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ABSTRACT

EVALUATING THE MICHIGAN SENSOR SURVEILLANCE PROGRAM
FOR WORK-RELATED ASTHMA

By

Philip Lee Reed

Work-related asthma (WRA) surveillance has been a component of the Michigan
Sentinel Event Notification System for Occupational Risks (SENSOR) program
since 1988. As a first step in the evaluation of the SENSOR WRA program, this
study compared 545 worksites inspected as a result of the identification of an
index WRA case (SENSOR worksites) with two comparison groups of inspected
worksites: (1) a matched comparison group of inspected worksites; and (2) the
entire population of 12,268 Non-SENSOR worksites. Data were obtained from
the U.S. Department of Labor Integrated Management Information System (IMIS)
database. The key outcome variables in this study were the occurrence and
types of violations identified and cited during the health inspections, as well as
the initial penalties imposed on the organization in conjunction with these
violations. The study found SENSOR and Non-SENSOR worksites were similar
with respect to the occurrence of citations and the assessment of penalties.
Worksites receiving citations were less likely to be represented by a union and
tended to have fewer employees. An association was found between citations
and penalties and the year of the inspection. Inspections taking place during the
period 1993 to 2002 were more likely to have citations and penalties than

inspections taking place during 1989 to 1992.
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INTRODUCTION

With limited resources for health and safety inspections at worksites in the United
States, sentinel event surveillance is one of several available strategies for
prioritizing the selection of worksites to be inspected. Work-related asthma
(WRA) surveillance is part of the Sentinel Event Notification System for
Occupational Risks (SENSOR)."? The assumption underlying the sentinel event
approach is that index cases of WRA identify worksites where there may be
additional disease present, or where workers are at greater risk for developing
disease as compared to other worksites. This study compares worksites
inspected as a result of the identification of an index WRA case (SENSOR |
worksites) and worksites inspected in the normal course of implementing the
Michigan Occupational Safety and Health Administration (MIOSHA) policy for
industrial health inspections (Non-SENSOR worksites). The comparisons of
SENSOR and Non-SENSOR worksites focus on a series of outcomes that are
derived from records of citations and penalties assessed by industrial hygiene
inspectors as a consequence of observed violations of workplace health

standards.

The three specific aims of the study are:
Aim 1. To determine if SENSOR WRA identified worksites differ
from comparison groups of worksites with respect to citations

issued for violations of workplace health standards.



Aim 2. To determine if SENSOR WRA identified worksites differ
from comparison groups of worksites with respect to penalties

assessed for violations of workplace standards for health.

Aim 3. To determine if SENSOR WRA identified worksites differ
from comparison groups of worksites with respect to the qualitative
types of citations issued. Citations resulting from inspections are

classified qualitatively as ‘Serious’, ‘Willful’, ‘Repeat’, and ‘Other.’

In this research the most important issues concern the composition of
comparison groups, and the identification of an appropriate statistical model for
making comparisons of interest. Factors that impact the choice of sampling
strategies for selecting a comparison group include temporal effects influencing
the inspection process, and the disproportional representation of certain
industries among the SENSOR cases compared to the industries in the reference
population of inspected Michigan worksites. Also relevant to WRA surveillance is
the lack of workplace standards specific to most exposures that cause WRA. In
the absence of specific standards for the causes of WRA, evaluation of
inspections must rely on more general indices of hazardous work conditions such

as the number of citations issued and the penalties assessed.

Background and Significance

Asthma is a common disease described by the National Heart Lung and Blood
Institute as “a chronic inflammatory disorder of the airways...in susceptible

individuals, inflammatory symptoms are usually associated with widespread but



variable airflow obstruction and an increase in airway response to a variety of
stimuli. Obstruction is often reversible, either spontaneously or with

treatment.”3P- 3

The symptoms of asthma include wheeze, shortness of breath,
chest tightness, and cough. These symptoms tend to be variable, intermittent,

worse at night, and are provoked by triggers including exercise.’

Work-related asthma has been reported to be one of the most prevalent
occupational lung diseases in developed countries.*> A recent estimate is that in
1997 there were 784 deaths in the United States attributable to work-related
asthma.® Estimates of prevalence and incidence vary considerably from country
to country.”® This is due to differences in methods of ascertainment and
surveillance, as well as differences in the types of industries found across
countries. A generally accepted estimate is that 15% of all adult asthma cases
are work-related.® In Michigan, this would imply as many as 97,000 adults

suffered from work-related asthma in 2001."°

As part of the SENSOR reporting system, in 1988 Michigan began a state-based
surveillance program for work-related asthma.'?'%"12 The SENSOR model
targets “...a preventable work-related disease, death, or disability that serves as
a signal that other workers in the same workplace, industry, or occupation may
be at risk of a similar outcome and may benefit from interventions to abate a
hazard or to detect and treat early disease.” The SENSOR work-related asthma
program in Michigan has confirmed more than 1900 cases of work-related

asthma since its inception. These index cases have led to greater than 500



inspections of worksites intended to identify symptomatic coworkers and

eliminate hazards that could cause additional iliness.

Four categories of WRA were defined as index cases for the SENSOR WRA
surveillance program. These were: (1) WRA; (2) Possible WRA; (3) Work

Aggravated Asthma; and (4) Reactive Airways Dysfunction Syndrome (RADS).

To be considered a definite ‘WRA case’ three criteria needed to be satisfied: (A)
a physician diagnosis of asthma; (B) the onset of respiratory symptoms improve
when the individual is away from the job; and (C) the individual had worked with
a known occupational allergen, or there was evidence of association between
work exposures and a decrease in pulmonary function testing. The category of
‘possible WRA'’ was used for cases satisfying criteria A & B, but without
confirmation of criterion C. The category ‘work aggravated asthma’ was used in
instances when exposures to an agent at work exacerbated asthma symptoms
for an individual previously diagnosed with asthma. RADS consists of the
immediate development of asthma following an acute exposure at work.? Figure
1 presents the distribution of SENSOR WRA index cases broken out by year and

the four categories of WRA (1988 was a partial year).'



Figure 1
Number of SENSOR WRA Index Cases Per Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Year Reported
B Occupational Asthma M Possible C ional Asthma @ Asthma B RADS

From Rosenman, et al, 2003

The process by which SENSOR WRA surveillance operated began with the
referral of a potential WRA case to the surveillance group at the Division of
Occupational Medicine of the College of Human Medicine at Michigan State
University. The primary sources of referral were physician referral (71%), and
hospital discharge data (24%)‘13 The referred patient was then interviewed by
telephone, and if deemed a probable WRA case a request was made for medical
records. The records were reviewed by the program physician who made the
final diagnosis and classification of the case. A determination was then made as
to whether an inspection of the patient's worksite would be recommended. A
total of 545 worksites were subsequently inspected during the period 1989
through 2002 as a result of SENSOR program recommendations. These

worksites, designated ‘SENSOR worksites', were the focus of this research.



MEASURES AND METHODS
This was a non-concurrent prospective study of worksite inspection outcomes.
The SENSOR cohort of worksites was compared with two Non-SENSOR
cohorts. The first comparison group consisted of worksites matched to the
SENSOR worksites based on year of inspection and 2-digit SIC Code. The
second comparison group consisted of all the Non-SENSOR worksites.

Complete data were available for the 14-year period 1989 through 2002.

The population of inference for this study is all Michigan worksites under the
jurisdiction of the Occupational Safety and Health Administration (OSHA) and
potentially subject to inspection. The observational unit or element is the |
worksite at which a health inspection occurred. The study population was
designated to include eligible Michigan worksites for which health inspections
were conducted by the Michigan Occupational Safety and Health Administration
(MIOSHA) during the period 1989 through 2002. Safety inspections are not

included in the population of inference or the study population.

The sampling frame is a list of all industrial hygiene inspections categorized as
“health” inspections conducted within Michigan during the study period. The
source of the list of worksite inspections is the U.S. Department of Labor
Occupation Safety and Health Administration Integrated Management
Information System (IMIS). This national database contains worksite inspection
information provided by state industrial hygiene inspectors. The information

includes “inspection history for specific establishments, citations issued, penalties



assessed and paid, accidents and injuries, standards cited, complaints received
and investigated, referrals, cases contested, State Programs activities, Federal
Agency Programs activities, consultation visits, and discrimination

investigations.”**

Worksite health inspections are conducted:
(1) as part of a planned series of targeted inspections;
(2) in response to employee complaints (the most frequent reason);'®
(3) in response to referral from other entities such as other state agencies
or a safety inspection; or

(4) in response to a SENSOR recommendation.

Excluded from the eligible population of worksites were all worksites inspected in
association with other SENSOR surveillance programs operating during the

study time frame.

Construction of Comparison Groups of non-SENSOR Worksite Inspections.

Two comparison groups were used to address the study aims, a matched group
and the group of all Non-SENSOR health inspection worksites. The selection of
the matched comparison group involved matching selected worksites with
SENSOR worksites based the year of inspection and on the two-digit Standard
Industrial Classification System (SIC) Code.'® The two-digit SIC code represents
major groups of organizations within a comprehensive classification system
based on the primary activities performed by an organization in conducting its

business. Codes exist for industries ranging from mining, construction and



manufacturing, to retail, wholesale and government. The resulting matched group
of worksites reflects the same industry profile, and associated hazards, as
represented by the worksites of SENSOR index cases. The use of a matched
comparison group controls for unmeasured, potentially confounding covariates

that are associated with SIC Code and time.

Several candidate worksites within the non-SENSOR universe were available for
matching. Before undertaking the matching procedure, the SENSOR inspections
were first sorted into three time strata, consisting of

(1) 1989 — 1992;

(2) 1993 - 1997; and

(3) 1998 - 2002.

The purpose of stratifying the source population of inspections by time of
inspection was to remove the impact of any secular trends in the inspection
process. For example, there might have been local inspection emphases in
place in a given year, or changes in policy on citations or penalties, or changes in
personnel or procedures that could have impacted the process or substance of

inspections over the course of the fourteen-year time frame.

