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Because companies differ in factors such as management ability that may
lead to both high performance work systems and enhanced firm perfor-
mance, conventional estimates of the effects of human resource (HR)
management practices on firm performance may be biased upward. Al-
ternatively, if HR management practices are measured with error, esti-
mates of their effects on firm performance may be biased downward. We
find that although longitudinal estimates that avoid the first source of
bias are substantially smaller than cross-sectional estimates, the former
are strongly influenced by errors in measuring HR management prac-
tices. Based on independent estimates of the measurement error, we
calculate a range of estimates that correct for both biases. We estimate
that a one standard deviation increase in our measure of high perfor-
mance work systems raises the market value of the corporation by ap-
proximately $15,000 per employee.

T H I S  S T U D Y  I N V E S T I G A T E S  S E V E R A L  M E T H O D O L O G I C A L  C H A L-

LENGES inherent in survey-based analyses of the impact of high performance

* The authors’ affiliations are, respectively, School of Management and Labor Relations, Rutgers
University, and School of Management, State University of New York at Buffalo. This study was par-
tially funded by the Human Resource Planning Society, the Society for Human Resource Management
(SHRM) Foundation, the School of Management and Labor Relations (SMLR) at Rutgers University.
and the SUNY-Buffalo School of Management. The interpretations, conclusions, and recommenda-
tions, however, are ours and do not necessarily represent the positions of these organizations.

We are grateful to Randall Schuler and seminar participants at MIT for their helpful comments on an
earlier version of this article.

INDUSTRIAL RELATIONS , Vol, 35, No. 3 (July 1996). © 1996 Regents of the University of California
Published by Blackwell Publishers, 238 Main Street, Cambridge. MA 02142, USA, and 108 Cowley

Road, Oxford, OX4 1JF, UK.

400



Methodological Issues in Cross-Sectional and Panel Estimates / 401

work systems on firm performance.1 Drawing on a national panel survey
of organizational human resource (HR) management systems, we com-
pare the estimated relationship between HR strategy and firm perfor-
mance in both cross-sectional and longitudinal data sets. Prior research
relying on multifirm data sets has typically relied on cross-sectional esti-
mates that are potentially subject to problems of unobserved firm-level
characteristics, such as the quality of marketing or manufacturing strate-
gies, that might bias the estimated HR strategy-firm performance relation-
ship. Although panel data can mitigate such heterogeneity bias, such data
are even more sensitive to the attenuating effects of error in the measure-
ment of HR management practices. Thus, the principal focus of this arti-
cle is to provide direct estimates of the likely magnitude of both heteroge-
neity bias and measurement error in cross-sectional estimates of the HR
strategy-firm performance relationship.

The potential strategic impact of high performance work systems is con-
sistent with a new focus in the literature on behavioral strategies that rely
on core competencies and capabilities as sources of competitive advantage,
not only because they provide the most effective response to market de-
mands, but also because they are not easily copied by competitors
(Prahalad and Hamel, 1990; Stalk, Evans, and Shulman, 1992). A key
element in the implementation of such strategies is the extent to which a
firm’s HR strategy, as reflected in the adoption of a high performance
work system, supports these larger strategic objectives (Huselid, 1995). As
a result, the potential economic significance of a firm’s HR management
practices has increased substantially in this new role. In fact, the central
thesis of this article is that a firm’s HR strategy has a strategic impact that is
reflected in organizational performance.

Our measure of HR strategy is based on work by Delaney, Lewin, and
Ichniowski (1989) and Huselid (1995). In both cases, the measure of HR
strategy focused on the adoption of progressive or high performance work
practices. Although the literature emphasizing the importance of fit be-
tween HR and corporate strategies (Baird and Meshoulam, 1988; Milgrom
and Roberts, 1995) might suggest that there is no true continuum of “best
practices” in this area, given that the choice of HR strategy would be contin-
gent on the larger corporate strategy, Delaney, Lewin, and Ichniowski
(1989), Delaney (in press), Ichniowski (1990), MacDuffie (1995), and Pfef-

1 By using the term “high performance work systems,” we are referring to the full range of HR
management practices that enhance both employee and firm performance (Huselid, 1995). Consistent
with the focus of the articles in this special issue, high performance work practices include, but are not
limited to, policies that facilitate employee involvement.
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fer (1994) have focused more attention on a “best practice” approach. Our
feeling is that such a distinction is largely overdrawn, given that one of the
common themes in these “best practices” is the importance of a skilled,
flexible, and motivated workforce, and it is precisely this type of workforce
that will enable a firm to “fit” its HR strategy to changing firm strategies in
an effective and timely fashion (Huselid, 1995; Huselid and Becker, 1995).
Although our approach is more consistent with the “core” or “best prac-
tices” hypothesis, this study does not directly test these two competing
conceptual frameworks.

Our results indicate that both heterogeneity bias and measurement error
may have strong, but largely offsetting, effects on cross-sectional estimates
of the HR management system-firm performance relationship. The net
effects, based on a very conservative estimation procedure, suggest that a
one standard deviation “improvement” in a firm’s HR strategy is associated
with a present value gain in cash flow and firm market value of $15,000–
$17,000 per employee. Finally, we provide an indirect test of the potential
for an implementation-to-benefit lag in the returns for investments in such
systems, and find results consistent with the expectation that high perfor-
mance work systems begin to provide returns that are reflected in firm
profitability and market value one to two years after implementation.

