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National attention has been focused on the impor

tance of education to rural economic development by 
several recent studies (Ford Foundation, 1986; Rosenfeld, 
Bergman, and Rubin, 1985; Southern Growth Policies 
Board, 1985). Manufacturing location and employment 
growth studies, however, have presented conflicting evi
dence about the relationship between human capital and 
local economic development (McNamara, Kriesel, and 
Deaton, 1988). While insight into this relationship holds 
important education policy implications for all levels of 
government, it is particularly critical for rural governments 
as rural communities attempt to stabilize and strengthen 
their economic bases. This paper reports the results of a 
manufacturing ftrm location study that incorporated meas
ures for both human capital stocks and flows into a statis
tical model of community attributes that were hypothe
sized to influence ftrm location decisions. The results 
indicate the complexity of evaluating the impact of human 
capital investment on local or regional economic growth. 
Given the signiftcance of the human factors to the location 
decisions of ftrms, it is swprising that so little attention has 
been given to these issues. 

Firm Location Decisions 

The reaction of fmns to communities at various 
educational levels, ceteris paribus, is predicted by stan
dard neoclassical theory; that is, fmns will estimate the 
MVP of local labor to the fmn and locate where their 
profits are greatest. Recognizing that there is foregone 
production due to training, profit maximizing ftrms may 
seek to reduce labor costs by selecting communities with a 
higher educational investment, or those that offer a differ
ent mix of training services, vocational schools, and com
munity colleges. A fmn which locates in a community that 
has allocated greater investments to education is expected 
to obtain higher productivity, and the community is re
warded with increased economic opportunity. Clearly, 
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fmns will seek to match their labor needs to the community 
in which appropriate labor can be obtained or developed at 
the lowest cost. 

Little research has been undertaken that relates local 
human capital investments through public education to 
changes in the local economy, changes in local demand for 
labor, or changes in the local demand for other public 
goods and services. The link between education as a form 
of human capital investment and industrial growth rests on 
the theory that human capital investment improves the 
quality of the labor force and, thereby, the valueofthe labor 
input to the production processes of the local economy 
(Welch, 1975). Selecting variables to measure the effects 
oflocal human capital investment through public educa
tion, therefore, warrants serious research attention. 

Human capital resources can be divided into stock 
and flow resources with each type having a potentially 
different impact on economic growth (McNamara, Krie
sel, and Deaton, 1988). Human capital stocks are the 
current levels of education and skills in the work force after 
migration and other adjustments have occurred. Included 
here would be investments in maintenance that simply 
preserves or holds constant an existing level of human 
capital stock. Certain investments in health care and on
the-job training would likely fall in this category. They do 
not add new skills to the individual, but simply maintain an 
existing level of skills. To the extent that new skill training 
is embodied in the training program, such investments 
would alter the flow of human capital. Human capital 
flows, on the other hand, are the current levels of human 
capital being produced or added to local human capital 
stocks through such activities as public and private educa
tion systems, health care services, and changes in commut
ing or migration patterns. 

Past research on local economic development has 
used manufacturing locations and employment changes as 
growth measures (Debertin, Pagoulatos, and Smith, 1980; 
Smith,Deaton,andKelch, 1978; Kamer, 1979) in econom
etric models to examine community factors influencing 
economic growth. The hypothesis that human capital 
stocks and flows influence industrial location decisions is 
derived from the theory of spatial profit maximization in 
fmn locations, even though stocks and flows are not 
distinctly specifted, or even recognized, in most studies 
(Smith, 1981). 
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Local human capital stocks and flows are hypothe
sized to affect the cost structure of fmns within this 
secondary site search level (Smith, Deaton, and Kelch, 
1978). Lower labor turnover, a more trainable work force, 
and greater labor productivity are benefits that accrue to 
fmns that hire employees with higher levels of education 
or a greater stock of human capital. Because they reflect 
the community's quality of life, local educational attrib
utes also are hypothesized to influence fmn managers' 
non-economic judgments in the location decision process. 
Relocated managers and workers demand a certain level of 
educational and other public services for their families. 