The procedure for matching consisted of frequency matching by two-digit SIC
Code within each time stratum. The matching protocol first specified, within each
time stratum, the frequency of SENSOR worksites having each two-digit SIC
Code. Then, for each two-digit SIC Code category, non-SENSOR worksite

inspections were randomly selected without replacement until the number of



matching non-SENSOR worksites equaled three times the number of SENSOR
worksites. This process was repeated for each SIC Code within each time
stratum. There were 78 two-digit SIC Codes represented in the entire study

sample of worksites.

For one SIC code in time stratum 3 (SIC 57,Home Fumiture, Furnishings, and
Equipment Stores), there were insufficient non-SENSOR inspections to achieve
the 3 to 1 sampling ratio. To resolve this, SIC 59 (Miscellaneous Retail) was
recoded as 57 to allow a random selection of three inspection sites. There were

no SENSOR inspections for SIC code 59.

The second comparison group consisted of the entire population of non-
SENSOR worksites where health inspections were conducted during the study
time period. This comparison group represents the distribution of hazards from
worksites across the entire source population of health inspections (excluding
SENSOR sites). Thus the two comparison groups, matched and unmatched,
permit comparisons with like worksites (as defined by SIC code) and with all

worksites, respectively.

Exclusions.

The initial set of worksite inspections for the study period consisted of 13,131, of
which 850 were SENSOR worksites. Excluded from the SENSOR worksites
were 1 duplicate entry and 304 worksites representing SENSOR programs other

than asthma. The 304 non-Asthma SENSOR worksites consisted of 112 Blood



Lead, 109 Noise, and 83 Silicosis SENSOR worksites. This left 545 Asthma

SENSOR worksites for inclusion in the study.

There were initially 12,281 Non-SENSOR worksite inspections in the database
for the study period. Thirteen were excluded: nine because there was no
inspection number or an erroneous inspection number; and four as outliers. The
outliers were chosen based on the total penalty assessed (in dollars). The
distribution of total penalty was extremely skewed with no obvious break or gap
appearing until the four highest values. The fourth highest value was more than
eight standard deviations above the mean penalty among the subgroup receiving
non-zero penalties, and approximately two standard deviations above the néxt
lower penalty. The thirteen exclusions left a net number of non-SENSOR
worksites of 12,268, which is 99.9% of the total number of Non-SENSOR

worksites in the database.

Table 1 presents SENSOR and Non-SENSOR inspections included for each of
the three time strata. The total of 12,813 represents the entire population of

inspections included in the study.

Table 1
SENSOR and Non-SENSOR MIOSHA Health Inspections
Conducted from 1989 Through 2002

Time Stratum | SENSOR (%) | Non-SENSOR (%) | Total (%)
1989 - 1992 146  (26.8) 4,694 (38.3) | 4,840 (37.8)
1993 - 1997 217  (39.8) 3,741 (30.5) | 3,958 (30.9)
1998 - 2002 182  (33.4) 3,833 (31.2) | 4,015 (31.3)

Total 545 (100.0) 12,268 (100.0) [ 12,813 (100.0)

10



The overall SENSOR project was reviewed and approved by the institutional
review board for protection of human subjects in research at Michigan State

University (UCRIHS).

The key outcome variables in this study are the occurrence and types of
violations identified and cited during the health inspections, as well as the initial
penalties imposed on the organization in conjunction with these violations.
Examples of violations that might typically be cited include (1) failure to provide
required respiratory protection, a violation of Standard 19100134, (2) failure to
provide appropriate ventilation, a violation of Standard 19100094; and (3) failure
to maintain a log and summary of occupational injuries and ilinesses, a violaﬁon

of Standard 19040002.

To illustrate potential types of quantitative outcomes, consider that an inspection
could result in zero, one, or several citations for observed violations. Each
citation could result in no penalty or varying amounts of monetary penalty, as well
as generate various qualitative ratings of the violations by the inspector.
Numerous options are available for tabulating such measures. Each option
represents a composite measure reflecting the presence or level of worksite
factors such as the severity of the hazard associated with the violation or the
history of past violations at the worksite. The study utilized four quantitative
measures of violations and four qualitative measures of the violations cited as a

consequence of an inspection. The description of these eight measures follows.

11



Quantitative Outcome Measures. The four quantitative measures are:
(1) Citation Event — (coded 1/0), defined as the occurrence of at least
one citation being issued for a violation observed at the inspected
worksite;
(2) Citation Total — the total number of citations issued to the inspected
worksite;
(3) Penalty Event — the occurrence of at least one monetary penalty
being assessed as a consequence of the worksite inspection (coded 1/0);
and
(4) Penalty Total — the total number of individual penalties issued to the

inspected worksite.

The Quantitative outcome variables are summarized in Table 2.

Table 2
Summary of Quantitative Outcome Variable Characteristics
Data Source: All MIOSH Health Inspections Conducted During 1989 - 2002
Outcome Variable Variable Value Range: .
Variable Definition Type Matched Xlla:ll\jlf)ri:irtlg:}
Name Analysis*
o One or more .
Citation Event Citations Dichotomous 0-1 0-1
N Total number
Citation Total of Citations Count 0-37 0-51
One or more .
Penalty Event Penalties Dichotomous 0-1 0-1
Total number
Penalty Total of Penalties Count 0-16 0-26

*The lowest and highest values found in the comparisons of SENSOR and the matched
comparison group (n=2180)

"The lowest and highest values found in the entire study population of worksites

12



Qualitative Outcome Measures. Violations are classified by the industrial
hygiene inspector with respect to a set of qualitative categories. With only a few
rare exceptions, ratings reported in the IMIS database utilized only four
categories —'Serious’, ‘Willful’, ‘Repeat’, and ‘Other’. The definitions of these

qualitative categories are:

Serious - A serious violation is defined as a violation producing a
substantial probability that death or serious physical harm could
result, and the employer knew or should have known of the hazard.

Repeat - A repeat violation is a violation of any standard,
regulation, rule or order where, upon re-inspection, a substantially
similar violation is found.

Other - An other-than-serious violation is a violation which has a

low probability of resulting in an injury or illness.

Willful - Willful violations are violations committed with an
intentional disregard of, or plain indifference to, the requirements of
the OSH Act and regulations. "’

Each qualitative variable (Serious, Repeat, Other, and Willful) was defined as the
occurrence of at least one citation of that type being issued for a violation
observed at the inspected worksite, and was coded “1” or “0". For example, if an
inspection produced three citations rated as Serious (or any frequency greater
than zero), then that worksite was coded “1” for Serious. If a worksite inspection

produced no citations for Serious violations, then that worksite was coded “0” for

13



Serious. This procedure was followed for each of the four qualitative outcome

variables.

Covariates. The covariate of central interest is the worksite attribute of having
been targeted for a health inspection due to an employee being identified as a
SENSOR work-related asthma index case. This will be referred to as a
‘SENSOR’ worksite (coded 1 or 0). Of the 12,813 eligible worksites in the study,
545 are SENSOR asthma worksites. Three additional covariates of interest
include ‘Union’ — union status (coded 1/0); ‘Worksite Employees’ — the number
of employees at the inspected worksite; and ‘Corporate Employees’ — the
number of employees controlled by the parent corporation. Both employee
covariates are multi-category variables utilizing categories commonly employed
in Department of Labor (DOL) statistics. These categories are

(1) 1 — 10 employees;
(2) 11-49 employees;
(3) 50 — 249 employees;
(4) 250 —- 999 employees; and
(5) 1000 or more employees.
The Worksite Employees and Corporate Employees covariates were entered in

the regression models using k-1 dummy-coded variable-specific categories, with

category 5, 1000 or more employees, as the omitted reference category.

There were 656 of the 12,813 worksites with zero values for Worksite Employees
and Corporate Employees. Of these, 4 were SENSOR worksites. Only two

(0.03%) of the “zero-employee” worksites received a citation for a violation. In

14



contrast, 1,608 (66.0%) of the worksites in category 1 (1 — 10 employees) of the
covariate Worksite Employees received citations. It is not possible to
meaningfully interpret the meaning of zero employees. The group with zeros for
number of employees could consist of a mixture of headquarters locations, sole
proprietorships, missing data, and data entry or recording errors. The option of
combining the zero group with the group of worksites having 1 to 10 employees
is not appropriate because of the large difference between the two groups in the
prevalence of violations. Treating “zero-employee” worksites as a separate
group added nothing to the analyses because there was essentially no variance
in outcome among these worksites. Therefore, it was decided to treat these 656
worksites as having missing data for all regression analyses which included the

covariates Worksite Employees and Corporate Employees.

In addition to the above described covariates, two additional covariates were
employed in analyses involving the unmatched comparison group. The first
additional covariate was the year of inspection (Year), with three levels
corresponding to each of the three time strata defined above. Regression
models used dummy coded variables with stratum 1, 1989-1992, as the
reference category. The second additional covariate was the two-digit SIC code
(SIC) for each worksite. In regression analyses k-1 dummy-coded variables

were used for the 78 two-digit SIC codes represented in the study sample.

The guiding conceptual model was one in which each outcome variable of

interest was expressed as a function of SENSOR status, with statistical

15



adjustment for the covariates listed above, including Union, Worksite
Employees, and Corporate employees for the matched group analyses, and

adding Year and SIC for the analyses of all worksites.

16



ANALYSIS

The plan for data analysis began with exploratory steps involving stem and leaf
plots and other exploratory descriptive techniques to examine the underlying
distributions of each outcome variable and covariate of interest. The following
presentation of the analysis strategy and procedures is organized by the three
study primary aims. In the case of the analyses addressing Aims 1 and 2, which
involve the quantitative outcome variables, each analysis sequence began with a
tabulation and examination of the frequency of the occurrence of citations and
penalties. Then logistic regression analysis was used to estimate the bivariate
association of SENSOR status with the dichotomous outcomes Citation Eveht
and Penalty Event. Unconditional logistic regression was used for the matched
group analyses because frequency matching does not require a conditional

model."®

The final steps in each analysis sequence focused on the count
variable outcomes, Citation Total and Penalty Total, using regression models
capable of taking into account the additional information contained in the count
outcome measures. The analyses of the qualitative outcome variables consisted

of a slightly different sequence of analyses that is described following the Aim 1

and Aim 2 analysis sections that are presented next.

