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1 | INTRODUCTION

Jack T. Dennerlein PhD?

Background: Safety prequalification assessing contractors’ safety management
systems and safety programs lack validation in predicting construction worker injuries.
Methods: Safety assessments of leading indicators from 2198 construction
contractors, including Safety Management Systems (SMS), Safety Programs (e.g., falls,
hearing protection), and Special Elements (drug testing, return to work) scales as well as
the history of citations from the Occupational Safety and Health Administration
(OSHA) were compared to contractors' lagging indicators of recordable injury case
rates (RC) and rates of injuries involving days away, restricted, or transferred (DART).
Results: Increased SMS scores were related to lower injury rates. Each one-point
increase in SMS values was associated with 34% reduced odds of a recordable case rate
greater than zero (Odds ratio (OR): 0.66, 95% Confidence Interval (Cl): (0.57,0.79)), and
a 9% reduced recordable case rate, if one occurs (Risk Ratio (RR): 0.91, 95% ClI: (0.88,
0.94)). A one-point increase in SMS was associated with 28% reduced odds of a DART
(OR=0.72, 95%Cl (0.56, 0.91)), and 9% reduced DART rate, if one occurs (RR =0.91,
95%Cl (0.87, 0.95)). Safety programs did not show consistent associations with injury
outcomes. Having additional Special Elements related to drug and alcohol programs
was associated with lower injury rates while the Special Element related to return to
work showed no consistent associations with injury. Having more OSHA Citations was
associated with lower injury rates for companies with injuries.

Conclusions: These results support pre-qualification methods based on SMS and

suggest the need for safety management systems in contractors.
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success of creating a safer and healthier work environment. Having
access to a pre-qualification assessment of a company's safety systems

During the contract bidding process, there is need among owners and
general contractors to evaluate the ability of potential subcontractors
to provide safe work environments. Partnering with contractors that

share similar safety related goals and priorities may increase the

Institution at which the work was performed: Northeastern University.

and procedures may, therefore, help job owners select subcontractors
aligned with their safety values.

Many available tools for assessing and prequalifying subcontractors
for safety rely on lagging indicators such as injury rates and experience
modifying rate (EMR), a measure of a company's past lost experience.*®
While these lagging indicators are important safety outcomes, they

provide minimal information about a company's systems of safety and
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safety management policies, programs, and practices. In addition, these
lagging indicators may be prone to mismeasurement due to under-
reporting of work-related injuries in the construction industry.*

More recent prequalification tools have included leading safety
indicators, such as safety programs and policies® as leading indicators
are thought of as predictive antecedents to accidents and injuries. In loss
prediction models and in other work and safety frameworks, organiza-
tional policies, programs, and practices are associated with lagging
indicators such as worker behavior and worker injuries.®1° Elements of
safety management systems include leadership commitment, regular
and frequent hazard recognition and controls, employee training, safety
communications, and program evaluation.!>12 A recent review of the
literature concludes, that in the construction industry, the question
remains: Do pre-qualification tools that measure systems of safety
components predict the reported injuries for the same companies?*®

Therefore, our goal is to provide the first test of the associations of
safety management systems and other leading indicators with lagging
indicators as collected by a prequalification company with over 2000
construction companies. We present and evaluate a subcontractor
pre-qualification assessment procedure informed by various leading

indicators related to company-level safety policies and programs.

2 | METHODS

2.1 | Data

All data in this study were extracted from the ConstructSecure, Inc
(Marlborough, MA) contractor safety assessment program (CSAP) of
self-reported and validated company-level safety data. Registered and
active companies who subscribe to the ConstructSecure service have a
safety manager complete an annual survey capturing measures of
safety management systems, special programs, and special elements as
well as lagging indicators including OSHA recordable injuries and EMR.
Additionally, the survey includes demographic questions about the
company such as number of employees, number of person-hours
worked, and trade. Many general contractors and owners of
construction projects require companies that are bidding on work to
be registered with at least one CSAP, which allows for the evaluation of
a company's safety performance alongside the bid details.