Estimation Problems
The three prior studies (Huselid, 1995; Huselid and Becker, 1995;

Ichniowski, 1990) that have examined both a broad measure of HR strat-
egy and corporate financial performance have relied on cross-sectional
data, as we believe will much of the future work in this area. One objective
of this article is to provide a validity check on such an approach by specifi-
cally attempting to measure the magnitude of two potential biases, hetero-
geneity bias and measurement error, in these estimates. Consider the two-
variable case based on pooled cross-sectional data (Hsiao, 1988) where β ols

is the estimated effect of x it (HR strategy) on firm performance in the
following single-equation model:

                                    (1)

for i cross-sectional units overt time periods, where uit= α i + eit. While ei t is
the conventional random error term, α i  is an unmeasured firm-specific
constant that varies across the firms. In addition, rather than being an
entirely accurate measure of HR strategy            xit is subject to random
measurement error such that,
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(2)

Therefore, ordinary least squares (OLS) cross-sectional models are sub-
ject to two types of bias, where

(3)

and β is the true estimate of the effects of HR strategy. The second term on
the right-hand side of the equation represents the correlation between the
unmeasured firm effects (α i) and xit, in this case, HR strategy. The typical
concern in this literature is that unmeasured firm effects are positively
correlated with HR strategy because the adoption of such practices is
either contingent on firm success or simply a reflection of firms that are
better managed across all functions. The effect of this term is to upwardly
bias β ols. A less commonly mentioned, although not implausible, scenario
would have the least profitable and most desperate firms turning to these
policies as a solution to their predicament. In this case, the effect of the
second term is to downwardly bias β ols. The third term on the right-hand
side reflects the effects of measurement error in xit, which serves to bias the
OLS estimates toward zero. The problem is that although panel data offer
an opportunity to mitigate the heterogeneity bias in the OLS estimates,
this approach may exacerbate the effects of measurement error.

Heterogeneity bias. The heavy reliance on cross-sectional data in this
line of research inevitably raises a concern that any HR strategy-firm
performance relationship reflects heterogeneity bias rather than substan-
tive effects. This is a particularly important issue when researchers are
attempting to isolate the effects of a particular set of organizational prac-
tices, as there is considerable evidence in the business press that firm
reputations for a wide range of management practices are highly corre-
lated. Whether these intercorrelations are genuine or merely reflect halo
error on the part of outside observers is more difficult to determine
(Brown and Perry, 1994). Nevertheless, it is certainly plausible that if the
adoption of a high performance work system is a sign of good manage-
ment, then the presence of such practices would not be the only stroke of
wisdom. Unfortunately, access to measures of these other management
practices is very limited, and therefore difficult to control statistically.

The existence of unmeasured management practices that are both posi-
tively correlated with the presence of a high performance work system and
firm performance means that cross-sectional estimates of the HR strategy-
firm performance relationship would be overstated. However, to the ex-
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tent that the simultaneous occurrence of these practices is merely associa-
tional rather than causal, panel data offer an opportunity for a cleaner
estimate of the true effects of HR strategies.

The “associational” explanation is particularly plausible for the wide
range of functional strategies, such as those in marketing and finance,
that are likely to be developed independent of an HR strategy. Consider
the example of a company that does a lot of things well and has achieved
an equilibrium position of excellence, but does not necessarily change all
of its management practices at the same time in some overarching strat-
egy. In such companies, we could expect to observe changes in HR
strategies over time without corresponding changes in other functional
strategies. The positive association of these strategies would then be
much stronger across firms at a point in time than within firms across
time. When this is the case, the effects of HR strategy on firm perfor-
mance can be separated from the effects of other functional strategies
using panel data. Specifically, we will rely on the familiar fixed effects
model with constant slopes and intercepts that vary across firms (Hsiao,
1988). This least squares dummy variable model estimates the effects of
HR strategies on firm performance from within firm variation compared
to cross-sectional estimates that can reflect both within- and between-
firm variation in HR strategies and firm performance.

Measurement error. The benefits of panel data sets come at a price,
however. The risk is that panel estimates may be subject to even greater
attenuation from measurement error than cross-sectional estimates, and
that one is actually worse off using the panel estimates (Hsiao, 1988, p.
63). For example, one can eliminate individual effects (α i) where there are
two periods of data, by transforming the data into first differences. In this
specification, the probability limit of the first difference estimator β fdif is
(Hsiao, 1988, p. 64):

(4)

where ρ x and v are the first-order serial correlations for the independent
variable and measurement error, respectively. Compared to the measure-
ment error bias in a single cross-section OLS estimate, all that is required
for measurement error to have a relatively greater attenuating effect on
the first difference estimator is for the serial correlation of true values of x
to exceed the serial correlation of the measurement error (e. g.,  ρ x > ρ  v).
Given that we would normally expect v to be nearly random, p, should be
very close to zero. Even assuming ρ v = .1 and ρ x = .7, the relative impact of
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true variance in our HR systems measure is diminished by two-thirds. In
effect, the noise-to-signal ratio may be increased substantially in the panel
estimate. Alternatively, ρ v might be expected to increase where the same
respondent provided the ratings at two points in time.2

Measurement error in the independent variables of interest is ubiquitous
in economic and organizational research. Typically, it is either ignored or
the researcher is able to make a reasonable assumption that, relative to the
total variance of the measure, the impact of measurement error is modest.
This would be particularly true in cross-sectional estimates that are other-
wise economically and statistically significant. The tendency to ignore the
problem is reinforced by the fact that even where measurement error is
suspected to be a nontrivial presence, the researcher typically has few
solutions available. Econometricians have recently developed methods to
indirectly estimate the magnitude of measurement error (e.g., Griliches
and Hausman, 1986; Hsiao, 1988; Hsiao and Taylor, 1991) that exploit the
variety of data structures and error structures available in a panel data set.
Although several of these methods provide estimates of both β and α 2 

v, they
require more than the two periods of data available in our sample.