Analysis: Aim 1. In the initial analysis step addressing Aim 1, the task was to
estimate the association of SENSOR status with Citation Event, a dichotomous
outcome variable coded “0” to indicate that there were no citations issued, and

coded “1” to indicate that one or more citations were issued for violations
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observed during the inspection. In comparing SENSOR and matched Non-
SENSOR worksites the statistical approach employed unconditional logistic
regression. Simultaneous adjustment for Union, Worksite Employees and
Corporate Employees was added to the prediction model. When SENSOR and
all Non-SENSOR worksites were compared, the covariates Year and SIC were

added to the model.

The outcome Citation Total is a count variable with a ‘Poisson-like’ distribution
characterized by a high proportion of zero counts (see Figure 2). The set of
analyses attempting to predict Citation Total employed a Poisson regression
model in which the dependent variable Citation Total was regressed on
SENSOR, with adjustment for Union, Worksite Employees, and Corporate

Employees. A Poisson distribution is defined as having a mean equal to the

variance.'® The high
Figure 2

zero count for Citation CITATION TOTAL: Citations per Worksite Inspection
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mean), which would

indicate that the underlying distribution of the dependent variable departed from a

true Poisson distribution. This proved to be the case (mean=2.2, variance=10.4)
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and therefore additional statistical models were explored. The model ultimately
used was zero-inflated negative binomial regression (ZINB).? ZINB uses a two
equation process, with one equation predicting the always zero condition, and a
second equation predicting counts greater than zero. Only the results of the
prediction of non-zero counts will be presented because the prediction of always
zero provides essentially the same information as the logistic regression analysis
predicting Citation Event, with reversed scoring (i.e. predicting the zero condition

rather than the one condition).

The final exploratory analysis steps involved post hoc explorations of covariate
combinations in the Citation Total analyses, and regression diagnostics used to

probe for model misspecifications and invalid assumptions.?'

Analysis: Aim 2. The analyses addressing Aim 2 began with estimating the
association of SENSOR status with Penalty Event, a dichotomous dependent
variable in which “0” indicated that there were no penalties assessed and “1”
indicated that one or more financial penalties were assessed for citations issued
during the inspection. For the Matched Group comparison, the statistical
approach involved a conditional logistic regression, conditioned on the pooled
frequency matched categories defined by time stratum and two-digit SIC code
within time stratum. For the analyses comparing SENSOR and all non-SENSOR
worksites the covariates Year and SIC were also included in the logistic

regression model.
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The second stage of analysis pursuing Aim 2 employed a Poisson regression

model in which the Figure 3
PENALTY TOTAL: Penalties per Worksite Inspection

80

dependent variable

Penalty Total was

60

regressed on

40

SENSOR, with

Percent of Worksites

adjustment for

20

Union, Worksite

0

Employees, and 0 5 20 25

10 15
Number of Penalties

Corporate
Employees. As with the count of citations, Penalty Total was characterized by a
high proportion of zero counts, and a variance substantially greater than the
mean (mean=0.7, variance=2.7), indicating that the underlying distribution of the
dependent variable departed from a true Poisson distribution (see Figure 3). As
with the analysis of citations, only the non-zero count portion of the ZINB analysis

is reported.

The final exploratory analysis steps involved post hoc explorations of covariate
combinations in the ZINB analyses, and regression diagnostics used to probe for

model misspecifications and invalid assumptions.

Analysis: Aim 3. In the initial analysis step addressing Aim 3, the task was to
estimate the association of SENSOR asthma worksite status with each

qualitative category of citation issued consequent to the health inspections. The
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statistical approach involved a separate sequence of analyses for each of the
four qualitative outcome variables; Repeat, Serious, Other, and Willful. Each
sequence began with a bivariate logistic regression analysis, followed by logistic
regression models holding constant the covariates Union, Worksite Employees,
and Corporate Employees, plus Year and SIC for comparisons of SENSOR with
all Non-SENSOR.
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RESULTS

Table 3 presents a description of the study sample and the source population of
inspected worksites. For example, in rows 2 and 3 of column 1 (SENSOR
worksites), the median and mean number of workers at SENSOR worksites are
200 and 776 respectively. In column 2, row 1, the number of worksites for
Comparison Group 2 is 1,635. At the bottom of Table 3 the most common SIC
Codes are presented for each group. This description is extended in Appendix

A, Tables A1 and A2.

The mean number of employees per worksite was greater for the SENSOR
group than for either of the comparison groups: comparing SENSOR with the
matched comparison group of Non-SENSOR worksites, z=-5.4, p<0.001; and
comparing the mean employees per worksite for SENSOR and all Non-SENSOR
worksites z = 11.6, p<0.001. The mean number of workers per corporation was
also greater for SENSOR worksites than for both comparison groups: comparing
SENSOR with the matched comparison group of Non-SENSOR worksites, z=-
4.8, p<0.001; and comparing the mean employees per worksite for SENSOR and

all Non-SENSOR worksites z = 8.8, p<0.001.

The proportion of worksites that were represented by a union also differed for
SENSOR worksite as compared with Non-SENSOR worksites. For the matched
group comparison X2 (1 df) = 14.8, p<0.001, and for the comparison with all Non-

SENSOR worksites X? (1 df) = 26.3, p < 0.001.
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Results Aim 1: Citations for Violations

Table 4 presents a summary of Citation Event frequencies. For all three groups,
SENSOR, Matched non-SENSOR, and All non-SENSOR, the prevalence of
worksites receiving at least one citation was between than 53% and 58%. For
example, 55.4% (906 worksites) of the Matched comparison group (Comparison

Group 1) received at least one citation.

Table 4
Frequency of Citation Event:
Occurrence of One or More Citations at Health Inspections of
Asthma SENSOR Worksites and Two Comparison Groups
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002

Matched
Comparison
Group 1’

Zero Citations Issued 254 (46.6%) 729 (44.6%) 5,199 (42.4%)

One or More
Citations Issued 291 (53.4%) 906 (55.4%) 7,069 (57.6%)
Total 545 (100%) 1,635 (100%) 12,268 (100.0%)

SENSOR
Group

Comparison
Group 2 2

' Frequency matched by Year category and 2-digit SIC Code within each Year Category stratum
2 All Non-SENSOR Inspected Michigan Worksites

Citation Event: Matched Group Analysis. A bivariate unconditional logistic
regression analysis (Table 5) suggests there is no difference in the likelihood that
SENSOR worksites received one or more citations as compared with the
matched non-SENSOR worksites (OR=0.9, 95% CI: 0.75 — 1.12, p=0.41).
Adding covariates to the model to simultaneously adjust for the influence of union

status, Worksite Employees and Corporate Employees did not materially alter the
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association between SENSOR status and Citation Event (OR=1.0, 95% CI: 0.79 -

1.20, p=0.827).

Table 5

Logistic Regression Predicting the Occurrence of At Least One Citation in

SENSOR and Matched Comparison Groups

Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002

Odds Ratio 95% CI p-value
Model A (Bivariate)
SENSOR 0.9 0.75-1.12 0.405
Model B (adjusted)*
SENSOR 1.0 0.79-1.20 0.827
Union 1.0 0.81-1.28 0.864
Worksite Employees
1 - 10 1.6 0.65-3.75 0.316
11 - 49 1.8 0.96 — 3.33 0.069
50 - 249 1.8 1.12-2.77 0.014
250 - 999 1.5 0.99-2.28 0.052
1,000 or more (ref) 1.0
Corporate Employees
1-10 3.3 1.33-8.18 0.010
11 - 49 2.1 1.16-3.78 0.016
50 - 249 1.7 1.16 -2.63 0.007
250 - 999 14 0.98 - 1.98 0.066
1,000 or more (ref) 1.0

* Adjusted for union status, number of worksite employees, and number of corporate employees

There was a difference in citations by corporation size, Wald X2 @4an=104,p =
0.034 (not presented in the table), but no difference in the occurrence of a
citation by numbers of workers at the worksite inspected, Wald X? 44n = 5.3, p =

0.176.

Citation Event: All Worksites. A bivariate logistic regression analysis of all
worksites inspections (Table 6) showed that a Citation Event is less likely at

SENSOR worksites than Non-SENSOR worksites. However, this association
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becomes null when covariates are added to the model (OR=1.0, 95% CI: 0.79 -

1.14, p=0.603).

Several covariates were associated with the occurrence of a Citation Event (see

Table 6). Union worksites were less likely to receive a citation than non-union

worksites (OR=0.8, Cl = 0.77 - 0.93, p<0.001). Also there was an association

between Year and Citation Events. Using Year Stratum 1 (1989-92) as the

reference category, the odds for the occurrence of a citation were 50% higher

during Year Stratum 2, and 70% higher during Year Stratum 3.

Table 6

Logistic Regression Predicting the Occurrence of At Least One Citation in
Asthma SENSOR and All Non-SENSOR Worksite Inspections

(n=12,157)
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
Odds Ratio 95% CI p-Value
Model A (Bivariate)
SENSOR 0.8 0.71 -1.001 0.051
Model B (adjusted) !
SENSOR 1.0 0.79-1.14 0.603
Union 0.8 0.77-0.93 < 0.001
Time Strata
1: 1989 - 1992 (ref.) 1.0
2: 1993 - 1997 1.5 1.35-1.62 <0.001
3: 1998 - 2002 1.7 1.56 - 1.87 < 0.001
Worksite Employees
1- 10 1.7 1.31-2.30 <0.001
11 — 49 1.9 1.50-243 < 0.001
50 - 249 1.7 1.38-2.13 < 0.001
250 - 999 1.4 1.14-1.76 0.001
1,000 or more (ref) 1.0
Corporate Employees
1- 10 14 1.11-1.85 0.006
11 - 49 1.4 1.17-1.77 0.001
50 - 249 1.2 0.98 - 1.38 0.082
250 - 999 0.9 0.78 - 1.07 0.244
1.0

1,000 or more (ref)

' Adjusted simultaneously for union status, number of worksite employees, number of corporate
employees, Year Category, and 2-Digit SIC Code
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There was also an association between the issuing of a citation and both the
number of employees at a worksite and at a corporation. Compared with the
group of largest worksites (1000+), each of the categories of smaller worksites
was more likely to receive a citation (OR’s 1.4 to 1.9). The overall Wald chi
squared tests for the effect of smaller worksites and corporations were

statistically significant (p<0.001 for both).