Construct secure has two parts, a survey that includes leading and
lagging indicators and a proprietary algorithm that utilizes the survey as
well as a copy of the companies written safety policies and program to
create a score. In this paper, we are interested in describing the
relationships between the leading and lagging indicators collected in the
survey alone. The result of this survey is a score from zero to one hundred,
with higher scores being indicative of safer companies. We do not include
this score in our analysis as it is based both leading and lagging indicators of
safety making it inappropriate to use as a predictor of lagging indicators.

For this study the lagging safety indicators, which will be
dependent variables in all models, are (1) all recordable injury cases
(RC) and (2) injuries involving days away, restricted, or transfer (DART).
The number of employees was not a reliable measure to create

calculate injury rates as 1809 companies report O employees.

Therefore, injury rates for both RC and DART, are calculated per
100 full-time equivalent (FTE) person-hours billed.

Safety measures considered as leading indicators included a series
of questions summarizing five components of a subcontractor's
organizational programs and policies (Table 1): Safety Management
Systems (SMS), Safety Program Elements: Hazards; Safety Program
Elements: Programs; Special Elements not related to drug and alcohol
programs; and drug and alcohol related Special Elements. The Safety
Management System (SMS) section contains 17 questions related to
safety culture, communication, and incident investigations, such as
“Does your company have a full-time safety manager on staff?” and
“Does your company have a defined budget for safety?” Safety
Program Elements: Hazards (SPE.H) consists of 16 questions pertain-
ing to potential hazards that workers may be exposed to on a worksite,
for example, using ladders, working in trenches, or using power tools.
Safety Program Elements: Programs (SPE.P) has 17 questions
regarding programs addressing specific safety practices related to
worksite hazards, such as eye protection or fall protection programs.
The non-drug and alcohol program Special Elements (SE.ND) consists
of four questions covering a contractor's return-to-work programs,
OSHA partnerships, and participation in OSHA's Safety and Health
Achievement and Recognition Program (SHARP) and Voluntary
Protection Programs (VPP). The drug and alcohol program Special
Elements (SE.D) consists of four questions pertaining to drug and
alcohol testing policies. Additionally, companies are asked to self-
report the number of OSHA citations received over the past 3 years,
which we have categorized as 0, 1, 2, or more than 3. Since data on
citations are retrospectively collected, we treat them as leading
indicators of an injury occurring in the current year.

Company specific trade (70 categories) was extracted, but for
modeling purposes, we combined certain trades (for example, “Concrete
cutting/drilling,” “Poured concrete foundation and structure,” and
“Concrete delivery” were grouped together as “Concrete”), reducing the

).14 ConstructSe-

number of categories to 33 (see Supplemental Table S1
cure automatically verifies all data by comparing survey responses to each
company's written safety programs and manuals, and OSHA 300 Summary
Form, which are uploaded to the ConstructSecure website.

On October 1, 2015, we downloaded all the safety data from
the ConstructSecure database, which consisted of nearly 5000
companies; however, these downloaded data contained both incom-
plete and expired data (data from companies that have not updated
their surveys within a year). For this study, we only included companies
with complete and non-expired data. By including only complete and
non-expired data, all companies in this study have completed the
ConstructSecure prequalification tool between September 30, 2014
and September 30, 2015. We excluded companies reporting less than
10FTEs, as these companies are not subject to OSHA reporting
guidelines.'® In addition, due to their small rates, a single injury adds a
lot of variability to an annual injury rate. Lastly, we excluded companies
reporting extreme outliers for values relevant to calculating lagging
indicator rates, such as an EMR > 2, Hours Worked > 110 000 000, a
recordable case rate higher than 2800 per 100 FTEs, and a DART rate
higher than 240 per 100 FTEs.
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TABLE 1 Company descriptive statistics

Maximum
Statistic (N =2148) score
Safety management system (SMS) 17
Safety program elements hazards (SPE.H) 16
Safety program elements programs (SPE.P) 17

Special elements non-drug and alcohol (SE.ND)

Special elements drug & alcohol screening (SE.D)

OSHA citations

Recordable cases (RC) per 100FTEs

Days away restricted transferred (DART) per
100FTEs

Full time equivalents (FTEs)

Northeastern University's Office of Human Subject Research
Protection reviewed and approved all procedures and methods for the
study (IRB Approval #14-06-10).