Measures and Methods

Our analyses are designed to assess the validity of previously reported
cross-sectional estimates of the HR strategy-firm performance relationship
and to focus specifically on the results reported in Huselid (1995). The
original cross-sectional analysis from the 1991 survey reported in Huselid
(1995) includes 826 observations. Our panel replication has only 218 re-
spondents with complete data in both years (1991 and 1993). As a result,
part of any difference in results might be attributable to sample differ-
ences, apart from any heterogeneity bias. Therefore we provide four
points of comparison:

• 1991 cross-sectional results (n = 826)
• 1991 cross-sectional results, panel subsample (n = 218)
Ž 1991-93 panel results (n = 218 per year, or n = 436)
• 1993 cross-sectional results, panel subsample (n = 218).

2 For 171 of the 218 panel respondents in our data set, the survey was mailed to (and, presumably,
usually completed by) the same individual in both periods. The simple correlation of our HR strategy
measure at two points in time is .50 for the “same” respondents and .45 for the “different” respondents.
Although there are a variety of reasons why these two estimates might differ (most notably, greater
changes in the HR management system associated with a change in leadership of this function), the
difference is not so large as to suggest that ρ v is overwhelmingly greater for the “same” respondents.
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Next we evaluate the extent of bias in the panel results attributable to
measurement error in our measure of HR strategy. Drawing on well-
developed correction formulas (Griliches and Hausman, 1986; Hsiao,
1988) and estimates of measurement error based on independent psy-
chometric analysis of the HR strategy measures, we derive a range of
corrected estimates for both the effects and statistical significance of those
corrected coefficients.

The estimation model. There is a well-developed empirical literature
focusing on the determinants of firm performance, using both capital
market- and accounting-based measures of profitability (Brainard, Shoven,
and Weiss, 1980; Hirsch, 1991; Hirschey and Wichern, 1984; Weiss, 1974).
We draw on conventional econometric specifications from this literature as
the basis for our estimation model. Measures of firm performance typically
focus on market-based measures, such as Tobin’s q, or accounting-based
measures like return on equity. The former, which compares the capital
market’s valuation of the future cash flows associated with a firm’s asset
base to the replacement cost of those assets, is a forward-looking risk-
adjusted measure of a firm’s financial performance. Following Hirsch
(1991), we specify a model of firm performance by focusing on the firm and
industry variables that are likely to contribute to sustained competitive
advantage. These include firm investments in physical (plant and equip-
ment), intangible (R & D) and human assets (employment), and recent
sales growth.3

The focus of this article is not a completely specified model of firm
performance. Our goal is to develop a sufficiently specified model such
that the estimated effects of HR strategy on firm performance are unbi-
ased. The limited econometric studies that include both broad measures of
HR strategy and firm performance for a large sample of firms in part
reflect the challenges of data collection in this area of research. Our analy-
ses draw on a unique panel data set on the subject. Although these data
are not without their limitations, they provide a unique opportunity to test
the validity of prior cross-sectional work by drawing on the methodological
advantages of panel data.

3 Typically, such models might also include firm and industry characteristics such as firm-specific risk,
industry unionism, and industry market concentration. These variables were included in Huselid (1995)
and had only minor effects on the HR strategy estimates. We have not included them in the panel
because they were not available for the latter years at the time of the analysis. However, columns 2 and 3
in Table 4, which report the 1991 cross-sectional results with and without these additional controls,
demonstrate that such an omission has no significant effects on the magnitude of our estimates.
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Following Huselid (1995), we estimate a model of firm performance
such that:

Firm Performance = f(HR Strategyiv Firm Employmentiv Capital
Intensity iv Unionization iv Sales Growthiv R-D Intensityit), (5)

where the observations are described for the ith firm in period t. The exact
definition, source, and descriptive statistics for each variable identified in
equation 5 are included in Table 1.

Measures of human resource strategy and firm performance. Our mea-
sure of HR strategy is based on survey questionnaire data that focus on
organizational HR management practices in 1991 and 1993. The items we
adopt are broadly representative of the high performance work practices
described in recent work (Levine, 1995; Pfeffer, 1994; U.S. Department of
Labor, 1993). Huselid (1995) factor analyzed 13 items in an effort to iden-
tify separate dimensions of HR strategies that might be consistent across
firms. Using principal components extraction with Varimax rotation, two
factors consisting of eight and three items, respectively, were identified.
Scales were constructed for each factor by averaging those questions load-
ing unambiguously on each respective factor. All 13 questions and their
respective factor loadings are reported in Table 2. The validation of this
scale is described in Huselid (1995).

Following Huselid (1995), we refer to these factors as Employee Skills
and Organizational Structures and Employee Motivation. An Employee
Skills and Organizational Structures strategy focuses on the development
of organizational capabilities both through employee skill development
and through the provision of organizational structures that allow skilled
and motivated employees to contribute directly to the performance of the
firm. An Employee Motivation strategy emphasizes the formalization of
pay-for-performance links and a merit-based philosophy in the organiza-
tion. Although Huselid (1995) shows these scales to have acceptable con-
vergent validity, the modest levels of reliability associated with each sug-
gest that the development of improved measures of HR strategy should be
a high priority.

Two dependent variables, Tobin’s q and gross rate of return on assets
(GRATE), were constructed to reflect capital market evaluations of firm
performance as well as current accounting profits, respectively. Following
Hirsch (1991 ), Tobin’s q is defined as the natural log of the ratio of a firm’s
market value to the replacement cost of its tangible assets. In principle, a
firm’s market value is the sum of the market value of both equity and debt.
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TABLE 1

VARIABLE DEFINITIONS, SOURCES , AND DESCRIPTIVE STATISTICS (n = 436)

Mean
Variable Definition and Source (standard deviation)

Employee Skills and Mean of standardized survey items.
Organizational Structures

Employee Motivation Mean of standardized survey items,

Tobin’s q Natural log of market value of common and
preferred stock for ith firm divided by the
book value of net property, plant and
equipment (see Hirsch, 1991). Compact
Disclosure.

