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An Econometric Look at Inefficiency Among 
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Gregory Brock* 

Abstract: U.S. states during the 1977-1986 business cycle are found to have 
small but significant technical inefficiency in the private sector. Inefficiency is 
influenced by several factors, including prior economic performance, location, 
Hicks labor augmenting technical progress in the manufacturing sector in an 
earlier 1970s period, college graduation, and income inequality. The existence 
of a monetary channel, urban agglomeration, and a high school diploma 
"sheepskin" effect for improved technical efficiency are rejected. Results from 
earlier studies using noneconometric methods to measure technical efficiency 
are independently confirmed, indicating that interstate technical inefficiency 
exists and can be measured using both parametric and nonparametric methods, 
but may overestimate how different states are from each other. 

I. INTRODUCTION 

Economic growth has been studied in many countries and over many time 
periods. However, often the subnational regions of a country and how they grow 
is not well understood or is assumed to be similar to the country overall. U.S. 
states are no exception, with very few studies of the overall aggregate economic 
growth of each state having been done. While the performance of U.S. states has 
been analyzed at several levels of aggregation, the application of a state-by-state 
production function at the most aggregate level using Gross State Product (GSP) 
to measure the entire state's economy is relatively new (Domazlicky and Weber 
1998). Such analysis can examine the public/private sector influence on a state's 
economic growth, as well as lead to the discovery of new factors that influence a 
state's growth. Results from previous work that focused only on manufacturing 
(e.g., Williams and Moomaw 1989), banking (Carlino and DeFina 1998), and per
sonal income (Levernier, Rickman, and Partridge 1995) can be directly incor
porated into the analysis to examine those factors' influence on overall state 
performance. While incorporating previous research can be difficult technically, 
the literature on interstate performance has been inconclusive in part because 
independent studies are not compared with each other (Gerking 1994; Crain and 
Lee 1999). The purpose of this paper is to address this gap in the literature by 
using other interstate studies and their data with a new method to shed new light 
on economic growth in U.S. states during the period 1977-1986. 

Recent work on overall state performance has applied a linear program
ming (LP) method from the stochastic frontier literature to rank states by how well 
they utilized existing resources to create GSP. The LP method is an input/ output 
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method that can be parametric or nonparametric. The LP method constructs an 
efficient envelope or frontier using input data with standard linear programming 
and then compares the actual output of each unit (here, GSP for each state) to the 
frontier. Any unit located below the frontier is technically inefficient. When exam
ining production, the LP method is essentially using a production function with
out an error term (parametric) or with neither a specific functional form nor an 
error term (nonparametric). Since the theoretically efficient frontier is unknown, 
the frontier used in empirical applications is often called the "best practice" fron
tier, as it is formed by those states that best utilize their inputs to produce GSP 
within the sample. A large literature, often found under the label"data envelop
ment analysis," or DEA, exists and uses the LP method to study many settings 
and countries (Fried, Knox Lovell, and Schmidt 1993). 

In their initial examination, using an aggregate state-level nonparametric 
LP production function, Domazlicky and Weber (1998) explain GSP growth by 
both technological progress, using a trend term (shifting of a production frontier), 
and a state's ability to reach a given production frontier (technical efficiency). As 
there is no error term, there is no assumption of an error distribution, which is 
controversial in the literature. LP users believe that imposing an error term or 
even a specific functional form on an input/ output relationship with little guid
ance from economic theory is incorrect. Critics of the LP method note that by 
using a deterministic method without an error term, all measurement error is 
assumed to be technical inefficiency and is subsumed into the state performance 
rankings, leading to unlikely conclusions such as states' exhibiting technological 
regress (Domazlicky and Weber 1997, 1999). Further, LP critics note that different 
functional forms can be tried and statistically tested, so the imposition of a func
tional form (parametric approach) is not overly restrictive. As both econometric 
(with an error term) and LP methods are extensively used and a theory on which 
error distribution best models technical inefficiency does not exist, there is no con
sensus in the literature on which method is better. The choice of the method used 
is really based on the philosophical belief of the researcher concerning which 
method is best (Forsund, Lovell, and Schmidt 1980). Rather than resolving the 
debate, the literature has moved towards using the results from both methods 
simultaneously. While cardinal results may differ across methods, ordinal results 
should be robust to choice of method if what is actually being measured is the 
underlying interstate technical inefficiency. 

