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1. Introduction
Nearly 900,000 organizations in 170 countries have
adopted the ISO 9001 quality management system
standard (International Organization for Standard-
ization 2006). This is a remarkable figure given the
lack of rigorous evidence regarding the standard’s
effect on organizational practices and performance.
Implementing a quality management system that con-
forms to ISO 9001 entails documenting operating pro-
cedures, training, internal auditing, and corrective
action procedures. It also requires that procedures to
improve existing procedures be implemented.
Proponents claim that quality programs such as

ISO 9001 improve both management practices and
production processes, and that these improvements
translate into increased sales and employment (unless
productivity gains outweigh sales increases). The
latter benefits are magnified if customers interpret
the adoption of ISO 9001 or other quality programs
as a signal of high-quality products or services. To
the extent that greater employee skill and training
are required to develop and implement procedures
to improve procedures, the theory of human capi-
tal suggests that employees’ earnings should rise as
well. Finally, ISO 9001 can improve worker safety
through the identification and elimination of poten-
tially hazardous practices, development of a formal

corrective action process, and institutionalization of
routine audits and management reviews. Some critics
suggest that such formalization and documentation of
work practices can negatively affect employees, such
as by reducing skill requirements or increasing cumu-
lative trauma disorders (e.g., Brenner et al. 2004).
This paper reports the first large-scale empiri-

cal evaluation of how workers’ outcomes change
with employers’ adoption of ISO 9001, focusing
in particular on employment, total payroll, average
annual earnings, and workplace health and safety.
We also examine outcomes of importance to company
managers and owners such as whether ISO 9001 is
associated with subsequent sales growth and longer-
term company survival. Focusing on California-based
single-plant firms across an array of industries, we
compared ISO 9001 adopters to comparison groups
of nonadopters matched on industry, location, size
(baseline sales, employment, and total payroll), and
preadoption injury rates. A difference-in-differences
approach was employed to accommodate common
shocks that affect each industry. Company char-
acteristics that vary over time, such as size and
changes in occupational mix, were controlled for when
appropriate.
We find ISO adopters have higher rates of corporate

survival, sales and employment growth, and wage
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increases than the matched groups of nonadopters.
We further find adopters to be more likely than
nonadopters to report no injuries (as measured by
workers’ compensation claims) in the years follow-
ing adoption, but find no evidence that average injury
costs improve or worsen subsequent to adoption.

2. Literature
In this section, we review the literature that has exam-
ined changes in outcomes consequent to the adoption
of ISO 9001. We consider first studied focusing on out-
comes of particular interest to owners and managers,
such as profitability. We then review the considerably
smaller literature that examines outcomes of partic-
ular interest to employees, such as employment and
injury rates.

2.1. Organizational Outcomes
Among the most rigorous empirical studies that
examine how implementation of the ISO 9001 quality
management standard affects employers’ outcomes
and practices, most were conducted among U.S. man-
ufacturers.1 Terlaak and King (2006) found that plants
that adopt ISO 9001 typically increase their rate of
production growth. Others found ISO 9001 certifi-
cation to be associated with subsequent abnormal
returns along a host of financial metrics including
stock prices (Corbett et al. 2003, Sharma 2005). Var-
ious studies found benefits were strongest among
small firms (Docking and Dowen 1999, McGuire and
Dilts 2008) and among those with a modest level of
technological diversity, and/or early adopters (Benner
and Veloso 2008). King and Lenox’s (2001) finding
that adopting ISO 9001 leads plants to reduce waste
generation and toxic chemical emissions suggests that
implementing the quality management standard has
positive spillover effects that can improve environ-
mental management practices. Naveh and Erez (2006)
deduced from survey data that ISO 9001 adoption
enhances worker productivity and workers’ atten-
tion to detail, but impedes worker innovation. Inter-
estingly, we found no prior research that examines
how the ISO 9001 quality standard affects product
or process quality or employees. Similarly, albeit out-
side the realm of ISO 9001, a number of event stud-
ies found that financial performance, as measured
by stock price and operating income, improves after
firms win a quality award or implement total qual-
ity management (TQM) programs (Easton and Jarrell
1998; Hendricks and Singhal 1996, 1997, 2001a, b).2

1 A much larger literature examines why firms adopt the ISO 9000
standard. See Corbett et al. (2005) for a comprehensive review.
2 See Wayhan and Balderson (2007) for a comprehensive review of
studies that examine how implementing total quality management
affects financial performance.

Several studies have found ISO 9001 adopters’
financial performance to be superior to that of peers
prior to, but not after, registration (see Heras et al. 2002
for evidence from Spain; Häversjö 2000 for evidence
from Denmark; Simmons and White 1999 for evidence
from the United States). These studies are consistent
with a positive selection effect, but do not suggest any
causal benefits associated with ISO 9001 certification.
We return to the distinction between correlation and
causality in the subsequent analyses.

2.2. Employee Outcomes
We found almost no prior research that examines how
the ISO 9001 quality management standard affects key
outcomes of interest to employees, such as employ-
ment and earnings.3 Among the few studies that have
examined how other quality programs affect occupa-
tional health and safety is the Adler et al. (1997) case
study of an automobile plant. They found that the
plant’s suspension of job rotation subsequent to the
adoption and implementation of the Toyota Produc-
tion System’s quality principles precipitated a dra-
matic rise in cumulative trauma disorders (CTDs),
leading the authors to conclude that Toyota Produc-
tion System principles such as short cycle times, stan-
dardized work methods, and minimizing worker idle
time increase the risk of CTDs. These findings are
consistent with those of Wokutch’s (1992) study of
Japanese auto transplants in the United States. In con-
trast, Adler et al. (1997) found other Toyota Produc-
tion System principles, such as employee focus on
continuous improvement, to help reduce injury rates,
provided employees were empowered to focus on
safety and health issues.
A few larger-scale studies have examined the rela-

tionship between quality management practices and
worker injuries. Lean production practices such as
faster work pace and reduced cycle time have been
found to be positively associated with worker stress
(Conti et al. 2006), and quality circles and job rota-
tion with CTDs (Brenner et al. 2004). But their reliance
on data collected simultaneously for workplace prac-
tices and illness/injury rates precludes these stud-
ies from conclusively distinguishing selection from
causal effects.4

3 In a suggestive small study (45 ISO adopters), O’Connor (2005)
found that Oregon employers with ISO certification increased
employment more rapidly than peers in their industry. The anal-
ysis neither controlled for employer size nor tested for statistical
significance.
4 For example, Brenner et al. (2004) interpret the positive associ-
ation of unions with cumulative trauma disorders as a selection
effect of unionization, the positive association of job rotation with
cumulative trauma disorders as reverse causality (whereby high
rates of repetitive motion injuries lead plants to introduce job rota-
tion), and the positive association of quality circles and just-in-time
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Naveh and Marcus’s (2007) analysis of the road
safety experience in the trucking industry found that,
compared to peer firms, 40 adopters of ISO 9002
reduced their accident rates more quickly after cer-
tification. Presumably because of the modest sam-
ple size, the results are not consistently statistically
significant.
This paper reports the results of the first large-

scale study to examine changes in employee outcomes
after their employer adopts ISO 9001, including wages
and frequency and magnitude of worker injuries.
We also examine changes in organizational outcomes
such as sales, employment, and company survival.
Analyzing a plant-level panel data set that includes
an array of worker outcomes avoids the small sam-
ple sizes and/or lack of longitudinal data that have
plagued previous studies. Because ISO 9001 is typ-
ically adopted at the plant level, whereas outcome
data are typically available only at the firm level, we
focus on single-plant firms. Our data and methods
enable us to clearly distinguish the effects of selec-
tion on observables from postadoption divergences
in trends. Moreover, whereas prior studies of safety
and health have relied largely on self-reported sur-
vey data, we measure injury rate and cost of injuries
using workers’ compensation data. This approach
reduces both random measurement error and poten-
tial bias arising from ex post rationalization by man-
agers who both initiate a quality program and report
its outcomes.

3. Theory and Hypotheses
Companies that implement a quality management
system that conforms to ISO 9001 typically improve
the documentation of operating procedures, training,
and procedures for corrective action. A plant seeking
ISO 9001 certification must hire an accredited third-
party auditor to attest that (1) written procedures exist
for all significant operations, (2) training, monitor-
ing, and other procedures are in place to ensure that
written procedures are followed, and (3) procedures
for continuously improving other procedures have
been implemented. The latter requirement has impli-
cations for employees’ training, incentives, and scope
of decision making. The cost of implementing ISO
9001, including developing procedures, documenta-
tion, and training, and hiring a third-party auditor,
ranges from $97,000 to $560,000 (in 2008 dollars),

production with cumulative trauma disorders as a causal effect of
the work practices. Fairris and Brenner (2001), using panel data
to address causality, found CTD rates in their industry to decline
after plants adopted self-directed work teams or total quality man-
agement, but average industry CTD rates to increase after plants
implemented quality circles or job rotation. But because these work-
place practices could be linked only to industry-level (three-digit
SIC codes) CTD rates, it is difficult to interpret these results.

depending on the size and complexity of the opera-
tion (Docking and Dowen 1999).5

3.1. ISO 9001 and Changes in Plant Scale
For products and services for which it is difficult to
distinguish higher from lower quality, there is little
incentive either for customers to pay a premium for,
or for companies to invest in, higher quality (Spence
1973). Firms can benefit from ISO 9001 certification in
such circumstances. In particular, if ISO 9001 certifica-
tion is more often profitable for higher-quality firms,
ISO 9001 can signal to buyers that adopters likely
possess high quality (Spence 1973, Terlaak and King
2006). If certification serves to credibly differentiate
higher-quality products and services, certified firms
should see an increase in demand, which would also
result in increased unit sales and total revenues. ISO
9001 certification can also increase customers’ will-
ingness to pay for quality, which creates an incen-
tive for managers to invest in improving product
or service quality. If certification teaches managers
to cost-effectively improve quality along dimensions
customers perceive and value, such firms should also
see an increase in unit sales and total revenues.
ISO 9001 adoption can also help managers learn

how to reduce costs. Under standard economic
assumptions, a profit-maximizing firm sets price as a
markup over marginal cost. To the extent that adop-
tion helps them to learn how to lower their marginal
costs, certified firms should reduce their prices. Hold-
ing all else constant, these lower prices should trans-
late into increased unit sales and revenue.
Whether high-quality firms are more likely to adopt

ISO 9001 or the standard improves adopters’ qual-
ity or costs, both scenarios give rise to the same
prediction: ISO 9001 certification will increase sales.
Indeed, many industrial buyers use ISO 9001 certifi-
cation in their screening criteria for potential suppli-
ers, believing that it “almost guarantees that [their]
products will consistently meet their design speci-
fications” (Ferguson 1996, p. 309). These scenarios
indicate that such revenue increases will be accompa-
nied by constant or declining operating costs (thereby
increasing profits), which implies that ISO 9001 certi-
fication should be associated with greater probability
of firm survival.