Gross Rate of Return on Assets    Cash flow divided by gross capital stock (see
(GRATE) Hirsch, 1991 ). Compact Disclosure.

Total Employment Log of total employment, Survey item.

Capital Intensity Log of property, plant, and equipment di-
vided by total employment. Compact Dis-
closure.

Union Coverage Proportion of nonexempt employees belong-
ing to a union. Survey item.

R & D/Sales Log of research and development expendi-
tures divided by annual sales. Compact
Disclosure.

Growth in Sales (Sales t-1 – Sales t-5) /Sales t-5. Compact Dis-
closure.

1991 and 1993 Values for Tobin’s  q, GRATE, and HR Variables   
Employee Skills and Organiza-

tional Structures, 1991
Employee Motivation, 1991

Employee Skills and Organiza-
tional Structures, 1993

Employee Motivation, 1993

Tobin’s q, 1991

Tobin’s q, 1993

GRATE, 1991

GRATE, 1993

Mean of standardized 1991 survey items,

Mean of standardized 1991 survey items.

Mean of standardized 1993 survey items,

Mean of standardized 1993 survey items.

Natural log of market value of common and
preferred stock for ith firm divided by the
book value of net property, plant, and
equipment.

Natural log of market value of common and
preferred stock for ith firm divided by the
book value of net property, plant, and
equipment.

Cash flow divided by gross capital stock.

Cash flow divided by gross capital stock,

0.082
(0.480)

– 0.019
(0.731)
0.578

(1.047)

0.078
(0.163)
11.988
(0.776)
4.132

(1.309)

12.970
(25.146)

0.020
(0.038)

0.592
(1.143)

.0557
(.4643)

–  .0476
(.7395)
.1087

(.4951)
.0099

(.7228)
.591

 (1.07)

.566
 (1.02)

.0859
 (.177)
.0701

 (.147)
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T A B L E  2a

Q UESTIONNAIRE ITEMS AND F ACTOR S TRUCTURE FOR HR ST R A T E G Y  M EASURES IN 1 9 9 1

Questionnaire Item Factor 1 Factor 2

Employee Skills and Organizational Structures Alpha = .67
What proportion of the workforce are included in a formal information-sharing

program (e.g., a newsletter)?
What proportion of the workforce hold jobs that have been included in a formal

job analysis?
What proportion of the workforce is regularly administered attitude surveys?
What proportion of the workforce participate in Quality of Work Life (QWL),

Quality Circles (QC), and/or labor management participation programs?
What proportion of the workforce is eligible for company incentive plans,

profit-sharing plans, and/or gainsharing plans?
How many hours of training per year are typically received by an experienced

employee (i. e., someone employed more than one year) ?
Employee Motivation Alpha = .66
What proportion of the workforce has their merit increase or other incentive

pay determined by a performance appraisal?
What proportion of the workforce receives formal performance appraisals?
What proportion of the workforce is promoted based primarily on merit

(as opposed to seniority)?
Items Not Loading Unambiguously on Either Factor
What proportion of non-entry-level jobs have been filled from within in recent

(i.e., over the last five) years?
What proportion of the workforce has access to a formal grievance procedure

and/or complaint resolution system?
What proportion of the workforce is administered an aptitude, skill or work-

sample test prior to employment?
For the five positions that your firm hires most frequently, how many qualified

applicants do you have per position (on average)?

.54

.53

.52

.50

.39

.37

.17

.29

.07

.52

.36

.32

.15

.02

.18

–  .07
– .04

.17

– .07

.83

.80

.56

– .36

.13

– .04

.27

an = 826. Taken from Table 1 in Huselid (1995).

In practice, the market value of debt and replacement value of assets are
typically proxied with their book values (Hirsch, 1991). We consider q a
measurement of management “value added” because it represents the
premium the capital market will pay for a given portfolio of assets. If two
firms have the same asset base, ceteris paribus, a higher Tobin’s q would
represent higher future income prospects for that particular firm. Clearly,
the strategic impact of HR is on the market value of equity rather than on
the value of debt, and is therefore the focus of our analyses. Reflecting this
focus, Huselid (1995) restricted the numerator in his measure of q to the
market value of equity as well. We have used both measures in this analysis
with equivalent results (see Appendix 1).

GRATE divides current cash flows by gross capital stock and is superior
to traditional return on assets or equity measures of accounting profits
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because it is less subject to influence by depreciation and other noncash
transactions (Brainard, Shoven, and Weiss, 1980). We include this mea-
sure of accounting profits to be consistent with prior work but consider it
of secondary importance. The theoretical rationale for a strategic impact
by the HR management system derives from its potential creation of sus-
tained competitive advantage. Although higher accounting profits are con-
sistent with such an effect, we believe the more direct measure is change in
the firm’s market value of equity.