Section two briefly discusses the production function data used in previous 
studies plus the results and data from earlier work that are to be incorporated in 
the analysis. Section three outlines the econometric method and how nonecono
metric results compare. Section four discusses the results and Section five concludes. 

II. PREVIOUS WORK AND DATA 

Previous research on interstate performance has been inconclusive in part 
because of differing data sets and methods (Gerking 1994; Crain and Lee 1999). To 
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avoid such criticism, data are taken directly from previous research and include 
comparisons with previous results that apply a production function across states. 
Specifically, production function aggregate state input/ output data are from 
Domazlicky and Weber (1998), who analyze the single business cycle 1977-1986 
for the 48 contiguous states. A state's aggregate output is measured by the value 
of GSP in 1982 dollars, with separate public and private sector series available 
from the Bureau of Economic Analysis. Aggregate labor (L) is from public and pri
vate employment series from the U.S. Department of Labor's Handbook of Labor 
Statistics. Aggregate capital stock (K) in 1982 dollars, with separate private and 
public sector components, was carefully compiled by two separate authors (Holtz
Eakin 1993 and Munnell 1990) and has been applied since then (e.g., Crain and 
Lee 1999). Only 1977-1986 capital stock data are available, which limits any study 
of interstate production functions. One result will be simply to compare the 
Domazlicky and Weber (1998) LP technical efficiency rankings with the econo
metric rankings using the same data. 

Data on variables that are believed to influence technical efficiency during 
the 1977-1986 period come from several previous studies. One hypothesis is that 
a state's economic performance will be in part determined by geographical loca
tion. History and, therefore, geography matter, as work by Krugman (1991) 
attempts to show theoretically. Regional dummies are used, based on a Census 
division of the 48 states into Northeast (NE), North Central (NC), South Atlantic 
(SA), South Central (SC), and West (W) regions, with the Northeast as the omitted 
region. The groups also are used to test for a 11Snowbelt11 (North Central and 
Northeast only) versus 11Sunbelt" (rest of regions) effect (Williams and Moomaw 
1989) on technical inefficiency. Another dummy (D82) is included to examine the 
impact of the short-term 1982 recession within the 1977-1986 business cycle. 

A second hypothesis is that capital and/ or labor augmenting (KEFF, LEFF) 
technical progress in the manufacturing sector of a state's economy will improve 
aggregate state economic performance with a lag. KEFF and LEFF are the capital 
and labor efficiency growth rates found in a previous study. They measure input 
augmenting technical progress or the more efficient use of an existing input 
regardless of whether the amount of the input is growing. The augmenting of cap
ital and labor can be seen as a qualitative improvement in the use of two inputs 
that positively impacts output growth separately from growth in the quantity of 
inputs. Many studies ignore such efficiency or assume that it is not changing. 
Williams and Moomaw (1989) note this gap in the literature and test for input aug
menting technical progress. They find the rapid growth of both the quantity of the 
capital input and the technological age of the capital input in the South and West 
during 1954-1972 boosted a state's GSP in the manufacturing component. The spe
cific hypothesis tested here will be that the capital and labor augmenting techni
cal progress in manufacturing they found carries over to the next business cycle 
(197?-1986) to impact on a state's ability to grow in general. An additional vari
able, equal to the percentage of a state's 1970 nonagricultural employment 
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accounted for by manufacturing employment, is included to test directly for a 
"presence of manufacturing" (MANUSH) effect (Carlino and DeFina 1998). As 
non-neutral technological progress during 1977-1986 appears to vary between 
capital and labor saving progress, the impact of concurrent change in manufac
turing KEFF and LEFF is left for future research (e.g., Domazlicky and Weber 
1999) and as yet unavailable aggregate state capital stock data. 

A third hypothesis is that a credit channel influences economic perfor
mance at the state level. While the idea of a regional credit channel impact of mon
etary policy has been proposed (Kashyap and Stein 1994) and rejected empirically 
(Carlino and DeFina 1998), the small bank lending data provided in the latter 
source can be used to test whether a large share of lending coming from small 
banks (BANK) influences technical inefficiency of a state over time. The hypo
thesis needs to be tested repeatedly, as the negative result for a regional credit 
channel contradicts the findings in earlier work that banking is positively related 
to economic growth in general (e.g. Levine and Zervos 1998). The data are the 
average percentage share of total loans made by a given state's small banks over 
the period 1976-1992. A small bank is one that is at or below the 90th percentile in 
terms of total assets compared with all banks across the nation. If either a positive 
or negative influence is found on the ability of a state to attain the efficiency fron
tier, a credit channel influence on economic growth cannot be dismissed. 

