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Preface

A range of federal policies seeks to reduce regulatory burdens on small businesses. The Small
Business Regulatory Enforcement Fairness Act of 1996 (SBREFA) and its predecessor, the
Regulatory Flexibility Act of 1980, for example, seek to increase the weight given to small-
business concerns in the regulatory rulemaking and enforcement processes. Similarly, the
Occupational Safety and Health Administration (OSHA) exempts workplaces with fewer than
11 workers from regular “programmed” inspections, considers firm size when assessing penal-
ties, and runs a consultation program for firms with fewer than 500 workers. While previous
research suggests that small establishments (work sites) have much higher rates of deaths or
serious injuries than larger establishments have, we know little about injury and fatality rates
at small frrms (companies). To shed light on these issues, this study examined the relationship
between fatality rate, i.e., the number of deaths per 100,000 workers, and business size, both
in terms of establishment size and firm size, for the period from 1992 to 2001.

By providing a more complete picture of risks found at both smaller establishments and
smaller firms, the research should help inform effective policies toward small businesses. The
research should be of interest to policymakers at both the state and federal levels as well as
businesses and others interested in accident prevention and compensation issues. The work was
completed under the auspices of the Kauffman-RAND Center for the Study of Regulation and
Small Business and was funded by the Ewing Marion Kauffman Foundation.
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Summary

It has long been argued that the burden of health, safety, and environmental regulations falls
more heavily on small businesses than on large ones. This is important because over 55 per-
cent of Americans are employed in businesses with fewer than 100 workers. Small businesses
cannot take advantage of economies of scale and have less ability to stay aware of the volu-
minous and growing body of regulatory requirements. Therefore, it is not surprising that pol-
icymakers have shown concern about the regulatory burden on small business. The Small
Business Regulatory Enforcement Fairness Act of 1996 (SBREFA) and its predecessor, the
Regulatory Flexibility Act of 1980, seek to increase the weight given to small-business concerns
in the regulatory rulemaking and enforcement processes. Similarly, the Occupational Safety
and Health Administration (OSHA) exempts workplaces with fewer than 11 workers from
regular “programmed” inspections and considers firm size when assessing penalties for viola-
tions of its safety and health standards. OSHA has also developed a consultation program for
firms with fewer than 500 workers.

Yet while concern over the regulatory burden on small business is important, policymak-
ing should also be guided by an understanding of the benefits of health, safety, and environ-
mental regulations in preventing injury and other harms. Both the burden and benefits of
regulations are likely to be affected by the magnitude of the risks at small businesses. Our
current understanding of such risks is incomplete, however. There is a good deal of evidence
that small establishments (single physical locations at which business is conducted) have much
higher rates of deaths or serious injuries than larger establishments have (see, e.g., Mendeloff
and Kagey, 1990; Nichols, Dennis, and Guy, 1995; Fenn and Ashby, 2001), but there has been
little study regarding injury or fatality rates at small frrms (e.g., businesses with a small number
of employees). Do the findings for establishment size actually represent the effects of firm size?
Or do both independently affect risks? Different preventive strategies may be appropriate if
firm size rather than establishment size is a key factor in affecting levels of risk.

To shed light on these issues, we examined the relationship between the fatality rate, i.e.,
the number of deaths per 100,000 workers, and business size, both in terms of establishment
size and firm size, for the period from 1992 to 2001. We focus on fatality rates chiefly because
we believe that underreporting of injuries is greater for less-serious injuries and that smaller
firms and establishments are especially likely to underreport. Because our study looks at both
firm size and establishment size, we are able to disentangle the effects of each.

xiii
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The analysis uses fatality data drawn from OSHA accident investigation reports, employ-
ment data from County Business Patterns (CBP) (U.S. Department of Commerce, 20006), and
a table from the U.S. Census on employment in establishment-size and firm-size combina-
tions (U.S. Census Bureau, undated). It is important to note that OSHA generally does not
investigate deaths due to highway crashes or assaults. Therefore, these events are excluded here,
despite the fact that they account for almost half the deaths counted in the Census of Fatal
Occupational Injuries conducted by the Bureau of Labor Statistics (U.S. Department of Labor,
2004).

Why Size Might Make a Difference

We might expect the risks of injury to be higher at small firms for several reasons.

 Smaller firms might be expected to receive lower savings from preventing injuries. The
limited actuarial experience at small firms means that they are subject to little or no expe-
rience rating by workers’ compensation insurers. Thus, small firms will not see reductions
in their workers’ compensation premiums even if their injury losses decline. Small firms
are also less likely to be unionized, and some evidence indicates that unions increase the
probability that workers will receive higher wages to compensate for higher risks (Viscusi,
1983). OSHA also levies reduced fines against small firms, which reduces the incentive
to correct hazards.

* Smaller firms are also more likely than larger firms to employ “higher-risk” workers (i.e.,
workers who are younger, unmarried, and have lower levels of education and experience)
(Belman and Levine, 2004). They may not pressure management on safety issues as much
as older and married workers would. These characteristics also may make it more costly
for firms to achieve a given level of safety.

* Both smaller firms and establishments will be less able to realize economies of scale in the
production of safety. Lacking in-house expertise, they may face higher marginal costs to
obtain information about risks and how to reduce them.

* Smaller establishments are less likely to be inspected, reducing the marginal benefit of
compliance.

In sum, there appear to be good reasons to expect that both smaller firms and establish-
ments will exhibit higher levels of risk than will larger ones. The reasons are more numerous
and perhaps more powerful at the firm level.

Key Findings

The findings below relate primarily to the 10 years from 1992 to 2001 and are based on the
17,481 workplace fatalities investigated by OSHA.
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The Simple Relationships Between Establishment Size and Fatality Rates and Between Firm
Size and Fatality Rates Are Both Strongly Negative

Our analysis of fatality rates among establishments of different sizes indicated that the smallest
establishments had the highest fatality rates. Figure S.1 shows the fatality rates for each estab-
lishment size category and for each of the industry sectors with the most employees and most
deaths (other than construction'): manufacturing, transportation and public utilities, whole-
sale trade, retail trade, and services. The figure indicates that, except in retail trade, establish-
ments with 1-19 workers had fatality rates that were 4 to 10 times higher than those in the cat-
egory with the lowest rate and 1.5 to 3 times higher than those in establishments with 20-49
employees. Further analysis indicated that, within the 1-19 category, the rates dropped sharply
as well, with rates for establishments with 1-4 workers much higher than those in establish-
ments with 5-9 workers, and higher still compared to those with 10—19. Our results, therefore,
confirm findings from earlier research on fatalities and establishment size.

Figure S.1
Fatality Rate by Establishment Size, by Sector
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1" We exclude the construction sector from some analyses because of ambiguity about the meaning of an “establishment”

in that sector.

2 We also considered the possibility that the negative relationship between farality rates and establishment size could be
due to composition; that is, industries with higher fatality rates might happen to be those with smaller establishments.
When we examined very detailed industry categories, we still generally found that the smallest establishments had the high-
est rates. However, the decreases with size were not as great as they were at the sectoral level.
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The simple relationship between fatality rates and firm size was similar to that shown
in Figure S.1. Fatality rates also decreased with firm size, although the decreases were not as
strong or consistent as they were for establishments.

Within Firms of a Given Size, Fatality Risk Still Declines Steadily with Larger Establishment
Size, but Once We Control for Establishment Size, Firm Size Has Little Impact on Risk
The two figures below show the effects of establishment and firm size on fatality risk, holding
the other one constant. (We show the results here only for the manufacturing sector, although
results for other sectors were similar, except for retail trade.) Figure S.2 shows, for example,
that in firms with more than 1,000 employees, the fatality rate is highest for establishments
with 1-19 workers and drops substantially (although not continuously) for larger establish-
ments. The other firm-size categories in Figure S.2 show the same pattern.

Contrast the patterns in Figure S.2 with the patterns in Figure S.3, which shows how the
fatality rates of firms of different sizes vary within establishments of a given size.

For example, if we look at establishments with 1-19 workers in Figure S.3, we see that the
smallest firms (those with 1-19 workers) actually have the lowest fatality rate, not the highest.
Then the rate increases with firm size until it declines for the largest firm size.

Figure 5.2
Fatality Rate by Establishment Size, Holding Firm Size Constant (Manufacturing)
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Figure S.3
Fatality Rate by Firm Size, Holding Establishment Size Constant (Manufacturing)
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Effect of Firm Size Depends on Establishment Size

The pattern described here applies to the three smallest establishmentsize categories in Figure
S.3. For establishments with more than 100 workers, in contrast, the smallest firm has the
highest fatality rate. So in small establishments, there appears to be something protective about
being a small firm.

Higher Rates in Small Businesses Are Related to Violations

We also considered whether the causes of fatal accidents at small establishments differed from
those at larger ones. We looked at two issues here. First, we examined whether the higher fatal-
ity rates seen at smaller establishments were related to a higher rate of fatality-causing, serious
violations of OSHA standards. Second, we considered whether accident events that are more
likely to cause death (e.g., electrocutions, explosions) were more common at small establish-
ments than at larger ones.

We found that some part of the higher fatality rates at small establishments appears to
be related to noncompliance with OSHA standards. Our findings varied somewhat for federal
OSHA states and those operating their own enforcement programs. In the former, the percent-
age of deaths with violations was higher in small establishments; in the latter, the percentages
were constant across sizes. However, because the total fatality rates are so much higher in small
establishments, even when the percentages related to violations are the same, it means that the
fatality rate due to violations is also much higher in small establishments.
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Electrocutions Are Slightly More Common in Small Establishments

We also found variation in the types of injury events that caused deaths among establishment
sizes, but these differences were not very large. Electrocutions were relatively more frequent in
establishments with 1-19 employees. Thus, for example, establishments with 1-19 workers had
40 percent of all deaths in a sector, but 4550 percent of the electrocution deaths.

Fatality Rates at Small Establishments Declined Slightly Over Time Compared to Those at
Larger Establishments

We also examined establishment fatality rates by sector for three periods (1984-1989, 1990—
1995, and 1996-2002) to see whether there had been any changes in the patterns among size
categories.> We found that, in some sectors, death rates tended to decline somewhat for estab-
lishment sizes below 50 workers but were unchanged or increased somewhat for larger sizes.
There was no evidence that death rates at smaller establishments were increasing relative to
larger ones.

Nonmetropolitan Location and Unionization Were Both Associated with Higher
Establishment Fatality Rates

We carried out a regression analysis (using the Poisson model) to see whether adding variables
for nonmetropolitan location and unionization affected our estimates of establishment- and
firm-size effects. To do this analysis, we had to use a different subset of the OSHA data. We
found that, while both of these variables were associated with increases in the fatality rates (40
percent for the location variable; 12 percent for the union variable), including them did not
cause changes in the estimated effects of the firm- and establishmentsize variables.

Interpreting the Findings

Our study reinforces the growing body of literature indicating that small establishments tend
to have the greatest risks. We were surprised to find, however, that once we controlled for estab-
lishment size, risks did not decline steadily or strongly with increasing firm size. Establishment
size appears to have a much larger effect on fatality risks than firm size does. To the extent
that researchers have found that the simple relationship between firm size and fatality risk
is negative, the result would appear to be due to the tendency for larger firms to have larger
establishments.

In light of the reasons given for expecting risks to be highest for small firms, our findings
are puzzling. Are the increases in the financial incentives to prevent injuries that are associated
with larger firm size (e.g., experience rating under workers’ compensation) not as strong as we

3 This particular review included data only from federal OSHA states because not all the other states were submitting data
to the OSHA Integrated Management Information System (IMIS) database (the principal data source for this study) during
this period.
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assumed? Is the assumption of economies of scale incorrect? Or are there other factors associ-
ated with firm size that offset the impact of the factors above? One possibility might be that
there are higher costs to understand and coordinate activities at multi-establishment firms.

This speculation may be related to the other unexpected finding in the study. Specifically,
we found that in small establishments, small firms had the lowest fatality rates, while in /arger
establishments (over 250), the smallest firm generally had the highest rate. This pattern appeared
in most sectors.* What could explain it?

The only explanation that occurred to us was that this protective effect might reflect the
presence of an owner on site. Admittedly, we have no prior evidence that having an owner on
site improves safety. However, it seems plausible that an owner might, on average, feel more
responsibility to run his or her plant in a way that did not injure workers than a hired manager
would. While this explanation is speculative at this point, the pattern appears large enough to
warrant further investigation.

Finally, there is some question about how to interpret the strong relationship between risk
and establishment size. We assume that smaller establishments generate higher risks. However,
if work processes with greater inherent risks tend to get located at smaller establishments (or
firms), then the causal effect of small workplaces on risk will be overestimated.

Limitations

Our findings are subject to some important limitations. First, our largest size category, for both
establishments and firms, was 1,000 or more employees. For firms, this level is below what
would usually be required to meet self-insurance requirements under most workers’ compen-
sation laws. Thus, it is likely that this categorization does not give a very precise measure of
risk for the firms that may have the strongest financial incentives to prevent injuries. Second,
the OSHA data on fatalities do not include all of the relevant deaths, although we believe
that fuller reporting would show even higher relative rates at small establishments. Third, our
annual employment estimates are based on March figures, which might lead us to underesti-
mate employment at smaller establishments with high seasonal variation in employment.

Policy Options

Given the limitations of the study, more research is required to clarify its policy implications.
Nonetheless, the findings are clear enough to prompt discussion of several possible policy
interventions that might be considered to address health and safety problems at small estab-
lishments or firms. Each option is marked by uncertainty. Our goal, therefore, is to provide the
foundation for a sound debate on policy options.

Our research suggests that iz may be worthwhile for OSHA to develop programs targeting
firms that employ 20—999 workers and have small establishments. As Figure S.3 showed, if a firm

4 However, the Poisson regression analysis, which used a different data set and a slightly different measure of fatality risk,
found that firm-size effects were similar for all establishment sizes. For each establishment size, the fatality rates increased
steadily with firm size until they reached the 1,000+ category, when they fell.



xx Small Businesses and Workplace Fatality Risk: An Exploratory Analysis

has between 20 and 999 workers and has small establishments (certainly below 50 and perhaps
below 99), the fatality rates in those establishments tend to be quite elevated compared to rates
in establishments with either 1-19 or over 999 workers. Rather than trying to work only at the
establishment level, OSHA might be more effective (and use fewer administrative resources) if
it began discussions at the firm level as it tries to develop an appropriate mix of tools.

A Greater Inspection Effort in Small Establishments

Although small establishments are riskier for workers, and although the fatality rates for deaths
linked to violations are also higher, it may still be difficult to justify a greater inspection effort
there. For example, even if the risks per worker were five times higher at establishments with
eight employees (the mean number in workplaces with fewer than 20), the expected benefits
in risk reduction would still be greater at a workplace with more than 40 employees (assuming
that the reduction in risk was proportional to the initial risk).

Another source of caution in making the decision to redeploy inspectors to small estab-
lishments lies in the fact that there are fixed costs associated with conducting inspections, so
that, for example, the time required to inspect an establishment with 20 workers is likely to
be more than one-fifth the time required to inspect an establishment with 100. Moreover, the
fact that death rates for establishments that have been exempted from programmed inspections
declined no less over time than rates in larger establishments casts some doubt on whether
removing the exemptions would lead to increased safety performance.

On the other hand, some studies, most recently for the 1992-1998 period (Gray and
Mendeloff, 2005) indicate that the effect of OSHA inspections on preventing injuries is greater
(in percentage terms) at smaller establishments (fewer than 100 employees) and that there was
no evidence of a preventive effect at establishments with more than 250 workers. If the latter
finding is valid, then a shift toward emphasizing inspections at smaller workplaces, including
those with fewer than 20 employees, might be justified. Unfortunately, the preventive effects
of inspections were noted only when OSHA found serious violations and assessed penalties. In
their absence, inspections, on average, had no effect or a perverse one, perhaps by signaling to
management that there were no problems that needed its attention.

Expansion of Existing Small Business Consultation Programs

OSHA already conducts a consultation program that targets smaller businesses. Another
policy option, therefore, would involve expansion of this program. Typically, there are about
25,000 consultations conducted each year, some of which include safety training. Employers
who request consultations are not cited for any violations that are found, but they do have an
obligation to abate them, and consultants are supposed to make referrals to OSHA when they
do not.

However, evidence on the effectiveness of consultations is sparse. Mendeloft and Gray
(2001) found declines after consultations for both violations (a large effect) and injuries
(a small effect), compared to establishments without consultations. However, this research
could not rule out the possibility that employers who request consultations would have made
the changes without the consultation. Moreover, the fact that consultation-program waiting
lists are short raises questions about whether there is enough unmet demand to justify expan-
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sion of the program. In the past, big increase in demand for consultations has occurred only
when employers thought they faced a much higher threat of inspection. However, it does seem
that state programs have some control over the demand and that it might be possible to expand
the demand moderately for consultations from smaller workplaces.

Information Programs
Based on the accident investigation data we reviewed, we believe that it may be worthwhile to
consider a trial of a new educational program that would be targeted at small establishments.
OSHA currently publishes an array of educational materials designed to assist employers to
reduce hazards. The agency also carries out education programs through cooperative activities
with trade associations.

Additional information campaigns might heighten attention to safety by reminding
employers about the workers in their industry in establishments like theirs who have died on
the job and the factors associated with these deaths. Although workplace deaths are relatively
rare, deaths may have a special salience for workers and employers alike. The infrequency of
these events seems likely to make it difficult to keep much management focus on safety, espe-
cially given the multiple and conflicting demands upon the time of a small business owner.
Information campaigns might be a means of raising and maintaining awareness.