Hypothesis 1A. ISO 9001 certification leads to higher
rates of firm survival.

Hypothesis 1B. ISO 9001 certification leads to higher
sales.6

5 We adjust the cost range in Docking and Dowen (1999) using the
U.S. Department of Labor’s Bureau of Labor Statistics Inflation Cal-
culator (http://www.bls.gov/data/inflation_calculator.htm).
6 Hypothesis 1B might not hold if a firm increased its quality
(or quality certification) to target a market segment that focused
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If the hypothesized increase in revenues is due to
increased unit sales (not solely increased prices) and
the demand for additional units cannot be accommo-
dated by existing worker capacity, we also have the
following hypothesis:

Hypothesis 2A. ISO 9001 certification leads to higher
employment, but by less than sales increases.

If, as suggested by survey data, ISO 9001 can also
enhance worker productivity (Naveh and Erez 2006),
employment growth will be proportionately less than
sales growth, leading to the following hypothesis:7

Hypothesis 2B. ISO 9001 certification leads to higher
labor productivity.

3.2. ISO 9001 and Wages
The effect of ISO 9001 adoption on wages can be
positive or negative.8 Helper et al. (2002) found that
attempts to foster employee involvement led to higher
wages meant to compensate the incremental effort
expended to achieve the requisite higher skill levels.
Employees of ISO 9001 adopters are often expected
to perform discretionary tasks such as documenting
new procedures and contributing quality improve-
ment ideas. ISO 9001 adopting plants must develop
and deploy quality-related training to ensure that
employees properly implement new procedures and
acquire the skills needed to conduct internal audits
and root-cause analyses and continuously improve
other procedures. Reliance on greater employee dis-
cretionary efforts and enhanced skills (as in theories
of human capital) can lead firms to pay higher wages
(to induce greater effort, as in efficiency wage theo-
ries; Levine 1992) or increase employees’ bargaining
power (Lindbeck and Snower 1986). If greater human
capital, efficiency wages, and/or bargaining power
are important, we have the following hypothesis:

Hypothesis 3. ISO 9001 certification leads to higher
wages.

Rigorous adherence to written procedures, on the
other hand, implies a fairly routinized workplace, and
routinization is often associated with reductions in
frontline workers’ skills, discretion, and bargaining
power. (A plant encountered in the course of our

on high quality and that had very price-inelastic demand. In such
a case, markup, prices, and profit per unit all rise. If the high-
quality niche is both very profitable per unit and small, then unit
sales might decline even as profits rise. If unit sales fall enough
(by a higher proportion than the markup rises), sales revenue can
decline, even though the higher total profits increase firm survival.
(We thank an anonymous referee for pointing out this possibility.)
7 If the productivity gain is greater than the increase in unit sales,
employment can decline, a case we do not consider further.
8 These hypotheses are elaborated in Helper et al. (2002).

field research, for example, was implementing ISO
9001 with the express purpose of documenting work-
ers’ tacit knowledge and procedures so that the plant
could be replicated overseas using lower cost labor.)
When this condition prevails, we have the following
hypothesis:

Hypothesis 3
′
. ISO 9001 certification leads to lower

wages.

3.3. ISO 9001 and Occupational Health and Safety
Adopting ISO 9001 might lead to improvements in
occupational health and safety in a variety of ways. In
the process of formally documenting procedures, for
example, managers can identify and eliminate haz-
ardous practices and add safety precautions. More-
over, by fostering more focused attention to detail
(Naveh and Erez 2006), ISO 9001 adoption can reveal
new “win–win” opportunities to improve quality or
efficiency and occupational health and safety that
were previously obscured by indirect and distributed
costs and benefits (King and Lenox 2001). Addi-
tionally, processes that provide warning signals and
prompt corrective action can forestall serious acci-
dents (Marcus and Nichols 1999). Finally, routine
auditing and corrective action procedures required
by ISO 9001 to address management system failures
encourage root-cause analysis that can identify prob-
lematic work practices that might otherwise precipi-
tate not only quality failures, but occupational health
and safety concerns.
Departments charged with managing quality some-

times also manage health and safety, and companies
are increasingly implementing integrated manage-
ment systems that incorporate all these considerations
(Toffel 2000, Barbeau et al. 2004). Occupational health
and safety can be improved by applying the tools
of continuous improvement associated with ISO 9001
certification. Employees who know how to identify
root causes of quality problems, for example, also
have the skills to identify root causes of safety prob-
lems. Exploiting these opportunities yields the follow-
ing hypothesis:

Hypothesis 4. Adopting ISO 9001 reduces the number
and cost of occupational injuries.

The high rates of repetition and increased monitor-
ing implicit in the emphasis of ISO 9001 on routiniza-
tion and standardization of tasks can increase stress
and repetitive motion injuries, potentially worsening
the safety records of plants with quality programs
(as argued by Brenner et al. 2004). Moreover, to the
extent that the higher equipment utilization associ-
ated with ISO 9001 adoption (Koc 2007, Huarng et al.
1999) translates into reduced employee downtime,
employee fatigue, a major cause of injuries, might be
expected to increase (Williamson and Boufous 2007).
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Additionally, new quality management procedures
implemented in association with ISO 9001 that add
inspection tasks to work processes optimized for pro-
duction can occasion poor ergonomic conditions that
leave employees susceptible to injuries (Landau and
Peters 2006). These considerations give rise to the fol-
lowing hypothesis:

Hypothesis 4
′
. Adopting ISO 9001 increases the num-

ber and cost of occupational injuries.

4. Data
4.1. Sample
Because the typical scope of ISO 9001 certification is
a single plant, but injury data from workers’ compen-
sation systems are available primarily at the company
level, we facilitate the linking of ISO certification data
to injury data by restricting our sample to single-plant
firms. According to 2005 Dun & Bradstreet (D&B)
data, approximately 80% of manufacturing plants in
California are single-plant firms.
According to the ISO 9000 Registered Company

Directory produced by the QSU Publishing Company,
5,995 companies in California were ISO 9001 certified
at the end of 2005. Linking this list of company names
and addresses with the Dun & Bradstreet data yielded
1,846 ISO 9001-certified single-plant firms.
The Workers’ Compensation Insurance Rating

Board (WCIRB), a nonprofit association of all firms
licensed to provide workers’ compensation insurance
in California, provided annual workers’ compensa-
tion and payroll data for 1993 through 2003 (the latest
year available at the time because of reporting lags)
from its Uniform Statistical Reporting Plan database.
The WCIRB linked to its database 77% (1,418) of our
single-plant ISO 9001 adopters, similar to the pro-
portion of California firms from which the WCIRB
gathers workers’ compensation data (i.e., firms that
obtain workers’ compensation insurance rather than
self-insure).
Linking the WCIRB-provided names and addresses

of the 116,389 nonadopting firms that shared the same
region–industry combinations as the adopters to the
Dun & Bradstreet data confirmed that 20,777 of these
nonadopters were single-plant firms.
We obtained from the National Establishment Time

Series (NETS) database, a compendium of Dun &
Bradstreet data, annual employment and sales data
for most of the ISO adopters, and potential matches,
1,079 adopters and 18,480 nonadopters for 1993–2005.
Eliminating firms with missing values and outliers (as
detailed in the following section) reduced the final
sample used for our selection analysis to 916 adopters
and 17,849 nonadopters. Sample characteristics are
provided in Table 1. As described below, we identi-
fied subsets of these firms to create matched samples
for analyzing the effects of ISO certification.

4.2. Measures
Injury rate is the number of injuries reported annu-
ally for which workers’ compensation was claimed
according to WCIRB data. Our models employ the
log of one plus the injury rate. We also obtained from
WCIRB data each company’s total annual workers’
compensation injury costs and payroll9 (both in dol-
lars). To reduce the effect of outliers, we took the log
of injury costs after adding $1,000. Also obtained from
WCIRB data were each company’s location in one of
15 industries and eight California regions (see Table 1).
For each firm-year, we calculated average occupation

riskiness as a weighted average of workers’ compen-
sation pure premium rates across a firm’s employ-
ment in 500 occupation codes.10 The intuition behind
this measure is that for an employer that has, in
a given year, a workforce in occupations for which
workers’ compensation costs are, on average, twice
statewide workers’ compensation costs, average occu-
pational riskiness for the firm-year would be twice
the state average. For each year, we calculated each
firm’s average wage as its annual total payroll (from
the WCIRB) divided by its employment (from Dun &
Bradstreet).
We then cleaned the data set as follows. Sales of

zero were recoded to missing and firm-years with
less than $5,000 in payroll were omitted. To avoid
our analysis being confounded by rapidly growing
or shrinking firms, we included only observations
for which a firm’s payroll (and employment) in a
given year was between half and twice that of the
previous year (when the previous year’s data were
available). We also sought to exclude firms that oper-
ated only part of the year by omitting firm-years
for which the average wage was below $7,020 (what
a half-time worker would earn at California’s 2002
minimum wage). To reduce the effect of outliers, we
analyzed the log of payroll, average occupational riski-
ness, employment, average wage, and sales after adding a
small amount to accommodate zeros and other small
values.
Summary statistics are provided in Table 2.