The fourth hypothesis is that personal income inequality impacts on eco
nomic performance. While high levels of inequality have been shown to reduce 
growth in relatively poor countries but encourage growth in richer countries 
(Barro 1999), this hypothesis remains controversial (Persson and Tabellini 1994). 
U.S. states have been shown to exhibit converging income inequality and growth 
rates (Levernier, Rickman, and Partridge 1995) with a positive relationship 
between income inequality and future economic growth (Partridge 1997). A 
lagged effect of income distribution inequality on technical inefficiency is tested 
here using the 1959 interstate Gini coefficient (GINI59). Income-level inequality is 
tested using 1969 per capita state income (PC69). As technical efficiency is one 
way for a state's economy to grow, the test here may be thought of as taking a 
deeper look at the impact of inequality on one factor causing economic growth. 
While the 1959 inequality is hypothesized to be growth enhancing (improved eco
nomic incentives) based on the literature, the impact of 1969 per capita income 
levels is uncertain. A positive impact on efficiency by PC69 would suggest that 
prior efficiency (proxied by a state's per capita income) may lead to future effi
ciency. However, the positive impact may be more than offset by a negative 
impact, as states are known to be converging over time. 

Some additional control variables are included to account for variables 
that have been shown in the literature to impact on growth. The variables are to 
control for the stock of human capital, a possible urban agglomeration effect, and 
labor markets. Specifically, they are 1980 data on education (percent of the popu
lation over 25 years with a high school or college diploma as a terminal degree 
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(HSPLUS, COLL)), urban residency (percent of the population in a metropolitan 
area (METRO)), and employment (percent of nonagricultural employment that is 
employed in manufacturing, mining, and construction (GOODS) and-here not 
1980-percent change in nonagricultural employment 1960-1970 (EGROW)). The 
impact of these variables a priori on technical inefficiency is uncertain. For example, 
relatively better education may imply more technical inefficiency if labor is not 
matched well to the existing capital stock, or higher efficiency as labor markets 
clear faster. Agglomeration effects measured by METRO may imply lower techni
cal inefficiency as competition improves factor market efficiency. A positive 
impact of 1960s employment growth on efficiency during 1977-1986 may indicate 
that a stronger economy in some states will be efficiency enhancing in a future 
decade when the economy slows, or just the opposite if convergence is occurring. 
Descriptive statistics on all variables are found in Table 1. 

TABLE 1 

Descriptive Statistics, U.S. States, 1977-1986 

a. Production Function (48 states over 10-year period) 
Minimum Maximum Mean SD 

Aggregate GSP 5,007.0 473,357.0 66,496.2 75,401.7 
private sector only 4,421.0 422,665.0 59,031.5 67,487.2 
public sector only 586.0 50,692.0 7,464.7 8,181.1 

Aggregate Capital Stock 7,788.9 506,210.7 90,800.8 91,504.1 
private sector only 4,805.9 375,341.6 64,380.1 65,554.6 
public sector only 2,923.0 142,431.0 26,420.6 28,654.3 

Aggregate Labor Force 170.5 11,258.1 1,884.0 1,975.2 
private sector only 132.5 9,419.3 1,552.5 1,646.3 
public sector only 34.3 1,838.8 331.5 332.9 

b. "z" Variables Influencing Technical Inefficiency 
Minimum Maximum Mean SD 

Aggregate GSP 50,07.0 473,357.0 66,496.2 75,401.7 
Captial Efficiency (KEFF) -12.7 27.1 4.30 5.64 
Labor Efficiency (LEFF) -2.6 11.3 1.39 2.27 
%Share of 1970 Manufacturing 4.23 40.42 25.01 9.71 

in Nonagricultural Employment 
(MANUS H) 

Small Bank Lending (BANK) 1.2 73 31.74 22.02 
1959 Gini Income Inequality 0.31 0.42 0.36 0.03 