2.2 | Statistical models

To examine the associations between the leading and lagging
indicators, we first calculated Spearman correlation coefficients
between all measures. We then fit models for each outcome, the
company specific count of DART or RC incidents reported, offset by
100*FTEs, to create the respective rates (DART/100FTEs, RC/
100FTEs). To appropriately model company specific DART and RC
rates, accounting for the large number of companies reporting zero
DART and zero RC events, we use Zero-Inflated Poisson (ZIP) models
with robust standard errors. The zero-inflation piece of the model first
considers a logistic regression model to determine if the DART or RC
rates equal zero or if it they are distributed according to a Poisson
distribution. If, according to this logistic model, the rate is distributed as
a Poisson, then a log-linear model is fit.2® Robust standard errors
control for mild deviations from the assumption that the mean and

variance of the Poisson distributed outcomes are equal.'”

2.3 | Covariate selection

Covariates expected a priori to affect both DART and RC rates included
organizational systems of safety such as SMS, SPE.H, SPE.P, SE.ND, and
SE.D. Crude models were first examined to determine predictive power
of each individual organizational system of safety on injury outcomes.

The number of OSHA citations reported in the previous 3 years,
evaluated as both a categorical and linear term, and trade were also
included in the model. Due to the large number of categories, trade was
included only in the Poisson portion of the model, not in the logistic
regression piece. Final multivariable models were constructed using

the cross-validation methods described below.

2.4 | Model validation

Tenfold cross validation (CV) methods were used to build, compare,
and assess the fit of all predictive models. With 10-fold CV, the full

Mean SDtt;v. Min  Pctl(25) Median Pctl(75) Max
14.2 3.0 0 13.0 15.0 16.2 17.0
4.6 4.0 0 11 4.0 7.0 17.0
14.3 24 0 13.9 15.0 16.0 16.0

1.1 0.9 0 1.0 1.0 1.0 4.0

3.0 1.2 0 2.0 4.0 4.0 4.0

0.4 0.9 0 0.0 0.0 0.0 3.0

3.0 4.4 0 0.0 1.5 4.2 61.3

1.8 29 0 0.0 0.6 2.5 323
296.8 11945 10 31.0 70.4 191.8 34989.3

datasetis splitin to 10 separate sets, models are built and fit using one of
the 10 distinct data sets, while predictions are then generated from the
remaining 9 left-out sets. Observed outcomes are compared to the
predicted outcomes and models which minimize the square root of the
mean squared error between these outcomes are preferred. Predictive
performance of the DART and RC models was determined by calculating
the square of the Pearson correlation coefficient between the held-out
observations and their predictions, the cross-validation R2. Multivariable
adjusted models, selected for maximizing the cross-validated R?
between observed and predicted outcomes were the same for both
the recordable case rate and DART rate outcomes.

We note that comparison between the performance of this
prequalification tool and the ConstructSecure score is impossible, as
the outcomes of interest for our model (the lagging DART and RC rates)
are used to calculate the ConstructSecure score.

Data summaries and analyses were conducted using the zeroinfl()
function in the pscl library of R v3.4.0.*8 Robust standard errors were
calculated using Stata SE version 14.

3 | RESULTS

3.1 | Study population

At the time of our data download, the ConstructSecure database
contained complete, partial, or expired safety information on 4877
companies. For each of the 2512 companies had complete unexpired
record, information related to leading and lagging safety indicators.
After removing companies according to the criteria described in the
Methods section above, prequalification data were available for 2148
companies (Table 1), located in 46 states (MS, MT, SD, and WY were
not represented), the District of Columbia, Alberta, Ontario, Quebec,
and New Brunswick. The average company reported a safety
management score (SMS) of 14.2 (Standard deviation (SD)= 3.0,
Maximum (max) = 17), 4.6 hazards (SPE.H) (SD = 4.0, max = 17), and
14.3 safety programs (SPE.P) (SD = 2.4, max = 16). Companies also
reported an average of 1.1 safety special elements (SE.ND) (SD = 0.9,
max =4) and 3 drug and alcohol screen programs (SE.D) (SD=1.2,
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max = 4). While over 75% of companies reported zero OSHA citations
over the past 3 years, the average number of citations equaled 0.4
(SD = 0.9, max = 3).