5. Analysis and Results
5.1. Selection Model
The main goal of this paper is to identify causal effects
of ISO 9001 adoption for employees and employers.

9 We measure payroll using WCIRB’s “exposure,” which also
includes overtime pay, shift premiums, and a few other minor
adjustments for each of 500 occupational class codes.
10 Pure premium rates are established by the WCIRB based on his-
torical workers’ compensation costs for each occupation. For each
firm i in year t, we calculated average occupational riskinessit =
�
∑

c payrollcit× pure premium ratec)/payrollcit , where pure premium ratec

is the 2007 workers’ compensation pure premium rate per $100 of
payroll for occupation class code c.
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Table 1 Sample Characteristics

Entire sample for Matched sample for Matched sample for
adoption models survival models treatment models

Firms % Firms % Firms %

Panel A. Industry

Agriculture industry 22 0�1 2 0�2
Construction or erection industry 1�042 5�6 10 0�8 8 0�9
Manufacturers of electronic and electrical products 960 5�1 360 28�9 256 27�2
Manufacturers of final metal products 1�461 7�8 250 20�1 204 21�7
Manufacturers of food products 22 0�1
Manufacturers of intermediate metal products 401 2�1 142 11�4 110 11�7
Manufacturers of paper products 363 1�9 22 1�5 18 1�9
Manufacturers of plastic and rubber products 277 1�5 84 6�8 62 6�6
Manufacturers of textile, cloth, and leather products 199 1�1 18 0�5 12 1�3
Manufacturers of wood products 61 0�3 4 0�3 2 0�2
Manufacturers, other 433 2�3 72 5�8 62 6�6
Mercantile industry 2�009 10�7 132 10�6 106 11�3
Other industry 1�427 7�6 58 4�7 34 3�6
Professional and clerical services industry 10�088 53�8 90 7�2 68 7�2

Total firms 18�765 100% 1�244 100% 942 100%

Panel B. Geographic region

Bay Area region 3�501 18�7 231 18�6 178 18�9
Central Coast region 1�402 7�5 94 7�6 63 6�7
Central Valley region 1�338 7�1 24 2�0 15 1�6
Los Angeles Basin region (outside LA County) 2�754 14�7 315 25�3 248 26�3
Los Angeles County region 5�649 30�1 417 33�5 322 34�2
Other California region 933 5�0 21 1�7 12 1�3
Sacramento region 1�001 5�3 19 1�5 16 1�7
San Diego County region 2�187 11�7 123 9�9 88 9�3

Total firms 18�765 100% 1,244 100% 942 100%

Panel C. Adoption year

1994 15 0�1 12 1�0 12 1�3
1995 24 0�1 24 2�0 24 2�6
1996 34 0�2 30 2�4 26 2�8
1997 47 0�3 43 3�5 41 4�4
1998 81 0�4 71 5�8 66 7�0
1999 79 0�4 70 5�7 65 6�9
2000 90 0�5 75 6�1 68 7�2
2001 161 0�9 118 9�6 105 11�2
2002 129 0�7 83 6�7 64 6�8
2003 152 0�8 96 7�8
2004 70 0�4
2005 34 0�2
Total adopters 916 622 471
Nonadopters 17�849 95�1 622 49�5 471 50�0

Total firms 18�765 100% 1,244 100% 942 100%

ISO 9001 adoption could correlate with, but not cause,
outcomes if a factor such as good management led
to both ISO adoption and positive outcomes. If this
form of self-selection is important, we anticipate ISO
adopters to have had good outcomes prior to ISO
adoption as well as afterward. To understand the self-
selection process, we estimate the selection model:

ISOit = F �Yit−1&−2�yeart� industryj � regionk�uit�� (1)

where F � · � is the probit function; Yit−1&−2 is the aver-
age of one- and two-year lagged levels of injury
rates, costs, payroll, employment, wages, sales, and aver-
age occupational riskiness;11 yeart is a complete set of
year dummies; industryj is a set of 15 industry dum-
mies; and regionk is a set of eight California region

11 When only one of the two lagged values was available, we used
that single value.
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Table 2 Descriptive Statistics of Entire Sample (Used in Selection Analysis)

Variable Description Mean SD Min Max

Adopted ISO 9001 this year Dummy coded 1 in the firm-year in which a firm
adopted ISO 9001, and 0 otherwise.

0�0054 0�0731 0 1

Log injury costs−1&−2 Natural log of $1,000 plus the average of one- and
two-year lags of total annual workers’
compensation injury costs in dollars. To reduce
the effect of outliers, we took the log of injury
costs after adding $1,000.

7�51 1�23 6�91 17�14

Log injury rate−1&−2 Natural log of 1 plus the average of one- and
two-year lags of the annual number of injuries
reported for workers’ compensation.

0�33 0�60 0 8�33

Log payroll−1&−2 Natural log of the average of one- and two-year lags
of annual payroll in dollars. To minimize the
impact of outliers, we omitted very small annual
payroll values �less than $5,000) and instances of
rapid growth or shrinkage in payroll �as when the
ratio of current exposure to its one-year lag was
outside the range of 0�5 to 2�.

12�13 1�29 8�52 21�50

Log employment−1&−2 Natural log of the average of one- and two-year lags
of number of employees. To minimize the impact
of outliers, we omitted instances of rapid growth
or shrinkage in employment �as when the ratio of
current employment to its one-year lag was
outside the range of 0�5 to 2�.

2�07 1�01 0 8�71

Log sales−1&−2 Natural log of the average of one- and two-year lags
of annual firm sales in dollars.

13�63 1�32 0 19�82

Log average occupational riskiness−1&−2 Natural log of the average of one- and two-year lags
of a firm’s average annual hazard per payroll
dollar. A firm’s annual average hazard is the sum
across all occupation classes of the following: the
payroll dollars in each occupation class multiplied
by the WCIRB pure premium rate for each
occupation class. We divide this sum by the firm’s
payroll that year.

0�47 0�90 −1�71 3�12

Notes. N = 158�170 firm-year observations. The sample includes all nonadopters in all years and all adopters before and during their adoption year, provided
they have observations with complete data for the model. Variables subscripted “−1&− 2” are averages of one- and two- year lags.

dummies. Because we are interested in the deter-
minants of adoption, we drop adopters from the
sample after the year of adoption. To account for
heteroscedasticity and nonindependence among each
firm’s observations across years, we report robust
standard errors clustered by firm.

5.2. Results of Selection Analysis
The main result on selection is that ISO 9001 is
adopted more often by larger firms. Median sales
and payroll of adopting firms are $3.48 million and
$1.04 million, respectively, whereas these figures are
$0.78 million and $0.16 million, respectively, for non-
adopters. We examine this issue more carefully with
the adoption probit regression, which reveals that
larger firms (in terms of sales and total payroll)
adopted ISO 9001 at a higher rate than other firms in
their industry, year, and region (see Table 3). If, for
example, one employer has one log point (roughly
one standard deviation) higher sales and payroll than
average, the sum of the marginal effects predicts a
0.06 percentage point above-average probability of

ISO 9001 adoption per year, with most of the effect
attributable to higher payroll. This increase equals
roughly 11% of the sample mean, which is 5.4 of a
thousand firms adopting each year. Because adop-
tion entails fixed costs—including learning about the
standard’s requirements and developing policies, pro-
cedures, and training programs—it is not surprising
that larger firms are more likely to make the invest-
ment in ISO 9001 certification.
The sales coefficient is statistically significant and

economically meaningful after controlling for both
payroll and employment. Thus, ISO adopters had
above-average labor productivity prior to adopting
ISO 9001. Note that the marginal effect of payroll
(0.00046, p < 0�01) is higher than the marginal effect of
employment (0.00009, not significant), which suggests
that ISO 9001 adopters paid above-average annual
wages prior to ISO adoption (or that WCIRB data on
payroll is more precisely measured than D&B data
on employment). If higher wages correlate with higher
skills, and higher skills with higher quality, this result
suggests that ISO adopters might already have been
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Table 3 Predicting Adoption of ISO 9001

Probit 100×marginal
coefficients effectsa

Dependent variable: Adopted ISO 9001 this year (dummy)
Log sales−1&−2 0�0961∗∗∗ 0�01580∗∗∗

�0�0202�

Log payroll−1&−2 0�2775∗∗∗ 0�04560∗∗∗

�0�0264�

Log employment−1&−2 0�0054 0�00088
�0�0277�

Log injury costs−1&−2 −0�0318∗∗ −0�00522∗∗

�0�0146�

Log injury rate−1&−2 0�0128 0�00211
�0�0311�

Log average occupational riskiness−1&−2 −0�3468∗∗∗ −0�05704∗∗∗

�0�0350�

Observations (firm-years) 158,170
Firms 18,765
Pseudo-R-squared (McFadden’s) 0�29
Wald chi-squared 1�696�53∗∗∗

Notes. Brackets contain robust standard errors clustered by firm. Variables
subscripted “−1& − 2” are averages of one- and two-year lags. Additional
controls include year dummies (1995–2005), 7 region dummies, and 14
industry dummies. The sample includes adopters before and in their adop-
tion year and all years for nonadopters.

a100×marginal effects is the change in percentage of firms adopting each
year associated with a one-point increase in the independent variable.

∗p < 0�10; ∗∗p < 0�05; ∗∗∗p < 0�01.

delivering above-average quality prior to ISO adop-
tion (relative to their industry and region).
ISO 9001 adopters also had slightly lower workers’

compensation injury costs, so that one log point
lower injury costs (a bit less than one standard devi-
ation) predicts 0.005% higher adoption of ISO 9001
in the next year (p < 0�05). Our statistically insignif-
icant coefficient on injury rates and its tiny marginal
effect provide no evidence that annual number of
injuries prior to adoption differed between adopters
and nonadopters.