Undoubtedly, some cheap labor markets represent a 
paradox forfmn management The cheap labor may attract 
fmns which require minimum skills. On the other hand, 
these areas may not provide the amenities that will attract 
plant managers and skilled labor. Increasingly, low
skilled plants have moved abroad and it is likely that most 
manufacturing plants are looking for communities with the 
potential of providing quality recreational, educational, 
and other aesthetic features. Such communities are also 
attractive for long-term growth of the fmn and potential 
upgrading of skill requirements. 

A number of location and manufacturing growth 
studies have attempted to identify factors that influence 
local economic growth. While the theoretical basis for 
factor influence has not always been clear, the studies are 
based implicitly on the theory of spatial profit maximiza
tion (i.e., least-cost production). Table 1 summarizes the 
results for 10 such manufacturing location studies which 
employed 12 variables describing the quality of the local 
work force. The estimated coefficients measuring the re
lationship of these variables to manufacturing growth are 
widely divergent The signs of the estimated regression 
coefficients were as hypothesized and were significant in 
three studies (Kuehn, Braschler, and Shonkwiler, 1979; 
Smith, Deaton, and Kelch, 1978; Debertin, Pagoulatos, 
and Smith, 1980) and significant with the wrong sign in 
two studies (Sulaiman and Hushak, 1980; Leuck, 1979). 
Seven variables in six studies were insignificant. A num
ber of alternative reasons are usually offered as to why the 
signs are contrary to the hypotheses. 

An educational expenditure measure was used in 
three plant location studies which analyzed identical data 
sets (based on primary data from Kentucky and Tennessee) 
and varied only by model specification. Studies by De
bertin, Pagoulatos, and Smith and by Smith, Deaton, and 
Kelch obtained positive significant results, while another 
by Smith and Klindt used dummy variables to describe 
regional differences and found the variable to be insignifi
cant In a study of employment changes, Leuck obtained 
negative significant results with this measure. Four studies 

used a proxy variable related to the level of local educa
tional attainment (Kamer, 1979; Wheat, 1976; Sulaiman 
and Hushak, 1980; Agthe and Billings, 1977). The vari
able was significant and negative in one study and non
significant in the other studies. Other measures related to 
labor quality included a health expenditure variable used in 
two studies (Dorf and Emerson, 1978; Leuck, 1979) and a 
welfare expenditure variable in one (Leuck, 1979). None 
of these variables was statistically significant 

Given the wide variety of proxy variables used with
out precise theoretical underpinnings, conflicting results in 
these studies are difficult to interpret and do not provide 
insight into the development of appropriate human capital 
measures. This literature does, however, reflect that re
searchers expect a positive functional relationship to be 
revealed between education as an investment in human 
capital and economic development, even though this rela
tionship is not explicitly treated in any of the studies. 

Differentiating between the stock and flow dimen
sions of human capital provides a basis for reconsidering 
the labor quality variables from Table 1. Of the two studies 
showing unexpected signs on the human capital proxy 
variables, one used a stock measure (Sulaiman and 
Hushak, 1980), while the other had a flow measure (Leuck, 
1979). In the three studies which had the expected sign for 
the human capital measures, flow measures were used 
(Kuehn, Braschler, and Shonkwiler, 1979; Debertin, Pa
goulatos, and Smith, 1980; Smith, Deaton and Kelch, 
1978). Distance to a technical school measures access to 
staff training. School expenditures are a proxy for local 
human capital investment through public education. The 
five remaining studies found insignificant relationships. 
Flow measures were used in the studies by Smith and 
Klindt, Dorf and Emerson, and Leuck. Stock measures 
were used by Kamer and by Agthe and Billings. On 
balance, the flow measures seemed to yield results more 
consistent with theoretical expectations. 

An Industrial Location Model for Virginia 

In an attempt to clarify the linkages between human 
capital investment and growth in manufacturing, a logit 
model (similar to that of Debertin, Pagoulatos, and Smith, 
1980) was specified for Virginia localities. Stock and flow 
measures of human capital were employed, with the hy
pothesis that both would have a positive association with 
industrial location patterns. 

