristics, plus the Keymap variable 
TOXIC as well as the Census tract variable CBD.12 
None of the variables that we use to sort the 
residuals show an insignificant BDS statistic. The 
second two columns show the residuals of the 
BED interaction model when ordered by each of 
the variables. In addition to SQFT, three other 
variables now show BDS statistics insignificantly 
different from zero at the 5% level: the number 
of baths, condition of the house, and the pres- 
ence of air conditioning. In fact, with the excep- 
tion of lotsize, all of the variables in the model 
show a significant improvement in the C statis- 
tics. Thus the number of bedrooms appears to be 
an important source of nonlinearities with respect 
to many of the housing characteristics. 

One of the most valuable aspects of the modi- 
fied BDS test is that unlike many other tests, the 
BDS test provides a stopping rule in the search 
for an appropriate specification. When the resid- 
uals are found to be iid, information excluded 
from the regression is not correlated with the 
ordering variable. For example, the BDS test 
shows that the residuals from the basic model 
augmented by bedroom interactions are iid when 
ordered by SQFT. In contrast, a standard F-test 
about the inclusion of more variables, such as 
CBD or TOXIC interactions, would lead the re- 
searcher to add unnecessary complexity. 

We have shown that the modified BDS test is 
an important diagnostic tool when examining the 
specification of a regression equation with respect 
to a single variable. There are, however, impor- 
tant limitations to using the modified BDS test. 
As discussed earlier, when variable measurement 
exhibits geographic aggregation bias, the BDS 
test may show significant nonlinearities for all 
specifications. Further, we found several specifi- 
cations where the BDS statistic is larger using 
three interactive variables than one.13 This may 

12 We omitted from table 4 two house-specific characteris- 
tics, dishwashers and number of parking spaces, because the 
coefficient estimates in the basic model were quite low and 
imprecise (t-statistics less than 0.1). 
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be because some interaction variables induce 
nonlinearities into the data rather than control 
for them. Even more important, perhaps, is that 
in addition to incorrect functional form, another 
source of significant BDS statistics can be omit- 
ted variables. The finding that the BDS statistic 
when the regression residuals are ordered by 
lotsize do not fall with the BED interaction is not 
very reassuring. The BDS statistic using the basic 
log-linear model is 4.44. With the BED interac- 
tion, it fell slightly to 4.25. With three interaction 
variables, it is still 4.46. In fact, we failed to 
discover a specification for lotsize that provides a 
significant improvement in, much less passes, the 
modified BDS test. As with all diagnostic tests, 
the test is able to indicate where more work is 
needed without being very specific about how to 
correct the problem. 

IV. Summary and Conclusions 

This paper has shown that an application of 
chaos theory provides an excellent tool for inves- 
tigating microeconomic model specification. The 
modified BDS test proposed here provides an 
important diagnostic test for the presence of non- 
linear structure in microeconomic data, and pro- 
vides an important indication about whether a 
particular variable in a regression is correctly 
specified. The modified BDS test examines 
whether the residuals of a regression equation 
exhibit a systematic pattern when ordered by the 
right hand side variable of interest. The test 
therefore determines whether excluded informa- 
tion from the specified regression is correlated 
with the variable of interest; a determination of 
no correlation indicates that the resulting param- 
eter estimates are unbiased. The modified BDS 
test applied to micro data is an important speci- 
fication test with respect to a single variable be- 
cause possible sources of excluded information 
consist of alternative functional forms employing 
included variables. 

Specification tests for a single variable are es- 
pecially important in applications where a precise 
coefficient on a specific variable is desired. We 
have applied the modified BDS test to a hedonic 
housing price regression, and are able to find a 

relatively parsimonious specification where the 
residuals are iid when ordered by square feet of 
living area. Thus we offer the first attempt to 
mediate the trade-off between a complex specifi- 
cation of the overall equation and ease of manip- 
ulation for a particular regression coefficient. 

The test for nonlinear structure, when used on 
macroeconomic data, can give evidence about 
whether the residuals are iid, but does not indi- 
cate how the model can be transformed to purge 
the systematic component from the residuals. In 
the microeconomic context, the modified BDS 
test is an excellent signpost about potential errors 
in modelling because ordering by the variable of 
interest provides a method for uncovering system- 
atic nonlinearities in the residuals. 

13 For example, interactions with BED, TOXIC, and CBD 
produce a BDS statistic of 0.93, despite the fact that BED 
only as an interaction variable produces a BDS of 0.92. 
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