5.3. Differences in Trends Following ISO 9001
Certification

We conduct a difference-in-differences analysis to
compare the changes in payroll, employment, wages,
sales, average occupational riskiness, and injury rates
and costs among ISO-certified firms to those of non-
adopters. This approach permits each firm to have its
own baseline level of each outcome. To ensure a valid
comparison, we developed a matched control group
of nonadopters.

5.3.1. Developing Matched Samples. Matching is
widely used to construct a quasi-control group based
on similar characteristics to those of the treatment
group (Heckman et al. 1998). Intuitively, we want to
compare companies that adopt ISO 9001 to industry
peers with similar preadoption sales, employment, pay-
roll, injury rates, and other observable factors.

Matching on the propensity score, the probability
of receiving the treatment conditional on covariates,
is as valid as matching on a series of individual
covariates (Rosenbaum and Rubin 1983). The identify-
ing assumption, that the assignment to the treatment
group is associated only with observable “preperiod”
variables and all remaining variation across the groups
is random, is often referred to as the “ignorable treat-
ment assignment” or “selection on observables.”
Used to evaluate job training programs, propensity

score matching methods have performed well in repli-
cating the results of randomized experiments under
three conditions: (1) the same data sources are used for
participants and nonparticipants; (2) an extensive set
of covariates is employed in the program-participation
model used to estimate propensity scores; and (3) par-
ticipants are matched with nonparticipants in the
same local labor market (Smith and Todd 2005). Con-
versely, substantial bias can result if (4) controls are
included for which propensity scores are off the sup-
port of the participants’ propensity scores (that is,
some of the controls differ substantially from any
of the treatments), (5) the distributions of partici-
pants’ and nonparticipants’ propensity scores differ, or
(6) unobservable factors influence both participation
and outcomes (Heckman et al. 1997).
We address these six potential sources of bias as fol-

lows. First, we use identical data sources for all facil-
ities (adopters and nonadopters). Second, we include
an extensive set of adoption covariates. Third, we
ensure that adopters and nonadopters operate within
the same markets by including industry and region
as matching criteria. We address the fourth and fifth
concerns by implementing nearest neighbor match-
ing with a “caliper” restriction to preclude match-
ing when the propensity scores differ by more than a
fixed threshold (as explained below).
The sixth concern addresses selection on unobserv-

ables. For example, in the context of ISO 9001, it is
possible that managers in facilities with a “safety cul-
ture” (not observed in our data) might be more likely
both to insist on strong safety performance and to
adopt ISO 9001. We address this concern in two ways.
First, we control for such unobserved factors that are
stable over time by including a fixed effect for each
employer. Second, if there were important unobserv-
able factors that affected company success and that
differed between ISO adopters and our comparison
firms, we would expect the preadoption trends in
sales, employment, earnings, and injury rates and costs
to differ between treatments and comparisons. In fact,
after we matched on the level of sales, employment, and
so forth, we found our comparison firms had simi-
lar preadoption trends as our treatments. This result
is not conclusive, but provides some assurance that
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we are doing a good job controlling for unobservable
factors as well.
Propensity score matching to develop a matched

control group on which to estimate treatment ef-
fects with a difference-in-differences specification (as
explained below) using panel data is a robust tech-
nique used in other recent program evaluations (e.g.,
Blundell et al. 2004, Galiani et al. 2005, Greenaway
et al. 2005, Huttunen 2007, Qian 2007, Villalonga
2004). We implemented propensity score matching in
three steps. We first generated propensity scores by
estimating a probit model for adoption status during
1994–2003 that included a full set of year dummies,
15 industry dummies, and eight California geographic
region dummies. We also included lagged levels of
each of our outcome variables: injury rates and costs,
payroll, employment, wages, sales, and average occupa-
tional riskiness. We employed a highly flexible func-
tional form by including the average level of the prior
two years as well as the log and square of this aver-
age. Table A1 in the online appendix (provided in
the e-companion)12 contains descriptions of, and sum-
mary statistics for, the variables used in the matching
process. Because we are interested in the determi-
nants of adoption, we drop adopters from the sample
after the year of adoption. The results of this probit
are reported in Table A2 in the online appendix. The
predicted probability of adoption estimated from this
probit model is our estimated propensity score.
We then implemented single nearest neighbor

matching. Specifically, we matched each adopter dur-
ing its certification year to the nonadopter in the same
industry with the most similar propensity score for
that year and that had data for at least one subsequent
year.13 The latter requirement resulted in our match-
ing firms that adopted only through 2002, because the
WCIRB data extended only through 2003. We refer
to the absolute difference between the two propen-
sity scores in a matched pair of firms as the “match

12 An electronic companion to this paper is available as part of the on-
line version that can be found at http://mansci.journal.informs.org/.
13 In our context, a firm’s decision to adopt ISO 9001 in a particular
year is contingent on its not having previously adopted. Because
firms face a greater likelihood of adopting as time passes, the adop-
tion decision is more akin to a geometric random variable than a
Bernoulli random variable considered in some other contexts that
use propensity score matching. Our matching protocol includes
several steps to ensure that each adopter and its matched control
face a similar risk of adoption. First, we compare the adopter’s
propensity score to nonadopters’ propensity scores generated in
the same year to ensure that all firms face the identical time lag
since the ISO 9001 standard emerged. Second, we implement near-
est neighbor matching using contemporaneous propensity scores
by selecting the nonadopter in the same industry with the propen-
sity score most similar to that of the adopter in the year of adoption.

distance.” Of the 892 adopters for which we esti-
mated propensity scores, we successfully matched 550
adopters to 550 controls.14

Next, we assessed the quality of these matches and
refined our matched sample. To confirm whether our
matching process resulted in a highly comparable
set of adopters and nonadopters, we compared the
two groups’ lagged levels of seven outcome vari-
ables: number of injuries, injury costs, payroll, employ-
ment, wages, sales, and average occupational riskiness.
The identifying assumption of the difference-in-
differences approach is that the treatment group’s
trend during the post period would have been indis-
tinguishable from the control group’s trend had the
treatment not occurred. To examine the plausibility
of this assumption, we compared the two groups’
performance trends in the period prior to ISO adop-
tion (as in Barber and Lyon 1996, Dehejia and Wahba
1999, Eichler and Lechner 2002) using two measures
of preadoption trends: (1) the percentage change in
lagged performance comparing a three- and four-year
lagged average to a one- and two-year lagged aver-
age; and (2) the difference in the log of these two
averages (after adding a small constant before taking
the log). Results of a t-test indicated statistically sig-
nificant differences at the 10% level for 9 of the 21
comparisons made for levels or trends, far more than
would be expected by chance.
This first stage of matching not yielding a very

credible comparison group, we attempted to improve
match quality by dropping pairs for which the
propensity scores of the ISO adopters and poten-
tial matches exceeded a given caliper size. A smaller
caliper means ISO adopters are more similar to
their matches, but reduces the sample size. We tried
various values, settling on a caliper of 0.07, which
yielded a closely matched albeit slightly smaller set
of 471 pairs of adopters and controls. In this caliper-
restricted matched sample, t-tests revealed the groups

14 A potential concern is that the 550 adopters in the matched sam-
ple might differ from the 342 adopters for which we were unable to
identify matched controls. We used t-tests to compare the log of the
two-year lagged average levels of each of our outcome variables.
The results provided little evidence that these groups of adopters
differed during the preadoption period, because the two groups
had statistically indistinguishable injury costs, payroll, employment,
wages, and occupational riskiness. For the two outcomes in which
the groups statistically differed during the preadoption period, the
matched adopters had somewhat higher injury rates and lower
sales. Kernel density graphs revealed the two groups of adopters
to have very similar distributions for each of the seven lagged out-
comes. Together, these results provide little evidence that matched
adopters differed from unmatched adopters.
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Table 4 Summary Statistics of Matched Sample Used for Analysis of Treatment

Variable Description Mean SD Min Max

Has adopted ISO 9001 Dummy coded 1 if the firm has adopted ISO 9001 in
a previous year, and 0 otherwise

0�19 0�39 0 1

Has adopted ISO 9001× post-years 1/2/3 Dummy coded 1 if the firm initially adopted ISO
9001 1 to 3 years ago, and 0 otherwise

0�12 0�33 0 1

Has adopted ISO 9001× post-years 4/5/6 Dummy coded 1 if the firm initially adopted ISO
9001 4 to 6 years ago, and 0 otherwise

0�05 0�22 0 1

Has adopted ISO 9001× post-years 7/8/9 Dummy coded 1 if the firm initially adopted ISO
9001 7 to 9 years ago, and 0 otherwise

0�01 0�10 0 1

Injury costs Annual workers’ compensation injury costs in
dollarsa

22,129 65,434 0 1,340,663

Log injury costs Natural log of $1,000 plus total annual workers’
compensation injury costs in dollarsa

8�25 1�72 6�91 14�11

Injury rate Annual number of injuries reported to workers’
compensationa

3�55 8�72 0 256

Log injury rate Natural log of 1 plus the injury ratea 0�92 0�96 0 5�55
Log payroll Natural log of annual payroll in dollarsb� c 13�72 1�03 10�08 17�99
Log employment Natural log of the number of employeesc 3�28 0�98 0 6�21
Log wage Natural log of the ratio of payroll to employmentd 10�44 0�77 8�86 16�80
Log sales Natural log of annual firm sales 14�92 1�14 9�24 19�52
Log average occupational riskiness Natural log of a firm’s average annual hazard per pay-

roll dollar. A firm’s annual average hazard is the
sum across all occupation classes of the following:
the payroll dollars in each occupation class mul-
tiplied by the WCIRB pure premium rate for each
occupation class. We divide this sum by the firm’s
payroll that year.