Operationally, an employer in a specific industry category might get a list and description
of recent deaths occurring in that industry in workplaces with under 20, 50, or 100 employees.
The causal factors would be described along with any OSHA violations cited as related to the
deaths. These deaths would be limited to those investigated by OSHA and would exclude most
highway deaths and assaults. The logic behind this approach is that employers will be more
motivated to pay attention to similar issues at their own workplaces and to take actions, includ-
ing abating hazards that might reduce the probability of such events occurring.

The effects of such an intervention might be small, but the public costs would be small as
well, probably no more than several million dollars. A crucial unknown is the level of costs that
would be incurred by small establishments in response to this initiative. If, for example, each
of 1 million small establishments spent $1,000, the total cost would be $1 billion. It would
probably make sense to begin with a pilot program in one or two states to identify the scope
and nature of the employer response.

Next Steps

As suggested in its title, this report is intended as exploratory and suggestive, not definitive.
However, we believe that the findings of this study raise some interesting questions for social
scientists. The finding that the smallest firms were relatively safe raises questions about the
importance of experience rating under workers’ compensation as an incentive for safety. Other
studies have found strong effects of firm size on workers’ compensation costs, but it is possible
that many of these studies confounded firm size and establishment size.

Our finding about the different effects of firm size in small and large establishments may
raise important questions for students of entrepreneurship and of organizational behavior.
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Some further insights may be obtained by merging IMIS data with establishment-level data
from the Census of Manufactures (U.S. Census Bureau, 1999) and the analogous databases
for other industries. That match would allow clear identification of single-establishment firms
versus others.

One finding of this research was that the size patterns among establishments did some-
times vary by industry. We did not attempt to explain the reasons for these variations, but
doing so might shed valuable light on the causal factors at work.

It would also be useful to try to find out whether the poorer fatality performance of
mid-sized firms in small establishments also applied to nonfatal injuries. We are not aware
of any efforts to untangle establishment-size and firm-size effects for nonfatal injuries. Any
effort would need to take care to consider how underreporting would affect the results, but we
believe the effort would be worthwhile.
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CHAPTER ONE
Introduction

In 2002, some 56 percent of Americans were employed in businesses with fewer than 100
workers. It has long been argued that the burdens of safety and health regulation fall more
heavily on these firms. Adopting prevention technologies and processes often involves consid-
erable fixed costs, which are more difficult for smaller operations to absorb. Similarly, small
businesses are less likely than their larger counterparts to be able to hire in-house safety experts
and often lack the resources to remain aware of voluminous and changing safety regulations.

Concern about regulatory burdens on small business has not escaped the attention of
policymakers. The Small Business Regulatory Enforcement Fairness Act of 1996 (SBREFA)
and its predecessor, the Regulatory Flexibility Act of 1980, seek to increase the weight given
to small-business concerns in the regulatory rulemaking and enforcement processes. Similarly,
the Occupational Safety and Health Administration (OSHA) exempts workplaces with fewer
than 11 workers from regular “programmed” inspections and considers firm size when assess-
ing penalties for violations of its safety and health standards. For firms with fewer than 500
workers, OSHA developed a consultation program that provides services largely independently
of the enforcement program.

Yet, regulations and other policies toward small businesses should be guided both by con-
cern with potential costs to small businesses @nd by an understanding of the magnitude of the
risks they face and the potential benefits of prevention activities. Here we focus on understand-
ing differences in risk across both firms and establishments of different sizes. Is working for a
small business any more or less risky than working for a large business? Should policy efforts
be directed toward small firms; toward small establishments, i.e., facilities at a single location;
or toward both?

Unfortunately, empirical research on the topic has been surprisingly scant, especially
given the significant number of policy initiatives targeting small business. While there is a
small group of studies about how risk changes with establishment size and a few looking at the
role of firm size, there has been no systematic attempt to disentangle the effects of establish-
ment and firm size.

To shed light on these issues, we examined the relationship between the fatality rate,
i.e., the number of deaths per 100,000 workers, and business size, both in terms of establish-
ment size and firm size. To conduct this analysis, we reviewed extant literature and developed
an original data set of fatality rates for different categories of firm and establishment sizes in
different industries. Most of the analyses use fatalities investigated by OSHA between 1992
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and 2001. We excluded the construction sector from most analyses due to concerns about the
accuracy of the distinction between establishment and firm in these nonfixed work settings.
(See Appendix E for a discussion of this issue.)

The remainder of this introduction is divided into three sections. We first sketch out some
ways in which we might expect size to be related to fatality risk. We then explain what is cur-
rently known about this topic through previous research. Finally, we lay out the questions that
are the focus of this study and describe the organization of the report.

Why Size Might Make a Difference

Some work environments are clearly more dangerous than others. Yet, the size of the organi-
zation is not necessarily a factor that jumps to mind as a characteristic related to risk. Thus,
before approaching the data, we need to reflect on why we might expect size to be related to
fatality risk. Our interest here is less in theory building than in providing an explicit frame-
work to guide interpretation of the empirical findings.

Employer Investments in Safety Might Reflect Costs and Benefits of Safety Measures
In order to think about how size might be related to fatality risk, we must first consider how
businesses of any size weigh the costs and benefits of adopting safety measures to prevent
worker fatalities and injuries. If we take on the perspective of a profitmaximizing business, we
expect to find that safety measures are adopted as long as the expected benefits of those mea-
sures exceed the expected costs. The benefits of safety measures are the costs that the employer
would avoid by preventing serious injury or fatality—e.g., higher workers’ compensation pre-
miums and costs for hiring and training new workers. The costs of safety measures include the
investments required to provide adequate worker protection, including safer equipment and
safety training, as well as reduced productivity due to added precautions.

In general, the marginal benefits to an employer of preventing injuries will be greater
when

* replacing the worker involves higher costs
* the increase in workers” compensation premiums is larger
* the increase in wage premiums paid to compensate for risks is larger.

Reductions in workers’ compensation premiums (or in direct outlays for self-insured
firms) are benefits to the firm. Workers’ compensation programs take different forms—self-
insurance, retrospective rating, and experience rating. Under the first, firms (usually large
ones) do not purchase insurance but simply pay the claims from their own resources. Under
retrospective rating, firms typically have a large deductible and are insured only for losses
above that amount. Insurance, of course, is a form of loss spreading, and thus its first effect is
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to dilute the incentive to prevent losses. However, workers’ compensation attempts to restore
those incentives through the mechanism of experience rating, i.e., that higher losses at a firm
lead to the expectation of higher future costs and thus to higher premiums.’

Typically, the state workers’ compensation benefit payment for temporary injuries is two-
thirds of the worker’s pre-injury wage, up to a maximum of the average wage in the state. In
general, injuries to low-paid workers will be less costly to a firm. More highly skilled workers
are paid more and will often be more costly to replace, especially when their skills are specific
to the firm. Unions often have succeeded in raising wages and other benefits, so workers at
unionized workplaces will tend to have higher pay and also be more aware of their options for
compensation. In addition, several studies have found that wage premiums for risk are dis-
proportionately paid to unionized workers (Viscusi, 1983).2 The OSHA enforcement program
does not directly affect the cost of injuries, but it does raise the cost of failing to abate those
hazards that are the subject of safety and health standards. In addition, if we think in terms of
preventing Josses rather than just preventing injuries, events that cause both injury and property
damage (e.g., explosions) will be more costly to a business. There are certainly other benefits of
injury prevention to the business, but we believe that these are the major ones.

Regarding the costs of injury prevention, employers who, for whatever reason, have hired
workers who behave more safely will need to engage in less oversight to prevent injuries, thus
reducing the costs of prevention. There is, for instance, evidence that married workers and
more experienced workers, as well as workers over age 24, work more safely (Simonds and
Shafai-Sahrai, 1977). When businesses have lower marginal costs of injury prevention, per-
haps through access to on-site expertise in recognizing and abating hazards, we expect that
the supply of prevention activities will be greater. It also seems likely that a low level of labor-
management conflict will facilitate communication, which, in turn, should help to prevent
injuries. Easier access to capital markets may also facilitate capital investments that could
reduce worker exposures to hazards.

Costs and Benefits Might Be Related to Size
We now need to discuss how we expect these factors to influence the level of risk at larger and
smaller establishments and firms.3

Benefits. With regard to the benefits of preventing injuries, there are several pathways
through which these can accrue at the level of the firm and which might be affected by firm
size.

' For a detailed discussion of incentives posed by different workers’ compensation programs, see Victor (1982).

2 The finding in this and other studies is that the interaction of variables for whether the establishment has a union and
the level of risk in the industry has a positive effect on wages.

3 Of course, it is important to remember that, for the large number of single-establishment firms (the great majority of
all firms, although they do not account for the majority of employment), firm size and establishment size are the same. For
example, in manufacturing in 1982, 276,000 of the 358,000 establishments were in single-unit firms, but they employed
less than 25 percent of all manufacturing workers (U.S. Census Bureau, 1986, p. 723, Table 1303).
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* Because small (and new) firms lack sufficient “experience” on which to base actuarial
predictions under workers’ compensation, they are typically subject to little or no experi-
ence rating and pay the average rate for their lines of work. The weight accorded to the
experience factor in setting premiums increases with the expected number of losses and
the severity of the losses. The number and the overall size of losses will be greater the more
hazardous the industry, the higher the benefit payments in the state, and, especially, the
larger the number of employees in the firm.* Empirical studies have found, for example,
that when a state increases its benefit levels to injured workers (thus increasing expected
losses to the firm from injuries), the injury rates of larger firms decline relative to those
of smaller firms (Ruser, 1985; 1991). The latter, presumably, are more insulated from
the potential increase in losses due to their lower degree of experience rating. However,
it is important to note that much of the empirical research on the impact of experience
rating, including the works just cited, has actually used establishment size as a proxy for
firm size. This practice creates uncertainty about the causal mechanisms that are actually
being examined.

* Workers at larger firms tend to receive higher wages (Brown and Medoff, 1989), which
raises the payroll base on which employers must pay premiums. It also increases the
expected indemnity expenses when workers are injured.

* Smaller firms (but not smaller establishments) face lower penalties from OSHA inspec-
tions (a matter of OSHA policy) and are less subject to “repeat” violations, which OSHA
can cite if similar violations had been recently cited at other workplaces of the same
firm.

* Smaller firms are less likely to have unions and therefore less likely to pay substantial
risk premiums in wages (Viscusi, 1983). Thus, as with workers” compensation premiums,
wages at smaller firms will not decline as much when risks are reduced. In addition,
unionized workers are more likely to request an OSHA inspection (Weil, 1991), which
means that the expected costs of noncompliance will tend to be lower at small firms.

For establishments, the benefits of preventing injuries are limited primarily to the last two
points. Unions generally find it more cost-effective to organize at larger workplaces, so that,
holding firm size constant, we find more unions at larger establishments. Thus, the benefits of
prevention that accrue from the presence of unions will apply to larger establishments as well
as to larger firms. An additional OSHA inspection factor operates at the establishment level:
OSHA exempts establishments with fewer than 11 employees from programmed inspections.
Thus the benefits of compliance are lower at very small establishments.

Costs. When we turn to the costs of preventing injuries, we also note several factors that
might be affected by firm size.

4 Victor (1982) gave the example of a firm in North Carolina. The weight placed on the firm’s own experience varied as fol-
lows: For firms with total expected losses (TEL) of $15,000, the weight was zero. For TEL = $50,000, the weight was 0.04.
For TEL = $100,000, the weight was 0.13. For TEL = $250,000, the weight was 0.39. For TEL = $500,000, the weight
was 0.83. For TEL = $1,000,000, the weight was 1.0. Currently, because the typical injury has much higher costs, the TEL
needed to achieve these weights would be considerably higher.
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* 'There are likely to be some economies of scale in prevention activities for both firms and
establishments. For example, although the opportunity cost to the employer of safety
training activities will be a function of the number of workers who lose time from work,
the actual costs of supplying the training may be similar whether there are five workers
involved or 50.

* Larger firms or establishments are more likely to invest in the purchase of full-time safety
resources; the result of these purchases will be to reduce the marginal cost of using them
and increase their employment. ('This is the same reasoning that claims that those who
need to rent a car will probably make fewer weekend car trips than those who own a car.)
Both small firms and small establishments are less likely than their larger counterparts to
have easy access to safety expertise. For example, a survey in the early 1980s found that
only 2 percent of establishments with 8-99 workers employed safety or industrial hygiene
personnel, compared with 59 percent of establishments with 500 or more employees
(NIOSH, 1999). We also know that smaller establishments are less likely to engage in
safety training. Safety training programs were reported by 28.3 percent of small (8-99)
plants, 53.2 percent of those with 100-499, and 80.5 percent of those with 500 or more
workers (Oleinick, Gluck, and Guire, 1995). The cost of training would presumably be
lower at larger establishments and firms because of the potential for economies of scale.

* Smaller firms tend to face a higher cost of capital, which may make it harder for them to
get the resources they need to implement safety measures.

* Partly because of the wage differential paid at larger firms, smaller firms are more likely to
have “higher risk” workers who require more supervision with respect to safety. Workers
at larger firms (i.e., over 1,000) are older, have more education and longer job tenure, and
are more likely to be married than workers at small firms (i.e., under 100); however, these
differences have declined significantly, at least from 1979 to 1993 (Belman and Levine,
2004).

* Larger firms are more likely to have multiple establishments, and there is some evidence,
based on the productivity of franchisees in cases when there were multiple units in a
region, that productivity was higher for establishments within a multi-unit firm than for
lone units, presumably because of greater opportunities for learning (Darr, Argote, and
Epple, 1995). If the same principle applies to organizational learning about safety, then
larger firms may tend to have an advantage for this reason. However, multi-establishment
firms may face higher coordination costs than a firm with the same number of workers
at one site.

It is unclear whether the degree of cooperation in labor-management relations is greater or
lesser at small establishments. It does seem likely that there would be greater variation in coop-
eration at small workplaces because the relations would be less routinized and more directly
affected by the person in charge.

The factors we have discussed are summarized in Table 1.1. It is interesting to speculate
whether the factors that affect risks for firms are different from the factors affecting risks at
establishments. We think it is plausible that the primary factors that lead to lower risks with
increasing firm size are the financial incentives to prevent injuries, while the leading factors
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Table 1.1

Factors Affecting the Predicted Effects of Establishment and Firm Size on Safety

Affected Entity

Marginal Benefits of Safety Measures

Marginal Costs of Safety Measures

Smaller firms

Have less experience rating in workers’
compensation

Pay lower wages, reducing compensation
costs

Have higher costs of capital

Are more likely to have higher-risk (e.g.,
younger) workers

Are less likely to have unions and to pay
high wage-risk premiums

Face lower penalties from OSHA
inspections and are less subject to repeat
violations if similar violations had been
recently cited at other workplaces

Are less likely to have easy access to
safety expertise

Are less likely to have unions and to pay
high wage-risk premiums; therefore, a
reduction in risk may not save them as
much

Smaller establishments

Are less likely to be inspected; therefore, Are less likely to engage in safety training
compliance will have lower expected

benefits

associated with reductions in risk with increasing establishment size concern the availability of
resources on site (i.e., the costs of injury prevention). However, we acknowledge that we lack
good evidence about the relative magnitude of these different factors and thus that any conclu-
sions remain speculative.

Previous Research on Size and Risk

We now briefly review previous research on the relationship between fatality risk and firm or
establishment size.

Fatalities and Other Serious Injuries

Previous studies have found an association between establishment size and occupational injury
and illness risk.> A 1990 study of over 14,000 OSHA fatality investigations from 1977 to 1986
showed that reported fatality rates were usually highest at smaller workplaces across all major
industry sectors (Mendeloff and Kagey, 1990). The fatality rates for the smallest establishments
(1-19 employees) were about four times the rates for the largest (over 1,000 employees). In
order to investigate whether the result was due to a compositional effect (i.e., that industries
with a high fatality rate just happened to be those that are dominated by small establishments),
the study examined rates within detailed industry categories—four-digit Standard Industrial

> In this report, “injury,” unless noted, will refer to both injuries and illnesses. However, none of the data sources exam-
ined can be expected to do a good job of capturing illnesses with long latency periods.



Introduction 7

Classifications (SICs)—in manufacturing. Similarly sharp drops for establishment with more
than 20 workers were observed in these industries.

Other studies have found an association between smaller establishments and serious injury.
An examination of the 1990 Workplace Industrial Relations Survey (WIRS) of British manu-
facturing establishments with 25 or more employees (Nichols, Dennis, and Guy, 1995) cites
earlier work by Thomas (1991), which found that the rates for the “Health and Safety Executive
(HSE) major rate” (which includes relatively serious categories of injuries, e.g., amputations)
decreased with establishment size.” Fenn and Ashby (2001), reporting on the findings from the
1998 WIRS of about 2,000 British establishments with more than 10 employees, found that
doubling the number of employees at an establishment was associated with a 33-percent reduc-
tion in reported injuries and a 25-percent reduction in reported illnesses.®

Less-Serious Injuries

Some research on less-serious injuries has shown that small establishments (i.e., with 1-19
employees) have lower rates than large establishments have. For example, the U.S. Bureau of
Labor Statistics (BLS) has regularly reported that small establishments have a relatively low
lost-workday frequency rate.” The rates increase from the smallest size category to the category
with 100-250 employees, then decline with increasing size for establishments with more than
250 employees. In all sectors except construction and mining, the smallest establishment-size
category has the lowest rate. For those two exceptions, the smallest size has the second lowest
rate, second only to establishments with over 1,000 workers.

In contrast to his findings for the “HSE major” injury category, Thomas (1991) found in
the same study that the rates for a somewhat less serious injury category (more than three days
off work but not in the HSE major category) increased with establishment size. One study of
less-serious injuries that did find decreases in rates with larger sizes was Haberstroh (1961).
His study of 53 integrated steel mills found that, from 1948 to 1957, a 10-percent increase in
employment, for both establishment and firm size, led to about a 3-percent decrease in the
frequency of disabling injuries.