Coefficient (GINI59) 
Per Capita 1969 Income (PC69) 2,575 4,865 3,641.42 553.55 
High School Dip. (HSPLUS) 40.28 61.05 51.13 5.70 
College Dip. (COLL) 10.4 23 15.90 2.87 
% Urban Pop. (METRO) 18.3 100 63.27 22.58 
%of 1980 Nonagricultural 12.80 39.71 28.20 6.20 

Employment in Manufacturing, 
Mining, and Construction (GOOD) 

%Change in Nonagricultural 12.23 96.62 34.39 15.22 
Employment 1960-1970 (E6070) 
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III. METHODOLOGY 

A log linear production function is applied using a maximum likelihood 
econometric method (Battese and Coelli 1995) that simultaneously incorporates 
outside, or "z," factors that may impact on technical inefficiency over time and 
space. The separate econometric rankings serve as an independent test of the 
robustness of LP rankings from earlier work (Domazlicky and Weber 1997, 1998), 
as the econometric method imposes a functional form and error structure. Since 
the choice of functional form has been found to influence technical efficiency . 
scores (Harris 1992) and productivity growth estimation (Fogarty and Garofalo 
1988), both a standard Cobb-Douglas and a more flexible Variable Elasticity of 
Substitution (VES) functional form (Bairam 1987) are applied, with the best-fitting 
form used for calculating technical efficiency scores. Separate private and public 
sector production functions are applied in addition to an aggregate public/private 
equation to examine the two sectors individually. Technical efficiency scores for all 
48 contiguous states are taken as measures of relative economic performance over 
the 1977-1986 period. 

Other factors thought to influence state economic performance are included 
in the error structure when simultaneously estimating technical inefficiency in a 
one-stage procedure. These "z" factors impact on the ability of a state to utilize 
capital and labor to create GSP. More specifically, the production function is: 

(1) ln(GSPJL\t =a+ b[t] +c[ln(K/L)it] + h[(K/L)it]+vit -uie 
i = 1, ... ,48; t = 1, ... ,10, 

where "i" indexes states and "t" indexes the years 1977-1986. If "h" is insignifi
cant, the production function collapses to the standard Cobb-Douglas form. The 
composite error term consists of the standard white noise "v" and a second com
ponent, "u," representing technical inefficiency. The "v" component is assumed to 
be i.i.d. normal with zero mean and an unknown variance (a;). The distribution 
of "u" is assumed to be i.i.d. positive truncations of a normal distribution with 
unknown mean (~) and variance ( cr~ ): 

The mean of "u," though unknown, consists of a vector of variables zi (NC, SA, 
SC, W, D82, KEFF, LEFF, MANUSH, BANK, GINI59, PC69, HSPLUS, COLL, 
METRO, GOODS, EGROW) that may influence the relative efficiency of a state 
(~= dzi) and a vector of parameters (d) to be estimated. Positive coefficients on d 
indicate that a z variable contributes to technical inefficiency. The random variable 
wi has a truncated normal distribution with zero mean and variance cfl-. A state's 
technical efficiency of production in a given year is defined by: 
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(3) TEi =exp(-uJ=exp(-zid-wJ 

Earlier work usually estimated the influence of Zj in a second-stage regression 
after unit inefficiency scores were estimated to identify why differences in pre
dicted inefficiencies existed. However, the second stage was criticized as being 
inconsistent in the assumptions about the independence of inefficiency in the two 
stages. A one-stage procedure was developed in the early 1990s by placing the 
inefficiency effects in an explicit function of a vector of state-specific variables and 
a random error (see Coelli 1994 for a description of this literature and the program 
to run the one-stage procedure). Technical inefficiency is assumed to be time 
invariant, as the lack of annual data for some of the "z" variables that are drawn 
from a variety of studies does not permit testing for time invariance.1 

Whether a stochastic frontier approach is superior to OLS can be tested by 
estimating "y," where "y'' = cr~/( cr! + cr~). "y'' ranges between zero and one. If "y'' 
is insignificantly different from zero, the variance of "u" is small and OLS esti
mates may be sufficient, as technical inefficiency is low. If, on the other hand, "y'' 
is significantly different from zero, cr~ is large and a frontier production function 
is the true model. 