0�80 0�62 −1�51 2�04

Note. N = 8�420 firm-year observations from 942 firms during 1993–2003.
aMissing values for injury costs were converted to zeros if data existed for exposure in that year.
bTo minimize the impact of outliers, we omitted very small annual payroll values (less than $5,000).
cTo minimize the impact of firms that were rapidly growing or shrinking, we omitted instances in which the ratio of current year’s value to its one-year lag

was outside the range of 0.5 to 2.
dTo minimize the impact of outliers, we omitted firm-years with very low average annual wages (less than $7,020, calculated as 20 hours per week∗52 weeks

per year ∗ $6.75 (California minimum wage as of January 2002)).

to differ along only 1 of the 21 metrics at the 5% level,
and 4 of the 21 metrics at the 10% level (see Table A3
in the online appendix). We ran our evaluation model
on this matched sample (Table 4 provides summary
statistics).
Development of the matched sample for the sur-

vival analysis followed a slightly modified version of
this matching process. Specifically, we (1) no longer
excluded firms that lacked data after the match year,
and (2) matched firms that had adopted as late
as 2003. Generating propensity scores and matching
firms under these modifications yielded 622 pairs of
adopters and nonadopters.

5.3.2. Organizational Survival. We use both non-
parametric methods and duration models to examine
the survival rates of our matched pairs of adopter
and nonadopter firms. Because our data set extends
through 2003 and matching each ISO adopter to its
control firm was done in a specific year, data on both
firms in the pair were right censored after the same
number of years at risk of firm death. A firm was

considered to have died when it disappeared from
both the D&B and WCIRB data sets.15

Of the 622 pairs of firms that constitute our
matched sample for the survival analysis, 0.5% of
adopters and 7.1% of controls had disappeared from
both the WCIRB and D&B data sets by 2003. A t-test
confirmed adopters’ survival rates to be statistically
significantly higher (p < 0�01).
Although the analyses of raw survival rates use a

matched sample, there remain within each pair small

15 One concern might be that firms that disappeared from these
databases through mergers or acquisitions nonetheless continued
to operate. To check D&B’s success rate in tracking organizations
after mergers and acquisitions, we searched for news articles on
the 47 firms that “died” in our survival analysis. We found news
reports that 16 of these firms had merged or been acquired. In 15
of these 16 cases, our D&B data (from the NETS database) shows
either (a) no other establishments at the same location after the
year we recorded firm death, or (b) only unrelated companies (not
the acquirer) at the same location. It thus appears that almost all
of these “merged” or “acquired” establishments closed or relocated
subsequent to acquisition, reassuring us that our coding of firm
death captures the intended construct.
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differences in observable factors. In Table A4 in the
online appendix, we present the results of a cross-
sectional logit model, a conditional logit model (with
a conditional fixed effect for each pair), and a strati-
fied Cox proportional hazard model (with each pair
its own strata, similar to a fixed effect in survival
probabilities for each pair). These models enabled us
to condition on numerous observable factors such as
preadoption sales and employment. The Cox model
also accommodates our data being right censored, in
that some firms continued to survive at the end of our
sample period. As expected, the large survival advan-
tage of ISO adopters persists in these specifications,
providing robust support for Hypothesis 1A, that ISO
adoption increases a company’s survival rate.

5.3.3. Evaluation Model. We assess differences in
post–ISO 9001 adoption trends via a difference-in-
differences analysis. Specifically, we estimate the fol-
lowing model for each outcome Yit at firm i in year t:

Yit = �i + � � ISOit + � � Xit + 	t � yeart + 
it� (2)

where �i is a complete set of firm-specific inter-
cepts. Only the ISO 9001 adopting firm in each pair
of matched firms ever has a positive value of the
dichotomous variable ISOit , which for such firms is
coded 1 for all years after the firm is ISO 9001, and
0 before then. Of primary interest is its coefficient, �,

Table 5 Employer Outcomes

Dependent variable

Log employment Log sales Log sales

(1) (2) (3) (4) (5) (6)

Has adopted ISO 9001 0�103∗∗∗ 0�089∗∗∗ 0�013
�0�017� �0�024� �0�023�

Has adopted ISO 9001 0�061∗∗∗ 0�040 −0�020
×post-years 1/2/3 �0�018� �0�026� �0�024�

Has adopted ISO 9001 0�225∗∗∗ 0�253∗∗∗ 0�132∗∗∗

×post-years 4/5/6 �0�029� �0�040� �0�038�
Has adopted ISO 9001 0�325∗∗∗ 0�169∗ 0�015

×post-years 7/8/9 �0�063� �0�088� �0�084�
Log payroll 0�432∗∗∗ 0�429∗∗∗

�0�015� �0�015�
Constant 3�011∗∗∗ 3�011∗∗∗ 14�485∗∗∗ 14�485∗∗∗ 8�770∗∗∗ 8�809∗∗∗

�0�029� �0�029� �0�041� �0�041� �0�201� �0�201�

Observations 8,420 8,420 8,420 8,420 8,420 8,420
Firms 942 942 942 942 942 942
R-squared 0�23 0�23 0�25 0�26 0�33 0�33
Wald test (�123 = �456� 30�79∗∗∗ 26�05∗∗∗ 14�81∗∗∗

Wald test (�123 = �789� 17�70∗∗∗ 2�12 0�18
Wald test (�456 = �789� 2�41 0�87 1�87
Wald test (�123 = �456 = �789� 20�55∗∗∗ 13�15∗∗∗ 7�46∗∗∗

Notes. Brackets contain standard errors. All models are estimated on the matched sample using ordinary least squares. Additional controls include firm fixed
effects, year dummies (1993–2003), and dummies denoting nine years before through nine years after the match year. Reported R-squares are within-firm
measures. Wald tests report F statistics.

∗p < 0�10; ∗∗p < 0�05; ∗∗∗p < 0�01.

the estimated effect of achieving certification. We also
include a full set of year dummies (yeart�. Depending
on the outcome variable being estimated, we include
in Xit controls for the firm’s current log of payroll,
employment, sales, average occupational riskiness, or num-
ber of injuries (see Tables 5 and 6).
We also employ a variation of this specification that

refines our ability to measure the effects of certifica-
tion. In Equation 2, the single postcertification dummy
ISOit estimates an overall average change in outcome
levels, pre- to postadoption. But such improvements
might be large in the first few years after adoption
and then attenuate, or take several years to emerge.
To estimate potential effects each period after certifi-
cation, we include dummies coded 1 for adopters one
to three years after certification, four to six years after
certification, and seven to nine years after certification.
Employer outcomes. Results of the difference-in-

differences evaluation model of employment and sales
are presented in Table 5. All of these models employ
the matched sample, using years in which both the
ISO 9001 adopter and matched control survived.
Employment is about 10 percentage points higher in
ISO-certified workplaces after certification (column
(1); b = 10�3%, p < 0�01) than in comparison firms,
strongly supporting Hypothesis 2A, which predicts
higher employment growth at ISO 9001 firms. Col-
umn (2) reveals that this increase grows over time,



Levine and Toffel: Quality Management and Job Quality
Management Science 56(6), pp. 978–996, © 2010 INFORMS 989

Ta
bl
e
6

Em
pl
oy
ee

Ou
tc
om

es

De
pe
nd

en
tv
ar
ia
bl
e

Lo
g
av
er
ag
e

oc
cu
pa
tio

na
l

Lo
g
pa
yr
ol
l

Lo
g
pa
yr
ol
l

Lo
g
w
ag
es

Lo
g
in
ju
ry

co
st
s

Lo
g
in
ju
ry

co
st
s

In
ju
ry

ra
te

ris
ki
ne
ss

OL
S

OL
S

OL
S

OL
S

OL
S

Ne
ga
tiv
e
bi
no

m
ia
la

OL
S

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

(1
2)

(1
3)

(1
4)