What could explain the disparity we usually find between the size patterns for more- and
less-severe injuries? The fairly consistent pattern we find is that as injuries become more severe,
the relative performance of smaller establishments worsens. Rates for fatalities and HSE major

6 For example, “food and kindred products” is a two-digit level category within manufacturing; “meat products” is a
three-digit category within food; and “sausages and other prepared meats” is a four-digit category within meat products.

7 Nichols, Dennis, and Guy (1995) also present data indicating that establishments that are part of larger firms have
higher HSE major rates than those that are independent, but the conclusion is based on small numbers and fails to control
for industry composition.

8  Using the Census of Fatal Occupational Injuries (CFOI), Peck-Asa, Erickson, and Kraus (1999) analyze fatalities in the
retail trade sector, where 89 percent of the deaths were due to either transportation accidents or assaults. They found that
establishments with fewer than 20 workers had above-average fatality rates. It is plausible that workers in, e.g., mini-marts
are more vulnerable to assaults than are workers in department stores. The possible patterns for car-crash deaths are less
clear-cut and deserve further attention. In our analyses, we exclude fatalities from these two causes.

9 “Lost-workday injuries” include both injuries resulting in one or more days away from work and injuries resulting only

in restricted work activity.
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injuries show higher rates for the smallest establishments; rates for the less-serious injuries in
Britain and for the U.S. lost-workday rate show better performance there.! One explanation
could be that establishments in different size categories truly differ in their rates for more- and
less-severe injuries. Another explanation could be that smaller establishments have a higher
rate of underreporting but that the underreporting is less for more-serious injuries. We discuss
each explanation in turn.

Accident Types and Size

It seems unlikely that the probability that a specific accident type (e.g., a fall from a ladder)
results in death would be related to firm or establishment size. It is somewhat more plausible
that different types of injury-causing events might display different frequencies across size
groups. That result would require two elements: first, that different accident types vary in
the probability that death will result, and second, that workplaces of different sizes vary in
the composition of these accident types. The first element is certainly present. The causes of
fatalities do differ considerably from the causes of nonfatal injuries and illnesses. Even ignor-
ing highway motor vehicle crashes and assaults (which are largely excluded from the database
we examine below), we find that other causal event types, such as fires and explosions, also
account for a much larger share of fatalities than they do of nonfatal injuries. Similarly, injuries
caused by overexertion (e.g., sprains and strains) comprise about 40 percent of all lost-workday
injuries but only a tiny share of deaths. Whether the second element, that there are systematic
size differences in the share of different accident types, is also true and whether these differ-
ences could account for major differences in fatality rates will be explored in our findings.

Underreporting and Size

It seems plausible that more-serious injuries might be less subject to underreporting. Leigh,
Marcin, and Miller (2004) review many studies that indicate that the BLS survey substan-
tially undercounts nonfatal injuries, perhaps by 40 percent for the sectors covered, and that
“Evidence suggests that small firms are especially prone to underreport.” Seligman et al. (1988)
reported that compliance with OSHA recordkeeping requirements was poorest at small firms
and best at the largest ones.

Glanzer et als (1998) study of a large construction project found that underreporting was
lower for injuries that involved lost workdays than for injuries without lost workdays.

As for the underreporting hypothesis, Oleinick, Gluck, and Guire (1995) examined
workplaces in Michigan to see whether smaller workplaces tended to have fewer risk factors
than did larger workplaces. They found the opposite. For example, they found that smaller
establishments had younger workers, a higher percentage of males, and did more construc-
tion work (although it was not clear that they had higher turnover rates). A higher turnover
rate of workers has often been linked to higher injury rates. We noted previously that work-

10 One exception is a comparison we made between the rates from the BLS survey for lost-workday injuries and the rates
from the survey for “medical only” cases, which do not involve time lost from work or restricted work activity. The patterns
by establishment-size category were almost identical for the two groups of injuries; the relative rates for the smallest work-
places were only slightly higher for the more severe category.
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ers at larger firms have longer tenure. Oleinick, Gluck, and Guire cite a study by Berkeley
Planning Associates (1988) that indicated that new-hire rates were about 5 percent higher at
small firms than at large ones, although another survey had found no differences in turnover
by size (NIOSH, 1988). Because they found evidence that risk factors were greater at smaller
establishments or firms, Oleinick, Gluck, and Guire suggested that the lower reported rates for
less-severe injuries at these workplaces were probably a result of underreporting.

Morse et al. (2004) also found that smaller businesses (it was unclear in this study whether
the survey responses pertained to establishment size or to firm size) might have higher rates of
injury than larger firms had. They conducted a population-based survey in Connecticut that
found that, controlling for age, gender, physical risks, and occupation, employees of smaller
businesses had a marginally significant higher risk of occupationally related musculoskeletal
disorder (MSD). The authors concluded that there was general underreporting of MSDs but
that the amount of underreporting appeared to be greater in smaller firms.

In summary, the studies done to date suggest that the rates for severe injuries (especially
fatalities) are highest in the smallest establishments. For less-serious injuries, in contrast, we
find somewhat lower rates for this group. Regardless of whether the latter findings are real or
an artifact of underreporting, the findings for deaths and severe injuries should generate con-
cern about what is happening at smaller establishments. As we noted, previous research pro-
vides no information about how the effects of size vary for firms as opposed to establishments.
As we discussed earlier in this introduction, there are reasons to expect both larger establish-
ment size and larger firm size to lead to safer workplaces.

Focus of This Study

This study sought to shed further light on the role of size on fatality rates and, in particular, to
disentangle the effects of firm size and establishment size. Specific research questions include
the following:

* What is the effect of establishment and firm size on fatality risk?

* What is the effect of each of them, holding the other constant?

* What do the answers to these two questions tell us about the factors that play a large role
in influencing risks?

* Has the relationship between establishment size and fatality risk changed over time?"!

e Is the establishment-size pattern characterized by differences in the prevalence of different
causes of fatalities?

e What do our findings tell us about policy questions and priorities?

11 As discussed below, data limitations prevented an assessment of changes in the firm size—fatality rate relationship over
time.
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As indicated in the report’s title, this work should be regarded as exploratory, not defini-
tive. Rather than providing the last word on the subject, our goal is to enrich the debate over
safety in small businesses by providing a factual baseline and considering possible causal mech-
anisms and evaluative criteria.

Organization of This Report

The remainder of the report proceeds as follows. In Chapter Two, we discuss the data and
methods used in this analysis. In Chapter Three, we present our findings, first examining the
simple relationships of risk to establishment and firm size; then considering the relationship
between fatality risk and establishment and firm size, holding the other constant; and finally
discussing additional issues, such as variables that might affect the results, trends over time,
the issue of underreporting, and the relationship between fatalities and violations of OSHA
standards. In Chapter Four, we discuss the implications of our study for public policy and
suggest directions for further research. Appendix A compares OSHA Integrated Management
Information System data to data from the Census of Fatal Occupational Injuries. Appendix B
shows fatality rates by industry sector. Appendix C discusses the Poisson regression analysis.
Appendix D excerpts relevant California Division of Occupational Safety and Health policies
and procedures. Appendix E discusses fatality rates for the construction sector using three cal-
culation methods.



CHAPTER TWO

Data and Methods

In this chapter, we describe the data and methods used to conduct this study. The chapter
begins with a detailed discussion of how fatality rates were derived, first for the numerator (the
number of deaths) and then for the denominator (exposure to the risk of death). The remain-
der of the chapter describes the regression analyses used to add more control variables to the
analysis and the data on violations and injury cause that were used to explore the drivers of the
size—fatality risk relationships we observed.

Our analyses examine fatality rates, the number of fatalities during a period divided by
the number of worker-years of exposure during that period. If an industry employs an annual
average of 1,000 workers over a 10-year period, then there are 10,000 worker-years of expo-
sure.! In our explanation of how the fatality rates were calculated for this study, we start with
the numerator and then turn to the denominator.

Numerator Data

The data on workplace deaths for this study come from the inspection files in OSHA’s
Integrated Management Information System (IMIS). Data for the IMIS are available from
mid-1974. Before 1987, data were often not available from states using their own state plans to
guide inspections (i.e., the 21 states where federal OSHA had delegated enforcement authority
to state agencies). By 1991, all states were participating in the IMIS. Most of our analyses use
only more recent data, including 17,481 fatalities for the years 1992-2001.2 For comparisons
with earlier periods, going from 1975 to 2002, we use data only from the federal OSHA states
(which represent a total of 33,391 deaths). To study size patterns in hospitalization cases, we
utilize California data in the IMIS, also for the years 1992-2001.

OSHA has always had a requirement that employers notify it by telephone within 24
hours (more recently within eight hours) about work-related deaths and “catastrophes,” defined
as events leading to the hospitalization of three or more workers. Hospitalization refers to inpa-
tient care. The OSHA Area Director is supposed to investigate these incidents unless they fall

I Our data do not distinguish between full-time and part-time workers. This shortcoming will give rise to a tendency to

overestimate rates for industries and size categories that have larger numbers of employees working part time.

2 Unlike this study, the work of Mendeloff and Kagey (1990) used fatal accidents, rather than individual faralities, as the
unit of analysis. Of all deaths in the OSHA file, 84.4 percent occurred in events with a single death.
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outside of OSHA jurisdiction (see below). These investigations (labeled FAT/CATs for fatality/
catastrophe) rank second only to “imminent dangers” in OSHA’s inspection priority system.
Each year, OSHA has investigated somewhat fewer than 2,000 deaths (including both federal-
and state-plan states).

There has been some ambiguity about exactly which cases need to be reported to OSHA.
In 2001, OSHA clarified that motor-vehicle accidents on a public street or highway do not have
to be reported, unless they occurred in a construction work zone. Also exempt from report-
ing were events that involved a commercial airplane, train, subway, or bus. In contrast, heart
attacks at work did have to be reported, as did cases of workplace violence; whether OSHA
investigated would be determined by the Area Director and depend on the circumstances
(OSHA, 2001). In general, as we show below, OSHA has investigated only a small percentage
of heart attacks and deaths due to assaults (see Appendix A).

The coverage of fatalities provided by OSHA fatality investigations in the IMIS could be
incomplete for two reasons: (1) an employer failed to report a fatal injury, or (2) the employer
did report, but OSHA decided not to investigate. No national file is kept for cases that are
reported but not investigated; therefore, we cannot identify how many cases fell into the second
category.

We assess the completeness of the IMIS data by comparing the number of cases in the
IMIS with the number in the Census of Fatal Occupational Injuries (CFOI). This task is dif-
ficult because the BLS did not allow us to link the CFOI with the IMIS data. So we have to
compare subsets of cases in the two data sets to get a sense of the size differences. The annual
number of deaths in the CFOI has averaged over 6,000 per year, far more than the 1,800 or
1,900 in the IMIS. About 20 percent of the CFOI deaths comprise nonemployees (e.g., self-
employed, volunteers). If we also remove deaths due to highway motor-vehicle accidents and to
assaults, the CFOI annual average dips below 3,000.

There are many other, smaller categories of deaths that are unlikely to be investigated by
OSHA. Appendix A estimates the fatality rates in these categories. Unfortunately, the IMIS
uses a different coding system than the BLS does; therefore, it is often difhicult to be sure
which numbers to compare. If we use the CFOI employee deaths, removing only the highway
deaths and assaults, the OSHA coverage ranges from 78.4 percent in construction, 77.4 per-
cent in manufacturing, and 62.6 percent in wholesale trade down to below 40 percent in the
finance and transportation/public utility sectors. Removing some other questionable categories
(e.g., airplane crashes) changes these figures to 82.8 percent for construction, 77.8 percent for
manufacturing, 68.8 percent for wholesale trade, and 54 percent for transportation and public
utility.?

For purposes of this research, however, the key issue is not whether the IMIS contains a
complete set of fatalities (within the OSHA jurisdiction) but whether the reporting and inves-
tigating process leads to biases with regard to the size of establishments or firms in the data set.

3 There is not much evidence on the completeness of fatality reporting to the IMIS. One study by Smith, Veazie, and
Benjamin (2005) for Maryland in 1984 found much lower reporting, even for injuries for which the workplace connection
was unambiguous.
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We saw previously that there is evidence that smaller establishments may underreport injuries.
The underreporting appears to decrease with the severity of the injuries; however, there is no
reason to believe that it does not extend, to some degree, to fatalities.®

A critical feature of the IMIS data is that they include measures of both establishment
and firm employment. The following are selected variables in the IMIS database for fatality
investigations:

e Name and address of company

* Date of injury

* Number of employees at that establishment

* Number of employees covered by the inspection

e Number of employees controlled by employer

* Union representation—yes or no

* Industry

 Nature of injury (e.g., broken leg, contusions)

* Degree of injury (e.g., died, hospitalized, not hospitalized)
* Injury event (e.g., fall from roof)

* Standards cited as related to the accident, and, if so, the particular standard(s) violated
* 'The severity of each violation

* 'The penalty, if any, for each violation

* Age

e Sex

* Occupation.

It is, however, important to realize that these numbers are not validated. Compliance ofhi-
cers typically write down whatever they are told by the company official. Moreover, our exami-
nation of the data showed that prior to 1984 the data submitted to the IMIS almost always
show the same figures for establishment and firm employment. The figures for that earlier
period are higher than later establishment numbers but much lower than later firm-size num-
bers. Since 1984, the figures for average establishment and firm size have been stable. So we
decided to ignore pre-1984 data in our analyses of fatality data from federal states. Even after
1983, it is plausible that there are errors in these figures, especially for the firm employment,
where OSHA asks for the “number of employees controlled by the employer.” In addition, the
number of employees can change over the course of a year, so that the numbers provided, even
if accurate, may give a misleading estimate of the average employment for the year.

4 To gain insight into nonreporting to OSHA, we did examine data on the cases where federal OSHA issued
a citation for employers’ failures to report fatalities and hospitalizations. In recent years, these have occurred at
a rate of about 40 per year. Most of the cases are in manufacturing; however, this does not mean that most of
the underreporting is in that sector. Workplaces are much more likely to be inspected in that sector than in any
other; as a result, OSHA is more likely to conduct a routine inspection that discovers that a worker was recently
killed. A disproportionate number (relative to reported fatalities) of these citations in manufacturing are against
establishments with fewer than 100 workers. The number against workplaces with 1-19 workers is not high, but
this could be because workplaces with 1-10 workers are exempt from programmed inspections; thus, OSHA
would have fewer opportunities to detect underreporting there.
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In order to gain further insight about possible underreporting, we examine data on serious
nonfatal injuries from California, which has had a broader telephone reporting requirement and
accident investigation program than federal OSHA does. In addition to amputations and some
other specific injury types, California requires employers to report all cases in which a worker
is hospitalized for more than 24 hours (other than for observation). Highway motor-vehicle
accidents and assaults are exempt from these requirements. There are roughly seven times as
many hospitalized workers as fatalities in the California data; however, it is possible that the
cases in the file are a substantial undercount of all hospitalizations. A recent Washington state
study that relied on reports to the state’s monopoly workers’ compensation insurance fund (for
all but the self-insured) found that the number of hospitalizations was 10 times the number of
deaths (Alexander, Franklin, and Fulton-Kehoe, 1999).

In the following analyses, we examine fatality rates by industry sector and by more
detailed categories. For manufacturing, we look at four-digit SIC categories; for other indus-
tries, we use three-digit SICs. For the 1992-2001 analysis of establishment size by firm size,
the SIC category must have had at least 65 deaths during that period.

Denominator Data

Data on the numbers employed are needed to provide a measure of exposure to risk and
the denominator in the fatality-rate calculations. Data for each establishment-size class come
from County Business Patterns (CBP) (U.S. Department of Commerce, 2006), which provides
annual employment by detailed establishment-size categories by industry and state. At our
request, the U.S. Census Bureau produced a matrix with the number of employees in different
combinations of establishment sizes and firm sizes. The table used 1997 data, the last year the
Census Bureau used SIC codes before switching to the North American Industry Classification
System (NAICS). The Census Bureau tabulates data by employment size of enterprise under
the Statistics of U.S. Business series (U.S. Census Bureau, undated). Ideally, we would also
obtain the Census Bureau establishment-firm matrix data for each year in order to take into
account any changes in the distribution of establishments within firms. However, the cost of
that would be prohibitive. Moreover, it seems unlikely that the size distribution of establish-
ments within firms would change very much. Therefore, we assume that the distribution of
employment from establishments to firms in 1997 remains the same in other years from 1992
through 2001.

One shortcoming of CBP is that it reports annual employment as of the second week in
March. (Other data sources provide more accurate annual average employment by industry but
do not provide data by establishment size.) Thus the rates for industries with high seasonal-
employment variation (e.g., construction) are likely to be misestimated. However, this is a
problem for this study only if the errors affect different size classes of establishments or firms
differently. If they do, then the relative rates would be biased.

Some insight into the possible size of this bias came from the BLS Quarterly Census of
Employment and Wages program, which is based on employers’ reports to state unemployment-
insurance agencies. A published report on these data compared March 2000 with June 2000
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(Okolie, 2004). Overall, national employment grew 3.2 percent. However, employment in
establishments that had 1-4 workers in March grew by 16.8 percent; those that had 5-9, by
6.6 percent; 10-19, by 4.8 percent; 20—49, by 3.6 percent; 50-99, by 2.4 percent; 100249,
by 1.3 percent; 250—499, by 0.2 percent; 500-999, by —0.1 percent; and over 1,000, by 0.2
percent. An endnote reports that “This finding of monotonically declining (not seasonally
adjusted) net employment growth rates does not hold for the other quarters in calendar-year
20007 (Okolie, 2004, p. 12, endnote 5). Based on this limited evidence, use of March data will
somewhat underestimate the true employment denominator and thus overestimate the rates at
smaller establishments.