IV. RESULTS 

Production function results (Table 2) indicate the usefulness of applying 
both LP and econometric methods as well as testing for the existence of technical 
inefficiency. Aggregate and private-sector-only data fit a standard Cobb-Douglas 
functional form well and were superior to the more general VES form (not 
shown), suggesting that an assumption of constant returns to scale at this high 
level of aggregation is reasonable.2 However, public-sector-only data did not have 
meaningful economic estimates with either the Cobb-Douglas or VES functional 
form, as both yielded a negative coefficient on the capital/labor ratio regressor. 
The lack of profit-maximizing behavior in the public sector may be yielding the 
weaker results and could also bias the aggregate results, suggesting that the pri
vate sector results are more reliable. Both aggregate and private sector results sug
gest that additional capital and labor contribute to GSP growth extensively given 
the positive coefficient on the capital/labor ratio. Technological progress during 
the 10-year business cycle period was about 0.5 percent for either data set, indi
cating that the frontier was slowly shifting out. 

!This is clearly an area for further research. Related to this issue is the potential existence of errors in variables if 
the "z" variables are correlated with each other. Most of the "z" variables are not either positively or negatively 
highly correlated with each other. The few that are (income positively correlated with college or high school edu
cation; small banks lending negatively correlated with urban population; West and South Central regional dum
mies positively and negatively, respectively, correlated with high school education) do not readily lend them
selves to an instrumental variable approach to fixing the problem. For example, eliminating college education 
because of high correlation (0.62) with 1980 income still leaves a high school education variable strongly related 
(0.43) to income. Because very few correlations exceed 0.50, multicollinearity is believed to not be a problem in 
the regression. 
2The VES form tested was Bairam's (1987) adjusted Cobb-Douglas function. The results from those regressions 
yielded untenable (negative) coefficients on the capital/labor ratio. Further, the adjusted R-squared was not 
improved significantly by using the VES relative to a standard Cobb-Douglas function. 
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TABLE2 

Panel Production Function Results, U.S. States, 1977-1986 

Coefficient 

Intercept 

Trend 

log(K/L) 

Gamma 

Likelihood Ratio 
test of one-sided error 

*"Significant at 1% level. 
• Significant at 5% level. 

Aggregate Public Private Sector Public Sector 
& Private Sector Only Only 

(t-stat.) (t-stat.) (t-stat.) 

2.326** 2.568** 3.499** 
(24.079) (50.225) (21.308) 

0.005** 0.005** 0.003 
(10.01) (3.908) (1.416) 

0.318** 0.309** -0.104"* 
(18.065) (24.253) (-2.739) 

0.0000007 0.0014** 
(0.002) (1.975) no frontier estimated 

485.9** 658.9*" 

The existence of a technical efficiency frontier is confirmed only for the pri
vate sector by a gamma coefficient that is low but significantly different from zero, 
suggesting that OLS is inappropriate with these data. The aggregate results sug
gest that OLS is appropriate and that states do not differ very much in terms of 
efficiency, with the caveat that the poorly fitting public sector data may weaken 
these results. A likelihood-ratio test for a one-sided error term also supports the 
existence of states off the frontier and supports the earlier work using LP that 
assumes that some interstate technical inefficiency exists. Similar to LP results, 
states are found to be bunched near the 100 percent efficient frontier, with few 
states exhibiting large technical inefficiency at either the aggregate (mean technical 
efficiency= 93 percent) or private sector (mean technical efficiency= 87 percent) 
level (Table 3). The positive correlation between the LP technical efficiency state 
rankings and the econometric private sector (0.62) and aggregate (0.68) results 
supports the idea that what is being measured is indeed interstate technical inef
ficiency regardless of the method used. Most of the states that receive a 100 percent 
efficient score using LP, and therefore create the frontier envelope, are the same as 
the econometric frontier, with a few exceptions (such as Colorado). However, 
econometric results, which do not subsume measurement error into the technical 
efficiency scores (unlike the LP method}, indicate that states are much more alike 
and have less "catching up" to do relative to LP results (e.g., Vermont LP = 0.7883, 
econometric= 0.81). Indeed, the lack of overall statistically significant inefficiency 
at the aggregate level suggests that states are all close to being on the best practice 
efficiency frontier. Whether they have converged to this awaits further analysis of 
prior periods where the necessary data are not yet available (i.e., aggregate capi
tal stock). 