Location theory, a neoclassical model that bases ftrm 
location decisions on a least cost or profit maximization 
criterion (Smith, 1981), provides the theoretical basis for 
this analysis. This theory views location decision as a two
stage process. First, footloose flfffis identify a geographi-
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Table 1 

Measures of Human Capital Investment and Their Roles in Various Industrial Location Models 

Study Unit of Dependent Human 
Region Model Observation Variable Capital Proxy Result 

Missouri Linear Small Plant Distance to Negative 
(1)* Probability Rural Location Technical School (Significant) 

Kentucky- Logit Non-SMSA Plant Educational Positive 
Tennessee (2) Towns Location Expenditures (Significant) 

Kentucky- Linear Non-SMSA Plant Educational Positive 
Tennessee (3) Probability Towns Location Expenditures (Significant) 

Kentucky- Linear Non-SMSA Plant Educational Not 
Tennessee (4) Probability Towns Location Expenditures Significant 

United Ordinary SMSAs Manufacturing Number of Persons Age Positive or Negative. 
States (5) Least Squares Employment Growth 25 with College Degree bylndustJy 

Southern Ordinary Non-SMSA Population Percentage of Not 
United States (6) Least Squares Cities Growth Teenagers in School Significant 

Ohio Ordinary Appalachian Manufacturing Median Negative 
(7) Least Squares Counties Employment Growth School Years (Significant) 

Southeastern Ordinary Industrial Plant Average Male Not 
United States (8) Least Squares Parks Location Education Significant 

Northern Central Factor Non-SMSA Change in Health Not 
United States (9) Analysis Cities Number of Plants Expenditures Significant 

Tennessee Factor Non-SMSA Manufacturing Education Negative 
(10) Analysis Counties Employment Growth Expenditures (Significant) 

Health Not 
Expenditures Significant 

Welfare Not 
Expenditures Significant 

*Numbers in parentheses refer to authors as follows: 
(1) Kuehn, Braschler, and Shonkwiler (6) Wheat 
(2) Debertin, Pagoulatos, and Smith (7) Sulaiman and Hushak 
(3) Smith, Deaton, and Kelch (8) Agthe and Billings 
(4) Smith and Klindt (9) Dorf and Emerson 
(5)Kamer (10) Leuck 

cal region to optimize factor supply and product market 
access. Second, fmns select a site within the region on a 
minimum cost of production criteria. Cost factors include 
agglomeration economies, labor availability, labor costs, 
access to input factors and product markets, the 
community's eagerness for industrial development, indus-

trial site quality, human capital, an area's quality of life, 
and miscellaneous fmn cost factors (Kriesel, 1983). 

The independent variables included in this study are 
those location factors that were found to be significant 
variables in the research cited in Table 1. The fmn cost 
factor that each independent variable represents is listed 
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under the proxy column. 
The model uses a dichotomous dependent variable 

(1 =one or more new manufacturing plants, 0 =no new 
plants) to account for the "success" of a community in 
attracting a plant with at least 15 employees during the 
three-year period 1979-81. The county/city is the unit of 
observation and, cross-sectional data for Virginia's 136 
counties and cities are used in the study. A Pearson 
correlation test indicated no serious pairwise correlation. 
The stock and flow measure had a correlation coefficient of 
0.56. 

All data are from secondary sources, except for the 
dependent variable and the development group variable, 
which were obtained from a mail survey. Two human 
capital flow measures are used, one being the fourth grade 
math score,1 and the other, the distance to the nearest four
year college. Both of these variables are proxies for human 
capital flows because they represent current investment in 
education. The achievement score represents the quality of 
current public school students who will enter the work 
force. The college measure reflects adult access to educa
tion, which adds to the human capital base of the work 
force. The stock measure was the percentage of persons 
older than 25 with a high school diploma. 