Ha
s
ad
op

te
d
IS
O
90

01
0�
17

7∗
∗∗

0�
13

5∗
∗∗

0�
07

5∗
∗∗

−0
�0
16

0�
00

3
−0

�0
08

−0
�0
47

∗∗
∗

�0
�0
17

�
�0

�0
16

�
�0

�0
19

�
�0

�0
61

�
�0

�0
50

�
�0

�0
40

�
�0

�0
09

�

Ha
s
ad
op

te
d
IS
O
90

01
0�
14

2∗
∗∗

0�
11

7∗
∗∗

0�
08

1∗
∗∗

−0
�0
03

0�
02

0
−0

�0
35

−0
�0
44

∗∗
∗

×p
os
t-y

ea
rs

1/
2/
3

�0
�0
19

�
�0

�0
17

�
�0

�0
20

�
�0

�0
66

�
�0

�0
53

�
�0

�0
43

�
�0

�0
10

�

Ha
s
ad
op

te
d
IS
O
90

01
0�
28

2∗
∗∗

0�
19

1∗
∗∗

0�
05

7∗
−0

�0
66

−0
�0
39

0�
03

0
−0

�0
58

∗∗
∗

×p
os
t-y

ea
rs

4/
5/
6

�0
�0
29

�
�0

�0
27

�
�0

�0
32

�
�0

�1
03

�
�0

�0
84

�
�0

�0
62

�
�0

�0
15

�

Ha
s
ad
op

te
d
IS
O
90

01
0�
35

8∗
∗∗

0�
22

6∗
∗∗

0�
03

3
0�
00

4
−0

�1
88

0�
33

1∗
∗

−0
�0
24

×p
os
t-y

ea
rs

7/
8/
9

�0
�0
65

�
�0

�0
60

�
�0

�0
70

�
�0

�2
26

�
�0

�1
84

�
�0

�1
43

�
�0

�0
33

�

Lo
g
in
ju
ry

ra
te

1�
41

3∗
∗∗

1�
41

3∗
∗∗

�0
�0
23

�
�0

�0
23

�

Lo
g
em

pl
oy
m
en
t

0�
40

7∗
∗∗

0�
40

5∗
∗∗

0�
13

7∗
∗

0�
13

8∗
∗

0�
09

0∗
∗

0�
09

3∗
∗

−0
�0
36

−0
�0
40

0�
00

2
0�
00

2
�0

�0
11

�
�0

�0
11

�
�0

�0
55

�
�0

�0
55

�
�0

�0
45

�
�0

�0
45

�
�0

�0
31

�
�0

�0
31

�
�0

�0
07

�
�0

�0
07

�

Lo
g
pa
yr
ol
l

0�
60

4∗
∗∗

0�
60

4∗
∗∗

−0
�0
49

−0
�0
48

0�
91

6∗
∗∗

0�
91

7∗
∗∗

−0
�0
02

−0
�0
02

�0
�0
44

�
�0

�0
44

�
�0

�0
37

�
�0

�0
37

�
�0

�0
30

�
�0

�0
30

�
�0

�0
06

�
�0

�0
06

�

Lo
g
sa
le
s

−0
�0
39

−0
�0
38

0�
00

0
0�
00

0
−0

�0
59

∗∗
−0

�0
57

∗∗

�0
�0
38

�
�0

�0
38

�
�0

�0
31

�
�0

�0
31

�
�0

�0
24

�
�0

�0
24

�

Lo
g
av
er
ag
e

0�
23

3∗
∗∗

0�
23

3∗
∗∗

0�
01

7
0�
01

7
0�
38

4∗
∗∗

0�
38

2∗
∗∗

oc
cu
pa
tio

na
lr
is
ki
ne
ss

�0
�0
79

�
�0

�0
79

�
�0

�0
64

�
�0

�0
64

�
�0

�0
62

�
�0

�0
62

�

Co
ns
ta
nt

13
�2
29

∗∗
∗

13
�2
29

∗∗
∗

12
�0
04

∗∗
∗

12
�0
11

∗∗
∗

10
�2
19

∗∗
∗

10
�2
19

∗∗
∗

0�
00

2
−0

�0
16

7�
04

9∗
∗∗

7�
03

1∗
∗∗

−1
0�
58

0∗
∗∗

−1
0�
59

6∗
∗∗

0�
86

3∗
∗∗

0�
86

2∗
∗∗

�0
�0
30

�
�0

�0
30

�
�0

�0
43

�
�0

�0
43

�
�0

�0
33

�
�0

�0
33

�
�0

�6
88

�
�0

�6
89

�
�0

�5
71

�
�0

�5
71

�
�0

�4
94

�
�0

�4
94

�
�0

�0
81

�
�0

�0
81

�

Ob
se
rv
at
io
ns

8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
8,
42

0
6,
99

5
6,
99

5
8,
42

0
8,
42

0
Fi
rm

s
94

2
94

2
94

2
94

2
94

2
94

2
94

2
94

2
94

2
94

2
75

8
75

8
94

2
94

2
R
-s
qu

ar
ed

0�
31

0�
31

0�
42

0�
42

0�
05

0�
05

0�
06

0�
06

0�
38

0�
38

0�
01

0�
01

W
al
d
te
st
(�

12
3
=

�
45

6�
20

�9
9∗

∗∗
6�
80

∗∗
∗

0�
55

0�
35

0�
47

1�
03

0�
81

W
al
d
te
st
(�

12
3
=

�
78

9�
11

�1
3∗

∗∗
3�
35

∗
0�
47

0�
00

1�
28

6�
53

∗∗
0�
36

W
al
d
te
st
(�

45
6
=

�
78

9�
1�
32

0�
34

0�
11

0�
09

0�
63

4�
23

∗∗
1�
01

W
al
d
te
st

13
�6
5∗

∗∗
4�
32

∗∗
0�
43

0�
19

0�
75

6�
85

∗∗
0�
71

(�
12

3
=

�
45

6
=

�
78

9�

No
te
s.
Br
ac
ke
ts

co
nt
ai
n
st
an
da
rd

er
ro
rs
.A

dd
iti
on

al
co
nt
ro
ls
in
cl
ud

e
fir
m

fix
ed

ef
fe
ct
s
(c
on

di
tio

na
lfi

xe
d
ef
fe
ct
s
fo
r
th
e
ne
ga
tiv
e
bi
no

m
ia
lm

od
el
s)
,y
ea
r
du

m
m
ie
s
(1
99

3–
20

03
),
an
d
du

m
m
ie
s
de
no

tin
g
ni
ne

ye
ar
s

be
fo
re

th
ro
ug

h
ni
ne

ye
ar
s
af
te
rt
he

m
at
ch

ye
ar
.E

st
im

at
ed

fo
rt
he

m
at
ch
ed

sa
m
pl
e.
Re

po
rte

d
R
-s
qu

ar
es

ar
e
w
ith

in
fir
m

m
ea
su
re
s.
Fo
rW

al
d
te
st
s,

F
st
at
is
tic
s
ar
e
pr
ov
id
ed

fo
ro

rd
in
ar
y
le
as
ts
qu

ar
es

(O
LS

)m
od

el
s

an
d
ch
i-s
qu

ar
ed

st
at
is
tic
s
fo
rt
he

ne
ga
tiv
e
bi
no

m
ia
lm

od
el
.

a T
he

ne
ga
tiv
e
bi
no

m
ia
lm

od
el
w
ith

co
nd

iti
on

al
fix
ed

ef
fe
ct
s
is
es
tim

at
ed

on
ly
fo
rfi

rm
pa
irs

in
w
hi
ch

bo
th

fir
m
s
ha
d
at
le
as
to

ne
in
ju
ry

re
po

rte
d
fo
rw

or
ke
r’s

co
m
pe
ns
at
io
n
du

rin
g
th
e
sa
m
pl
e
pe
rio

d.
∗ p

<
0�
10

;∗
∗ p

<
0�
05

;∗
∗∗

p
<
0�
01

.



Levine and Toffel: Quality Management and Job Quality
990 Management Science 56(6), pp. 978–996, © 2010 INFORMS

from 6.1% (standard error (SE) = 1�8%; p < 0�01) in
years 1–3, to 22.5% in years 4–6 (SE, 2�9%), to a quite
large 32.5% in years 7–9 (SE, 6.3%). Because only 62
of our 471 matched ISO 9001 adopters (13%) adopted
seven or more years prior to the end of the matched
data set used for these models, results in this category
are typically not precisely estimated. Nevertheless,
the high employment growth in years 7–9 is statisti-
cally significant from the average effect (p < 0�01) and
from the effect in years 1–3 (Wald test, F = 17�70, p <
0�01), though not from the effect in years 4–6.
Sales are almost nine percentage points higher at

ISO 9001 firms than at comparison firms (column (3)),
which supports Hypothesis 1B. Column (4) reveals
that this advantage does not show up until year 4
and beyond (effect size in years 4–6 of 25% and SE of
4.0%, which is statistically indistinguishable from the
effect size in years 7–9 of 17%, SE of 8.8%; p < 0�10).
This increase in sales is roughly what would be

expected from the higher payroll at ISO-certified firms
(column (5)). There is suggestive evidence of growth
in sales conditional on payroll in years 4–6 after certifi-
cation (column (6); b = +13�2%, p < 0�01). In contrast,
the coefficient is small, less than 2% in absolute value,
and not statistically significant in years 1–3 and 7–9.
Hypothesis 2B, which predicts gains in labor produc-
tivity, is thus not supported. In results not shown,
sales also did not increase statistically significantly
faster at ISO adopters if we controlled for employment
instead of payroll; that is, total sales rose at adopters
relative to matched nonadopters, but not sales per
employee.
Employee outcomes. The results of our evaluation

model for employee outcomes are presented in
Table 6. Column (1) reveals that total payroll at ISO
firms grew about 17.7% more than at matched con-
trol firms (SE, 1.7%; p < 0�01), increasing steadily over
time from 14% in years 1–3 to 36% in years 7–9
(column (2)). Nearly a third of this increase in pay-
roll (measured using workers’ compensation records)
appears to be due to higher employment (measured
using D&B data). That is, conditioning on employ-
ment, payroll at ISO-certified firms grew about 13.5%
more than at comparison firms (SE, 1.6%; p < 0�01;
column (3)), increasing steadily over time from 11.7%
in years 1–3 to 22% in years 7–9. It is plausible that
the correlation of total payroll and employment would
be higher were they measured from a common data
source.16

Recall that we measured wages as total payroll from
workers’ compensation records divided by employ-
ment data from D&B. Keeping in mind all the caveats

16 Because ISO adopters had lower death rates, the results on sales,
employment, and total payroll would be slightly more positive for
ISO adopters if nonsurviving firms were included in the analysis.

that attend such a measure, the results indicate that
annual wages grew to be about 7.5% higher at ISO
firms than at their matches (column (5)), supporting
Hypothesis 3, that ISO 9001 adoption leads to higher
wages (and not Hypothesis 3′, that adoption lowers
wages). Although the point estimates decline over
time, we cannot reject the null that the coefficients are
constant over time (column (6)).
Unlike the previous outcomes, our estimates of the

effect of ISO 9001 adoption on injury rates and costs
are conditioned on employment, payroll, sales, and aver-
age occupational riskiness. We find trends in the total
value of injury costs (columns (7) and (8)) and average
cost per injury (columns (9) and (10)) to be unrelated
to ISO 9001 certification (among pairs of firms where
both of which had at least one injury).
Number of injuries, a count variable, is analyzed via

a negative binomial regression model with firm-level
conditional fixed effects. Because the conditional neg-
ative binomial model compares a firm’s injury rate
in a given year with its average injury rate, it does
not provide estimates for firms that lack annual vari-
ation in injury rate. The model drops such firms from
the sample. (This is the same restriction as a con-
ditional logit, for example.) To maintain a matched
comparison, we thus included in this sample only
pairs in which both adopter and matched nonadopter
reported at least one injury. The results indicate that
adoption did not predict a higher or lower number
of injuries among employers that had at least one
injury during our sample period (Table 6, columns
(11) and (12), conditioning on employment and other
control variables).
The workers’ compensation data show a small shift

to safer occupations at firms that become ISO 9001
certified. That is, the average worker in a postcertifi-
cation firm works in an occupation for which work-
ers’ compensation costs are almost 5% lower than at
the comparison firm (b = −0�047; SE, 0.009; p < 0�01;
Table 6, column (13)).
Because firms can take one to two years to adopt

all aspects of the standard before becoming certified
(Stevenson and Barnes 2002), some benefits of adopt-
ing ISO 9001 might begin to accrue even before cer-
tification. This, however, would represent a potential
bias against our finding significant improved perfor-
mance between the pre and post periods, and would
imply that our difference-in-differences results might
in fact be underestimating the true effects of adoption.