Sample. The data for this study are taken from a survey questionnaire
mailed to 3,477 firms in 1992 and 3,847 firms in 1994. In both surveys
respondents were asked to describe organizational practices employed dur-
ing the preceding calendar year (1991 and 1993, respectively). The initial
survey in 1992 was based on a potential population of the nearly 12,000
publicly held firms listed on U.S. stock exchanges available in Compact
Disclosure, a commercially available database containing annual 10-K re-
ports. This larger set was reduced by excluding firms with less than one
hundred employees, foreign controlled firms, holding companies, or pub-
licly held divisions or business units of a larger firm. The result was a
sampling frame of 3,477 firms representing a broad cross section of U, S.
industries. Following extensive pretesting and pilot mailings, the survey was
mailed to an individual whose name, position, and address had been verified
by telephone. The result was 968 usable responses, or an overall response
rate of 28 percent. In 1994, using an identical sampling methodology and a
similar questionnaire, we surveyed 3,847 firms. Seven hundred forty re-
sponses were received in the 1994 survey, for an overall response rate of 20
percent. Two hundred ninety-four firms responded to both surveys. Missing
financial performance data in one or both years, frequently market value,
reduced the sample to the 218 firms that are the basis for this study.

One of the principal challenges inherent in this line of research is the
problem of low survey response rates. Response rates in the 20–30 percent
range raise genuine questions about response bias, particularly in the
panel of joint respondents which is less than 10 percent of the population
in any one year. Industry distributions of the sampling frame and respon-
dents are similar in both years, with respondents slightly overrepresented
in manufacturing. Similarly, a comparison of the panel sample means with
the full sample in each respective year for q, GRATE, and the two HR
measures indicates only two differences that are statistically significant. In
1991, the panel value for GRATE (.085) is higher than the full sample
value (.055), and the 1993 panel value for Employee Skills and Organiza-
tional Structures (.108) is higher than the full sample value (– .002).
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Even a comparison of population and sample means would not directly
address the potential level of response or selectivity bias. The concern is
not that the mean values of two variables may differ in the sample and
population, but that the conditional means (i. e., those corrected for all
relevant controls) are different. Our only estimates of response bias on this
dimension is an evaluation of the 1991 survey data (Huselid, 1995) using
the familiar Heckman (1979) approach, which generates an inverse Mills
ratio that is included in subsequent regressions as a control. The estimates
for the effects of HR strategy on firm performance were very similar with
and without such controls. Later in the article we also replicate the 1991
cross-sectional models from Huselid (1995), based on the 218 panel respon-
dents from 1991. Only the coefficient on Employee Motivation in the q
model, which falls by nearly 50 percent, is meaningfully different in the
two samples. We have spoken with a number of potential respondents
throughout the survey process and on occasion discussed the study with
members of the HR community. Our impression is that most firms that do
not respond have a blanket policy of not responding to any surveys and/or
have workload demands that preclude participation even when they would
like to do so. It is anticipated that such policies will only make survey
research on this topic more difficult in the future.

Results and Discussion

Cross-sectional comparisons. Comparing the 1991 and 1993 values for
the two dimensions of HR strategy (Table 1) reveals slightly higher values on
both measures in 1993, although the differences are not statistically signifi-
cant. The sample means on the two dependent variables in the panel sam-
ples fall slightly over this period, although once again these differences are
not statistically significant. The comparative cross-sectional regressions are
reported in Table 3. The first column reports the effects of the two dimen-
sions of HR strategy and controls (not shown) on both measures of firm
performance in the full cross-sectional sample from the 1991 survey, based
on Huselid (1995). Three of the four coefficients indicated positive effects
on firm performance that were both economically and statistically signifi-
cant at conventional levels. The second column replicates the Huselid
(1995) model for the 218 respondents in the panel, and provides some sense
of the potential response bias in our panel of firms. Only the magnitude of
the coefficient on Employee Motivation in the q model is different in any
meaningful respect, falling by one-half. As noted above, the last two col-
umns report the cross-sectional estimates for the 1991 and 1993 surveys
without several of the control variables included in Huselid (1995).
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In Huselid (1995), a factor analysis of the characteristics of the firm’s
HR management system identified two factors, Employee Motivation and
Employee Skills and Organizational Structures. However, although vari-
ous HR management system characteristics in the sample may load on two
different dimensions, it does not necessarily follow that these two dimen-
sions will have different effects on firm performance. There is no theoreti-
cal reason why a bundle of staffing-related practices should have a differ-
ent effect than a bundle of practices that influence employee motivation.
Therefore, we made no a priori assumptions about the appropriate specifi-
cation and tested directly whether the HR management system should be
specified multidimensionally or unidimensionally. Our results are consis-
tent with a unidimensional approach. A joint F-test of the null hypothesis
that the coefficients on the two HR management system dimensions were
equal could not be rejected. The results of those tests are reported in Table
3 along with the effects of a unidimensional measure (HRTOTAL) of the
HR management system that is the sum of the two dimensions described
above. Given these results, we use the HRTOTAL variable as our measure
of the HR management system in the remainder of the analyses. Thus, the
interpretation is that the effect of a change in the HR system is irrespective
of whether it occurs through a unit change in Employee Motivation or
Employee Skills and Organizational Structures.

In three of the four cross-sectional models, HR strategy had an economi-
cally and statistically significant effect on our measures of firm perfor-
mance. The q results indicate that firms with high performance work sys-
tems have higher ratios of market value to book value. Given that q is
measured in natural logarithms, the effects in Table 3 suggest that increas-
ing a firm’s usage of high performance work systems by one standard
deviation is associated with an increase in q of about 14 percent. For
GRATE, the same change in high performance work systems resulted in a
13–28 percent increase in this ratio for the average firm.4

Panel results. The results of the OLS-pooled cross-sectional, fixed and
random effects models are reported in Table 4. HRTOTAL had an eco-
nomically and statistically significant effect on both dependent variables in
the OLS-pooled cross-sectional model (column 1). However, the fixed
effects results (column 2) are statistically insignificant, and are only 25–30
percent as large as the OLS estimates. For both models of firm perfor-
mance, the Lagrange multiplier test rejects the OLS results in favor of the

4 The sample means for GRATE were .085 and .07 in 1991 and 1993, respectively. The coefficients
on HRTOTAL were .011 and .019 in those same years.
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fixed effects models. This is equivalent to rejecting the hypothesis that the
firm-specific intercepts (α i in equation 3) are equal across all firms.