The distribution of FTEs was skewed toward large values,
evidenced by the company average of 296.8FTEs, but median FTEs
equaling 70.4. Once scaled by the FTEs, the average DART rate among
companies was 3.0 per 100FTEs (SD =4.4), with 914 companies
reporting O DART events. The average recordable case rate was 1.8 per
100FTEs (SD = 2.9), with 701 companies reporting O recordable cases.
Histograms display the non-normal distributions of DART and RC rates
and highlight the observed excess zeros, which motivated our use of
zero-inflated Poisson models (Figure 1).

All leading indicators studied in this analysis were significantly
correlated with each other (Table 2). Safety Management Systems
score was most highly correlated with safety programs (r=0.61), and
inversely correlated with safety hazards (r = -0.33). The presence of
drug and alcohol screening programs was inversely correlated with
both RC rates (r = -0.11) and DART rates (r = -0.10). The fewer safety
hazards was also significantly inversely correlated with both RC rates
(r=-0.03) and DART rates (r = -0.03). The number of OSHA citations
reported showed small, but significant positive correlations with both
RC rate (r=0.05) and DART rate (r = 0.04).

Rec. Case
1250 -
1000-
750 -
!
c
p=1
3
500 -
250 - |I
0_ Il.--__
0 5 10

15 20 25 0 5 10

Crude ZIP models showed consistent statistically significant
associations between Safety Management Systems and Drug and
Alcohol Special Elements and both recordable case and DART rates
(Tables 3 and 4). Each one-point increase in a company's SMS score,
was significantly associated with a 34% reduction in the odds of a
recordable case event occurring (odds ratio (OR): 0.66, 95%
confidence interval (Cl): (0.57, 0.79)), and a 9% reduction in the
rate of recordable cases, if one does occur (risk ratio (RR): 0.91, 95%
Cl: (0.88, 0.94)). Similarly, each one-point increase in SMS score was
significantly associated with a 28% reduction in the odds of DART
incident (OR =0.72, 95%Cl (0.56, 0.91)), and a 9% reduction in DART
rate, if one does occur (RR=0.91, 95%Cl (0.87, 0.95)). Associations
in models that were fully adjusted for all leading safety indicators
were generally consistent to those from crude models (Tables 3
and 4). Trade specific rate ratios are presented in Supplemental
Table S2.

In crude models, each additional Drug and Alcohol Special
Element is associated with a 65% reduction in the odds of a
recordable case event occurring (OR: 0.35, 95%Cl: (0.21, 0.59)),
and a 22% reduction in the expected number of RCs (RR: 0.78,
95%Cl (0.72, 0.84)). In fully adjusted models, the effect of a
one-point increase in SE.ND is slightly attenuated, but still

DART

15 20 25

Rate per 100 FTEs

FIGURE 1 Distributions of recordable case (L) and DART rates per 100 FTEs associated with each of the construction subcontracting
companies. For clarity, the horizontal axis has been restricted between 0 and 30
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TABLE 2 Correlations (N =2148)

SPE SPE SE non-drug and
SMS  hazards programs alcohol
SMS 1 -0.33* 0.61* 0.34*
SPE.H - 1 -0.52* -0.25*
SPE.P - - 1 0.30*
SE.ND - - - 1

SE.D - - - -
OSHA citations - - - -
RC per 100FTEs - - - -

DART per = = = =
100FTEs

WILEY
SE OSHA RC per DART per
drug citations 100FTEs 100FTEs
0.42* 0.10* -0.04 -0.07
-0.19* -0.14* -0.03* -0.03*
0.35* 0.09* -0.05 -0.05
0.33* 0.05* -0.05 -0.06
1 0.05+ -0.11* -0.10*
- 1 0.05* 0.04*
- - 1 0.77*
= = = 1

SMS, safety management systems (17 questions); SPE.H, safety program elements, hazards (16 questions); SPE.P, safety program elements, programs (17
questions); SE.ND, special elements not related to drug and alcohol (4 questions); SE.D, special elements related to drug and alcohol (4 questions); RC per
100FTEs, recordable injury case rate per 100 full-time equivalents; DART per 100FTEs, days away restricted or transferred rate per 100 full-time equivalents.