Citation Total: Matched Group Analysis. In order to take into account the
information provided by the number of citations issued to a worksite, various
“count regression” analytic models were considered.?® The distribution of
number of citations (Citation Total) was characterized by an inflated numbef of
zero values and over dispersion (a variance substantially greater than the mean).
These two characteristics suggested that either a negative binomial regression
model or a zero-inflated negative binomial regression model might be more
appropriate than a Poisson model. The negative binomial regression model
(NBREG) takes into account the over dispersion. Zero-inflated negative binomial
regression (ZINB) is similar to NBREG, but also posits that the inflated number of
zero counts may suggest that different prediction models apply to the condition of
always being zero, as compared to the observation of a non-zero count (one or

more events).

Table 7 presents the results of this analysis for the Matched group comparison.
The zero-inflated negative binomial (ZINB) model was a better fit than the

NBREG model (Vuong test: z=4.26, p<.001).%

27



Table 7
Prediction of Non-Zero Counts of Citations
with Zero-Inflated Negative Binomial Regression:
SENSOR and Matched? Comparison Groups
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
(n=1,197)
Predicting non-zero counts of violations
PR 95%CI(RR)?® p-value
SENSOR 0.9 0.76 - 1.01 0.078
Union 1.0 0.85-1.12 0.734
Worksite Employees
1- 10 2.1 1.21-3.64 0.008
11 - 49 1.6 1.07 -2.53 0.022
50 - 249 1.6 1.16 - 2.31 0.005
250 - 999 1.4 0.99-1.95 0.051
1,000 or more (ref) 1.0
Corporate Employees
1- 10 0.8 0.48 - 1.41 0.473
11 - 49 1.2 0.83-1.77 0.311
50 - 249 1.0 0.77-1.34 0.912
250 - 999 1.0 0.75-1.26 0.823
1,000 or more (ref) 1.0

! Only the model for prediction of the non-zero counts (n=1,197) is presented

2 Frequency matched by Year category and 2-digit SIC Code within each Year stratum
® RR is incident rate ratio

When predicting non-zero counts of citations, the number of worksite employees
is associated with the number of citations. Worksites with fewer employees
receive more citations. For example worksites belonging to the 1-10 employee
category receive about twice as many citations as otherwise similar worksite from
the reference category of 1000 or more worksite employees (RR=2.1, 95% CI:
1.2 - 3.6, p=0.008). The overall effect of Worksite Employees is significant
(Wald X? 44 =9.5, p=0.049). SENSOR status was not associated with the

number of citations issued (PR=0.9, Cl=0.76 — 1.01, p=0.078).

Citation Total: All Worksites. Table 8 presents the non-zero count portion of

the zero-inflated negative binomial regression analysis predicting Citation Count

28



for all SENSOR and Non-SENSOR worksite inspections. The principal additional
information provided by this analysis as compared with the Matched Group
analysis is: (1) As compared with the reference Year category (1989 — 1992)
worksite inspected in later years are likely to receive 20% to 30% more citations;
and (2) Each of the smaller categories of number worksite employees receives
roughly 20% to 30% more citations than the reference category (1000 plus
employees). The overall Wald test for number of Worksite Employees was
significant (X? 4an =12.6, p=0.014), as was the test for number of Corporate

Employees (X? (4o =14.58, p=0.006).

Table 8
Prediction of Non-Zero Counts of Citations
with Zero-Inflated Negative Binomial Regression: '
SENSOR and All Non-SENSOR Worksite Inspections
(n=7,360)
Predicting non-zero counts of violations

PR  95%CI(RR)*  p-value

SENSOR 0.8 0.72-0.93 0.002
Union 1.0 0.96 - 1.07 0.646
Time Strata
Year Category 1:1989 - 1992 (ref.) 1.0
Year Category 2:1993 - 1997 1.3 1.19-1.34 <0.001
Year Category 3:1998 - 2002 1.2 1.18-1.32 <0.001
Worksite Employees
1- 10 1.2 1.04 - 1.52 0.020
11 - 49 1.3 1.12-1.58 0.001
50 - 249 1.3 1.10-1.52 0.002
250 - 999 1.2 0.99 - 1.38 0.055
1,000 or more (ref) 1.0
Corporate Employees
1- 10 1.3 1.10-1.53 0.002
11 - 49 1.2 1.03-1.34 0.016
50 — 249 1.1 0.94 -1.18 0.358
250 - 999 1.0 0.90-1.13 0.884
1,000 or more (ref) 1.0
! Only the model for prediction of the non-zero counts (n=7,360) is presented

2 RR is incident rate ratio
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Results Aim 2: Penalties

Table 9 presents a summary of the frequency of receiving at least one monetary
penalty (Penalty Event). The prevalence of receiving penalties was
approximately 28% for SENSOR worksites, 31% for the Matched Non-SENSOR
worksites, and about 34% for all Non-SENSOR worksites. The prevalences of
worksites receiving penalties are well below the prevalences for receiving

citations — roughly 30% compared with 55%.

Table 9
Frequency of Penalty Event:
The Occurrence of One or More Penalties at Health Inspections of -
Asthma SENSOR Worksites and Two Comparison Groups
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002

SENSOR Group Comparison Comparison
Inspected Michigan Group 1 Group 2
Worksites Inspected Michigan
Identified by Worksites Matched Al Non-SENSOR
SENSOR Index to SENSOR Inspected
Cases Worksites' Michigan Worksites
Zero Penalties 390 (71.6%) 1,126 (68.9%) 8,045 (65.6%)
Issued
One or More 155 (28.4%) 509 (31.1%) 4,223 (34.4%)

Penalties Issued
Total 545 (100%) 1,635 (100%) 12,268 (100.0%)

' Frequency matched by Year category and 2-digit SIC Code within each Year Category stratum

Penalty Event: Matched Group Analysis. A logistic regression analysis (Table

10) provides no basis for inferring there is a significant difference in the odds of a
penalty being issued at SENSOR worksites as compared to matched Non-
SENSOR worksites. This was true both for the bivariate model (OR=0.9, 95%

Cl: 0.75 - 1.12, p=0.405), as well as when simultaneously adjusting for the
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influence of union status, and number of employees at the worksite and
organization wide (OR=1.0, 95% CI: 0.72 -1.13, p=0.364). Only a smaller
number of Corporate Employees was associated with higher odds for a Penalty
Event, with the odds increasing significantly to 2 — 2.7 times for the smallest
corporation size categories (1-10 and 11-49 employees). However, the Wald X?
test for overall effects was not statistically significant for number of Worksite

Employees (p=0.401) or Corporate Employees (p=0.159).

Table 10
Logistic Regression Predicting the Occurrence of At Least One Citation in
SENSOR and Matched Comparison Groups

Data Source: All MIOSHA Health Inspections Conducted During 1989 — 2002

n=2,180
Odds Ratio 95% ClI p-value
Model A (Bivariate)
SENSOR 0.9 0.75-1.12 0.405
Model B (adjusted) *
SENSOR 1.0 0.72-1.13 0.364
Union 1.1 0.87 -1.39 0.416
Worksite Employees
1- 10 1.1 0.44 - 2.82 0.809
11 - 49 1.1 0.56 — 2.25 0.730
50 — 249 1.5 0.91-255 0.107
250 - 999 14 0.86 -2.22 0.186
1,000 or more (ref) 1.0
Corporate Employees
1-10 2.7 1.07-6.73 0.036
11 - 49 20 1.07 - 3.87 0.030
50 - 249 1.5 0.95-2.30 0.083
250 - 999 1.2 0.79-1.73 0.436
1,000 or more (ref) 1.0

* Adjusted for union status, number of worksite employees, and number of corporate employees
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Penalty Event: All Worksites. In the bivariate case, the comparison of
SENSOR and all Non-SENSOR worksites (see Table 11) suggested that
SENSOR worksites were less likely to experience a Penalty Event. However,
this association became null when covariates were added to the logistic

regression prediction model for Penalty Event.

Table 11
Logistic Regression' Predicting the Occurrence of At Least One Penalty in
Asthma SENSOR and Non-SENSOR Worksite Inspections

(n=12,157)
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
Odds Ratio 95% CI p-value
Model A (Bivariate) ‘
SENSOR 0.8 0.63-0.91 0.004
Model B (adjusted)*
SENSOR 0.9 0.75-1.12 0.385
Union 0.9 0.85- 1.02 0.142
Time Strata ‘
Year Category 1:1989 - 1992 (ref.) 1.0
Year Category 2:1993 - 1997 1.8 1.64 -1.99 < 0.001
Year Category 3:1998 - 2002 1.5 1.32-1.60 < 0.001
Worksite Employees
1- 10 1.1 0.84 - 1.54 0.393
11 - 49 1.2 0.95-1.62 0.106
50 - 249 1.3 1.06 - 1.71 0.016
250 - 999 1.1 0.89-1.43 0.323
1,000 or more (ref) 1.0
Corporate Employees
1- 10 1.5 1.15-1.95 0.003
11 - 49 1.4 1.16-1.78 0.001
50 — 249 1.2 0.99 -1.42 0.058
250 - 999 0.9 0.78-1.10 0.378
1,000 or more (ref) 1.0

* Adjusted for union status, number of worksite employees, number of corporate employees, Year

Category, and 2-Digit SIC Code
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Overall, the covariate associations with Penalty Event among all inspected
worksites had a similar pattern of associations as the Matched Group analysis.

In the adjusted model (Model B, Table 11) only being a smaller corporation (Wald
X?=25.6, p<0.001) and having been inspected during Year Strata 2 or 3 have a

statistically significant higher odds of receiving a penalty.