We also estimated the HR strategy-firm performance relationship within
a random effects model. A fixed effects formulation is more appropriate
when the inferences will apply only to the cross-sectional units in the
sample, whereas a random effects approach is more appropriate when the
inferences will extend to observations outside the sample (Greene, 1990,
p. 486; Hsiao, 1988, p. 43). On that basis, the appropriate model for our
analysis is a random effects model. The effects of HRTOTAL in the ran-
dom effects models are approximately 70 percent as large as the OLS
results and are statistically significant by conventional standards. Neverthe-
less, although a random effects model has the virtue of providing more
efficient estimates, it also assumes that the firm-specific intercepts are
uncorrelated with the regressors (Greene, 1990, p. 495). In effect, there is
a trade-off between efficiency and consistency in the random and fixed
effects models, and this trade-off provides an empirical basis on which to
make the decision between them. The Hausman test (1978) provides a
method to test whether the bias from the random effects model exceeds
the gain in efficiency. On that basis, the results of the Hausman test re-
ported in Table 4 clearly reject the random effects model in favor of the
fixed effects models

The role of measurement error. If we accept the results of the fixed
effects model in Table 4 as appropriately cleansed of heterogeneity bias,
we next have to determine to what extent those panel estimates are attenu-
ated by measurement error in HRTOTAL. Because our data set includes
only two periods of data, we must rely on independent estimates of error
variance in HRTOTAL (σ 2

v) and solve for (β in equation 4.6 Unlike in
conventional economic data sets, we are able to calculate the psychometric
characteristics of our measures, including their reliability. We used Cron-

5 We also evaluated the potential for nonlinearities in the panel estimates by transforming
HRTOTAL into two spline functions. The first spline, HRLARGE, reflected positive changes in the
HR management system in excess of one standard deviation. The second spline, HRSMALL, captured
all changes smaller than those included in HRLARGE. For q, the coefficients (standard errors) were
.079 (.075) and –.159 (.320) for HRSMALL and HRLARGE, respectively. For GRATE, the coeffi-
cients (standard errors) were .0122 (.0149) and –.0419 (.063) for HRSMALL and HRLARGE,
respectively, Although the pattern of results suggests sharply diminishing returns to large changes over
this time period, the estimates were not statistically significant either individually or in joint F-tests.

6 Equation 4 is derived from:

(4a)

which is the basis for the following calculations.
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TABLE 4a

PANEL SURVEY RESULTS , 1991–93 (STANDARD ERRORS IN PARENTHESES)

Pooled Data Pooled Data Pooled Data
(no fixed effects (with fixed effects (random effects

controls) controls) model)

HR Strategy Variable q GRATE q GRATE q GRATE

HRTOTAL .1826 *** .024*** .0529 .0066 .1218 *** .0194**
(.0513) (.008) ( .0642) ( .0126) ( .0486) (.0083)

Sample Size 436 436 436 436 436 436
Adjusted R2 .155 .067 .622 .393 .160 .076
F values 14.25*** .079*** 4 . 2 1 * * *  2 . 2 6 * * *  N A NA
Lagrange Multiplier 58.07*** 13.07***

Test of Fixed Effects
Hausman Test of Fixed 18.44*** 37.66***

vs. Random Effects Model

a Unless otherwise noted, these models include all control variables described in equation 1. Unlike the O L S
models in Table 3, the OLS-pooled cross-sectional model does not include a set of industry controls, given that
this model was the comparison against which the fixed effects model was tested.

* Significant at p < .10; ** significant at p < .05: *** significant at p < .01.

bath’s α as a measure of internal consistency reliability, and specifically as
an estimate of the ratio of true variance to total variance in our HR
strategy measures (Nunnally and Bernstein, 1994). The more appropriate
measures would be test-retest intrarater reliability (e. g., between one man-
ager at two points in time) or interrater reliability (e. g., multiple respon-
dents at the same level). As a measure of intrarater reliability, Cronbach’s
α is generally an overstatement of interrater reliability because it “assigns
specific error (unique to the individual rater) to true (construct) variance”
(Schmidt and Hunter, in press).7 There is little evidence regarding the
interrater reliability of measures such as ours because the convention in
this literature is to use a single managerial respondent (Arthur, 1992;
Cooke, 1992). Other studies have shown that ratings of organizational
policies will differ by organizational level (Barron and Black, 1996; Eaton,
1994). Although multiple respondents are the basis for interrater reliabil-

7 We have other evidence on intrarater reliability for our sample, although it is for a very small
subsample of our data set. It is the more conventional measure of intrarater reliability because it takes
the form of two measures given to the same individual at two points in time. Another researcher
surveyed this same sample six months after our second survey on another subject, and asked several
questions that we also included, although only in a binary form. The one continuous measure collected
in both studies was union coverage. The intrarater reliability for presence of a union was 1.00 (n = 15)
(i.e., when both measures were coded as dummies) and .70 for percentage of the workforce unionized
(when both measures were coded as continuous). Given the objective and generally stable nature of
this question, these results probably represent an upper bound on intrarater reliability for this sample.
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ity, the fact that these respondents were drawn from different levels of the
organization makes these data less applicable to our analysis.8

Cronbach’s α for Employee Motivation and Employee Skills and Organi-
zational Structures are .66 and .67, respectively. Therefore, we evaluated
our HRTOTAL results for the range of Cronbach’s α from .6 to .7. For
such α s, error variance in these measures (σ 2

v) would range from .38 to .28,
implying a ratio of error variance to true variance of .42–.67.9 Although
measures containing 30–40 percent error variance may seem excessive,
they are actually quite modest for panel data. For example, Duncan and
Hill (1985, p. 521) report ratios of error to true variance for purportedly
objective measures such as hours worked and earnings in the Panel Survey
of Income Dynamics (PSID) in the range of 1.4–2. 8.