*P < 0.05.

significantly associated with 17% reductions in the odds of a
recordable case (OR=0.83, 95%CI (0.78, 0.89)), and a 55%
reduction in the RC rate (RR=0.45, 95%Cl| (0.27, 0.76)). DART
rate models showed similar effects, where fully adjusted models
showed a one-point increase in SE.ND was associated with an 18%
reduction in the odds of a DART event (OR=0.82, 95%Cl (0.77,
0.87)) and a 47% reduction in the DART rate (OR=0.53, 95%Cl
(0.29, 0.97)).

The final ZIP models for RC and DART included terms for each
leading indicator, while the zero-inflation portion of the model only
included terms for SMS, SE.ND, and OSHA citations. Further adjusting
models for trade did not influence the inclusion of any leading
indicators. Final cross-validated R? for the multivariable model for
recordable cases was 0.71, while further adjusting for trade increased
this value to 0.74. Multivariable and trade-adjusted DART models had
cross-validated R? values of 0.51 and 0.62, respectively. In a sensitivity
analysis, our results remain robust to the exclusion of the seven
Canadian companies.

TABLE 3 Recordable cases models (N =2148)

4 | DISCUSSION

Through our cross-sectional analysis of this CSAP database, we have
identified several organizational leading safety indicators that are
associated with safety performance in the construction industry, as
measured by recordable cases and days away restricted or transferred.
More safety management systems were inversely associated with RC
and DART rates, and companies with higher SMS scores were more
likely to report no incidents. Similarly, the inclusion of drug and alcohol
policy elements was associated with improved recordable case and
DART rates.

Our study is unique in that within the database we observed a
(inverse) dose-response relationship between safety management
systems and injuries when they occur. The finding that safety
management systems is associated with the injury data further
supports the need for such organizational commitment to safety.® The
efforts to put forth safety management programs has been supported
by many safety advocates including the OSHA proposed program rule

Leading indicator
SMS
SPE hazards

SPE programs

SE non-drug and alcohol

SE drug and alcohol
OSHA citations

Observed vs predicted R?

Cross-validation R?

Crude Multivariate Multivariate + trade
Count Inflation Count Inflation Count Inflation
model (RRs) model (ORs) model (RRs) model (ORs) model (RRs) model (ORs)

0.91 (0.88, 0.94)***
1.01 (0.98, 1.04)
0.98 (0.93, 1.04)
0.89 (0.76, 1.04)
0.78 (0.72, 0.84)***
1.03 (0.94, 1.13)

-, Covariate not included in model.
*P<0.05, **P < 0.01, ***P < 0.001.

0.66 (0.57, 0.79)***
1.32 (1.04, 1.68)*
0.89 (0.61, 1.28)
0.33 (0.12, 0.96)*
0.35(0.21, 0.59)***
0.20 (0.06, 0.60)**

0.92 (0.89,0.95)***
1.01 (0.98, 1.03)
1.04 (1.00, 1.09)
1.00 (0.86, 1.15)
0.81(0.75, 0.87)***
1.07 (0.98, 1.16)
0.72

0.71

0.78 (0.63, 0.97)*

0.48 (0.28, 0.84)*
0.15 (0.03, 0.83)*

0.95(0.92, 0.98)***
0.99 (0.97, 1.01)
1.00 (0.97, 1.04)
0.98 (0.88, 1.09)
0.83(0.78, 0.89)***
1.05 (0.98, 1.12)
0.80

0.74

0.81 (0.66, 0.99)*

0.45 (0.27, 0.76)**
0.12 (0.02, 0.72)
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TABLE 4 DART models (N =2148)

Leading indicator

SMS

SPE hazards

SPE Programs

SE Non-drug and alcohol
SE drug and alcohol
OSHA citations
Observed vs predicted R?