Penalty Total. Penalty Total was defined as the count of all penalties issued to
a worksite. The frequency of zero penalties was 8,435 (66%) as compared with
43% for citations. Of the 8,435 worksite not receiving a penalty, 2,982 did
receive at least one citation. The high proportion of zero penalty worksites
dictated that negative binomial regression models be considered. As was true
for the analysis of Citation Total, the zero-inflated negative binomial regression
model (ZIBN) was a better fitting model than negative binomial regression
(NBREG) for both the Matched group comparison (Vuong test: z=1.98,

p=0.0241) and for the analysis of all worksites (Vuong test: z=11.96, p<.0001).

Penalty Total: Matched Group Analysis. Table 12 presents the prediction of

non-zero counts resulting from the ZIBN regression analysis of SENSOR and
Matched Non-SENSOR worksites. In this analysis conditioned on being a non-
zero counts, SENSOR becomes a statistically significant predictor of the number
of penalties, with SENSOR worksites tending to have slightly fewer penalties
than non-SENSOR worksites (RR=0.8, 95% CI: 0.57 — 0.99, p=0.048). Also
associated with number of penalties is Worksite Employees. As the numbers of

worksite employees decreases, the association with number of penalties
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Table 12
Prediction of Non-Zero Counts of Citations
Using Zero-Inflated Negative Binomial Regression:
SENSOR and Matched Non-SENSOR Groups
Data Source: All MIOSHA Health Inspections Conducted During 1989 — 2002
(n=664)
Predicting non-zero counts of penalties
RR® 95% CI p-value
SENSOR 0.8 0.57 -0.99 0.048
Union 1.0 0.76 - 1.25 0.867
Worksite Employees
1- 10 44 1.54-123 0.006
11 - 49 3.2 1.36 -7.68 0.008
50 - 249 2.1 1.03-4.46 0.041
250 - 999 20 1.03-3.76 0.039
1,000 or more (ref) 1.0
Corporate Employees
1- 10 0.5 0.19-1.50 0.233
11 - 49 0.9 0.39-1.94 0.737
50 - 249 1.0 0.53-1.71 0.884
250 - 999 1.0 0.62 - 1.81 0.818
1,000 or more (ref) 1.0

' Only the model for prediction of the non-zero counts of penalties (n=664) is presented

2 Frequency matched by Year category and 2-digit SIC Code within each Year stratum

® RR is incident rate ratio
increases (see Table 12). For example, the smallest worksite size category (1 to
10 employees) has 4 time the number of penalties as the reference category
(1000 or more employees) holding when adjusting simultaneously for the other

covariates in the model (RR=4.4, 95% CI: 1.5 - 12.3, p=0.006). The Wald test

for overall effect for Worksite Employees had a p-value of 0.051.

Penalty Total: All Worksites. The analysis of the association of SENSOR

status and number of penalties was repeated for the entire study sample of
worksite inspections. The results for predicting the non-zero counts of penalties

are reported in Table 13. As with the matched analysis, SENSOR status was
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associated with the number of penalties (see row 1 of Table 13), with ratio of
penalties at SENSOR worksite being about 80% the numbers of penalties

assessed at Non-SENSOR worksites (PR=0.8, 95% ClI: 0.62 — 1.00, p=0.054).

Table 13
Prediction of Non-Zero Counts of Penalties
Using Zero-Inflated Negative Binomial Regression: *
SENSOR and All Non-SENSOR Worksite Inspections
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
(n=4,378)
Predicting non-zero counts of penaities
| RR?2 | 95%cCI1 | p-value
SENSOR 0.8 0.62-1.00 0.054
Union 0.9 0.80 - 0.99 0.028
Time Strata
Year Category 1:1989 - 1992 (ref.) 1.0
Year Category 2:1993 - 1997 1.1 1.03-1.23 <0.008
Year Category 3:1998 - 2002 0.9 '0.84 -1.00 <0.060
Worksite Employees
1- 10 1.3 0.89-1.77 0.201
11 — 49 1.5 1.09-2.06 0.012
50 — 249 1.3 0.93-1.73 0.127
250 - 999 1.3 0.95-1.75 0.101
1,000 or more (ref) 1.0
Corporate Employees
1- 10 1.0 0.73-1.32 0.914
11 — 49 0.9 0.69-1.11 0.278
50 - 249 0.9 0.74-1.15 0.458
250 - 999 1.0 0.82-1.21 0.911
1,000 or more (ref) 1.0
! Only the model for prediction of the non-zero counts of penalties (n=664) is presented

2 RR is incident rate ratio

There were no overall effects for Worksite or Corporation Employees, and there
was a marginal finding indicating that individual categories of Worksite
Employees received slightly more penalties as compared with the reference
category of larger worksites (1000 or more employees). In contrast to results
reported for Citation Total, the Year stratum in which the inspection took place

was not consistently associated with number of penalties.
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Results Aim 3: Quality of Violation

This section presents results for the qualitative assessment of violations at the
worksite inspections. The categories used in the qualitative assessment include
“Repeat”, “Willful”, “Serious”, and “Other.” In the database, each citation had no
more than one qualitative rating. Each of these qualitative outcomes is scored
“1” to indicate that at least one citation was issued for a violation of that type, and

is scored “0” if no citations were issued for violations of that type.

Serious Violations. Table 14 presents the frequencies of ‘Serious’ violations
recorded for SENSOR and Non-SENSOR inspection sites. The prevalence of at
least one citation for a ‘Serious’ violation among SENSOR worksite inspections
was 22 percent. The number of SENSOR worksites having at least one Serious
citation was 121, which is 42 percent of all SENSOR worksites receiving at least

one citation of any type.

The occurrence of at least one ‘Serious’ violation among Matched Non-SENSOR
inspections had a prevalence of 25 percent. The number of matched Non-
SENSOR sites with one or more Serious violations was 409. This represents 45

percent of all matched Non-SENSOR worksites that received a citation of any

type.

Among all NON-SENSOR worksites the prevalence of receiving at least one

Serious citation is 28 percent. The number of Non-SENSOR worksites that
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received a Serious citation was 3,452, which is 49 percent of all Non-SENSOR

worksites that received a citation.

For both the matched and all worksite analyses, the bivariate analysis of the
association between SENSOR status and occurrence of Serious violations
suggested a crude OR of less than one. But in each case, when covariates were

added to the analyses the association became null.
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Table 15 presents the results of the comparison of SENSOR with all Non-
SENSOR worksites. SENSOR status was not associated with citations for
Repeat violations, but Union worksites were slightly less likely to be cited for a
repeat violation than were non-union worksites (OR=0.9, 95% Cl: 0.82 - 1.01,

p=0.055).

Table 15
Logistic Regression! Predicting the Occurrence of At Least One Citation for a
‘Serious’ Violation in Asthma SENSOR and Non-SENSOR Worksite Inspections

(n=12,157)
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
Odds Ratio 95% ClI p-Value
Model A (Bivariate)
SENSOR 0.7 0.59-0.90 0.003
Model B (adjusted)*
SENSOR 0.9 0.69-1.08 0.203
Union 0.9 0.82-1.01 0.055
Time Strata
Year Category 1:1989 - 1992 (ref.) 1.0
Year Category 2:1993 - 1997 20 1.79-2.19 < 0.001
Year Category 3:1998 - 2002 22 1.95-2.38 <0.001
Worksite Employees
1- 10 1.1 0.82-1.55 0.468
11 - 49 13 0.98 -1.73 0.065
50 - 249 14 1.11-1.85 0.006
250 - 999 1.2 0.90 - 1.51 0.237
1,000 or more (ref) 1.0
Corporate Employees
1- 10 15 1.09 - 1.91 0.011
11 - 49 14 1.05-1.66 0.015
50 - 249 1.2 0.92-1.34 0.283
250 - 999 0.9 0.76 - 1.10 0.332
1,000 or more (ref) 1.0

* Adjusted for union status, number of worksite employees, number of corporate employees, Year

Category, and 2-Digit SIC Code

With respect to the other covariates, the odds of receiving a ‘Serious’ citation

were about two fold greater for worksites inspected after the reference time

stratum, 1989 — 1992 (see Table 15). There was also a weak indication of a
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tendency for Serious violations to be cited at smaller small to medium worksites
(11 — 250). There was an overall effect for Worksite Employees (Wald X? 441, =
12.6, p=0.013) and for Corporate Employees (Wald X2 4a =17.1, p=0.002) as

compared with the reference categories (1000 or more employees).

Repeat Violations. Table 16 presents the frequencies of ‘Repeat’ violations
recorded for SENSOR and Non-SENSOR inspection sites. The prevalence of
the occurrence of at least one citation for a ‘Repeat’ violation among SENSOR
worksite inspections was 2.8 per 100 inspections. The number of SENSOR
worksites having at least one Repeat citation was 15, which is 5.5 percent of all

SENSOR worksites receiving at least one citation (of any type).

The prevalence of the occurrence of at least one ‘Repeat’ violation among
Matched Non-SENSOR inspections, was 1.9 per 100 inspections. The number
‘of matched Non-SENSOR sites with one or more Repeat violations was 31. This
represents 3.4 percent of all matched Non-SENSOR worksites that received any

citations.

Among all NON-SENSOR worksites the prevalence of receiving at least one
Repeat citation is 2.0 per 100. The number of Non-SENSOR worksites that
received a Repeat citation was 240, which is 3.4 percent of the total Non-

SENSOR worksites that received a citation.

There was no bivariate (crude) association between SENSOR status and the

occurrence of a repeat violation. For the Matched Group comparison using
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logistic regression the estimated odds ratio was 1.5 (95% CI: 0.78 — 2.76,
=0.228), and for the analysis of all worksites the estimated odds ratio was 1.4
(95% CI: 0.83 — 2.40, p=0.195). Adding covariates did not effect the SENSOR
association with Repeat violations for either the matched group or all worksite
comparisons. In the comparison of all worksites, inspections citing Repeat
violations were less likely to have occurred during Year Stratum 3 as compared

with Year Stratum 1, (OR=0.48, 95% CI: 0.34 - 0.67, p<0.001).
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Other Violations. Table 17 presents the frequencies of ‘Other’ violations
recorded for SENSOR and Non-SENSOR inspection sites. The prevalence of the
occurrence of at least one citation for an ‘Other’ violation among SENSOR
worksite inspections was 44.4 per 100 inspections. The number of SENSOR
worksites having at least one Other citation was 242 which is 83 percent of all

SENSOR worksites receiving at least one citation (of any type).