A more serious problem with using the CBP employment data concerns the construction
sector. Recall that our numerator data for the number of deaths in each establishment-size cat-
egory are based on the IMIS data element on how many workers were employed at the work
site. For fixed-site establishments, the definition that OSHA uses conforms to the establish-
ment definition used by CBP. However, the number of workers that an employer has working
at a particular construction site (the OSHA definition) will not necessarily conform to the CBP
definition. Often the construction workers on site will be part of a larger establishment by the
CBP definition. As a result, the fatality rates we get by dividing the IMIS deaths in each size
category (based on workers on site) by the employment in the size category (based on the CBP
definition) will overstate the fatality rates in smaller establishments (and in all establishment-
size categories except the largest). Because of this difficulty, we do not include construction in our
comparison of establishment size rates and leave that discussion for Appendix E.

Regression Analyses

To see whether our conclusions about the effects of firm and establishment size might be
biased due to the omission of variables with which they might be correlated, we conducted
regression analyses that allowed us to control for the effects of some other variables. The ques-
tion posed in this analysis is whether individual workers faced a higher risk of a fatal accident
in establishments or firms of different sizes. To answer this question, we had to construct a
different data set, because we would like to compare the establishments and firms that have
fatalities to similar ones that are randomly selected. However, our fatality data come only from
establishments that OSHA inspected, and the basis for inspections is not necessarily random
(e.g., worker complaints). Fortunately, planned (or programmed) inspections were targeted
randomly prior to 1998. These inspections were carried out only in manufacturing and only
in industries (four-digit) with average lost-workday injury rates above the private-sector aver-
age.> We identified the fatality investigations that occurred within those industries that were
subject to programmed inspections (exempting establishments with fewer than 11 employees)
and merged them in a file with the cases for the programmed inspections. (In these cases, we

5 ‘There are some other exemptions: OSHA does not include establishments with fewer than 11 workers in this program,
and it does not inspect whether the establishment had been the subject of a comprehensive inspection within the prior two
years.
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look at whether there was a fatal accident at the workplace, not the number of fatalities.) Thus,
for example, we may have 100 programmed inspections in the meatpacking industry and five
fatality investigations. The analysis looks at whether the probability of a fatality differed by
establishment or firm size. Both of those size variables are taken from the IMIS; the census-
table employment figures were not used in this analysis. This analysis was carried out using
Poisson regression.

This analysis also included data on whether a union represented workers at the establish-
ment and whether the workplace was located in a metropolitan area. The union variable was
taken from the IMIS. The metropolitan variable was calculated by merging the county vari-
able from the IMIS with the federal Office of Management and Budget list of standard met
ropolitan areas. These two variables both appeared to be possible confounders. It seems likely
both that occupational fatality rates are higher in rural or nonmetropolitan areas and that
workplaces in those areas tended to be smaller. One reason for the higher fatality rates could
be that it takes longer to get injured workers to hospitals where they can get high-quality care.
Another hypothesis is that smaller establishments in rural areas are at a special disadvantage in
access to safety information and in supplying safety to their workers.

The expected effects of unions are more ambiguous. Unions are more common at larger
establishments within an industry. If unions reduce fatality risks, then failing to include a
union variable could lead us to again overestimate the direc causal role of small size in creat-
ing hazards. Viscusi (1983) has noted that the findings that unionized workplaces often appear
less, not more, safe may reflect a tendency for unions to focus their organizing efforts on work-
ers at less-safe workplaces. If unionized workplaces are less safe, omitting a union variable
could lead us to underestimate the effect of small size on riskiness.

Violation Data

The IMIS data also include a violation file, which reports all violations cited in the course of
an inspection, the particular standard cited, the seriousness of the violation, and the penalty.
Although some violations cited in the course of an accident investigation (AI) may be unre-
lated to the accident, the great majority are at least alleged to be related. However, the existence
of related violations does not necessarily mean that the death would not have occurred in the
absence of the violations. For example, the violation might have had a small effect on the likeli-
hood or severity of the injury.

6 Baker et al. (1982) examined occupational deaths in Maryland in 1978 and found that 68 percent had died at the scene
or en route to the hospital. Since only those who die at the scene are definitely beyond the help of an improved emergency
medical system (EMS), this finding leaves open the possibility that the effect of EMS might be significant.
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Event-Type Data

The IMIS data include codes, as judged by special coders paid by OSHA, on myriad variables
including the part of body affected, the nature of the injury, and the event type. The latter
refers to such categories as “falls from heights” and “struck by.” As noted, these codes differ
from the ones used by the BLS, there are far fewer of them, and they are less specific.






CHAPTER THREE

Findings

In this chapter, we discuss the findings from our analysis. The topics addressed are as follows:

A description of the data in terms of the number of deaths investigated over time, by
industry, and by establishment and firm size

The relationship between fatality rates and establishment size, both for various industry
sectors and then for a selected set of detailed industries

The relationship between fatality rates and firm size at the level of the industry sector
The effects of establishment size while holding firm size constant, and vice versa
Analyses that control for some additional factors that may affect the relationship between
fatality rates and firm and establishment size

Whether there are size-based differences in the causes of fatalities, especially in the role
played by serious health and safety violations

A review of trends in establishment size fatality rates over time.

Patterns in the Fatality Data from OSHA

Figure 3.1 shows the number of fatalities investigated in each year. For the 10 years from 1992
to 2001 (all states), the number of fatalities investigated (17,481) increased somewhat over time.
Of course, employment also grew during this period.! Table 3.1 shows worker fatalities investi-
gated by industry sector. Almost 39 percent of deaths occurred in construction; manufacturing
was a distant second. The greatest percentage disparity between the total and the “federal state
only” comes in the “Government” sector. The smaller share in federal OSHA states reflects the
fact that federal OSHA leaves the coverage of state and local employees to state agencies even
in states where it has authority over the private sector.

1

For the period from 1975 to 2002 (federal OSHA states only), the annual number of fatalities investigated in federal

OSHA states dropped after the 1970s but has remained fairly stable since 1984 at just over 1,000 per year.

19
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Figure 3.1

Number of Fatalities Investigated by OSHA, 1992-2001, All States
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Table 3.1

Work Fatalities Investigated by OSHA by Sector

1993

1994

1995

1996

1997

1998 1999

Establishment and firm size category

2000

2001

All States, 1992-2001

Federal OSHA States, 1975-2002

Sector Number Percent Number Percent
Agriculture 1,058 6.1 1,325 3.9
Mining 463 2.6 1,861 5.5
Construction 6,739 38.6 13,125 38.7
Manufacturing 3,903 22.3 9,148 27.0
Transport, utilities 1,827 10.7 3,324 9.8
Wholesale trade 1,016 5.8 1,884 5.6
Retail trade 317 1.8 475 1.4
Finance 118 0.7 187 0.6
Services 1,628 9.3 2,385 7.0
Government 412 2.4 217 0.6
Total 17,481 100.0 33,931 100.0

SOURCE: OSHA IMIS.
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Table 3.2 shows the percentage distribution of deaths in different employment-size cat-
egories for both establishments and firms. A separate distribution is shown for construction
because, as noted, these categories have a different meaning in construction. Even outside of
construction, almost 42 percent of deaths investigated by OSHA were in establishments with
fewer than 20 employees, although only 27 percent occurred in firms of that size. In contrast,
only 6 percent of deaths occurred in establishments of the largest size category (more than
1,000 employees), but 26 percent occurred in firms of that size.

Table 3.3 shows a cross-tabulation of nonconstruction deaths from 1992 to 2001 for
establishment and firm size. It indicates that most deaths occur in workplaces where establish-
ment and firm sizes are the same (shown in the shaded cells on the diagonal). However, it also
shows that there are many deaths in the cells where establishment and firm size differ, a nec-
essary condition for us to be able to investigate the separate effects of firm and establishment
size. The largest single cell by far, accounting for almost 30 percent of the deaths, is the one in
which both the establishment and the firm have fewer than 20 employees.

Table 3.2
Percentage of OSHA-Investigated Fatalities in Each Establishment and Firm Size Category, All States,
1992-2001

Nonconstruction Construction Only
(N=10,742) (N=6,739)
Establishment Size Firm Size Establishment Size Firm Size

Number of Employees (%) (%) (%) (%)

<20 41.7 27.2 71.4 42.5
20-49 15.8 12.8 13.9 18.9
50-99 1.4 9.2 6.0 1.4
100-249 12.4 11.0 4.9 12.4
250-499 7.3 7.2 1.6 6.0
500-999 4.6 5.5 0.7 3.0
1,000+ 6.0 26.2 0.6 4.9
Missing 0.9 0.9 0.8 0.8
Total 100.0 100.0 100.0 100.0

SOURCE: OSHA IMIS.
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Table 3.3
Number of Nonconstruction Fatalities Investigated by OSHA, All States, 1992-2001, by Establishment
and Firm Size

Firm Size

Establishment Size <20 20-49 50-99 100-249 250-499 500-999 1,000+ Total

<20 3,019 405 232 271 128 109 406 4,570
20-49 975 128 146 107 70 275 1,701
50-99 628 131 82 60 323 1,224
100-249 629 117 103 481 1,330
250-499 339 60 383 782
500-999 190 304 494
1,000+ 641 641
Total 3,019 1,380 988 1,177 773 592 2,813 10,742

SOURCE: OSHA IMIS.

The Relationship Between Fatality Rates and Establishment Size

We now examine the relationship between fatality rates and establishment size. Our data set
here covers all states from 1992 to 2001. Figure 3.2 shows the fatality rates for each estab-
lishment size category and for each of the industry sectors with the most employees and the
most deaths: manufacturing, transportation and public utilities, wholesale trade, retail trade,
and services. (As described previously, we omit construction here because we do not have an
employment denominator for that sector that uses the same definition of establishment that
OSHA does.)?

The figure indicates that, on average, small establishments tend to have higher fatality
rates than large establishments have. For every sector except retail trade, establishments with
1-19 employees have the highest fatality rates; in every case, this rate then falls sharply for the
20—49 size category. For the manufacturing, transportation and utilities, and service sectors,
the fatality rate for the 1-19 category is more than seven times that for the size category that
has the lowest rate. These three sectors have the largest number of deaths, and, for all of them,
the establishment fatality rates decline continuously as establishment size increases.

2 Of the other industries omitted because of the small numbers of deaths investigated, agriculture and mining had high

fatality rates (just below 10 per 100,000 workers) and finance had the lowest (0.18 per 100,000).
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Figure 3.2
Fatality Rate by Establishment Size
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For most sectors, the fatality rate drops most sharply between the establishment catego-
ries of 1-19 and 20—49 employees. However, although we typically see decreases in the fatality
rate between other size categories, the patterns are difficult to characterize. For the five sectors,
the average percentage decreases in the fatality rate as we move from one category to the next
are as follows:

* from 1-19 to 20—49: 51 percent

from 20—49 to 50-99: 20 percent
from 50-99 to 100-249: 14 percent
from 100-249 to 250—499: 15 percent
from 250—-499 to 500-999: 12 percent.

As we move from the 500-999 to the 1,000+ category, we see a 67-percent increase in
the fatality rate. This last change reflects a 500+ percent increase in one industry: retail trade
(from a rate of 0.20 to 1.26). If we omit that observation, we see a 26-percent average drop
from the 500-999 to 1,000+ category. Thus the largest percentage drops occur as we move
from the smallest category to the next smallest and from the second largest to the largest.

Looking at More Detailed Categories of Small Establishments
When we look at more detailed establishment-size categories, we find that most of the dispar-
ity in fatality rates for small establishments is driven by high rates at those with fewer than 10
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employees. To perform this analysis, we used CBP data for establishment categories of 1-4,
5-9, and 10-19 employees. Figure 3.3 shows that the highest fatality rate is found in estab-
lishments with 1-4 workers, followed by those with 5-9 and 10-19 employees. Fatalities tend
to decrease sharply between the 1-4 and 5-9 categories and the 5-9 and 10-19 categories;
in contrast, the rate of decline tends to flatten out between the 10-19 and 20—49 employee
categories. The fact that the highest fatality rates are found in establishments with fewer than
10 employees may be noteworthy because OSHA exempts establishments with fewer than 11
workers from programmed inspections.

In interpreting these findings, the reader should remember that the numbers of deaths
reported through the IMIS equaled only about 80 percent of the total in CFOI for construc-
tion and manufacturing and 40 percent to 60 percent for other sectors (see Appendix A). Thus,
the absolute rates reported would be higher here if there were full reporting.

In addition, as we observed in our discussion of methodology, the bias in using March
data appears to be strongest for the very smallest size categories: Establishments with 1-4
employees have, on average, about 15 percent more workers in June than in March. However,
adjusting for the bias would have little effect on the large differences in fatality rates among
establishments of different sizes.

Figure 3.3
Fatality Rate by Establishment Size (Small Establishments)
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Fatality Rates by Establishment Size in More Narrowly Defined Industries

The finding that smaller establishments have the highest fatality rates in industry sectors
could mask different patterns in more narrowly defined industry categories. For example, if
the industries that happen to have high rates also happen to be dominated by small establish-
ments, the pattern might disappear when we look at detailed industries. In Tables 3.4a and b,
we present the fatality rates by establishment size for all four-digit manufacturing SICs and all
nonmanufacturing three-digit SICs that had more than 65 deaths from 1992 to 2001. Cells
for establishment-size categories were omitted if they had fewer than 10,000 employee-years.
(“Employee-year” is a measure of exposure. With 10 years of data, an industry must have an
average of 1,000 employees per year to meet this threshold.) This left nine manufacturing
industries and 20 nonmanufacturing industries.

Table 3.4a
Fatality Rates for Detailed Industries, by Size of Establishment, 1992-2001: Manufacturing Industries

Establishment Size (number of deaths)

SIC 1-19 20-49 50-99 100-249  250-499 500-999 1,000+
2411—Logging 94.5 24.4 411 46
569 42 24 14 1 3 1
2421—Sawmills 24.8 10.4 10 8.4 11.3 34.1 3.2
57 28 32 37 13 6 1
2620—Paper mills 23.9 3.6 6.4 8.1 4.4
1 2 7 4 13 33 24
3089—Miiscellaneous plastic 3.3 1.7 2.6 1.4 1.1 0.9 0.9
9 10 21 22 11 4 1
3272—Concrete 15.1 14.5 10.1 12.9 7.3
21 28 16 21 3 1 1
3312—Primary steel 30.6 29.3 19.3 10 9.8 5.5
8 5 7 15 16 13 58
3321—Iron foundries 18.2 6.8 3.9 8 13.3 9 3.6
3 3 3 13 23 14 6
3441—Fabricated metal 13.7 7.2 10.7 4.1 10.2 9.9 7.8
16 14 19 7 8 3 2
3731—Shipyards 1191 69.7 47.2 24.4 19.7 19.6 8

26 22 19 21 19 17 38
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Table 3.4b
Fatality Rates for Detailed Industries, by Size of Establishment, 1992-2001: Nonmanufacturing
Industries
Establishment Size (nhumber of employees)
SIC 1-19 20-49 50-99 100-249 250-499 500-999 1,000+

072—Crop services

078—Landscaping

138—0il, gas services

421—Trucking

422—\Warehousing

449—\Water transportation services

491—Electric services

495—Sanitary services

509—Miscellaneous durables

515—Farm raw materials

521—Lumber materials

541—Grocery stores

581—Eating, drinking

701—Hotels, motels

343 37 17 18 12 6 8

255 71 32 28 12 2 9

304 84 70 59 18 1 14

86 51 42 26 19 3 6

86 40 38 70 27 8 15

84 55 46 36 13 2 4

117 53 31 27 1 2 2

49 18 18 19 2 1

45 31 8 5 5 0 1
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Table 3.4b—Continued

Establishment Size (number of employees)

SIC 1-19 20-49 50-99 100-249 250-499 500-999 1,000+
734—Building services 4.6 1.8 0.6 0.4 0.8 0.2 0.2
117 28 6 6 9 2 2
735—Equipment rental services 4 4.3 3.5 1.5 4.3 4.4
52 25 9 3 3 2
736—Personnel services 5 0.3 0.2 0.2 0.04 0.03 0.04
51 5 7 13 2 1 3
738—Miscellaneous business services 3.3 1.4 0.6 0.4 0.4 0.3 0.4
107 29 1" 13 11 5 5
769—Miscellaneous repair shops 7.8 5.8 2.8 1.5 3.2 5 8
126 35 8 3 2 1 3
799—NMiscellaneous recreational services 2.7 1.2 1.4 1.5 1.4 1.6 0.6
62 28 28 23 10 9 9

SOURCE: OSHA IMIS and U.S. Department of Commerce (1997).
NOTE: Number of deaths is below the fatality rate.

We find that for eight of the nine manufacturing industries (all but SIC 2421, sawmills)
the smallest establishments have the highest fatality rates (although in two of those eight
industries, the differences were very small). We also find that, for 13 of the 20 nonmanufac-
turing industries, the smallest establishment size has the highest rate. In all 29 industries, the
smallest category of establishments has a higher fatality rate than found in the industry as a
whole. In cases when the smallest establishment size has the highest fatality rate of all the size
categories, the median ratio of that rate was typically five times the rate in the size category
with the lowest rate for manufacturing and 10 times that in the other industries.