Cross-validation R?

Crude Multivariate Multivariate + trade

Count Inflation Count Inflation Count Inflation

model (RRs) model (ORs) model (RRs) model (ORs) model (RRs) model (ORs)
0.91 (0.87, 0.95)*** 0.72 (0.56, 0.91)** 0.90 (0.86, 0.94)***  0.86 (0.66, 1.12) 0.93 (0.90, 0.96)*** 0.90 (0.74, 1.09)

1.00 (0.95, 1.05)
1.01 (0.92, 1.10)
0.88 (0.72, 1.08)
0.75(0.70, 0.81)***
1.01 (0.90, 1.14)

1.15 (0.84, 1.58)
0.89 (0.61, 1.31)
0.39 (0.02, 9.21)
0.44 (0.28, 0.69)***
0.83 (0.06, 0.41)

1.01 (0.98, 1.03)
1.08 (1.02, 1.15)**
0.99 (0.84, 1.17)
0.79 (0.74, 0.84)***
1.07 (0.97, 1.18)
0.58

0.51

0.55 (0.32, 0.97)
0.12 (0.03, 0.49)**

0.98 (0.96, 1.00)
1.03 (0.99, 1.08)
0.97 (0.86, 1.10)
0.82(0.77, 0.87)***
1.05 (0.98, 1.13)
0.70

0.62

0.53(0.29, 0.97)*
0.75 (0.06, 8.67)

-, Covariate not included in model.
*P <0.05, **P < 0.01, ***P < 0.001.

of 19997 and their white paper in 2012.** The questions in this
section capture a range of components that are often referenced as
essential elements for safety and health management systems.” These
questions assess management commitment through evidence of, and
an involvement plan for, organizational safety and health goals. Other
factors include inspection and hazard recognition, infrastructure for
worker involvement through committees and feedback opportunities,
accountability within all levels of management, evaluation plans,
incident investigations, and emergency plans. Overall the recorded
associations here are in support of having strong safety management
systems in place in these contractors.

The fact that the safety program scores were not significantly
related to the outcomes was surprising and may be due to several
reason. One is the belief that simply complying with OSHA standards
may not be enough to reduce injuries.?° Another is the existence of
these programs and their hazards may vary a great deal from company
to company perhaps due to the existence of different trade-specific
hazards. As a result of this variability, a tally of the number of programs
may not be enough to see relationships within this sample. However,
understanding which programs are in place may help users of pre-
qualification data to plan appropriately when dealing with specific
contractors for specific projects. It also helps to ensure appropriate
compliance issues for a general contractor and an owner when hiring
contractors.

The finding that having drug and alcohol screening program
reduced the rate of reported injuries is consistent with other studies
that have examined such associations; however, the quality of these
studies prohibits conclusions about cause and effect of such
programs.2! In their review, Pidd and Roche?! state the need for
more rigorous research to evaluate such programs and that better
dissemination of the current evidence (or the lack there of) is needed.
Given the expense of implementing a drug and alcohol screening
program, companies with such policies may have better financial
performance, and thus the presence of these programs may be
associated with other unmeasured company characteristics. The horse

may have left the barn as more and more companies are using drug

testing as part of their safety programs based on cross-sectional
studies including our own.??22 Given the high rates of alcohol and drug
use among construction workers2*?> the industry should consider
employing substance abuse programs for their employees. The use of
peer-based programs along with testing can reduce injuries by 33%
and is very cost effective.?®

Our study does have some limitations. First, the cross-sectional
design of our analysis does not allow us to identify temporal or
causal relationships between the organizational programs and
policies around safety, and the lagging safety outcomes. This design
was chosen as it best fit our goal of developing a safety
prequalification tool using current leading indicators, and it
accommodated the data we had access to. Additionally, the leading
indicators that we investigate (such as safety management systems
and job hazards), are likely to be fairly stable over time. Also, because
of the self-report of most included measures, if there are
inaccuracies in these metrics it is likely that they will be directional.
We assume that companies would be more likely to overstate their
safety programs and perhaps underreport their injuries. Further,
many companies may rely on non-contract employees and other
contractors to perform work, which could also bias results regarding
the relationships between company policies and injury outcomes, as
those non-contract employees may not be fully aware of all company
safety policies and programs and when injured, may not report it to
the prime contractor. Finally, the results of this work may not be
generalizable to contractors that do not voluntarily participate in a
safety-prequalification program, such as ConstructSecure, as well as
smaller companies with less than 10 FTEs in billable hours.