The various influences on technical inefficiency, as measured by the vector 
of z variables, revealed that several hypotheses about a state's utilization of 
resources to create GSP can be rejected at both the aggregate and private-sector
only levels (Table 4). Given the lack of overall statistically significant inefficiency, 
the aggregate z vector results are presented in Table 4 but the following discussion 
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focuses on the private sector results. For example, despite significant coefficients 
for the aggregate results, the lack of evidence for a monetary channel (BANK) or 
an urban agglomeration (METRO) effect on technical inefficiency in the private 
sector leads to the conclusion that there is no monetary channel or urban agglom-
eration effect. 

TABLE3 

Technical Efficiency Rankings for U.S. States, 1977-1986 

LPMethod Econometric Method 
State Public & Private Sector Public & Private Sector Private Sector Only 

AL 0.8175 0.92 0.830 
AZ 0.8999 0.95 0.850 
AR 0.8185 0.87 0.790 
CA 1.0000 1.00 0.970 
co 0.9279 1.00 0.940 
CT 1.0000 1.00 0.980 
DE 0.8543 0.95 0.860 
FL 0.9014 0.87 0.770 
GA 0.8621 0.87 0.770 
ID 0.8212 0.84 0.800 
IL 0.9460 1.00 0.970 
IN 0.8646 0.90 0.820 
lA 0.8520 0.87 0.820 
KS 0.8376 0.96 0.910 
KY 0.8845 0.95 0.870 
LA 1.0000 1.00 0.950 
MA n/a 0.84 0.780 
ME 0.8116 0.98 0.900 
MD 0.9999 0.96 0.900 
MI 0.9190 0.94 0.870 
MN 0.8458 0.92 0.850 
MS 0.8104 0.85 0.770 
MO 0.8830 0.92 0.860 
MT 0.8574 0.89 0.860 
NE 0.8233 0.88 0.830 
NV 0.9995 0.95 0.850 
NH 0.9263 0.88 0.810 

NJ 1.0000 1.00 0.940 
NM 1.0000 0.99 0.930 
NY 0.9790 1.00 0.996 
NC 0.9635 0.86 0.760 
ND 0.8249 0.92 0.870 
OH 0.8965 0.94 0.870 
OK 0.9730 0.99 0.920 
OR 0.8263 0.91 0.840 
PA 0.8528 0.91 0.850 
Rl 1.0000 1.00 0.930 
sc 0.9043 0.84 0.740 
SD 0.7989 0.85 0.830 
TN 0.8304 0.92 0.830 
TX 1.0000 1.00 0.980 
UT 0.8683 0.95 0.870 
VT 0.7883 0.87 0.810 
VA 1.0000 0.96 0.860 
WA 0.9818 0.97 0.900 
wv 0.7912 0.91 0.840 
WI 0.8659 0.92 0.840 
WY 1.0000 1.00 1.000 
MEAN 0.9000 0.93 0.870 
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TABLE4 

"z" Variables Influencing Technical Inefficiency 

Coefficient 
Aggregate Public & Private Sector 

(t-stat.) 

Capital Efficiency 

Labor Efficiency 

North Central Dummy 

South Atlantic Dummy 

South Central Dummy 

West Dummy 

1982 Dummy (=1 in 1982 only) 

%Share of 1970 Manufacturing in 
Nonagricultural Employment 

Share of Lending from Small Banks 

1959 Gini Income Inequality 
Coefficient 

Per Capita Personal1969 Income 

% of 1980 Population Over 25 
with a College Diploma 

%of 1980 Population Over 25 
with a High School Diploma 

%of 1980 Population in a 
Metropolitan Area 

% of 1980 Nonagricultural 
Employment in Manufacturing, 
Mining, and Construction 

%Change in Nonagricultural 
Employment 1960-1970 

*"Significant at 1% level. 
* Significant at 5% level. 

0.0002 
(0.2) 
-0.0024** 

(-1.821) 
-0.053** 

(-3.287) 
0.0007 

(0.016) 
-0.097* 

(-1.612) 
-0.083** 

(-8.858) 
0.035** 

(3.465) 
0.009** 

(18.241) 
-0.0004** 

(-1.909) 
0.567** 

(2.985) 
-0.0001** 

(-13.256) 
-0.0054* 

(-1.36) 
0.01** 

(5.014) 
-0.0008** 

(-4.102) 
-0.012** 

(-5.112) 

0.001 
(1.268) 

Private Sector Only 
(t-stat.) 