The empirical model was the following: 

L = M4, GRADS, COL, POP, EMPHRS, 
SMSAMI, PCRACE, DEVG, EFFREAL, 
WAGE,FPR, 

where 

L = dichotomous variables for plant loca-
tion, 

M4 = fourth-grade math achievement test 
score, 

GRADS = percentage of persons older than 25 
with a high school diploma, 

COL = distance to nearest four-year college, 
POP = population, 
EMPHRS = manufacturing employment (hours/ 

week), 
SMSAMI = distance from county center to 

SMSA, 
PCRACE = percentage of population that is 

black, 
DEVG = existence of a local funded develop-

ment group, 
EFFREAL = effective real estate tax, 
WAGE = average manufacturing wage (dollars/ 

week), and 
FPR = fire protection rating. 

A summary of the model is presented in Table 2. The 
correct prediction rate (a substitute for R2 when 1-0 de
pendent variables are employed) is 80 percent The full 
model's Chi-square statistic is significant at the 0.0001 
level. Two variables, POP and DEVG, are significant at 
the 0.025 level, and each has the hypothesized sign. The 
two human capital variables are significant at the 0.05 
level. Math scores, the flow measure, had the hypothesized 
positive influence. The effect of GRADS, the stock meas
ure, had a negative sign, contrary to what was hypothe
sized. 

The significance of the population variable, POP, 
supports the hypothesis that agglomeration economies 
reduce fmns' costs and provide a cost-reducing incentive 
to footloose fmns. This result is consistent with earlier 
studies. The other agglomeration variable, EMPHRS, is 
not statistically significant. The development group vari
able, DEVG, supports the hypothesis that local site market
ing increases local development potential (Kriesel, 1983). 

The results of the human capital stock and flow 
measures, however, present new insight into the complex 
relationship between human capital investment and local 
economic growth. The human capital flow measure, M4, 
is significant and positive. This measure, the mean fourth 
grade standardized math achievement test score, was 
chosen as a proxy for the amount of human capital being 
produced in the local school system. The variable's sig
nificance supports the hypothesis that footloose fmns are 
interested in educational quality when making location 
decisions. High quality education increases the productiv
ity of the work force and provides a quality of life induce
ment for managers whom the fmn will relocate to the new 
plant site (Hekman, 1982). 

The human capital stock measure, GRADS, has a 
negative association with location. Schultz (1961) argues 
that human capital investment must always increase the 
productivity of labor and that the rate of return on these 
investments will always be positive. He recognized, 
however, that observed rates of return may be positive, 
zero, or negative in the real world because of imperfect 
knowledge and uncertainty which results in estimations 
contrary to expectations. 

Costs of information to the fmn may also provide an 
explanation of the conflicting impacts of human capital 
stock and flows. That is, fmns are limited in the resources 
they can devote to the site location process, as implied by 
Stigler's theory of search (Oster, 1979). As this theory is 
applied to fmn location, the gains from search are found to 
increase with input levels, variance of input costs, and the 
covariance of cost distributions. Here, with education 
levels (as an input) being only one consideration among a 
myriad of location factors which have more predictable 
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Tablel 

Independent Variables Used in Industrial Location Model: Virginia. 1979-1983 

Variable Proxy Specification Logit Estimates 

l. M4 Human Math Test Results 0.05902• 
Capital for Fourth Grade, 1980 (0.03276) 

2. GRADS Human Percentage of Persons Age 25 -0.05866• 
Capital with High School Diploma (0.03405) 

3. COL Human Distance to -0.00393 
Capital Nearest College (0.00884) 

4. POP Agglomeration PoJN!ation, 1980 0.00002•• 
(0.00001) 

5. EMPHRS Agglomeration Manufacturing 0.00003 
Employment Hours (0.00009) 

6. SMSAMI Market Access Miles to Center 0.01112 
ofSMSA (0.01272) 

7. PCRACE Discrimination Percentage -0.00948 
of Blacks (0.01572) 

8. DEVG Site Marketing Existance of Funded 0.91483 .. 
(Eagerness) Development Group (0.42601) 

9. EFFREAL Firms' Effective Real 0.54260 
Costs Estate Tax, 1978 (0.77830) 

10. WAGE Labor Average Manufacturing 0.00020 
Costs Wages, 1978 (0.00368) 

11. FPR Firms' Fire Protection 0.17179 
Costs Rating, 1978 (0.17025) 

12. INTERCEPT -2.64032 
(2.09033) 

•Significant at 0.05 
••Significant at 0.025 
Standard errors are in parentheses. 
N= 136 
Model's Chi-square was significant at p = O.OOOllevel. with correct prediction rate= 0.80. 