Although we still find that small establishments tend to have the highest fatality rates, the
pattern is not as strong at this detailed level as it was at the sector level. For example, Figure 3.2
showed that for the manufacturing sector as a whole, the fatality rate in the 1-19 establishment-
size category is about 10 times higher than it is in establishments with over 1,000 workers and
that the rate declines continuously. However, for the eight detailed manufacturing industries
in which the smallest has the highest rate, the median ratio from the smallest to the largest is
only 5:1. Similarly, for nonmanufacturing sectors, Figure 3.2 showed that establishments with
1-19 workers have the highest rates in all sectors except retail trade. For the 20 detailed non-
manufacturing industries, the 1-19 category has the highest fatality rate for 13 of them.
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The Relationship Between Fatality Rates, Firm Size, and Establishment Size

We now examine the simple relationship between fatality rates and firm size, looking first at
rates for various sectors. As shown in Figure 3.4, firms with 1-19 employees have the highest
fatality rate in four of the five sectors, all except wholesale trade. In all cases, firms with more
than 1,000 employees have the lowest fatality rates. There are no sectors with continuously
decreasing rates, and the ratio of the highest rate to the lowest is noticeably smaller than it was
for establishment rates for these sectors.

While we find that, on average, smaller firms have higher fatality rates, we still face the
problem that firm size and establishment size are positively correlated. We need to disentangle
their effects. To do this, we assessed whether, for a given firm size, smaller establishments have
higher fatality rates and whether, for a given establishment size, smaller firms have higher fatal-
ity rates.

To illustrate the analysis, we first examine Table 3.5, which shows a cross-tabulation of
the fatality rates for firm and establishment size in the manufacturing sector. Note that the
overall fatality rate for the sector is 2.32 per 100,000 workers. For establishment-size catego-
ries, the top row shows that the rates drop from 8.13 for the smallest to 1.10 for the largest. For
firm-size categories, the left column shows that they drop from 7.06 for the smallest to 1.30
for the largest. There is a greater drop with establishment size than with firm size, but the dif-
ference is not large.

Figure 3.4
Fatality Rate by Firm Size, All States, 1992-2001
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Table 3.5
Fatality Rate per 100,000 Employees (and Number of Fatalities) by Establishment and Firm Size,
Manufacturing Sector, 1992-2001

Panel A—All Manufacturing

Establishment Size

Firm Size Total 1-19 20-49 50-99 100-249 250-499 500-999 1,000+
Total 2.32 8.13 2.67 2.53 1.86 1.56 1.53 1.10
3,880 1,149 479 504 645 420 322 361
1-19 7.06 6.87
862 862
20-49 2.99 33.14 2.34
394 80 314
50-99 3.17 25.79 5.86 2.45
381 54 45 282
100-249 2.82 21.35 4.37 2.66 2.30
465 57 38 50 320
250-499 2.77 14.65 3.77 3.14 1.96 2.64
318 24 21 37 64 172
500-999 2.48 22.24 3.84 3.14 1.90 1.25 2.91
275 28 18 32 54 36 107
1,000+ 1.30 7.71 2.29 2.39 1.42 1.21 1.23 1.10
1,185 44 43 103 207 212 215 361

Panel B—Manufacturing Without Logging (SIC 241)

Establishment Size

Firm Size Total 1-19 20-49 50-99 100-249 250-499 500-999 1,000+
Total 2.05 4.88 2.67 2.59 1.94 1.63 1.56 1.1
1-19 3.31 3.34

20-49 2.61 21.69 2.25

50-99 3.10 25.32 5.98 2.44

100-249 2.87 22.64 4.66 2.77 2.36

250-499 2.91 14.50 4.22 3.42 2.10 2.77

500-999 2.54 21.42 4.09 3.24 1.96 1.33 2.95

1,000+ 1.36 8.17 2.51 2.51 1.50 1.26 1.27 N

SOURCE: OSHA IMIS and U.S. Census Bureau—provided data.
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Next, if we look across the rows we can see the effect of increasing establishment size
within each firm size. For each firm size, the establishment rates are highest in the 1-19 cate-
gory and fall sharply for the 20—49 category. For the most part, they continue to fall, although
considerably less steeply, except for upturns in the largest establishment sizes within the 250—
499 and 500-999 firm sizes. If we compare the pattern among firms with over 1,000 workers,
it is not much different from the pattern for the “Total” row at the top. In other words, the
pattern we found when we looked at establishment size (regardless of firm size) is pretty much
the one we find even after controlling for firm size.

In contrast, note the pattern in the column for establishments with 1-19 workers. Here
the rate for the smallest firm is the Jowest, not the highest. The rate remains much higher for
all mid-sized firms and then finally falls close to the level of the 1-19 firms for firms with over
1,000 employees. We see the same firm-size pattern for establishments with 20—49 employees
and a weaker version of it for establishments with 50-99 employees. Then, for establishments
with more than 100 employees, the smallest firm sizes have the highest rates. What stands out
sharply here is the relatively low rates for establishments with 1-19 workers that are part of
firms with 1-19 workers and for establishments with 20—49 workers that are part of firms with
2049 workers.

Manufacturing includes the logging industry, which is well known for having both a
very high fatality rate and very small establishments and firms. To see how the rates we just
examined change if we eliminate the logging industry, we show the rates without it in Panel B.
The figures there show that the overall fatality rate in establishments with 1-19 employees
drops almost 40 percent and the rate in establishments with 1-19 workers that are part of firms
with 1-19 workers drops over 50 percent. Thus, as we noted before, the disparity between the
rate of the smallest establishment size and the largest is reduced. However, the basic findings
about the relative roles of establishment size and firm size are not changed. We still find sharp
drops in fatality rates as we move to larger establishments from the 1-19 category. For smaller
establishment sizes, we still find the same pattern that the smallest firms have the lowest fatal-
ity rates.

Figures 3.5a through 3.5¢ show graphs for the major sectors that compare patterns of
establishment rates, controlling for firm size, and firm rates, controlling for establishment size.
The denominators for the fatality rates in these figures are large. Only two are based on less
than 125,000 employee-years. All but two others have more than 200,000, and most have
more than 1 million.? Note that the fatality rates are shown on a logarithmic scale.

The patterns we find in transportation and public utilities, wholesale trade, and services
are quite similar to those we found in manufacturing. For 26 of the 30 comparisons (five sec-
tors and six firm-size categories), the 1-19 establishment size has the highest fatality rate. There

3 For each sector, the top panel shows firm size, holding establishment size constant. Thus the left side of the figure shows
the rates for establishments with 1-19 workers and how they vary by firm size. Similarly, the bottom panel shows fatality
rates by establishment size, holding firm size constant. Thus the right side of the figure shows, for firms with more than
1,000 workers, how the rates vary by the size of establishments within those firms. For sectors with low fatality rates, the
labels on the vertical axis begin at 0.1 deaths per 100,000 workers; for those with more deaths, they begin at 1 death per
100,000. In Appendix B, we present these rates in table form for all industry sectors.
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Figure 3.5a
Fatality Rates by Sector: Firm Size Holding Establishment Size Constant and Establishment
Size Holding Firm Size Constant (Manufacturing)
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is one exception in wholesale trade and three in retail trade, all of which account for relatively
small numbers of deaths. In small establishments, the smallest firm size has the lowest rate;
then the rates increase, declining sharply only for the firms with over 1,000 employees.
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Figure 3.5b

Fatality Rates by Sector: Firm Size Holding Establishment Size Constant and Establishment

Size Holding Firm Size Constant (Transportation and Public Utility)
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Figure 3.5¢
Fatality Rates by Sector: Firm Size Holding Establishment Size Constant and Establishment
Size Holding Firm Size Constant (Wholesale)
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Figure 3.5d
Fatality Rates by Sector: Firm Size Holding Establishment Size Constant and Establishment
Size Holding Firm Size Constant (Retail)
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Fatality Rates by Sector: Firm Size Holding Establishment Size Constant and Establishment
Size Holding Firm Size Constant (Service)
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Controls for Other Factors

We have so far seen an association between fatality risk, on the one hand, and establishment
and firm size, on the other, while holding one or the other constant. We need next to con-
sider whether the associations seen might be due to other variables not yet considered. One is
whether the establishments are located in nonmetropolitan areas (and thus far from trauma
centers capable of providing adequate care to seriously injured workers and perhaps with less
access to information about hazards). A second is whether employees are unionized, since
union status is linked to both greater establishment and greater firm size and might be associ-
ated with higher risks, as other studies (Viscusi, 1983) have found. Although it might be useful
to test other variables as well, these two were the only variables available in our data set.*

As described previously, for these analyses we constructed a new data set for federal OSHA
states. The data set included randomly conducted planned inspections in manufacturing from
1984 through 1995 and fatality investigations in the same industries during that period. It is
important to note that this sample is quite different, even for manufacturing, from the one we
examined in the tabular analysis. It includes different years and does not include all manufac-
turing industries. The full analysis is presented in Appendix C.

We carried out regressions using the Poisson model, which estimates the risk that an indi-
vidual worker will have a fatal accident. The Poisson was also useful because it smoothes out
small effects, reducing the signal-to-noise ratio.

First, we compared the results of analyses with and without the metropolitan and union
variables and found that their inclusion did not affect the coefficients for establishment and
firm size. Although we cannot be certain that this same conclusion applies to the 1992-2001
data set that we examined in our tabular analysis, it seems likely that it does. Therefore, our
results there would probably not be changed by inclusion of those variables. Second, as in our
tabular analysis, the findings were that fatality rates were highest in the smallest establishment-
size category (1-19).5 Figure 3.6 shows the coefficients. The actual calculations of risk, based on
these coeflicients, are presented in Appendix C; for example, in firms with over 1,000 employ-
ees, workers in establishments with 20-49 employees have 4.9 times the fatality risk than do
employees in establishments with 250—-499 employees, if other independent variables are held
constant.

4 One reviewer did note that we could have included a variable describing the frequency of inspections in each industry
and state. This would allow us to test whether a higher probability of inspection was linked to lower fatality rates. Neither
the reviewer nor we believed, however, that inclusion of this variable was likely to change the size coefhicients. Another pos-
sible variable could have characterized each specific establishment’s OSHA inspection history. However, constructing this
variable would have involved a major data-linking exercise because the OSHA data do not include a unique establishment
identifier.

5 As we did with the tabular analysis, we also redid the analysis omitting inspections at plants in the logging industry
(results not shown). As in the tabular analysis, the results did decrease the effect of being in the smallest establishment-size
category but showed the same basic patterns.
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Figure 3.6
Poisson Regression Coefficients and Their Confidence Intervals by Each Size Level
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Third, the analyses indicate that, within a given establishment size category, fatality risks
tend to increase with firm size except for the 1,000+ firm-size category. The pattern of increases
with larger firm size was stronger than the one that appears in the tabular analysis. In particu-
lar, in every establishment-size category, it was clear that the fatality rate for the 1,000+ firm
size was higher than the rate for the smallest firms; in the tabular analysis, these rates were
often similar. Although many of the differences in firm-size effects in the Poisson regression
were not statistically significant, this comparison between the 1,000+ category and the small-
est was.

Metropolitan location by itself reduces the fatality rate by about 40 percent. Finally, our
analyses also indicate the fatality risks at nonunion workplaces are about 12 percent lower than
at unionized workplaces. It is not clear whether this reflects a failure of unions or a tendency
for unions to organize at workplaces with higher risks.

Causes of Fatalities in Establishments

Next we consider whether the accident drivers at small establishments differ from those at
larger ones. To conduct this analysis, we first looked at 1992-2001 data for establishments in
all states to determine the percentage of all deaths in each sector that occurred in establish-
ments with 1-19 employees. Then we calculated the percentage of deaths in that size category
for each of the five most common accident event types. These are “struck by,” “caught in,”
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“fall from heights,” “cardiovascular/respiratory system failure,” and “electric shock.” (About 97
percent of the shock events were cross-listed as electrical shocks under the “nature of injury”
code). If the percentage for any one event was 10 percent higher or lower than the share in the
total, we called it, respectively, high or low. If it varied by 20 percent or more, we called it,
respectively, “very high” or “very low.” In other words, if the 1-19 establishment category had
40 percent of all fatalities in the sector, we labeled a particular event category “high” if its share
was above 44 percent and “very high” if its share was above 48 percent. Mining and finance
had no event types for these establishments that varied that much from the share in the total.
For the other sectors, the event types that were distinct in establishments with 1-19 workers
are as shown in Table 3.6.

The clearest finding in Table 3.6 is that fatalities due to cardiovascular and respiratory
system failures comprise a relatively small percentage of the fatalities that are investigated at
workplaces with 1-19 workers. However, this finding may be due to reporting differences.
The cardiovascular category of events is probably less obviously work related than any other
category; larger workplaces may be more conscientious about reporting these deaths than very
small workplaces are. The manufacturing industry looks quite different if we exclude logging
(which accounts for about 15 percent of manufacturing deaths). Almost all the logging deaths
are “struck by” events that occur at very small establishments. Once the logging industry is
removed from the sample, we find that “struck by” deaths are not especially common at small
manufacturing workplaces, while “electric shock” becomes a more prominent cause of death.
Given the relatively large role of electric shock at small establishments in retail trade and ser-
vices as well, further study of why electric shocks are especially disproportionate there may be
worth investigating.

Earlier, we had noted that some event types, such as electrocutions and explosions, were
especially likely to cause deaths even though they caused relatively few injuries. We raised
the question of whether these types of events were more common sources of fatal accidents at
small compared to large establishments and thus whether that might explain why death rates

Table 3.6
The Relative Frequency of Different “Events” in Fatalities in Establishments with 1-19 Employees,
by Sector

Sector
Major Event Transp. and Mfg Without
Type Agriculture Mfg Public Utility Wholesale Retail Services Logging
Cardiovasc. Low Very Low Low Very Low Very Low Very Low Low
Caught in — Very Low — — — — —
Fall from High Very Low — Very Low Very Low — —
height
Electric shock — — — — Very High High Very High
Struck by — Very High — — Very High — —

SOURCE: OSHA IMIS.
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were higher at smaller establishments even though rates for minor injuries were not. We do see
here some support for the claim that electrocutions cause a larger percentage of the deaths at
small establishments than they do at large ones. However, the largest disparity was about 25
percent between the percentage of deaths at establishments with 1-19 workers that were caused
by electrocutions and the percentage of all deaths that were in that size category. Thus, if these
small establishments had 40 percent of all fatalities in a sector, they might have 50 percent of
electrocutions. It is important to keep in mind that the establishment with 1-19 workers typi-
cally had a fatality rate twice the rate for the whole sector. Thus, if the overall fatality rate for
the sector was 2.0 per 100,000 employees, the rate for the 1-19 category would be 4.0. Even if
the 1-19 category had 50 percent of electrocutions, the percentage of all deaths due to electro-
cutions never exceeded 10 percent in our data. Thus, they would account for at most 0.4 out
of a total rate of 4.0. Even if the rate for electrocutions were elevated by 25 percent, it would
contribute only 0.1 to the total rate of 4.0. Thus, the higher relative frequency of accident types
that (like electrocutions) contribute a larger share of deaths than of nonfatal injuries seems
unlikely to explain very much of the higher death rates at small establishments.

OSHA Violations and Establishment Size

Another possible driver of variations in fatality rates at different establishments could be vio-
lations of OSHA standards. It is possible that higher fatality rates at small establishments
primarily reflect a higher rate of fatality-causing serious violations. To examine this issue, we
calculated the percentage of Als of fatalities in each establishment size category in which seri-
ous violations had been cited.

It is important to keep in mind that the issuance of a violation in these cases does not nec-
essarily mean that the violation caused the death, i.e., that the death would not have occurred
in the absence of the violation. The violation does not have to be a “necessary condition” in
order to be issued. In general, OSHA is supposed to cite violations that “contributed to” the
death, but it is not possible to infer the degree to which the violation contributed.

Table 3.7 shows, for 1992-2001, the percentage of deaths with serious violations by estab-
lishment size for the five largest sectors. The figures are shown separately for federal OSHA and
state plan states. Several of the latter have their own distinct sets of standards and use different
codes for them.

The percentage of fatality investigations citing serious violations for the 1992-2001 period
ranged from the upper 60s for construction and manufacturing to the low 40s for retail trade
and finance. The rate for services was 50.5.6

©  For particular fatality event types, the “shock” category was most often associated with a serious violation (70.1 percent).
Of the other major categories, serious violations were also often issued in cases of “falls from elevations” (68.8 percent),
“caught in or between,” (65.5 percent), “struck by” (58.2 percent), and less frequently in cases of cardiovascular or respira-
tory system failure (36.2 percent). Two nature-of-injury codes in the cardiovascular event code category had percentages
over 65 percent (asphyxia and electric shock); few events in the “other” category, which includes most of the cases, had seri-
ous violations (18.3 percent).
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Table 3.7
The Percentage of Deaths Where Serious Violations Were Cited, by Establishment Size Category,
Selected Sectors, 1992-2001

Establishment Size

Sector Data 1-19 20-49 50-99 100-249 250-499 500-999 1,000+

Construction

Federal States (%) 68.9 67.6 65.4 59.8 50.3 35.3 48.0
N=4,321 3,053 621 280 223 75 34 25
State Plan States (%) 65.1 62.4 63.5 65.2 68.7 42.9 62.5
N=2,262 1,706 287 115 92 32 14 16

Manufacturing

Federal States (%) 72.2 78.1 77.0 69.2 73.6 67.6 53.7
N=2,463 654 320 339 438 265 207 240
State Plan States (%) 59.5 72.1 66.5 66.2 69.8 70.8 67.2
N=1,404 469 160 167 210 159 120 119

Transportation and Public Utility

Federal States (%) 48.3 54.7 54.3 39.2 46.6 40.6 415
N=1,143 451 225 151 158 73 32 53
State Plan States (%) 42.5 51.5 49.4 447 52.5 40.0 35.3
N=618 254 103 87 85 40 15 34

Wholesale Trade

Federal States (%) 69.6 69.6 61.7 59.2 50.0 63.6 55.6
N=637 303 135 81 76 22 1" 9
State Plan States (%) 66.3 54.8 60.0 61.0 28.6 25.0 75.0
N=358 187 73 35 41 14 4 4
Services

Federal States (%) 52.2 58.9 53.2 51.7 48.7 39.4 43.9
N=948 508 163 77 87 39 33 41
State Plan States (%) 47.4 47.2 40.9 46.4 43.6 30.4 50.0
N=632 321 89 66 56 39 23 38

SOURCE: OSHA IMIS.
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The findings indicate some variations between federal OSHA states and state plan states.
In the latter, the percentage of deaths in which serious violations were cited does not vary sys-
tematically with size. In contrast, in the federal OSHA states, the percentage with violations
tends to be somewhat higher in the smaller establishment-size categories (although it does not
decline continuously with size). The differences between the two groups of states should make
us somewhat leery of drawing overarching conclusions about whether OSHA violations are
more likely to contribute to deaths at smaller establishments. However, it certainly seems rea-
sonable to conclude that fatalities at small establishments are oz less likely to be cited for OSHA
violations. This is important because, given the higher overall fatality rates at small establish-
ments, even a finding of an equal likelihood that a serious violation contributed to the accident
means that there is a considerably higher rate of deaths due to violations at these workplaces.
So some part of their higher fatality rates is probably related to greater noncompliance.