Calculating the corrected estimates in equation 4 posed several prob-
lems. Bivariate regressions based on first differences were used because
the correction formulas for these simple models are much more accessible.
However, these simple models are more likely to yield biased estimates
because the control variables have been omitted. For both q and GRATE,
the HRTOTAL coefficient in this simple model was negatively biased
compared to the fully specified model. The bias was so large in the first
difference GRATE model that the bivariate coefficient was slightly nega-
tive. Given that the direction of the measurement error correction is al-
ways away from zero, beginning with a negative estimate that is biased
would only further distort the results. Therefore, we only report results for
the q models. Estimates of the corrected β ‘s for HRTOTAL as well as
corrected standard errors are calculated for two levels of Cronbach’s α
(Table 5).10

8 This is in part a distinction between a particular policy and its implementation. We believe the chief
human resource officer (CHRO) within each firm is in the best position to describe the combination of
both policy and practice. Although the CHRO may not be aware of all of the variations in policy
implementation throughout the firm, neither is the firstline supervisor likely to be well informed of
implementation outside his or her responsibility. The ideal solution, multiple respondents from multi-
ple levels of each organization, was beyond the resources available for this study.

9 If Cronbach’s α = .6, then the variance of the measure is 40 percent error variance. Given that the
variance of HRTOTAL is .952, then .38 (.4 X .952) of that variance is due to measurement error. The
ratios of error variance to true variance are, as an example, .4/.6 = .67.

10 The correction for the standard error of a bivariate regression, sb, is (Greene, 1990, p. 161):

where s is the standard deviation of residuals and sxx = (n - 1) × Variance of x. The assumption is that
the variance of x includes error variance (σ 2

v) as well as true variance. Our assumption that Cronbach’s
alpha is a measure of the percentage of true variance allows us to calculate a “corrected” value for sxx,
For example, in Table 5 when Cronbach’s α = ,6 the calculations are as follows:
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TABLE 5

C O R R E C T E D  E STIMATES OF β H R T O T A L  B ASED ON E QUATION 4 A N D

E STIMATES OF     D ERIVED FROM C R O N B A C H’S α (STANDARD ERRORS IN

PARENTHESES )

Dependent Variable: q

Models and Estimates Model Estimated Without Controls

β fdif
.0252

(standard error) (.0639)
Assume Cronbach’s α = .6
Implied σ 2

v .380
Estimate of Corrected β .1245*
Estimate of Corrected Standard Error (.0825)
Assume Cronbach’s α = .7
Implied σ 2

v .285
Estimate of Corrected β .063
Estimate of Corrected Standard Error (.076)

* Significant at p < .10

The results in Table 5 indicate that even modest corrections for measure-
ment error increase the first difference estimates of HRTOTAL by two to
five times their uncorrected magnitudes. If Cronbach’s α is .6, the corrected
estimates are in a range similar to those observed in the cross-sectional
estimates and statistically significant at conventional levels. Considering
that these adjustments are based on a simple first difference estimate that
appears to be less than half its true value, our summary conclusion is that
attenuating effects of measurement error in the panel data are approxi-
mately equal to the positive heterogeneity bias.

The economic impact. Given the wide range of these potential esti-
mates, it is difficult to provide an accurate evaluation of the economic
magnitude of these effects. Nevertheless, given that the discussion of the
HR management system has been placed within a strategic perspective,
the ultimate test of the strategic impact of a high performance work system
is the magnitude of its effect on the firm’s financial performance. The
cross-sectional results in Huselid (1995) implied combined effects of a one
standard deviation change in Employee Skills and Organizational Struc-

.
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tures and Employee Motivation of $3,814 greater annual cash flow per
employee and $18,641 greater market value per employee for GRATE and
q, respectively.

We believe that a conservative approach to the generation of such
estimates is to base them on coefficient values that are approximately
midway between the cross-sectional estimates and the fixed effects re-
sults. This would imply a coefficient on HRTOTAL of . 10–. 12 and .012–
.015 for q and GRATE, respectively. The estimates from the q models
imply per-employee changes in firm market value of $14,350–$17,275.
The predicted changes in net revenue per employee (GRATE) in the
same firms was $1,468–$1,834. Given that these latter estimates are an-
nual cash flows, they can be transformed into present values assuming a
reasonable interest rate and time period. Assuming an 8 percent, fifteen-
year period, the net present value of those cash flows would be equiva-
lent ($14,570 and $16,953 per employee) to the market value estimates
presented above.

The implementation-to-benefit lag. Our analysis to this point has not
explicitly considered the potential for a lag between the implementation of
a high performance work system and any subsequent change in firm perfor-
mance. Specifically, our HR strategy measures in each year were matched
with contemporaneous (1991 and 1993, respectively) measures of firm
performance. This approach is justified by the assumption that we are
observing an equilibrium relationship among firms and the effects of imple-
mentation have been fully realized. Cross-sectionally, we observe the re-
sults of the implementation process, and as long as the implementation
process has largely run its course, the time between implementation and
improved financial performance should have little effect on our results.
Alternatively, the panel analysis examines contemporaneous changes in
both the HR management system and firm performance. If in fact there is
a lag before the effects of changes in the HR management system will be
reflected in firm performance, as might be expected given the nature of the
changes in question, our two-period panel may not be sufficient to capture
those effects. This implies that the effects reported in the fixed effects and
first difference models were considerably smaller than the cross-sectional
results, not because they reflect heterogeneity bias in the cross-sectional
results, but because it was simply too early to observe the full magnitude of
the benefits.