The prevalence of the occurrence of at least one ‘Other’ violation among

Matched Non-SENSOR inspections, was 46.5 per 100 inspections. The number
of matched Non-SENSOR sites with one or more Other violations was 761. This
represents 84 percent of all matched Non-SENSOR worksites that received any

citations.

Among all NON-SENSOR worksites the prevalence of receiving at least one
Other citation is 46.5 per 100. The number of Non-SENSOR worksites that
received a Other citation was 5,734, which is 81 percent of all Non-SENSOR

worksites that received a citation.

The bivariate association between SENSOR status and the occurrence of at
least one violation rated ‘Other’ was null for both the Matched and all worksite
analyses, and remained null after adding covariates to the prediction models. In
the regression analyses the estimated odds ratios were roughly 0.9 to 1.0, with
95% confidence intervals of approximately 0.8 to 1.2, and p-values in the 0.25
and higher range (see Table 18 for the regression analyses involving all worksite

inspections).
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While SENSOR status was not associated with ‘Other’ violations, several
covariates were (Table 18). For example, a worksite receiving a citation for the
‘Other’ violation category was less likely to be represented by a union, more likely
to have been inspected after 1992, and more likely to have fewer than 1000
employees. All these associations were small (OR’s 1.2 to 2.6) but were
statistically significant (p<0.001). The overall effect for Worksite Employees was
significant (X?(4df) = 56.0, p<0.001) as was the effect for Corporate Employees
(X?(4df) = 21.3, p<0.001).

Table 18
Logistic Regression Predicting the Occurrence of At Least One Citation for an
‘Other’ Violation in Asthma SENSOR and Non-SENSOR Worksite Inspections

(n=12,157)
Data Source: All MIOSHA Health Inspections Conducted During 1989 - 2002
Odds Ratio 95% ClI p-value
Model A (Bivariate)
SENSOR 0.9 0.76—1.08 0.285
Model B (adjusted)?
SENSOR 1.0 0.82-1.19 0.887
Union 0.8 0.76 - 0.91 < 0.001
Time Strata
Year Category 1:1989 - 1992 (ref.) 1.0
Year Category 2:1993 - 1997 1.3 1.22-1.46 < 0.001
Year Category 3:1998 - 2002 1.2 1.11-1.33 < 0.001
Worksite Employees
1- 10 2.5 1.85-3.29 <0.001
11 - 49 26 2.00-3.30 <0.001
50 — 249 21 1.70 - 2.68 < 0.001
250 - 999 1.8 1.40-2.20 < 0.001
1,000 or more (ref) 1.0
Corporate Employees
1- 10 1.2 0.93-1.54 0.160
11 - 49 1.3 1.02-1.54 0.025
50 - 249 1.1 0.93 - 1.31 0.235
250 - 999 0.9 0.73-1.01 0.057
1,000 or more (ref) 1.0

* Adjusted for union status, number of worksite employees, number of corporate employees, Year

Category, and 2-Digit SIC Code
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Willful Violations. Table 19 presents the frequencies of ‘Willful’ violations
recorded for SENSOR and Non-SENSOR inspection sites. The prevalence of
the occurrence of at least one citation for a ‘Willful’ violation among SENSOR
worksite inspections was 1.1 per 100 inspections. The number of SENSOR
worksites having at least one Willful citation was 6, which is 2.1 percent of all

SENSOR worksites receiving at least one citation (of any type).

The prevalence of the occurrence of at least one ‘Willful’ violation among
Matched Non-SENSOR inspections was 0.6 per 100 inspections. The number of
matched Non-SENSOR sites with one or more Willful violations was 10. This
represents 1.1 percent of all matched Non-SENSOR worksites that received any

citations.

Among all NON-SENSOR worksites the prevalence of receiving at least one
Willful citation is 1.1 per 100. The number of Non-SENSOR worksites that
received a citation for a Willful violation was 129, which is 1.8 percent of all Non-

SENSOR worksites that received a citation.

Matched group analysis was not performed because of the small number of
citations for willful violations — 6 to SENSOR worksites and 10 to matched Non-
SENSOR worksites. The bivariate logistic regression analysis of all worksite
inspections found no evidence to support an association between SENSOR
status and the occurrence of a willful violation. When all covariates were added
to the model only Year strata were associated with the outcome. As compared

with Year stratum 1, the citing of a Willful violation was much less likely to occur
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during Year stratum 2 (OR=0.20, 95% CI: 0.11 — 0.34, p<0.001) or Year stratum
3 (OR =0.34,95% CI: 0.22 - 0.52, p<0.001). All other covariate associations
with the occurrence of citations for Willful violations had p-values of 0.38 or

greater.
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SIC Code. A post hoc analysis of SIC Code was undertaken to determine if
subgroups of industry types might be more at risk for receiving citations or
penalties. The 78 two-digit SIC Codes represented in the sample were grouped
into seven subgroups: (1) Agriculture and Forestry; (2) Construction and Mining;
(3) Transportation & Utilities; (4) Wholesale, Retail and Financial Services; (5)
Service; and (6) Public Administration; and (7) Manufacturing. Table 20 presents
the number of worksites within each category (range 138 to 6,435), as well as the

frequency and prevalence for Citation Event and Penalty Event within SIC sub-

group.
Table 20
Frequency of Citation and Penalty Event
within Seven SIC Code Subgroups
Number of Citation Event® Penalty Event
SIC Category Worksites | Freq. Prevalence | Freq Prevalence
Agriculture & Forestry 138 71 52% 38 28%
Construction & Mining 1,734 | 1,076 62% 790 46%
Transportation & Utilities 664 378 57% 233 35%
Wholesale, Retail & Financial 933 529 57% 287 31%
Services 2,203 | 1,296 59% 764 35%
Public Administration 698 372 53% 242 35%
Manufacturing 6,435 | 3,635 56% 2,023 31%
Total' 12,805 |7,357 57% 4,377 34%

! There were 8 worksites with missing values for SIC Code.
2 Frequency of Worksites with at least one citation
® The percentage of worksites with at least one citation within SIC Category

Table 21 presents the odds ratios for receiving at least one citation with respect
of each of six categories of 2-digit SIC Code, using category 7, Manufacturing, as
the reference category. The prediction models used logistic regression,

predicting first Citation Event, and then Penalty Event. Each model adjusted
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Table 21
Summary of Association between SIC Groups
and Two Outcome Measures:
Adjusted' Odds Ratios(OR) For All SENSOR
and Non-SENSOR Worksites

Data Source: All MIOSHA Health Inspections
Conducted During 1989 - 2002

(n=12,157)
Citation Event Penalty Event
OR 0.7 0.8
Agriculture & Forestry 95% Cl 0.47 -0.95 0.54 -1.17
p-value 0.026 0.237
OR 0.9 1.5
Construction & Mining 95% ClI 0.82-1.06 1.37-1.75
p-value 0.269 <0.001
. OR 1.0 1.2
T’a"5p°’t$'iﬁt'i‘e§ 95% CI 0.8-1.19 0.99 - 1.40
p-value 0.990 0.071
: OR 0.8 0.9
Wholesale, Retail & | - o005 757 007 0.77 - 1.06
Financial | | 1pe 0.017 0.203
OR 1.0 1.1
Service 95% ClI 0.91-1.13 1.00-1.24
p-value 0.782 0.053
OR 0.9 1.2
Public Administration 95% Cl 0.75-1.06 1.00-1.42
p-value 0.195 0.050
Manufacturing (Ref.) Ref. 1.0 1.0

simultaneously for Sensor, Union, Year, Worksite Employees, Corporate

Employees, and SIC Code category. Two categories were less likely to

experience a Citation Event as compared with Manufacturing: Agriculture &

Forestry (OR=0.7, 95% CI: 0.47 - 0.95, p=0.026) and Wholesale, Retail &

Financial (OR=0.8, 95% CI: 0.72 - 0.97, p=0.0176).
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For Penalty Event the pattern was different. First, Agriculture & Forestry and
Wholesale, Retail & Financial do not differ from Manufacturing with regard to the
odds of receiving at least one penalty (Penalty Event). Second, each of the other
categories had a greater odds of being assessed a penalty as compared with

manufacturing (range of OR’s 1.1 to 1.5).

Results Summary. Table 22 presents a summary of the bivariate (crude) odds
ratios for five outcomes: Citation Event, Penalty Event, Repeat violations,
Serious violations, and Other violations. Each of these is a measure of the
occurrence of at least one event of its type, and is coded 1/0. For each outcome
the matched (M) group analysis and the analysis of all (A) worksites are
presented. The statistical significance level is noted. For example, row two of
the first column of Table 22 has an entry of 0.6, indicating that union worksites
are less likely to be cited for violations that are non-union worksites. The
footnote indicates that the p-value for this odds ratio is less than 0.001. The
confidence intervals and p-values for the entries in Table 20 are reported in

previous tables or text.
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Table 23 presents a summary of the adjusted associations between seven
outcome measures and each of the covariates SENSOR, Union, Worksite
Employees, and Corporate Employees. The matched group analyses of the
qualitative outcome measures yielded few significant associations and are not
included in the summary. The odds ratios and prevalence ratios presented in
Table 21 were previously presented in Tables 5, 6, 7, 8, 10, 11, 12, 13, 15, and
18, or in the text, where the confidence intervals and p-values can be observed.
Each odds ratio and prevalence ratio was produced by an analysis that

simultaneously adjusted for all the reported covariates plus SIC Code and Year.