Size Distribution of Nonfatal Injury and Accident Rates

In order to gain further insights into the relationship between the severities of injuries reported
and establishment size, we looked at another source of data on nonfatal injuries. Some states
that operate their own OSHA programs have more extensive telephone reporting and Al pro-
grams than federal OSHA does. California’s is the most extensive. As Appendix D notes,
California requires employers to telephone OSHA about all hospitalizations lasting more than
24 hours (other than for observation) as well as for a selected set of other injuries. The IMIS
reported 12,302 hospitalized workers and 1,704 deaths in California from 1992 to 2001.

As Table 3.8 shows, establishments with 1-19 workers had 52 percent of the reported
fatalities and 38 percent of the reported hospitalizations during the period covered. While
not shown in this table, establishments with 20-49 employees show a similar decline from
fatalities to hospitalizations, while larger size categories had correspondingly larger percentages
for the less severe categories. Table 3.8 also compares these percentages to the percentage of
employees in that size category.

In every sector except wholesale trade, the percentage of hospitalized workers from estab-
lishments with 1-19 workers exceeds the percentage of workers in that size category. Thus
workers in that size category were at elevated risk of hospitalization. However, in every case,
the percentage for hospitalized workers is lower than the percentage for fatalities.

Thus we find here again the pattern described earlier. At each major step up in injury
severity, the percentage of events at small establishments increases. In light of our earlier dis-
cussion of other explanations for this pattern, we see this as further evidence that underreport-
ing is greater for less-severe injuries and that small establishments underreport more frequently
than do bigger ones.
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Table 3.8
Percentage of California Employment and Cases at Establishments with 1-19 Employees, 1992-2001,
by Severity and Sector

Sector Workers (%) Reported Deaths (%) Reported Hospitalizations (%)
Construction 40 71 66
Manufacturing 1 32 18
TPU 16 41 26
Wholesale 33 40 27
Retail 33 63 44
Services 25 50 36
Agriculture NA 60 44
Total 52 38

SOURCES: The percentage of workers in California establishments with 1-19 employees in each sector is for 1997,
from U.S. Department of Commerce (1997). Other data from OSHA IMIS.

Tracking the Pattern of Fatality Rates by Establishment Size Over Time

We now consider whether the patterns of fatality rates have changed over time. To examine
this question, we divided our data into three periods: 1984-1989, 1990-1995, and 1996-2001.
(As noted in our description of the data, we omitted years before 1984 because of OSHA’s
failure to distinguish establishment and firm size during those years.) Figure 3.6 presents the
results for the three sectors with the largest number of deaths and for the total of all sectors.
The fatality rate for all sectors and sizes fell from 2.1 per 100,000 in 1984-1989 to 1.8
in 1990-1995 and to 1.7 in 1996-2001. The sectors show some similarities; the fatality rates
for establishments with fewer than 50 workers declined more than the rates for establishments
with 50-499 employees. For the largest establishments, the patterns are more erratic. We do
not see evidence over the period examined here that small establishments have become more
risky relative to larger ones. If anything, they appear to have become somewhat less risky.



Figure 3.7
Fatality Rate Changes Across Three Periods
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Summary of Key Findings

Here we summarize the key findings presented in this chapter:

* 'The smallest establishments usually have the highest fatality rates. Our analysis here did
not include the construction sector because of the use of different definitions of estab-
lishment. In the more detailed size categories, the rates are highest in the 1-4 category,
followed by the 5-9 category and the 10-19 category. In general, the rates among the
1-19 size establishments are 2 to 10 times higher than the rates in the establishment-size
category with the lowest rate.

* 'The smallest firms also tend to have the highest fatality rates. However, once we control
for establishment size, the effects of firm size become much weaker. In other words, much
of the effect of firm size on risk appears to reflect the fact that larger firms tend to have
larger establishments. In contrast, controlling for firm size does not weaken the clear
finding that fatality risks are much higher for small establishments.

* 'The effect of firm size on the fatality rate varies with the size of the establishment. For
small establishment sizes, the lowest fatality rates are found in the smallest firm sizes
(e.g., for establishments with 1-19 workers, the lowest rates are in firms with 1-19 work-
ers). Then rates increase until they fall for firms with over 1,000 workers. In contrast,
for establishments with more than 100 or 250 workers, the fatality rate tends to decline
steadily as the size of the firm increases. In partial contrast, the regression analysis (which
used a different data set and a different basis for estimating the number of workers at risk)
indicated that rates increased with firm size in the larger establishments as well as in the
smaller ones.

* Controlling for union status and metropolitan location does not appear to have an effect
on the impact of establishment or firm size. However, each of those variables does have
an independent effect on the fatality rate. Unionized workplaces have about a 10 percent
higher risk of death. Facilities in metropolitan areas have about a 40 percent lower risk of
death than those in nonmetropolitan areas.

¢ Some, but not all or even most, of the establishment-size effect could be an effect of indus-
try composition. When we examined establishment size for detailed industry categories,
we still generally found that the smallest establishments had the highest rates. However,
the decreases with size were not as great as they were at the sector level.

* Smaller establishments also have higher rates of injuries serious enough to require hos-
pitalization, although their relative rates are not as high as they are for deaths. The latter
finding is consistent with the conclusion that smaller establishments underreport more,
but that underreporting becomes more difficult as the severity of the injuries increases.
Although we were unable to develop a direct and definitive test of underreporting, our
finding is consistent with other literature (Leigh, Marcin, and Miller, 2004).

* When we compared fatality rates in 1984-1989 with rates in 1990-1995 and 1996—
2001, the rates at smaller establishments declined somewhat relative to those at larger
establishments.
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* 'The relationship between establishment size and fatality risk could be partly the result
of greater noncompliance at small establishments. We did not find clear evidence that
deaths at small establishments are more likely to involve serious violations than deaths at
larger establishments. However, given the higher overall fatality rates at small establish-
ments, even a finding of equal likelihood means that there is a considerably higher rate of
deaths due to violations at these workplaces.






CHAPTER FOUR
Implications for Policy and Research

This study set out to examine the relationship of establishment and firm size to workplace risk.
In this chapter, we discuss the policy implications of our findings and present some consider-
ations for future policymaking and research.

Policy Options

Our study reinforces the growing body of literature that indicates that small establishments
tend to have the greatest risks. We were surprised to find, however, that once we controlled for
establishment size, fatality rates did not also increase steadily as we went from the largest firms
to the smallest. Establishment size appeared to have a substantially larger effect on fatality risks
than firm size did. The finding that bigger firms are safer than smaller ones appears due, in
large part, to the fact that larger firms tend to have larger establishments.

Our unexpected findings about the independent effect of firm size raise several possibili-
ties. One is that financial incentives for injury prevention are not so closely related to firm size
or not as powerful as our introductory discussion suggested. The second is that other factors
are powerful enough to offset most of the preventive effects of greater firm size.

With regard to experience rating under workers’ compensation, it may be important to
note that our largest size category, for both establishments and firms, is 1,000 or more. For
firms, this level is below what would usually be required to meet self-insurance requirements.
Thus, it is likely that our categorization does not give a very precise measure of risk for the very
large firms that may have the strongest financial incentives to prevent injuries.

Another possible explanation for our results for firms is that the costs of injury prevention
grow with firm size in ways that we have not understood. Some have speculated that higher
costs to understand and coordinate activities at multi-establishment firms could undermine
the possible economies of scale in providing safety. However, if economies of scale play a role
in making larger establishments safer than small ones, why does this not apply to firm size as
well? Unfortunately, we have no good way to test this or the other explanations suggested.

Another unexpected finding emerged when we looked at the effects of firm size for estab-
lishments of a given size. When the establishments were small, the smallest firm size usually had

47
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the lowest rate. Then the rate increased with larger firm sizes until it decreased for firms with
over 1,000 employees. In contrast, for larger establishments (over 250), the smallest firm gener-
ally had the highest rate. This pattern appeared in most sectors. What could explain it?

The only explanation that occurred to us was that this protective effect might reflect the
presence of an owner on site. Admittedly, we have no prior evidence that having an owner on
site does improve safety. It seems plausible that an owner might, on average, feel more responsi-
bility to run a plant in a way that did not injure workers than would a hired manager. We also
do not know whether an owner actually is on site, although we speculate that this is more likely
because these firms are small and probably have only a single establishment. We did confirm
that when firm size and establishment size are in the same size category, we are usually deal-
ing with single-establishment firms.! (The only exception was when both the establishment
and the firm had over 1,000 workers.) However, even if an owner were on the site of a single
establishment firm, the impact that he or she would make on shop-floor conditions would
probably be attenuated at large workplaces compared to the effect at small ones. While we find
this explanation plausible, it is speculative at this point. We think that the pattern appears large
enough and consistent enough to warrant further investigation.

The worst fatality rates were found at small establishments that were part of mid-sized
firms. In manufacturing, for example, for establishments with 1-19 workers, firms with 20 to
999 employees had fatality rates two to five times higher than did either the smallest firms or
the largest firms. The other sectors show similar patterns. For nonconstruction sectors from
1992 to 2001, the firms with 20 to 999 employees had 1,145 deaths in establishments with
1-19 workers, an average of 114 per year. If these firms could reduce their rates to those of the
smallest or largest firms, over two-thirds of these deaths would be prevented.

A similar analysis can be conducted for establishments with 20-49 workers, although
there the typical excess fatality rate of firms with 50-999 workers is twofold rather than three-
fold. Over the 10-year period, the total number of deaths among firms in that size class in
establishments with 20—49 workers was 451; so if the rate for these firms could be cut in half
(i.e., to the rate of the smallest 20—49 or largest firms), about 22 additional deaths would be
prevented each year.

Thus, this analysis indicates that OSHA (as well as workers’ compensation insurers,
unions, and other safety stakeholders) should investigate how to induce managers of mid-sized
firms to address the problems occurring at their small establishments. This objective would
have even greater importance if we found that these mid-sized firms also do a poorer job at
small establishments when we look at nonfatal injuries. We refer to this issue in our discussion
of research needs.

1" When both the establishment and the firm had 1-19 workers, the number of workers at the establishment equaled the

number “controlled by the firm” in 70.2 percent of the cases. For all of the other size categories below 1,000, this agreement
ranged from 83 percent of the cases to 90 percent. When both the establishment and firm had over 1,000, the numbers were
the same in only 40.5 percent of the cases.
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Limitations

Our findings are subject to a number of possible limitations. As we saw, controlling for indus-
try at the four-digit (in manufacturing) or three-digit (elsewhere) does tend to reveal more-
diverse patterns and reduce the relatively high rates of the smallest workplaces. Thus, industries
with high fatality rates do tend to have a disproportionately large percentage of employment
in small establishments. A further possibility is that the three- and four-digit SIC categories
are still not refined enough to control for differences in what goes on at work sites. And it is
certainly plausible that size is one proxy for these differences; for example, it is hard to believe
that a “steel mill” (SIC 3312) that employs 50 workers is really doing the same type of work
as one that employs 1,000. However, for this explanation to work, we would need to be able
to explain why the higher-risk activities within these subindustries would end up, in the great
majority of cases, being more concentrated among smaller establishments. Such an argument
would seem to require that risk affects size as well as, or instead of, that size affects risk.

The existence of such a relationship is possible. At least one article (Ringleb and Wiggins,
1990) has argued that, at least since the 1970s, many firms have tried to spin off units that pres-
ent higher risks. Their argument implies that risks should have increased at small firms relative
to larger ones. Its relevance to establishment risks is not clear. Their study focused chiefly on
risks in the form of higher expected tort-liability claims, which had increased since the 1970s.
We do not find the evidence presented by Ringleb and Wiggins very compelling. The little
evidence we have on trends over time in establishment fatality rates does not show any tendency
for a relative rise in rates at small establishments.

Another limitation concerns the accuracy of the employment and fatality data that we
use to construct rates. We have noted that the employment data we rely upon (from March of
each year, as reported in CBP) appear to understate the employment at smaller establishments.
It is certainly possible that the understatement varies across industries and is largest for those
that are weather sensitive. The overall bias from using March figures reached a maximum of 15
percent for establishments with 1-4 workers; thus it seems unlikely that this particular bias is
large enough to undermine the conclusion that small establishments typically have rates sev-
eral times higher than large ones. Our data also do not take account of hours of work exposure.
As a result, if smaller establishments use more part-time workers, this would introduce a bias
in our estimates of fatality rates by size.

The OSHA employment data also undoubtedly have errors, especially for firm size.
However, because we are using broad size categories, these errors are unlikely to cause major
problems.

As noted, our fatality numbers are lower than CFOU’s, even when we exclude highway
crashes and assaults. This is an area of concern, although we have argued that, if there is any
bias, it is likely that it would be due to poorer reporting at smaller workplaces and thus lead us
to underestimate death rates there. Figures reported in Appendix A suggest the opposite con-
clusion; however, we believe that the size data used there are likely to be flawed for the reasons
we review.
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Possible Policy Interventions

In this section, we briefly present some possible policy interventions that might be employed to
address health and safety problems at small establishments or firms.

Inspections

We found not only that the fatality rates were higher at small establishments but that the rate
of fatalities linked to OSHA violations was higher, too. But even though small establishments
are riskier for workers, it may be difficult to justify a greater inspection effort there. Even if the
risks per worker were five times higher at establishments with 10 employees than at those with
150, the expected benefits in risk reduction would still be three times as large at the latter. This
assumes, of course, that the reduction in risk is proportional to the initial risk.

However, a number of studies, most recently for 1992—-1998 (Gray and Mendeloff, 2005)
indicate that the effect of OSHA inspections on preventing injuries is greater (in percentage
terms) at smaller establishments. The smallest category examined in that study was establish-
ments with fewer than 100 employees. That study also found 7o evidence of a preventive effect
at establishments with more than 250 workers. If that finding of zero impact is valid, then a
shift to smaller workplaces, including those with fewer than 20 employees, might be justified.
Unfortunately, the preventive effects of inspections were noted only when OSHA found seri-
ous violations and assessed penalties. In their absence, inspections, on average, had no effect or
a perverse one, perhaps by signaling to management that there were no problems that needed
their attention. In general, inspections at smaller workplaces are somewhat less likely to cite
violations—even though the violation rate per employee is higher.

Smaller establishments take less time to inspect than larger workplaces do. However,
because there are fixed costs to inspections (most obviously, travel time), the decline in compli-
ance officer time commitment is less than proportional to the number of employees. Another
potentially relevant finding is that although establishments with fewer than 11 workers have
been exempt from programmed inspections for many years, we did not find that fatality
rates for establishments in that size range declined less since 1984 than did rates in larger
establishments.

As a result of these different factors, the net effect of shifting inspections to smaller work-
places is difficult to predict. Unfortunately, any effort to conduct a valid evaluation of such a
shift would require quite a large (and expensive) intervention in order to cover enough employ-
ees and might still also require a lengthy time period to gather the evidence.

Consultation Programs

It seems unlikely that OSHA’s consultation program could be used to reach a much larger
number of small establishments. The consultation program is an OSHA intervention that
already targets smaller businesses. (For an evaluation of the program on which this discus-
sion draws, see Mendeloff and Gray, 2001.) This is a voluntary program in all states for estab-
lishments with 250 or fewer employees in firms with 500 or fewer. Typically, about 25,000
consultations are conducted each year (by state programs funded mostly by federal OSHA),
compared to about 100,000 inspections. Consultations frequently include worker training.
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Employers who request consultations are not cited for any violations that are found, but they
do have an obligation to abate them, and consultants are supposed to make referrals to OSHA
when they do not. However, at least through 1998, referrals to OSHA numbered only about 25
per year, and those occurred in just a few states. Thus, it seems very likely that compliance was
not really enforced. Changes in the consultation program since that study have added some
features from the inspection program. For example, employers now must post information in
the workplace informing workers about which hazards the consultant had noted. This change
may have improved compliance but may also have reduced the attractiveness of consultations
to employers.

Consultation programs do not have significant waiting lists, suggesting that there is not
much unmet demand. However, it does seem that state programs have some control over the
demand through their marketing efforts. Thus, it might be possible to expand the demand for
consultations from smaller workplaces to a limited degree. Experience indicates (Mendeloff
and Gray, 2001) that the only method for achieving a major jump in demand for consultations
would be to convince small establishments that they faced a much higher threat of an OSHA
inspection. It seems unlikely that this belief could be sustained for any length of time unless
the frequency of inspections did, in fact, increase substantially.

Evidence on the effectiveness of consultations is sparse. Mendeloff and Gray (2001) found
declines after consultations for both violations (a large effect) and injuries (a small effect), com-
pared to establishments without consultations; however, they were not able to rule out selection
bias—i.e., that employers who request consultations were more motivated to make changes
and would have done so even without the consultation.