Unfortunately, we have no way to directly estimate the magnitude of any
implementation-to-benefit lag. We can, however, use our data to provide a
very modest, but indirect, test of whether such a lag might indeed even
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exist. For example, our 1991 cross-sectional data reflect the levels of
HRTOTAL in that year. How much of those levels are due to recent
changes that have not yet affected the firm’s financial performance is
impossible to estimate. However, it is reasonable to assume that some part
of those 1991 levels include recent changes. Moreover, to the extent that
the benefits of these changes are not realized immediately, we would ex-
pect that the effects of the 1991 “levels” would have a larger impact on firm
performance in 1992 and 1993 than on firm performance in 1991. We
present the results of these analyses in Table 6.

The pattern of results we report in Table 6 is consistent with our expecta-
tion of a lag between the implementation of new HR strategies and their
subsequent effects on firm performance. For both q and GRATE, the bene-
fits in the subsequent years are higher than in the contemporaneous years.
The pattern is particularly dramatic for GRATE, where the effects in 1992
and 1993 average more than twice the magnitude of the 1991 contemporane-
ous effects. This result may in part reflect accounting convention, where
investments in HR management systems are fully expensed in the current
period, while their benefits can be reasonably expected to be realized across
multiple periods. This relatively greater lagged effect for GRATE is also
consistent with the fact that q is a forward-looking measure that should
incorporate these subsequent increases in profitability over a shorter time
period. These estimates also bear directly on two earlier results. First, the
relatively greater lagged effect on GRATE means that the time period over
which these cash flows will equal the market value effects (q) is much shorter
than noted above. Second, these results imply that two-period panel esti-
mates that rely on two-year windows are likely to understate the true effects
of HR management systems on firm performance.

Caveats and implications for future research. These results seriously
question whether the analysis of panel data will represent an improvement

TABLE 6

T HE E FFECTS OF 1991 HRTOTAL ON 1991, 1992, AND 1993 VALUES OF THE D E P E N D E N T

V A R I A B L E S
a (STANDARD ERRORS IN PARENTHESES )

1991 1992 1993 1991 1992 1993
Variable q q q GRATE GRATE GRATE

HRTOTAL .1479** .1899** .1694** .0113 .0266* .0197*
(.0843) (.0815) (.0847) (.0162) (.0177) (.0137)

a These models are identical to the OLS-panel cross-sectional sample (n = 218) in Table 3, except that the year of
the dependent variable changes as described above.

* Significant at p < .10; ** significant at p < .05.
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over cross-sectional data in this line of research. At a minimum, our find-
ings suggest that where measures of HR strategy require respondents to
make broad judgments regarding both the nature and the depth of imple-
mentation of organizational HR strategies, the potential bias in panel
estimates due to measurement error can be substantial. In principle, the
richness of panel data can be exploited to recover the true effects of HR
strategy, although the panel lengths necessary to provide those corrections
will be difficult to generate. Likewise, our analyses of the potential for an
implementation-to-benefit lag suggest that panels of four to five years
could be required to fully specify this relationship. In the absence of such
data, researchers can rely on independent evidence of measurement error,
but there is no equally accessible method for estimating the possible
implementation-to-benefit lags.

The value of panel data sets to assess the HR strategy-firm performance
link can be legitimately questioned with respect to mitigating the heteroge-
neity bias discussed earlier. The argument in favor of panel analyses turns
on the assumption that other firm characteristics that may be reflected in
the cross-sectional estimates (e.g., the quality of financial or operating
strategies) are fixed over time, while HR strategy is not. If in fact these
other organizational practices are being appropriately modified along with
the HR strategy, the result may be as much of an upward bias in the panel
estimates as in the cross-sectional estimates. Rather than relying on such
assumptions, future research should devote more attention to the identifi-
cation and measurement of these other management practices so that they
can be explicitly controlled in the estimation models.

Future research should proceed at multiple levels of analysis. Multifirm
multi-industry data collection efforts should continue as a source of gener-
alizable results that focuses on the effects of high performance work sys-
tems on firm performance. Ideally these efforts could begin to incorporate
sufficient firm-level detail, via case study or intensive interviews, to pro-
vide a validity check on the HR system measures, and the nature of their
relationship to firm performance. In addition to the improvement of multi-
industry samples such as the one described in this study, we believe that
much progress can be made by well-executed industry studies that utilize
both conventional measures of firm performance and new work on the
economic contribution of business units to overall firm performance, most
notably recent work on economic value added (Stewart, 1991). Improving
our understanding of the links between business-unit performance and
firm performance would enable future research to incorporate the benefits
of both levels of analysis.
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APPENDIX

In our analyses we report results using a measure of Tobin’s Q that does not include a
measure of debt in the numerator. The purpose of this appendix is to report results from
similar analyses that include the book value of long-term debt in the numerator of the Q
variable ( Qdebt). As we indicate in the text, the estimates for the HRTOTAL variable are

equivalent in both specifications.

REPLICATION OF RESULTS WITH Qdebt AS THE DEPENDENT VARIABLE

(STANDARD ERRORS IN PARENTHESES)

Table 5 Table 6 Table 7

Variable 1991 1993 Fixed Effects β fdif Without Controls          β fdif With Controls

HRTOTAL .1441* .1268** .0436 .0266 .0519
(.0714) (.0500) (.0552) (.0554) (.0551)

* Significant at p < .05; ** significant at p < .01
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