0.00002 
(0.022) 
-0.0027* 

(-1.55) 
-0.052** 

(-3.991) 
0.016 

(1.071) 
-0.099** 

(-5.305) 
-0.073** 

(-5.264) 
0.04** 

(4.281) 
0.0096** 

(12.903) 
-0.0001 

(-0.416) 
0.575** 

(5.803) 
-0.00012** 

(-12.63) 
-0.005** 

(-3.035) 
0.0098** 

(10.479) 
-0.0003 

(-1.359) 
-0.0098** 

(-11.377) 

0.002** 
(7.698) 

Geography influences technical inefficiency but there is no "snowbelt" 
effect. North Central, South Central, and West regions exhibit higher technical effi
ciency than the North East region. Why this is so is an area for further research. 
Also, the 1982 recession dummy suggests that short-term recessions alone can 
increase inefficiency, even with concurrent positive technological progress during 
the 10-year business cycle. During a given business cycle, increased unemploy
ment of both labor and capital in a given year leads to states being farther away 
from a best practice frontier than in other years. 

Prior Hicks augmenting growth in the manufacturing capital stock (KEFF) 
has no influence on technical efficiency but manufacturing labor augmenting 
growth (LEFF) does. Further support for a human capital impact is found, with 
college education improving technical efficiency while high school education 
alone increasing inefficiency. The policy implication here is that state support for 
programs such as Georgia's Hope Scholarships, which might increase college 
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emollrnents and potentially graduation rates, will positively improve a state's 
future economic growth. Programs that improve GED completion may not help 
with future efficiency. 

States with a relatively high degree of manufacturing in 1970 (MANUSH) 
are less efficient in the 1977-1986 business cycle. Further, states that had relatively 
high employment growth in the 1960s (EGROW) were less efficient during the 
1977-1986 period as well. However, states with a relatively high 1980 percentage 
of nonagricultural employment in manufacturing, mining, and construction 
(GOODS) were more efficient. These results suggest that 1960s growth, especially 
manufacturing growth, would not improve a state's performance in the future. 
States ten years later are more efficient, with a higher manufacturing share prob
ably due to structural changes in their manufacturing sectors or a growing service 
economy (which helps a state grow but is also relatively inefficient compared to 
manufacturing). Growth in one decade does not ensure high efficiency in a future 
decade. 

Income inequality strongly influences technical efficiency. In support of 
the Persson and Tabellini (1994) hypothesis, 1959 income inequality (GINI59) 
leads to lower future technical efficiency. The idea that income inequality acts as 
an economic incentive to improve the future efficient use of resources in a state is 
not supported. However, 1969 per capita income (PC69) positively impacts on 
future technical efficiency, suggesting that the level of income positively influ
ences future efficiency. Such apparent mixed results can be explained by the idea 
that there has been interstate convergence over time, plus there may be histori
cally wealthier states with high efficiency not related to income inequality within 
the state. 

V. CONCLUSIONS 

Applying a new method to U.S. state data, technical inefficiency in the 48 
contiguous U.S. states in the period 1977-1986 is found to be low but significant 
for the private sector only, with states much alike at the aggregate public/private 
level. Compared to earlier work, states have less catching up to do and do not 
exhibit technological regress. The consideration of the public sector in addition to 
the private sector appears to dampen technical efficiency differences across states. 
However, public sector data alone do not fit a standard production function well, 
making public/private aggregate results less reliable. 

Less efficient states can do more to better utilize their existing resources 
relative to more efficient states. Qualitative improvements in manufacturing labor 
and programs to improve college graduation will improve resource utilization in 
a state, while the mere presence of manufacturing is not important. States cannot 
rest on past growth experience, as growth in one decade does not necessarily 
imply better efficiency in a future decade. While wide income disparities in any 
state should be a cause of social concern, evidence here suggests that inequality 
may be producing anti-efficiency policies that do not allow, for example, those 
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who accumulate human capital to privately keep the fruit of their labor. Policies 
should be changed to both promote human capital accumulation and allow those 
who do so to keep the returns from it. 
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