Information Programs

Based on the Al data we have been reviewing in this study, we believe that it may be worth-
while to consider a trial of a new educational program that would be targeted at small establish-
ments. OSHA currently publishes an array of educational materials designed to assist employ-
ers in reducing hazards. The agency also carries out education programs through cooperative
activities with trade associations.

Additional information campaigns might heighten attention to safety by reminding
employers about the workers in their industry in establishments like theirs who have died on
the job and the factors associated with these deaths. A workplace with 20 employees and a
lost-workday rate of five per 100 workers will have one such injury per year on average. Only
about half of those will involve seven or more days of lost time. Deaths occur less than once
per century. The infrequency of these events seems likely to make it difhicult to keep much
management focus on safety, especially given the multiple and conflicting demands upon the
time of a small businessperson. However, deaths may have a special salience for workers and
employees alike.

Under this plan, an employer in a four-digit SIC might get a list and description of recent
deaths occurring in that industry in workplaces with under 20, 50, or 100 employees. It is not
clear whether it would be necessary to restrict the list to establishments in the same size cate-
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gory. The causal factors would be described along with any OSHA violations cited as related to
the deaths. These deaths would be limited to those investigated by OSHA and would exclude
most highway deaths and assaults.

The idea behind providing this information is that employers will be more motivated to
pay attention to similar issues at their own workplaces and to take actions, including fixing
hazards, that might reduce the probability of serious injuries. The effects of such an interven-
tion might be small, but the public costs would be small as well. Preparing the relevant mate-
rial on an industry basis should not cost more than several hundred thousand dollars. Mailing
material to a million employers would probably add a similar amount. So the total government
cost might be only $1 million, or $2 million to allow for higher expenses.

A crucial unknown is the level of costs that would be incurred by small establishments in
response to this initiative. If, for example, each of 1 million small establishments spent $1,000,
the total cost would be $1 billion. The spending response is unlikely, we believe, to be this
high. To gain more insight, a pilot project could be implemented and evaluated to see whether
and to what extent employers respond to this information and what costs they incur in the
process. It would probably make sense to target the pilot program in a few states at industries
with relatively high fatality rates.

The magnitude of the benefits would depend upon the number of deaths and nonfatal
injuries prevented and the values placed upon those events. If we valued preventing deaths at,
e.g., $5 million, we would have to prevent 20 to match a cost of $100 million and 200 to match
a $1 billion cost. That latter number constitutes over 10 percent of all the deaths investigated
annually by OSHA and about 15 percent of the deaths that occur at establishments with fewer
than 100 workers (including construction establishments). An effect this large seems unlikely
to us; however, an effect of 3—5 percent does not seem implausible. However, it would be difhi-
cult to rule out the role of chance fluctuations if the reductions were less than 10 percent, even
if we used liberal yardsticks for determining statistical significance.?

Focusing on Mid-Sized Firms

OSHA has generally focused on establishments, not firms, when it comes to targeting poor
performers. It may make sense to increase the emphasis on firms in light of the findings here.
We found that establishments that had fewer than 50 workers and were part of firms with

2 We looked at the statistical power of a one-sided test with alpha (the false-positive rate) equal to different levels for a test
with 20 million workers each in the control and experimental groups and a fatality rate of three per 100,000 in the control
group. Thus the probability of detecting a 5-percent reduction in the fatality rate in this test would not exceed 0.51 even
with accepting a relatively high chance of a false-positive result.

% Reduction in Fatality Rate Alpha

0 0.05 0.10 0.15 0.20
5 0.22 0.34 0.44 0.51
10 0.55 0.69 0.77 0.82

15 0.85 0.92 0.95 0.96
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more than 19 but fewer than 1,000 workers had strongly elevated fatality rates. This finding
might provide the basis for establishing an intervention for firms within this category. OSHA
might contact firms with, for example, 500 workers and 12 small establishments. If talks
proved unproductive, OSHA might inspect a single establishment and use the results as lever-
age to forge a settlement agreement under which the firm agrees to undertake changes at all
its establishments. It would, of course, be useful to have additional evidence confirming these
patterns as well as a better understanding of their causes.

Future Research

One of our findings was that, for smaller establishment sizes, the smallest firms had the lowest
fatality rates. It could be useful to learn why we find this. Could it be a reporting phenom-
enon, i.e., when the firm and the establishment are both small, fatalities are underreported to
OSHA? We noted that the firms involved are very predominantly single-establishment firms,
and we speculated that an owner was often on site and that, at least in smaller establishments,
an on-site owner would demonstrate more concern for safety. Can we find out whether on-site
owners do, in fact, generate increased attention to safety? We would also need to be able to
identify workplaces where owners were on site.

We noted above thatwhen we looked at more detailed industry categories, the size differences
we found were not as pronounced. One reviewer suggested that it would be good to go further
and try to obtain data on workers in particular job classifications—e.g., janitor, lathe operator—
where we could assume that the inherent job risks were the same and see whether we still
find differences in fatality rates that were related to size. The suggestion could be a good one,
although we are not sure either that (a) the numbers for any occupation would be sufficient to
carry out this study or that (b) the assumption that “inherent” risks for a particular occupation
would be the same across industries is valid. Nevertheless, these issues can be explored.

Another issue that we noted but did not explore is whether the relationship between risk
and size might reflect the effect of risk on size as well as the effect of size on risk. This issue is
obviously crucial for interpreting the relationships we found. The claim (Ringleb and Wiggins,
1990) that large firms have been spinning off units that are relatively risky in order to reduce
their potential liabilities would apply directly to firms, not establishments. Nevertheless, it
could affect establishments given the positive correlation between firm and establishment size.
If this spin-off argument is true, we could expect to find that employment in hazardous indus-
tries has become increasingly concentrated in small firms, relative to changes in less-hazardous
industries. We cannot test this directly because we have “establishment size by firm size” data
only for 1997. A study that obtained census cross-tabulations for other years could provide an
answer to this question.

Although it was not a focus of this study, our review of fatality rates by size for detailed
industry categories indicated that there were different patterns among industries. We did not
attempt to explain the reasons for these variations, but doing so might shed light on the causal
factors at work.
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Linkage of the CFOI data with OSHA data would allow a much better analysis of the
cases that are missing from each data set and provide a better understanding of the limitations
of relying on OSHA data to study deaths.’

We believe that the findings of this study raise some interesting questions for social scien-
tists. The surprising finding that the smallest firms are not the most dangerous raises questions
about the importance of the financial incentives and the economies of scale that are often cited
as reasons why smaller firms are less safe. Our finding about the different effects of firm size in
small and large establishments may raise important questions for students of entrepreneurship
and organizational behavior.

3" Because of BLS restrictions in our contract regarding our use of the CFOI data, we were not allowed to link the CFOI
data file with OSHA’s data. Although this inability did not seriously impede the current study, the inability to link CFOI
and OSHA data will impede some kinds of future research. One of the major advantages of the CFOI data is that it codes
information about the events using a more detailed and probably more accurate method. The OSHA data, much of which
is available on its Web site, provides the name and address of the establishment where the deaths occurred, along with infor-
mation describing how the death occurred. In light of the availability of the OSHA data, it is unclear what public purpose
is served by BLS restrictions on linkages to CFOL.



APPENDIX A

Comparison of OSHA IMIS and CFOI Data

Background

The completeness of OSHA Al data can affect the validity of our findings. Incomplete cov-
erage raises the question of whether our sample is representative. To assess the completeness
of OSHA’s Al data, we compare these data with the Bureau of Labor Statistics’ CFOI data.
Because the OSHA and BLS data cannot be matched exactly, we need to make several assump-
tions to compare them.

Data Setup

CFOI includes eight types of employee status, including self-employed, work for pay, and vol-
unteer. Because OSHA’s jurisdiction is limited to employees, we include only CFOI’s employ-
ment status category “work for pay or compensation, or other.”

The analysis includes fatal accidents that were investigated from 1992 to 2001. So the
data set excludes deaths that occurred during this period if the accident occurred before 1992,
and it includes deaths occurring after 2001 if the related accident occurred by 2001.

As noted in the main text of this report, OSHA Als do not cover all types of events.
For instance, highway motor-vehicle deaths are not generally reported or investigated. Thus,
we constructed a matching table (Table A.2) that compares the event codes of OSHA Al
and CFOL. To test the validity of matching rules of event types, we adopted two different
approaches. One conservative method is to remove only two major events—highway transpor-
tation accidents and assaults—from CFOI because OSHA does not usually investigate these.
Highway motor-vehicle accidents account for 47,345 deaths in CFOI, almost 24.5 percent of
all deaths. The second-largest category is assaults and violence, which includes 16.6 percent
of the CFOI deaths. The number of OSHA Als for these two types of events amounts to
only 11.7 percent of CFOI’s highway motor vehicle accidents and 2.7 percent of Assault and
Violence accidents.

Thus, we calculated a conservative estimation of the coverage rate after removing these
two events from both CFOI and OSHA data. The resulting ratio of Al-reported deaths to
CFOI deaths is 62.8 percent. However, the coverage rate differs according to the industry
sector, as shown in Table A.1. OSHA Al data included 78.4 percent of the number of deaths
counted by CFOI in the construction sector and 77.3 percent of those in manufacturing. We
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should note that OSHA does not have enforcement jurisdiction over most state and local
government workplaces, nor does it cover most mining establishments. Therefore, we should
expect low “coverage” in those sectors.

We also used a second approach to test the validity of matching rules of event types. The
coverage rate of OSHA data will be higher than the conservative comparison because OSHA
does not usually investigate other accident events in CFOI. For instance, pedestrian, railway,
water vehicle, and aircraft incidents are not usually covered by OSHA inspections. Thus, we
set up the exclusion rules shown in Table A.2. Comparisons are often difficult because OSHA
uses only 14 codes for events, while BLS uses more than 100. This larger number includes
subcategories, but, unfortunately, the major BLS categories usually do not coincide with the
OSHA categories.

Based on the inclusion and exclusion rules in Table A.2, we find the coverage rates of
OSHA AI to CFOI by sector level as shown in Table A.3. (Strictly speaking, these are not
coverage rates but simply the ratio of cases from each data set.) The construction (83 percent)
and manufacturing (78 percent) sectors again show the highest ratios, while other sectors still
have relatively low coverage rates.

Table A.1
“Coverage Rate” of OSHA Al Database by Sector (After Removing Highway Motor Vehicle and
Assault and Violence Accidents), 1992-2001

Sectors CFOI Accidents Al Accident "Coverage Rate” (%)
Agriculture, Forestry, Fishing 2,546 991 38.92
Mining 1,247 453 36.33
Construction 7,931 6,220 78.43
Manufacturing 4,890 3,782 77.34
Transportation and Public Utility 4,037 1,496 37.06
Wholesale 1,076 673 62.55
Retail 1,018 471 46.27
Finance 331 109 32.93
Services 3,332 1,393 41.81

Public 1,427 326 22.85




Table A.2

CFOI and IMIS Event Code Matching Rule
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BLS CFOI Event Codes

OSHA IMIS Codes

Event Include Exclude Event Source Exclusion Reason
Struck against 010X-01XX 6

Struck by 020X-02XX 1

Caught in equipment 030X-03XX 2 24,26,27,43

Caught in materials 040X-04XX 2 12,8,43

Rubbed or abraded 050X-06XX 7 too few cases

Fall to lower level 110X-12XX 5

Fall on same level 130X-13XX 4

Bodily reaction or exertion 5

Electrical 310X-31XX 315X only 13 15,32=315X

Temperature extremes 320X-32XX 11,23

Air pressure 330X-33XX 2 *
Inhalation 3410-341X 8

Contact with skin 342X 10

Injections, stings 3430-343X 9 3 *

Ingestion 344X 9 *

Noise 350X-35XX 47 *

Radiation 360X-36XX 361X only 37

Stress 37XX 12 *

Drowning 41

Choking 382X 17 too few cases
Lack of oxygen 383X-38XX

Highway motor vehicle 410X-41XX 29 **coverage rate 11.66%
Nonhighway motor vehicle 420X-42XX 30

Pedestrian 430X-43XX  431X-432X only 29,30 *

Railroad 440X-44XX 38 **coverage rate 19.55%
Water vehicle 450X-45XX 4 **coverage rate 7.80%
Aircraft 460X-46XX 1 **coverage rate 2.52%
Fire 510X-51XX 512X only 16

Explosion 520X-52XX

Assaults, violence 60XX-6XXX 33,34 **coverage rate 2.70%

*No investigation in OSHA.

**Not likely to be covered; see coverage rate.
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Table A.3

Coverage Rate Excluding More Categories, 1992-2001

Sectors CFOI Deaths Al Deaths Coverage Rate (%)
Agriculture, Forestry, Fishing 1,921 901 46.9
Mining 1,160 437 37.7
Construction 7,093 5,875 82.8
Manufacturing 4,463 3,474 77.8
Transportation and Public Utility 2,441 1,318 54.0
Wholesale 924 636 68.8
Retail 811 413 50.9
Finance 249 98 39.4
Service 2,428 1,240 51.1
Public 832 282 33.9

We had also hoped to gain insight into possible size biases by comparing CFOI and
IMIS cases by size category but could not do this because, although CFOI includes an “estab-
lishment size” variable, this is missing for more than one-third of its cases. At first, we had
assumed that CFOI reported size data only for those cases that had also been reported in the
IMIS. However, as described previously, it turned out that BLS asks the state agencies, which
collect the source data for CFOL, to try to collect size data in other ways. States generally col-
lect employment data to determine the tax that firms will owe to the unemployment insurance
fund. It is up to the firm to decide how to identify its units. In addition to the noted problems
with construction firms, many other firms (e.g., retail or service businesses) often combine
their operations within a county or even a state and report as a single unit. CFOI reports this
information as if it pertained to “establishment size.” We do not know how big this reporting
problem is, because BLS does not report how many cases relied on particular reporting tools.
As a result of this problem, the attempt to compare cases by size in CFOI and IMIS did not
provide any reliable information.



APPENDIX B

Fatality Rates for All Industry Sectors

This appendix shows fatality rates for all industry sectors to allow us to compare patterns of
establishment rates, controlling for firm size, and firm rates, controlling for establishment
size.

Table B.1
Fatality Rate per 100,000 Workers by Firm and Establishment Size, 1992-2001

Establishment Size (hnumber of employees)

Firm Size
(number of
Sector employees) Total <20 20-49 50-99 100-249 250-499 500-999 1,000+
All sectors Total 1.58 3.39 1.43 1.15 0.93 0.84 0.69 0.47
<20 2.85 2.85
20-49 2.27 11.97 1.36
50-99 2.1 10.39 2.39 1.25
100-249 2.08 8.55 3.1 1.56 1.26
250-499 1.88 5.90 2.60 1.99 1.24 1.28
500-999 1.39 3.89 217 1.37 1.37 0.79 0.95
1,000+ 0.64 1.33 0.71 0.75 0.59 0.63 0.58 0.47
Agriculture Total 9.22 11.15 5.87 5.85 5.31 21.75 8.25 8.50
<20 10.02 9.89
20-49 7.06 181.36 4.87
50-99 5.02 60.07 22.64 4.80
100-249 7.30 45.05 22.90 9.23 4.70
250-499 28.15 52.60 33.28 9.23 12.61 26.47
500-999 17.50 30.06 15.74 19.05 57.47 26.48 15.00
1,000+ 8.39 28.55 9.32 9.70 3.85 13.94 1.50 8.50
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Table B.1—Continued

Establishment Size (number of employees)

Firm Size
(number of
Sector employees) Total <20 20-49 50-99 100-249 250-499 500-999 1,000+
Mining Total 9.87 32.69 9.55 5.24 3.65 2.70 1.18 1.87
<20 25.04 22.71
20-49 17.54 92.51 8.52
50-99 16.12 78.24 11.97 7.16
100-249 16.75 105.45 12.66 5.65 7.95
250-499 14.59 64.63 22.87 0.00 2.96 712
500-999 7.34 59.54 10.11 8.40 4.43 4.07 4.23
1,000+ 3.37 27.21 7.73 3.60 1.57 1.66 0.56 1.87
Construction Total 14.11 24.25 9.18 6.46 5.74 4.25 3.85 2.58
<20 14.47 14.74
20-49 13.27 150718 5.18
50-99 13.58 1448.09 85.54 4.18
100-249 16.77 1015.84  177.95 29.48 4.79
250-499 18.46 853.16 91.62 52.74 11.89 4.84
500-999 14.54 43113  105.54 25.04 13.18 2.19 4.23
1,000+ 8.88 93.04 25.35 11.76 8.24 3.09 3.19 2.58
Manufacturing Total 2.32 8.13 2.67 2.53 1.86 1.56 1.53 1.10
<20 7.06 6.87
20-49 2.99 33.14 2.34
50-99 3.17 25.79 5.86 2.45
100-249 2.82 21.35 4.37 2.66 2.30
250-499 2.77 14.65 3.77 3.14 1.96 2.64
500-999 2.48 22.24 3.84 3.14 1.90 1.25 2.91
1,000+ 1.30 7.71 2.29 2.39 1.42 1.21 1.23 1.10
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Table B.1—Continued

Establishment Size (number of employees)

Firm Size
(number of

Sector employees) Total <20 20-49 50-99 100-249 250-499 500-999 1,000+
Transportation Total 2.86 6.61 3.51 2.81 2.21 1.89 0.89 0.79
and public
utility <20 5.05 5.09

20-49 4.93 17.66 3.81

50-99 4.59 16.26 5.19 3.23

100-249 4.66 16.02 3.84 4.26 3.37

250-499 3.98 8.07 4.32 4.60 2.49 3.22

500-999 3.73 12.07 6.02 1.59 3.05 1.63 2.67

1,000+ 1.68 6.82 2.43 2.27 1.70 1.61 0.60 0.79
Wholesale Total 1.19 1.76 1.14 0.86 0.83 0.40 0.52 0.42

<20 1.53 1.47

20-49 1.57 4.27 1.08

50-99 1.65 4.33 1.68 1.09

100-249 1.54 2.70 2.06 1.17 1.21

250-499 1.50 2.72 2.73 0.57 1.47 0.89

500-999 1.10 1.77 1.09 0.78 1.38 0.56 1.06

1,000+ 0.42 0.96 0.53 0.38 0.28 0.19 0.41 0.42
Retail Total 0.29 0.42 0.22 0.19 0.21 0.27 0.20 1.26

<20 0.45 0.44

20-49 0.32 0.59 0.27

50-99 0.29 0.79 0.25 0.19

100-249 0.36 0.58 0.30 0.26 0.33

250-499 0.42 0.58 0.37 0.31 0.10 0.82

500-999 0.33 0.63 0.16 0.19 0.32 0.38 0.78

1,000+ 0.18 0.22 0.11 0.17 0.19 0.22 0.17 1.26
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Table B.1—Continued

Establishment Size (number of employees)

Firm Size
(number of
Sector employees) Total <20 20-49 50-99 100-249 250-499 500-999 1,000+
Finance Total 0.18 0.37 0.16 0.10 0.02 0.10 0.00 0.09
<20 0.40 0.42
20-49 0.36 0.80 0.25
50-99 0.21 0.58 0.00 0.17
100-249 0.29 0.90 0.52 0.12 0.08
250-499 0.32 0.51 0.87 0.00 0.00 0.34
500-999 0.16 0.67 0.00 0.38 0.00 0.00 0.00
1,000+ 0.04 0.07 0.02 0.03 0.00 0.05 0.00 0.09
Service Total 0.48 1.02 0.57 0.40 0.27 0.25 0.22 0.13
<20 0.79 0.81
20-49 0.68 3.1 0.47
50-99 0.54 2.23 0.68 0.37
100-249 0.59 2.98 1.29 0.52 0.30
250-499 0.49 1.66 1.41 0.49 0.33 0.31
500-999 0.39 1.70 0.70 0.47 0.46 0.32 0.23
1,000+ 0.23 1.10 0.49 0.37 0.20 0.18 0.21 0.13

SOURCES: OSHA IMIS and U.S. Census Bureau—provided data.