In Table 24, a summary is presented of the adjusted association between Year of
inspection and each outcome measure. Each odds ratio and prevalence ratio
was represented previously in tables (6, 8, 11, 13, and 18) or text, which can be
referred to for confidence intervals and p-values. Each of the analyses for which
results are re-presented employed simultaneous adjustment for SENSOR, Union,

Worksite Employees, Corporate Employees, Year, and SIC Code.
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DISCUSSION
The main findings of this research can be summarized succinctly. The study
found that SENSOR and Non-SENSOR worksites were similar with respect to
the occurrence of citations and the assessment of penalties. Worksites receiving
citations were less likely to be represented by a union and tended to have fewer
employees. There was also an association reported between citations and
penalties and the year of the inspection. Inspections taking place during the
period 1993 to 2002 were more likely to have citations and penalties than
inspections taking place during 1989 to 1992. Finally, manufacturing worksites
were less likely to be assessed penalties than were non-manufacturing
worksites. This section provides a discussion of these findings, followed by a
discussion of the strengths and limitations of the study. In conclusion, a brief

overview of possible future research is presented.

SENSOR Status. The occurrence of violations and the assessment of penalties
were similar at worksites identified by a WRA SENSOR index case and a typical
worksite inspected by MIOSHA under its normal policies and procedures. The
fact that SENSOR and Non-SENSOR worksites were found to be similar with
respect to the occurrence of citations is noteworthy, because there are very few
specific industrial hygiene standards for agents that cause work-related asthma.
The similar results indicate that most citations issued by MIOSHA are based on

general workplace and not substance specific standards.
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While there were several bivariate analyses that suggested that SENSOR status
and an outcome were associated, each of these associations typically became
null when covariates were added to the prediction model. The only exception to
this pattern was when predicting counts of citations and penalties greater than

zero using zero inflated negative binomial regression (ZINB).

The ZINB model consists of two prediction equations. First, the so-called inflate
equation attempts to predict the condition of having a zero count of the event.
The second equation attempts to predict the event counts greater than zero.
There were four analyses of this type: (1) predicting Citation Total for the
matched groups; (2) predicting Citation Total for all worksites; (3) predicting
Penalty Total for the matched groups; and (4) predicting Penalty Total for all
worksites. For each analysis, the equation predicting the zero count yielded a
null association between SENSOR status and zero events. However, when
predicting non-zero counts, SENSOR worksites tended to have slightly lower
counts of both citations and penalties (RR’s ranging from 0.8 to 0.9). The p-
values for the four RR’s ranged from 0.002 to 0.078, with two RR’s below the

traditional significance level of 0.05.

A possible explanation may be related to the lag in time between the
identification of the SENSOR index case and the actual inspection. This lag
would be greater than the lag between an employee concern or complaint and an
inspection, the typical reason a Non-SENSOR inspection was initiated. This

would allow more time that some employees might use to implement changes. It
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also allows time for an employer to learn that an employee was a WRA case,
which might motivate the employer to implement change. Either of these
scenarios might account for there being fewer violations observed at SENSOR
worksite inspections than at Non-SENSOR worksite inspections among the

group of worksites having one or more citations or penalties.

Union Status. In summary, union worksites were slightly less likely to receive a
citation than non-union worksites. However, there was no association between

union status and the total number of citations or the assessment of penalties.

At the level of crude odds ratios there is evidence to support the inference that |
unionized worksites are less likely to be cited for violations and be penalized than
are non-union worksites. This suggests that unionized worksites may better
comply with workplace standards. The crude odds ratios for Repeat violations,
however, contradict this pattern. In predicting Repeat violations, the odds ratio for
union status indicates that union worksites were more likely to be cited than are
non-union worksites. There were only 255 worksites that were cited for Repeat
violations cited among the study population of 12,813, and it is possible that this
association may be just an anomaly. An alternative explanation might be that
unions or their members are more likely to file complaints about repeat violations.
Perhaps individual workers feel less vulnerable to reprisals when represented by

a union than do their non-union counterparts.

In any case, when covariates were added to the models, only the outcomes

Citation Event and Other violations continued to be associated with union status
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(OR’s=0.8, p<0.001). Citation Event differentiates worksites receiving one or
more citations from worksites receiving zero citations. There were 7,360
worksites that received one or more citations. ‘Other’ violation is a qualitative
rating of violations characterized as representing less than serious hazards.
Most, but not all citations received some type of qualitative rating. There were
5,976 worksites receiving citations for violations rated ‘Other’, aimost 1,400 fewer
than the total worksites receiving citations. Yet the odds ratios for union status

are the same for both outcomes.

It seems plausible that the difference in the frequencies of these two measures
may be due to the failure of the industrial hygiene inspector to complete the
qualitative rating in many instances of minor violations, and not because of a
meaningful qualitative difference in the observed violations. Two factors provide
support for this inference: (1) an examination of the cross-tabulation of ‘Other’
violations and Citation Event reveals that only 106 worksites of the 5,559 scored
0 for “Other” were scored 1 for Citation Event; and (2) the adjusted odds ratios
for Union status in predicting Citation Event was 0.72 when excluding all
worksites receiving citations for Willful, Serious, or Repeat violations, very similar

to the 0.8 odds ratios reported above.

Number of Employees. Worksites with fewer employees are more likely to

receive citations and receive penalties for the violations cited than are worksites
with 1000 or more employees. This pattern is also found for corporation size,

although to a somewhat lesser extent. Examining the crude odds ratios for
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Worksite and Corporate Employees, nearly all size categories have highly
significant odds ratios and there is a pattern of the odds ratios increasing as

number of employees decreases.

The adjusted analyses retain these patterns to some extent. However, the

strength of association is generally lower, evidenced by lower odds ratios and p-
values. Small companies are more likely to receive both citations and penalties,
and among those receiving citations and penalties, higher counts are more likely

to be received by smaller than by larger companies.

This finding is consistent with reports suggesting that smaller companies have |
fewer workplace controls and are more hazardous.??*?>?® QOne possible
explanation for this is that small companies have fewer resources to invest in
creating a workplace free of hazards. This could be reflected in less engineering
control, less supervision, or less training. For example, small companies would
have less capital for investment in the purchase or maintenance of equipment to

control the workplace environment, such as adequate ventilation systems.

A second, and probably less plausible explanation, could be that small
companies are more frequently cited for violations and assessed penalties
because they are easier targets, with fewer resources to resist or appeal
enforcement, and because large companies have more political influence. This
need not be a conscious bias in the system, but might simply be a reaction to
real contingencies faced by those responsible for enforcement of industrial health

standards.
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Year of Inspection. This findings of this study strongly suggest there was an
association between the time period of the inspection and the occurrence of
citations and penalties. This was true both with respect to quantitative and to
qualitative measures of violations. This is only observable in the analysis of all
worksites because Year of inspection is a matching variable for the matched

group comparisons.

The outcomes Citation Event and Penalty Event had a 1.5 to 1.8 times greater
odds of occurring in 1993 or later, as compared to the reference category —
1989 to 1992. Both number citations and penalties were less strongly associated
with the later time periods, and Serious violations were twice as likely to be cited
in the later periods. Interestingly, Repeat and Willful violations were much less
likely to be cited in the later periods, a reversal in direction of association

compared to the other outcome measures.

Without detailed knowledge of patterns of MIOSHA policies and practices during
the 14-year period of this study it is difficult to interpret these findings. One
speculation is that the higher tendency to issue citations and penalties in the later
time periods might have decreased the occurrence of Repeat and Willful
violations. Alternatively, MIOSHA practices might have produced higher
frequencies of citations in general but fewer of the Repeat and Willful ratings,

which typically are associated with more substantial penalties.

SIC Code. The post hoc analysis of categories of SIC Code revealed interesting

differences among the categories regarding the relative odds for a Citation Event
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as compared with the relative odds for a Penalty Event. Manufacturing worksites
had lower odds for receiving penalties as compared with four of the six other
categories, and were not different from the other two categories. However, when
considering citations, the pattern was reversed. The two categories that had no
difference regarding penalties ( Agriculture & Forestry, and Wholesale, Retail &
Financial) had lower odds for a Citation Event as compared with Manufacturing
worksites. The remaining four categories were not different from Manufacturing

worksites with respect to the odds of a Citation Event..

In an attempt to simplify and better understand this pattern, an additional
exploratory analysis was performed using a recoding of the SIC categories so as
to allow comparison of manufacturing worksites with all other worksites. This
analysis showed that there was no difference in the odds for a Citation Event
(OR=1.06, 95% CI: 0.98 — 1.15, p=0.130). However, manufacturing worksites
were less likely than non-manufacturing worksites to be assessed a penalty
(OR=0.85, 95% CI: 0.78 — 0.92, p<0.001). The fact that four of the sub-
categories of non-manufacturing worksites show this same direction of
association suggests that this difference is general, and not unduly influenced by

a narrow subgroup of industries.

It is unclear why manufacturing worksites might be less likely to be assessed with
penalties than worksites in other industries. Future studies might examine this
phenomenon in greater detail, with an eye to covariates not available for this

study.
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Study Strengths. This research has a number of strengths. First, the sample
size for these analyses (12,813) was large relative to the number of covariates
under study, which virtually eliminated the issue of power, and substantially
reduced the role of chance in the regression analyses. Also, one set of
comparisons included all eligible worksites with no sampling. This provided a

good benchmark to rule out any bias in the sampling or matching processes.

The large sample also created a favorable environment for the creation of the
matched comparison group. With only one minor exception, an adequate
number of worksites was available to select three comparison worksites for each
SENSOR worksite matched on two-digit SIC Code. The matched cohort
provided an indirect control of unmeasured factors that might have influenced the

analyses of all worksites.

Finally, other than the zero employee issue, the database had few missing data
or other data problems. Only 13 worksites (0.1 per cent) were excluded for

reasons such as missing inspection numbers or having extreme values.