impacts on profits, it can be expected that firms will devote 
less attention to identifying pools of skilled labor, particu
larly if the cost of employing skilled labor has a small 
variance. This observation suggests that firms base their 
location decision more on labor costs or factors associated 
with the size economies, reflected in the agglomeration 
measures, than on education levels, and that these firms 

may have relatively poor information regarding skill lev
els. 

Another factor that might help explain the negative 
association of the human capital stock measure and loca
tion is aggregation of data. Manufacturing employment or 
flrm location data are not disaggregated by Standard Indus
trial Classification code in the estimated models. This 
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aggregation may have grouped flrms together that are 
actually seeking different labor skills and which react 
differently to the local stock and flow of human capital. 
The small number of locations per industry in Virginia 
make disaggregation to test this hypothesis impossible 
when using this type of analysis. 

Hekman • s study supports this aggregation argument. 
He flnds that similar types of manufacturing flnns exhibit 
varying demands for skilled labor inputs. In his study. 194 
newly-located flnns in the Southeastern United States 
were asked to rate 19location factors in order of impor
tance. The flnns represented nineteen of the20 two-digit 
SIC codes for manufacturing. Within those groups there 
were only three instances where strong importance was 
given to a skilled labor supply. Within all of the other 
groups. skilled and unskilled labor supply showed about 
the same importance. For example, chemical fmns rated 
unskilled labor supply as 15th in importance and simulta
neously rated skilled labor supply as 14th. In other words, 
these fmns need to draw on both skilled and unskilled labor 
from the local labor market. 

specialized skill training for the future work force. Second. 
human capital stocks. as measured by the percentage of the 
population with high school diplomas. may be of less 
importance in manufacturing location decisions than 
human capital flows due to the fmn's ability to attract 
laborers with certain basic skills from a broader labor 
market area. 

In future research, more attention should be given to 
establishing the proper conceptual framework for linking 
local investments in schooling and other forms of increas
ing labor quality with different patterns of economic devel
opment. Secondary data may be too aggregated and SIC 
codes may not be reflned enough to differentiate labor skill 
needs. Most likely. a more refmed delineation of industry 
by its specialized demand for human capital will be re
quired in order to obtain parameter estimates that will serve 
to guide public policy. local decision making, and future 
research. 

Notes 

Clearly, a single measure of available human capital 1Models were also estimated with eighth- and 11th-grade 
for a given locality is inadequate for capturing the diverse . s~~es (the only other grades for which data are available) with 
range of skills that finns seek, rendering such aggregate surular results. 
analysis very imprecise. More than one measure will 
probably have to be used to capture the influence of the 
diversity oflabor that fmns seek or else labor demand will 
have to be analyzed by fmn type. Alternative types of 
analyses should be employed in order to gain greater 
insight into this issue. 

Conclusions 

The results presented in this paper support the hy
pothesis that human capital stocks and flows have unique 
impacts on local economic development. The flow vari
able. a measure of local school quality. is positively asso
ciated with location decisions of manufacturing plants. 
The stock measure. on the other hand, has a negative 
association. 

The implications of the above analysis for local 
government public policy are signiflcant. First. policy
makers must consider the potential impact that changes in 
school expenditures will have on educational achieve
ment Changes that reduce school performance could 
reduce local development potential. Plant location deci
sions seem to be more dependent on educational flow 
measures than on the accumulated stock measures. Firms 
most likely consider simultaneously the importance of 
education to those families who may be transferred to a 
locality to establish the new facility and/or the potential of 
the educational resources of the community for providing 
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