5.3.4. Evaluation Extensions. Extending our anal-
ysis to some additional and more nuanced effects
of ISO 9001 adoption, we consider two additional
outcome measures and explore whether the effects
of ISO 9001 differ across subsets of our sample. We
also examine whether the correlations reported above
might be due to the possibility that financial distress
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could deter ISO adoption and affect firm survival or
our financial outcomes.
Our first extension examines whether ISO 9001

adoption is associated with a greater likelihood of
eliminating all injury-related workers’ compensation
claims. We estimate a probit model to predict which
employers reported zero injuries (technically, zero
workers’ compensation claims) in all years after the
match year, using the full set of 471 matched pairs of
firms. We collapsed our panel data into a cross sec-
tion, coding the dependent variable 1 for firms that
reported no injuries all years after the match year
and 0 for firms that reported at least one injury after
the match year. We included as controls the log of
each firm’s average employment and average payroll for
postmatch years, region dummies, and industry dum-
mies. Recall that the matched set of adopters and
nonadopters used in this regression (and all regres-
sions reported in Tables 5 and 6) had similar (and
statistically indistinguishable) injury rates during the
years prior to the match. In contrast to the negative
binomial results discussed above, the results of this
cross-sectional probit analysis indicate that ISO 9001
adopters were subsequently five percentage points
more likely to report no injuries (Table 7), a large
effect given that the mean of the dependent variable
is 28%. Taken together, these three sets of results pro-
vide limited support for Hypothesis 4, that ISO adop-
tion lowers injury rates and costs, but no support for

Table 7 Probability of Reporting Zero Injuries for Workers’
Compensation

Dependent variable: Zero injuries reported for workers’
compensation after match year (dummy)

Probit Marginal
coefficients effects

(1) (2)

ISO 9001 adopter 0�178∗ 0�051∗

�0�106� �0�030�
Log employment (average after match) −0�187∗∗ −0�053∗∗

�0�085� �0�024�
Log payroll (average after match) −0�707∗∗∗ −0�201∗∗∗

�0�085� �0�024�
Constant 8�665∗∗∗

�1�153�

Observations (firms) 942
Pseudo-R-squared (McFadden’s) 0�32
Wald chi-squared 358�57∗∗∗

Notes. Brackets contain standard errors. The dependent variable is a dummy
coded 1 for firms that reported no injuries for workers’ compensation in all
postmatch years, and coded 0 for firms that reported one or more injuries.
Employment and payroll variables are the log of each firm’s average employ-
ment and payroll during all postmatch years. Additional controls include
7 region dummies and 14 industry dummies. The sample is a cross section
of all 471 pairs of matched adopters and nonadopters.

∗p < 0�10; ∗∗p < 0�05; ∗∗∗p < 0�01.

Hypothesis 4’, that adoption worsens these measures
of occupational safety and health.
Our second extension addresses injury rates in a

more nuanced way. Specifically, we examine whether
adopters and nonadopters subsequently differed with
respect to two particular types of injuries: serious
sudden-onset injuries (as typically occur following
industrial accidents), and serious cumulative injuries
(which could result from more repetitive work). This
subanalysis is motivated by the concern that ISO
adoption might occasion more repetitive work, lead-
ing to an increase in the rate of cumulative injuries.
WCIRB data has only one category for “serious”
injuries, those associated with at least $2,000 in
costs. These conditional fixed-effects negative bino-
mial models include controls for employment, payroll,
sales, average occupational riskiness, calendar years, and
dummies to denote the number of years until or since the
match year. The results indicate no change in sudden-
onset injury rates (b = −0�064; SE, 0.087) between
adopters and matched controls (results are not shown
to conserve space). But the regression predicting the
number of serious cumulative injuries yields an inci-
dent rate ratio of 0.61 (b = −0�495; SE, 0.314) for
has adopted ISO 9001, which constitutes an econom-
ically meaningful, albeit not statistically significant,
decline among adopters. Further research is war-
ranted to explore the circumstances under which ISO
9001 adoption might help to reduce serious cumula-
tive injuries.
A third extension examines the extent to which the

effects of ISO 9001 adoption differ between larger
and smaller firms. If their managers have less for-
mal education and less experience, adopting ISO 9001
might lead to more learning at smaller firms. Having
fewer resources to invest in advertising and brand-
ing, smaller firms might also find it more difficult to
establish a reputation for high-quality products and
services, and thus be expected to realize greater sig-
naling benefits from ISO 9001 certification.
To test whether ISO adoption was more beneficial

to smaller firms, we split the sample based on pread-
option employment. For each adopter and matched
control pair, we calculated the average employment
during the two years prior to the adoption (or match)
year. We categorized these two groups: matched pairs
with average employment levels below the sample
median, and matched pairs with average employment
levels above the median. We created dummy variables
for these two groups and estimated fully interacted
fixed-effects models in which all variables from the
fixed-effects models reported in Table 6 were inter-
acted with each of these two dummies.
The results are striking (see Table 8). Growth in

employment, sales, and payroll was greater for smaller
than for larger ISO adopters (compared to their



Levine and Toffel: Quality Management and Job Quality
992 Management Science 56(6), pp. 978–996, © 2010 INFORMS

Table 8 Outcomes: Smaller vs. Larger Firms

Dependent variable

Log employment Log sales Log sales Log payroll Log payroll Log wages

(1) (2) (3) (4) (5) (6)

Has adopted ISO 9001 0�042∗ −0�020 −0�074∗∗ 0�114∗∗∗ 0�096∗∗∗ 0�072∗∗∗

× above median employment (match year) �0�023� �0�032� �0�031� �0�024� �0�022� �0�026�
Has adopted ISO 9001 0�168∗∗∗ 0�210∗∗∗ 0�117∗∗∗ 0�247∗∗∗ 0�183∗∗∗ 0�079∗∗∗

× below median employment (match year) �0�025� �0�034� �0�033� �0�025� �0�024� �0�028�
Log payroll 0�474∗∗∗

× above median employment (match year) �0�022�
Log payroll 0�378∗∗∗

× below median employment (match year) �0�021�
Log employment 0�436∗∗∗

× above median employment (match year) �0�016�
Log employment 0�380∗∗∗

× below median employment (match year) �0�016�
Constant 3�021∗∗∗ 14�490∗∗∗ 8�793∗∗∗ 13�228∗∗∗ 11�976∗∗∗ 10�206∗∗∗

�0�029� �0�041� �0�203� �0�030� �0�044� �0�033�

Observations 8,420 8,420 8,420 8,420 8,420 8,420
Firms 942 942 942 942 942 942
R-squared 0�25 0�26 0�34 0�32 0�43 0�06
Wald test: �hasadopted ×abovemedian = �hasadopted ×below median 14�11∗∗∗ 23�77∗∗∗ 17�87∗∗∗ 14�57∗∗∗ 7�39∗∗∗ 0�03

Notes. Brackets contain standard errors. Additional controls include firm fixed effects, year dummies (1993–2003), and dummies denoting nine years before
through nine years after the match year. Reported R-squares are within firm measures. All models estimated on the matched sample using OLS. Wald tests
report F statistics.

∗p < 0�10; ∗∗p < 0�05; ∗∗∗p < 0�01.

respective peers), and the differences are economically
and statistically significant. These results strongly
suggest that more is learned, or the ability to signal
quality is more greatly improved, or both, in smaller
than in larger firms that adopt ISO 9001.

5.3.5. Limitations and Robustness Tests. Our
study has several limitations including our inability
to (1) acquire data on all determinants of adop-
tion that we would like to include, and (2) conclu-
sively interpret our difference-in-differences results as
causal effects. Here we describe several robustness
tests of our propensity score specification, matching
technique, and evaluation model, and highlight some
limitations of our study.
Financial stress. If financially stronger firms both

adopt ISO 9001 more often and have better finan-
cial outcomes and survival rates, then our inability
to find data on the financial strength of our sample
firms might result in omitted variable bias. We could
not obtain accounting data such as profit to measure
financial strength because many of the single-plant
firms in our sample are privately held. Fortunately,
in the NETS database are two measures of financial
stress issued by Dun & Bradstreet that are tailored to
smaller firms, and which we were able to obtain for
a subset of our sample. A company’s PAYDEX score
is a “dollar-weighted numerical indicator of how a
firm paid its bills over the past year, based on trade

experiences reported to D&B by various vendors. The
D&B PAYDEX Score ranges from 1 to 100, with higher
scores indicating better payment performance” (Dun
& Bradstreet 2009a). The Composite Credit Appraisal
rating, scored from 1 (worst) through 4 (best), “reflects
D&B’s overall assessment of � � � creditworthiness. The
Composite Credit Appraisal is based on D&B analy-
sis of company payments, financial information, pub-
lic records, business age and other important factors
(when available)” (Dun & Bradstreet 2009b).
We examined whether financial stress was less com-