Limitations. With regard to limitations, a central concern is the lack of
information regarding the characteristics of inspected worksites. The IMIS
database contained only limited information describing worksites, such as
whether workers were represented by an organized bargaining unit, the number
of employees working at the site, and the number of employees in the parent
organization if that differed from the number at the inspected worksite. Absent

was additional information about worksites that might have been associated with

63



the outcome measures. Examples include such organizational variables as
management and supervisory style, level of investment in training of
management and labor, and the financial performance of the company.
Additional covariates that might be predictive of violations include the occurrence
of workforce reductions in the period preceding inspections, and absenteeism.
Workforce reductions may be an indicator of developing financial difficulties that
could impact the previously mentioned covariates such as level of supervision or
training. Absenteeism could be a consequence of a broad range of
organizational factors that may be associated with management practices

leading to higher levels of violations, but that are difficult to measure directly.

Another limitation concerned the Worksite and Corporation Employee covariates.
In analyses that included these covariates, 656 (5.1%) of the worksites had to be
treated as missing because they had zero recorded as the number of employees.
Of the 656 worksites, 4 were SENSOR worksites which constituted 0.7% of the
total SENSOR worksites. For Non-SENSOR worksites, the 652 scored zero for
number of employees constituted 5.3% of all Non-SENSOR worksites. A similar
percentage (5.8%) of the matched comparison group had a zero score for
number of worksite employees. As previously described, it was not possible to
determine which of several alternative explanations of the zero score might be
correct. However, if the majority of these worksites did properly belong in the
smallest category for number of employees, their omission from the analysis
might have inflated the association reported for the smallest company size. This

is because only two of the worksites with ‘zero’ employees received any citations.
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Thus, including the ‘zero’ employee worksites in the smallest size category would
have reduced the reported association of the smallest company size with the

occurrence of a citation.

Exploratory analyses were undertaken to examine the materiality of this issue
with respect to the reported company and corporate size effects. In these
exploratory analyses, the covariates Worksite Employees and Corporate
Employees were replaced with covariates that included the worksites with ‘zero’
scores in the smallest categories of the respective replacement covariates.
While, as expected, the analyses did yield somewhat smaller associations and
higher p-values for the smallest category (1-11 employees), there remained a
clear pattern that worksites with fewer employees were more likely to receive
citations and penalties as compared with the largest worksites (1000+

employees).

An additional limitation was the inability to control statistically for the influence of
individual industrial hygiene inspectors. It is possible that inspector level
differences in such factors as interpretation and application of standards, attitude
toward the SENSOR WRA program, training, level of experience might be
associated with patterns in citations and penalties assessed. However,
SENSOR staff at MSU observed that SENSOR worksites were assigned
inspectors in a manor similar to the assignment of inspectors to worksites in
general, suggesting that inspector bias is unlikely to have influenced the study

results.
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Beyond the aforementioned limitations, is the issue of the difference between
SENSOR and Non-SENSOR inspections regarding the lag time between the
occurrence of the event initiating an inspection and the time when the actual
inspection took place. In the case of SENSOR inspections, significant time often
passed between the occurrence of asthma symptoms and a worker seeking
treatment. Further time passed until a potential case was reported to the
SENSOR program. Following an interview of a potential case, medical records
were requested. Additional time passed waiting for records to be received and a
review by the study physician. Next a recommendation was made for an
inspection. This may or not have resulted in an inspection, and in the instances
that it did, a further delay of several months might take place before the actual
inspection occurred. This process triggering a SENSOR inspection took much
longer than the sequence from employee complaint to inspection that was typical
for a large proportion of Non-SENSOR inspections. The longer time lag
associated with SENSOR inspections allowed more time for a hazardous
condition to be eliminated. This could have created a bias leading to an

underestimation of citations at SENSOR worksites.

Finally, there is the issue of the generalizability of the findings of this study. This
study focused exclusively on the State of Michigan, and similar studies in other
states might yield different results. For example, other states may have
industries that are not represented in the Michigan population of worksites. If
such industry differences represent differences in hazard patterns that were not

controlled for by the current study design or statistical methods, then the
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associations reported for Michigan might vary from results obtained by similar
studies in other states. Also, the finding that the year of inspection was
associated with the outcome suggests the possibility that future time periods may

differ from the time period considered in this study.

Future Studies. This study represents the first step in the process of evaluating
the SENSOR work-related asthma program. It is now evident that even without
the availability of specific standards for agents that cause work-related asthma,
inspections triggered by a WRA index case are very much like other inspected
worksites in terms of the prevalence of violations observed at the worksite. This
means that inspecting SENSOR worksites is at least as valuable with respect to
public health as inspections undertaken for other reasons, such as employee
complaints. Further examination of the broader impact of SENSOR triggered

inspections can only add to their net public health value.

An example of this broader impact is the approximately 1800 coworkers identified
at the SENSOR inspections as having WRA symptoms. Roughly 1300 of the
symptomatic coworkers were identified through interviews conducted during
SENSOR inspections, and the remainder by an examination of logs maintained
by employers under mandatory OSHA regulations.? The evaluation of the public
health impact of the SENSOR WRA must take into account both the identification
of these additional cases as well as the potential value of the prevention of
additional incident cases of WRA. Such prevention might result from changes in

workplace environment occurring as a consequence of the SENSOR inspection.
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To assess the broad public health impact of the SENSOR WRA program the
following additional steps in the evaluation process are required: (1) an economic
evaluation of the cost of identifying SENSOR index cases as well as the cost
(and benefit) of identifying additional symptomatic workers at SENSOR
worksites; (2) following up at the SENSOR worksites to determine if changes
have resulted as a consequence of the SENSOR process; and (3) to the extent
that changes are identified at worksites, estimating the probability of reducing the
incidence of new cases and the associated economic benefits of such

reductions.

The form of follow-up efforts might range from surveys of employees regarding
workplace practices and conditions, to follow-up inspections, to the linking of
other administrative databases with the IMIS database in order to compare
SENSOR and NON-SENSOR worksites with respect to a broader array of
covariates. Such covariates might include safety inspection outcomes, workers

compensation claims, and health insurance records.
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APPENDIX A

Tables of the 25 Most Frequent Two-Digit SIC Codes
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APPENDIX TABLE A1

25 Most Frequent SIC Major Codes for
SENSOR and Matched Comparison Michigan Worksites
Inspected During 1989 through 2002 '

Grp. Frequency Cum
# SIC Major Group SENSOR Matched | ° | 9
37 | Transportation Equipment 218 654 40.0 | 40.0

Industrial And Commercial Machinery
35 And Computer Equipment 49 147 9.0 |49.0
Rubber And Miscellaneous Plastics
30 Products 40 120 7.3 |56.3
Fabricated Metal Products, Except
34 | Machinery And Transportation 40 120 7.3 | 63.7
Equipment
28 | Chemicals And Allied Products 24 72 44 |68.1
33 | Primary Metal Industries 24 72 44 [ 725
20 | Food And Kindred Products 22 66 40 | 76.5
80 | Health Services 18 54 3.3 [79.8
Electronic And Other Electrical v
36 | Equipment And Components, Except 11 33 20 | 81.8
Computer Equip
Lumber And Wood Products, Except
24 Furniture 9 27 16 | 834
Printing, Publishing, And Allied
27 industries 8 24 1.5 | 85.0
Stone, Clay, Glass, And Concrete
32 Products 8 24 1.5 | 864
Measuring, Analyzing, And Controlling
Instruments; Photographic, Medical
38 And Optical Goods; Watches And 8 24 1.5 1879
Clocks
72 | Personal Services 5 15 0.9 |88.38
Construction Special Trade
17 Contractors 4 12 0.7 |89.5
25 | Furniture And Fixtures 4 12 0.7 [90.3
Miscellaneous Manufacturing
39 Industries 4 12 0.7 [{91.0
Motor Freight Transportation And
42 Warehousing 4 12 0.7 | 917
26 | Paper And Allied Products 3 9 06 |923
49 | Electric, Gas, And Sanitary Services 3 9 0.6 [928
50 | Wholesale Trade-durable Goods 3 9 06 [934
51 | Wholesale Trade-non-durable Goods 3 9 0.6 |[93.9
54 | Food Stores 3 9 0.6 | 94.5
73 | Business Services 3 9 0.6 |95.0
75 | Automotive Repair, Services, Parking 3 9 0.6 |95.6

' MIOSHA Health Inspections, only.
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APPENDIX TABLE A2

25 Most Frequent SIC Major Codes for

All Eligible Michigan Worksites Inspected During 1989 — 2002

G;p' SIC Major Group Frequency | % c‘:/:“
Fabricated Metal Products, Except

34 Machinery And Transportation Equipment 1.421 11.6 | 11.6

17 Construction Special Trade Contractors | 1,253 10.2 | 21.8

37 Transportation Equipment 1,240 10.1 | 31.9
Industrial And Commercial Machinery And

35 Computer Equipment 718 58 |37.8

80 Health Services 550 45 |42.2

33 Primary Metal Industries 453 3.7 {45.9

92 Justice, Public Order, And Safety 437 3.6 |495

82 Educational Services 400 3.2 | 528
Rubber And Miscellaneous Plastics

30 Products 389 3.2 | 559

75 Automotive Repair, Services, And Parking 371 3.0 [ 58.95

28 Chemicals And Allied Products 329 2.7 |61.63
Building Construction General Contractors

15 And Operative Builders 277 2.3 |63.89

73 Business Services 263 2.1 |66.03

49 Electric, Gas, And Sanitary Services 246 2.0 | 68.04
Lumber And Wood Products, Except

24 Furniture 202 1.6 |69.69

50 Wholesale Trade-durable Goods 196 1.6 | 71.28
Heavy Construction Other Than Building

16 Construction Contractors 178 14 17273

27 Printing, Publishing, And Allied Industries 176 1.4 | 74.17
Motor Freight Transportation And

42 Warehousing 174 1.4 |75.59

20 Food And Kindred Products 173 14 |77.00

32 Stone, Clay, Glass, And Concrete Products 165 1.3 | 78.34
Automotive Dealers And Gasoline Service

55 Stations 162 1.3 | 79.66
Electronic And Other Electrical Equipment

36 And Components, Except Computer Equip 153 1.2 | 80.91

72 Personal Services 145 1.9 | 82.09

25 Furniture And Fixtures 137 1.1 | 83.21

' MIOSHA Health Inspections, only.
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