APPENDIX C
Discussion of the Poisson Regression Analysis

In this appendix, we present further information about the Poisson regression analysis that
we discussed in the text. This analysis extends our research to examine whether the negative
relationship between the fatality rate and establishment size is still valid even after we control
for variables such as location (metropolitan and nonmetropolitan), union, and year. Location
is related to the accessibility to medical services and information superiority. Establishments
in the metropolitan area have better access to hospitals and can transfer injured workers there
quickly; for serious traumatic injuries, quicker access to trauma care can be lifesaving. At the
same time, establishments in metropolitan areas will have more chance to share information
about reducing workplace risk.

Unionization may also affect workplace risks. Fenn and Ashby (2004) found that estab-
lishments in the United Kingdom with a higher proportion of unionized employees had higher
numbers of injuries and illnesses. It is worthwhile to test whether the UK finding is applicable
in the U.S. context. Also, the change of industrial structure and production technology over
years may affect the fatality rate. We need to control for this by including a year variable in
the models.

Data Explanation

We rely on the OSHA IMIS database for the Poisson regression analysis. We rely on the fact
that OSHA conducts “programmed inspections” that are targeted in an essentially random
fashion, at least within certain industries.! We can use the data for those programmed inspec-
tions together with Als as the basis for the Poisson regression analyses. These will compare the
establishment characteristics (like number of employees) from random inspections with those
found where workers die.

1 Prior to 1998, OSHA used the following method for targeting its programmed inspections. In each state, OSHA iden-

tified the manufacturing industries (at the four-digit SIC level) with lost-workday injury rates above the average for the
private sector. Within those industries, OSHA randomly chose the establishments to inspect, except that (a) establishments
with fewer than 11 workers were exempt, as were (b) establishments where programmed inspections had been conducted
within the last two years.
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The OSHA IMIS database includes information about the existence of a union in the
workplace, but it does not contain direct information about the metropolitan location. We
matched IMIS’s state and county address with the U.S. Census Bureau’s metropolitan classifi-
cation codes to differentiate metropolitan and nonmetropolitan locations.

When OSHA selects establishments for programmed inspection, it usually prioritizes
“high hazard” industries. Some industries have a small number of inspections. To control
for the problem, we removed industries at the SIC four-digit levels having fewer than 50 pro-
grammed or accident inspections. Finally, our data cover 190,040 inspections to establish-
ments in 448 SIC four-digit manufacturing industries from 1984 to 1995.

The data used in the following models are not the same as those used in the tabular analy-
sis in the figures in the main text. In particular, the denominator of the fatality rate used here,
i.e., the number of employees, comes from the accident and programmed inspection data of

OSHA IMIS rather than U.S. Census Bureau data.

Model

Poisson regression analysis is one of the most widely used generalized linear models (McCullagh
and Nelder, 1989; Dobson, 1990) when a response variable is counted. Our Poisson regression
analysis is based on two assumptions. First, we calculate the fatal risk per employees rather
than fatal risk per establishment. Second, we assume that a fatal accident is a relatively rare
event and that it follows the Poisson process.

To estimate the probability of fatality per employee, we use the generalized linear model
with Poisson-distributed error and a log-link function. We use the count of fatal accidents as
a response variable and the number of employees as an offset variable. We use a log-link func-
tion and log-to-offset variable to get the fatal risk per employees. The Poisson regression model
used can be stated as follows:

28 21
log(y,) =log(n,)+ B, + ZBkSize,d + Z%Ymrﬁ + TMetro, + \Union, + <,,
k=1 j=1

where y is the number of fatal accidents, 7 is the number of employees, and the error term €
follows a Poisson distribution.

The specified model fits the data well,? and there is no overdispersion or underdispersion
problem in the data.? Also, the distribution-of-deviance residual does not deviate from the
Poisson distribution. Thus, the Poisson regression model is appropriate to measure the fatal
risk per employees.

2 Deviance < Xz (0.95,998), which implies that we cannot say that model does not fit the data under the significant level
0.05.

3 The scaled Pearson 1.0772 in our model. As the scaled Pearson " is near 1, we cannot say that the over- or under-
dispersion problem exists in our model.
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Results

Table C.1 shows the regression coefficients from the Poisson regression, and Figure C.1 dis-
plays them graphically. The results shown are from the analysis with the metropolitan and
union variables included. We also ran the regression without them (results not shown), and the
coefhicients on the size categories barely changed. Thus, it seems plausible, but not certain, that
the tabular results in the text would not change if we controlled for those variables. The figure
illustrates the regression coefficients of each category of establishment by firm size.* It shows
that employees in small establishments have higher fatality risks than do those in large estab-
lishments if we control for firm size. For instance, employees in firms having more than 1,000
employees in establishments with 20-49 employees (E4F9) have a 4.9 times (23.64 divided
by 4.82) greater fatality risk than do employees in the same firm size in establishments with
250-499 employees (E7F9)5 if other independent variables are held constant.

Figure C.1
Poisson Regression Coefficients and Their Confidence Intervals by Each Size Level
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4 E3 refers to establishments with 1-19 employees; E4 refers to those with 20-49; and so on, up to E9 (over 1,000).
Similarly, F3 refers to firms with 1-19 employees, and F9 to those with over 1,000. Thus, for example, E4F9 refers to estab-
lishments with 20—49 workers in firms with over 1,000.

> The regression coefficient of E4F9 is 3.16, which means In(# of fatal accidents/# of employees)=3.16. Thus, # of fatal
accidents/# of employees=23.64. In the same way, E7F9 will have # of fatal accidents/# of employees=4.82.
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Table C.1
Coefficients and Confidence Intervals of Poisson Regression

Wald 95% Confidence Limits

Estimated Ex
Parameter Coefficient (coefficients) Standard Error Lower Upper
Intercept -9.34 0.08 -9.51 -9.18
Size E3F3 2.56 12.88 0.08 2.40 2.71
Size E3F4 3.44 31.10 0.20 3.05 3.82
Size E3F5 417 64.62 0.23 3.72 4.62
Size E3F6 417 64.72 0.19 3.79 4.56
Size E3F7 4.68 107.81 0.28 4.12 5.24
Size E3F8 5.29 198.70 0.35 4.60 5.98
Size E3F9 4.33 75.88 0.24 3.85 4.81
Size EAF4 1.86 6.41 0.07 1.72 1.99
Size E4F5 2.82 16.74 0.14 2.54 3.10
Size EAF6 2.97 19.52 0.14 2.70 3.24
Size E4F7 3.22 24.92 0.19 2.85 3.58
Size EAF8 3.66 38.87 0.22 3.22 4.10
Size E4F9 3.16 23.64 0.13 2.91 3.41
Size ESF5 1.61 4.99 0.07 1.47 1.75
Size E5F6 2.05 7.74 0.13 1.79 2.30
Size ESF7 2.58 13.19 0.16 2.27 2.89
Size E5F8 2.87 17.72 0.18 2.52 3.22
Size E5F9 2.53 12.51 0.10 2.32 2.73
Size E6F6 1.22 3.37 0.07 1.09 1.35
Size E6F7 1.74 5.72 0.11 1.52 1.96
Size E6F8 1.82 6.17 0.13 1.56 2.08
Size E6F9 1.70 5.49 0.08 1.54 1.86
Size E7F7 0.88 2.42 0.08 0.72 1.05
Size E7F8 1.33 3.77 0.16 1.02 1.63
Size E7F9 1.57 4.83 0.07 1.43 1.72
Size E8F8 0.85 2.34 0.09 0.67 1.03
Size E8F9 1.24 3.45 0.07 1.09 1.38

Size E9F9 0.00 1.00 0.00 0.00 0.00
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Table C.1—Continued

Wald 95% Confidence Limits

Estimated Exp

Parameter Coefficient (coefficients) Standard Error Lower Upper
Metcode Y -0.44 0.65 0.04 -0.52 -0.36
Metcode N 0 1 0 0 0
Union N -0.13 0.88 0.04 -0.20 -0.05
Union Y 0 1 0 0 0
Year 1984 -0.68 0.51 0.08 -0.84 -0.52
Year 1985 -0.66 0.52 0.08 -0.82 -0.49
Year 1986 -0.33 0.72 0.08 -0.49 -0.17
Year 1987 -0.04 0.97 0.08 -0.19 0.12
Year 1988 0.14 1.15 0.08 -0.02 0.29
Year 1989 0.07 1.07 0.08 -0.10 0.23
Year 1990 0.06 1.06 0.08 -0.09 0.22
Year 1991 0.13 1.13 0.08 -0.03 0.28
Year 1992 0.01 1.01 0.08 -0.15 0.17
Year 1993 -0.00 1.00 0.08 -0.16 0.16
Year 1994 -0.01 0.99 0.08 -0.17 0.15
Year 1995 0 1 0 0 0

The firm size effect on the risk of fatal accident is slightly different from that for establish-
ment size. As shown in Figure C.1, within the same establishment category, the large firms
have higher risks of fatal accidents. Although the confidence intervals of the estimated regres-
sion coeflicients overlap for most firm sizes in a given establishment-size category, one statisti-
cally significant finding is that the smallest firms (i.e., E3F3, E4F4, E5F5, EGF6, E7F7 and
E8F8) have lower risks than do larger firms. As we note in our discussion, when establishment
size and firm size are the same, the firm usually has a single establishment. Thus, we may
interpret this result as follows: When the establishment sizes are equal, single-unit firms have
a lower risk of fatality than multi-unit firms have.

Our discussion also notes that the findings for firm size here differ somewhat from those
in the tabular analysis. Here, larger firm sizes are associated with higher risks for all establish-
ment sizes; in the tabular analysis, that was true only for smaller establishment sizes.

We can also identify variation by metropolitan status. Employees in nonmetropolitan
region have 1.4 times higher risk than do those in metropolitan region. In addition, unionized
employees have 1.1 times higher risk than nonunionized employees do.

Finally, we performed a sensitivity test with the other five models with different explana-
tory variables (Figure C.2). Model I includes Size, SIC two-digit, Year, Metro, and Union.
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Models II, III, IV exclude Union, Metro, and SIC two-digit variables in a sequential way.
Model V includes only a Size variable.¢ The sensitivity analysis results confirm the patterns that
the small establishments have higher fatality rates than large establishments have.

We also ran these regressions on a sample that omitted inspections and deaths in the log-
ging industry. The results were essentially unchanged.

The Poisson regression models provide further evidence that small establishments are
exposed to high risk. In particular, the job safety problem is more serious at small establish-
ments in nonmetropolitan regions that are unionized and part of a multi-unit organization.

Figure C.2
Poisson Regression Coefficients with Different Models
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6 The order of backward elimination is based on the chi-square statistic of each variable in the model.



APPENDIX D

Selected California Division of Occupational Safety and Health
Policies and Procedures

Every employer shall report immediately by telephone or facsimile to the nearest District
Office of the Division any serious injury or illness, or death of any employee occurring in a
place of employment in connection with any employment.

—Division of Occupational Safety and Health (DOSH), 2002, §B.1.a

Reporting

Fatality

The death of any employee occurring in a place of employment or in connection with any
employment shall be reported to the Division. See 8 CCR [California Code of Regulations]
Sec. 342(a). (DOSH, 2002, SA.2.a)

EXCEPTION: Fatalities caused by: (1) the commission of a Penal Code violation except
the violation of P.C. Sec. 385 (contact with high voltage lines), or (2) a motor vehicle acci-

dent on a public street or highway are not reportable by the employer. See Labor Code Sec.
6302(h). (DOSH, 2002, SA.2.a)

Serious Injury or lliness

Any injury or illness to one or more employees, occurring in a place of employment or in
connection with any employment, which requires inpatient hospitalization for a period
in excess of twenty-four (24) hours for other than medical observation, or in which an
employee suffers the loss of any member of the body, or suffers any serious degree of physi-
cal disfigurement shall be reported to the Division. See 8 CCR Section 342(a). (DOSH,
2002, §A.2.b)

The exceptions are the same as for fatalities.
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Investigations

Mandatory

All accident events resulting in a fatality, serious injury or illness, pesticide poisoning,
or ‘catastrophe’ shall be investigated by the District Office. Labor Code Section 6313(a).
(DOSH, 2002, §C.1)

EXCEPTION: An investigation shall not be conducted if the District Manager deter-
mines that one of the following conditions exists: (a) information contained in the Cal/
OSHA 36(S) cannot be substantiated; (b) no employer-employee relationship exists; (c) the
Regional Manager and the Legal Unit agree with the District Manager that jurisdiction
does not exist over the accident event; or (d) the fatality, injury, illness or exposure was not

work-related, e.g., a heart attack, stroke, or other medical events not related to working
conditions. (DOSH, 2002, §C.1)



APPENDIX E
The Construction Sector

As explained previously, the construction sector presents special difficulties in calculating fatal-
ity rates because of the problems in obtaining matching size categories for the numerator and
denominator of those rates. Table E.1 presents three sets of fatality-rate estimates for federal
OSHA states from 1992 to 2001. These were calculated using three different sets of numera-
tors and denominators:

* OSHA IMIS establishment/CBP. The measure in the top row is the one we have used
to calculate fatality rates for other sectors. For the numerator, it uses the number of deaths
over the 10 years in establishments that the OSHA IMIS said had that number work-
ing at the establishment. The denominator is the sum of the employment in construc-
tion establishments, according to the definition in CBP. As we noted, however, OSHA
counts the number of workers employed at a work site as the number at an establishment,
while the CBP counts the number working out of a particular office or business location.
OSHA will often count workers as having died at a small establishment because there
were only a few workers on a site even though the construction firm might have work-
ers at many construction sites. Thus this measure will tend to overstate fatality rates at
smaller units.

* OSHA IMIS firm/CBP. The measure in the second row is the same as the measure in the
first row, except that the numerator counts workers in categories based on OSHA’s defini-
tion of firm size rather than establishment size. This definition is the number of workers
controlled by the employer. This numerator concept probably comes closer to the CBP
concept, which is used in the denominator. However, the CBP concept of establishment
is generally limited to a particular county or state and thus could undercount the total
employment of firms that operate on a nationwide scale. In contrast, it seems likely that
the figure that OSHA obtains would reflect the total number of employees that firm had,
rather than the number in that county or state. Therefore, we consider the third measure
below.

* IMIS firm/enterprise. The measure in row 3 divides the numerator from measure 2 by
the “enterprise” employment provided by the U.S. Census Bureau in an unpublished
table. Enterprise here is national in scope. For example, it would include the national
employment of a large construction business.
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As Table E.1 shows, these three concepts lead to quite different portraits of the role of
size on fatality rates in the construction industry. Under the first measure, smaller establish-
ments have a significantly higher fatality rate; this rate then declines steeply as the size of the
establishment increases. Under the second measure, there is almost no difference across size
categories. Under the third, the differences are small except for a steep drop in the fatality rate
for the very largest enterprises.

It seems very likely that the first measure overstates the relative risk at small units.
However, because there is substantial uncertainty about what the fatality rates really are, we
generally avoid showing absolute fatality rates for construction. (The only exception is where
we compare changes in rates over time within sectors.)

Table E.1
Construction Fatality Rate Estimates per 100,000 Workers Using Different Methods for Calculating
the Rates

Method 1-19 20-49 50-99 100-249  250-499  500-999 1,000+
IMIS Establishment/CBP 26.7 10.7 8.0 7.2 5.2 4.6 1.9
IMIS Firm/CBP 16.3 14.5 14.1 16.1 18.3 17.4 17.1

IMIS Firm/Enterprise 16.5 15.3 15.7 18.3 20.8 16.3 8.7
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