mon in ISO adopters than in comparison firms by
running t-tests on each of our matched samples for
the two continuous measures—minimum and maxi-
mum PAYDEX scores in the year prior to adoption (or
match)—to determine whether these variables were
already balanced in our matched sample (Rosenbaum
and Rubin 1985). We also conducted Wilcoxon rank-
sum tests of the ordinal Composite Credit Appraisal
score. Somewhat to our surprise, adopters and com-
parison firms had similar distributions of all three
financial stress metrics (see Table A5 in the online
appendix).
Finally, we assessed whether financial stress is a

significant predictor of adoption by reestimating our
selection probit model but also including the fol-
lowing alternative measures, each lagged one year:
(1) minimum PAYDEX score; (2) maximum PAYDEX
score; (3) Composite Credit Appraisal score; and (4) a
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series of dummies for each Composite Credit Appraisal
score. The results of these four models (reported in
Table A6 in the online appendix) were consistent in
yielding no evidence that financial stress is associated
with the propensity to adopt ISO 9001. In summary,
because t-tests and rank-sum tests indicate that finan-
cial stress is balanced between our matched treatment
and control groups, and probit results provide no evi-
dence that financial stress is a significant predictor of
ISO 9001 adoption, we believe our results are unlikely
to be biased by financial stress.
Growth prospects. A concern with the causal inter-

pretation of these results is that employers with bet-
ter growth prospects might both adopt ISO 9001
and have higher postadoption growth rates. We have
three reasons to doubt the importance of this alter-
native causality. First, we control for employer fixed
effects, industry-specific time trends, and a host of
observable characteristics (via the matched compar-
ison group). Second, although we do not match on
preexisting sales trends, they are nonetheless quite
similar between our matched adopters and compari-
son firms. Finally, in our matched sample, we did not
find that firms with poor credit ratings were any less
likely to adopt ISO 9001. Thus, we have no evidence
that adopting firms had better growth prospects prior
to ISO 9001 adoption.
Safety practices. Lacking measures of safety practices

such as safety committees, our estimates might be
biased if safety practices affect our outcomes and are
correlated with ISO 9001 adoption. But because our
matched adopters and nonadopters are in the same
industries and regulatory regime (being regulated
by California’s Division of Occupational Safety and
Health (Cal-OSHA)), it is unclear why omitted safety
practices should be correlated with ISO 9001 adop-
tion unless adoption strengthened these practices. For
example, the review of all standard procedures man-
dated by ISO 9001 should include a review of safety-
related procedures. If ISO 9001 certification does a bet-
ter job of enforcing or encouraging this review than
Cal-OSHA regulations (which are rarely enforced
by Cal-OSHA), omission of such endogenous safety
practices is appropriate. Intuitively, if improved com-
pliance with Cal-OSHA regulations was both an effect
of ISO 9001 and lowered injury rates, we would
underestimate the total causal effect of ISO 9001 on
injuries if we attributed the decline in injuries to an
exogenous improvement in regulatory compliance.
Restricting matched controls to never-adopters. The

matching technique described above restricted con-
trol candidates to firms that never adopted ISO 9001
during the sample period. As a robustness test, we
developed another matched sample, relaxing this lim-
itation to allow all firms that had not yet adopted to
serve as comparison firms, including those that would

adopt in a future year during the sample period
(but only until their adoption year, after which we
dropped them as controls). This allowed, for example,
an adopter in 1999 to be matched to firm that was a
nonadopter in 1999 but subsequently adopted in 2002
(in which case we would include this control firm’s
observations only until 2002). In cases in which even-
tual adopters were identified as matched controls, we
replicated their data in our data set to enable us to use
them both as controls and adopters. In the regressions
that relied on this alternative matched sample, we
clustered standard errors by firm to account for the
nonindependence this introduced. The results of the
regression models based on this alternative matched
sample were nearly identical to those based on our
primary matched sample.
Potential for predominant industries to drive treatment

results. Nearly half the firms in our matched sam-
ples were in just two industries, electronic and elec-
tric products and final metal products. To explore
the extent to which our results were driven by these
predominant industries, we categorized the matched
sample into two groups: matched pairs that belong
to either of these two predominant industries and
matched pairs that belong to other industries. We
created two dummy variables to identify these two
subsets, and estimated fully interacted fixed-effects
models by interacting all variables from our main
fixed-effects models with each of these dummies.
Although most results of these models (not shown
to conserve space) indicated the effects of ISO 9001
adoption to be quite similar between the two industry
groups, the analysis did reveal one interesting differ-
ence. Although we found that adopters in both sets
of industries experienced significant increases in pay-
roll and wages (compared to their peers), growth was
greater for adopters in the two predominant indus-
tries (compared to their peers) than for adopters in
the other industries (compared to their peers). Further
research might explore how and why the effects of
adoption differ across industries.

6. Conclusion
Our results are readily summarized. First, ISO
adopters had far lower organizational death rates than
matched firms within their industries. Second, sales
and employment grew substantially more rapidly
after certification at firms that adopted ISO 9001 than
at matched firms. Third, total payroll and (to a lesser
extent) annual earnings per employee grew substan-
tially more rapidly after certification at firms that
adopted ISO 9001 than at matched firms. Fourth, some
benefits of ISO 9001 adoption were much more pro-
nounced in smaller firms than in larger firms. Finally,
ISO 9001 adopters already had slightly lower than
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average injury costs at the time of adoption, and we
found no evidence that this gap widened or narrowed
after adoption. Adopters were more likely to report no
injuries for workers’ compensation in the years follow-
ing adoption. We found no differences in the number
of injuries between adopters and matched comparison
firms that reported a positive number of injuries.
Our finding that ISO 9001 certification benefits

employers bolsters prior research on ISO 9001 (e.g.,
Corbett et al. 2005, Terlaak and King 2006) and related
programs such as TQM and quality awards (e.g.,
Hendricks and Singhal 1996, 1997, 2001b). Our results
are particularly credible because we analyze a larger
sample of ISO certifications than almost any previous
study, have performance data at the workplace level
(unlike many previous studies that examine how ISO
certification at a single plant affects the financial per-
formance of a multiplant organization), measure per-
formance using third-party (rather than self-reported)
data, use a panel data set that enables us to mea-
sure performance over time, and develop carefully
matched sets of nonadopters. Our results regarding
the benefits of ISO 9001 certification for employment,
payroll, and average annual earnings are new.
Critics of ISO 9001 and related programs who

express concern that benefits to employers derive
largely from the deskilling and routinization of tasks
hypothesize that employer gains consequently come
at the expense of employees’ earnings. Our results
showing total payroll to rise faster than employment,
which implies an increase in average annual earnings,
do not provide evidence of deskilling.
Nonexperimental data cannot definitively attribute

the better outcomes experienced by ISO 9001 adopters
relative to matched controls to adoption, as opposed
to unobserved advantages that might account for both
ISO adoption and better outcomes. But the strength
and consistency of our findings leads us to shift our
own priors in favor of the hypothesis that ISO 9001
adoption is more beneficial than we had anticipated.
Future research should investigate the causal mech-

anisms that might account for the patterns we dis-
covered, unpacking, for example, the relative impor-
tance of managerial learning, signals, and incentives.
For example, longitudinal product-level data on inter-
nal quality metrics (e.g., scrap rates), external quality
metrics (e.g., warranty claims), and product markups
could be used by researchers to distinguish situa-
tions in which ISO 9001 spurs a learning process that
improves quality from situations in which ISO 9001
serves largely to signal preexisting high-quality levels
that had previously been difficult to convey credibly
in the marketplace.
Researchers with access to detailed cost data could

examine whether ISO 9001 adoption reduces waste
and defects, which would be reflected in the cost

of goods sold. Detailed financial data could enable
researchers to compare the costs of implementing ISO
9001, including those of developing and implementing
quality policies and procedures and training pro-
grams, to the additional sales revenue that certification
might prompt. Detailed quality and cost data might
enable researchers to theorize about when ISO 9001 is
more likely to spur managerial learning, send credi-
ble signals, or create stronger incentives for firms to
improve quality.
Our study has examined single-plant manufactur-

ing firms in California, a well-known hub of inno-
vation in which manufacturing is roughly twice as
likely to be high-tech as in the rest of the nation. It
is important to measure the degree to which these
results generalize to multiplant firms, other sectors,
and other regions. If the relationships we report hold
up in other settings and additional evidence can sup-
port their causal interpretation, such findings would
have implications for managers, organizational schol-
ars, and public policy.
For managers, the lessons are that the process

of ISO 9001 certification appears to be valuable to
most adopters. We cannot be sure how broadly these
lessons apply to nonadopters, but the considerable
benefits of adoption (e.g., roughly 10% increases in
sales) suggest that far more employers could benefit
from ISO 9001 adoption than currently do. Our results
further suggest that smaller enterprises are particu-
larly likely to benefit from adoption.
The substantial improvement in outcomes after

ISO 9001 adoption also has lessons for organiza-
tional scholars. Some academics have characterized
quality programs such as ISO 9001 as management
fads unlikely to benefit employers or employees (see
Abrahamson 1996, Staw and Epstein 2000, and ref-
erences therein). Fashion might well play a role in
the adoption of many management practices, but our
results indicate that ISO 9001 appears to deliver value
for many organizational stakeholders.
We would not anticipate the large benefits that

we measure if potential customers could already see
product or service quality, if managers already under-
stood how to achieve higher productivity and qual-
ity cost-effectively, and if managers could capture the
returns to any improvements in quality or productiv-
ity (Levine 1995, Chap. 3). The substantial increases
in employment, total payroll, and sales that we esti-
mate are consistent with at least one of these market
imperfections slowing the spread of quality programs.
These results consequently also support arguments
that public policy should promote quality programs,
for example, by subsidizing employee training or
educating managers about the value of such programs
(e.g., Helper and Levine 1995).
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7. Electronic Companion
An electronic companion to this paper is available as
part of the online version that can be found at http://
mansci.journal.informs.org/.
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