Overall these data provided a unique opportunity to explore
associations between leading (safety management systems and
programs) and lagging (injuries) indicators in a large number of
construction contractors across the United States and Canada. The
associations documented here through using statistical approaches
accounting for the large number of zeros in the data support the need
for the implementation of safety management systems across the

broad range of contractors.



MANJOURIDES ano DENNERLEIN

AUTHORS’ CONTRIBUTIONS

JM participated in the conception and design of the study, the analysis
and interpretation of analyses, drafting the manuscript. JD participated
in the conception and design of the study, the acquisition of the data
and interpretation of model results. JD contributed to drafting and
revising the manuscript. Both authors gave final approval for the
manuscript and agree to be accountable for the accuracy and integrity

of the work.

ACKNOWLEDGMENTS

The authors thank Garret Burke, CSP and the staff at ConstructSecure
for their support in providing the data.

FUNDING

This study was funded in part by a grant from the Center for
Construction Research and Training and the National Institute for
Occupational Safety and Health (U60OOH009762).

ETHICS APPROVAL AND INFORMED CONSENT

The Northeastern University's Office of Human Subject Research
Protection reviewed and approved all procedures and methods for the
study (IRB Approval #14-06-10).

DISCLOSURE (AUTHORS)

The authors declare no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD

Paul Landsbergis declares that he has no competing or conflicts of

interest in the review and publication decision regarding this article.

DISCLAIMER

None.

ORCID

Justin Manjourides http://orcid.org/0000-0002-2454-4489

REFERENCES

1. Hoonakker P, Loushine T, Carayon P, Kallman J, Kapp A, Smith MJ. The
effect of safety initiatives on safety performance: a longitudinal study.
Appl Ergon. 2005;36:461-469.

2. Hinze JW, Godfrey R. An evaluation of safety performance measures
for construction projects. J Constr Res. 2003;4:5-15.

3. Siu OL, Phillips DR, Leung TW. Safety climate and safety performance
among construction workers in Hong Kong. The role of psychological
strains as mediators. Accid Anal Prev. 2004;36:359-366.

N

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

. Lipscomb HJ, Nolan J, Patterson D, Sticca V, Myers DJ. Safety,
incentives, and the reporting of work-related injuries among union
carpenters: “You're pretty much screwed if you get hurt at work“. Am J
Ind Med. 2013;56:389-399.

. Sparer EH, Dennerlein JT. Determining safety inspection thresholds
for employee incentives programs on construction sites. Saf Sci.
2013;51:77-84.

. Michaels D. 7 ways to improve operations without sacrificing worker
safety. Harvard Bus Rev. 2018. https://hbr.org/2018/03/7-ways-to-
improve-operations-without-sacrificing-worker-safety

. Amick BC, Habeck RV, Hunt A, et al. Measuring the impact of
organizational behaviors on work disability prevention and manage-
ment. J Occup Rehabil. 2000;10:21-38.

. Tang K, MacDermid JC, Amick BC, 3rd, Beaton DE. The 11-item
workplace organizational policies and practices questionnaire (OPP-
11): examination of its construct validity, factor structure, and
predictive validity in injured workers with upper-limb disorders. Am
J Ind Med. 2011;54:834-846.

. Sorensen G, Sparer E, Williams JAR, et al. Measuring best practices for

workplace safety, health and wellbeing: the workplace integrated safety

and health assessment. J Occup Environ Med. 2018. 60:430-439.

Sorensen G, McLellan DL, Sabbath EL, et al. Integrating worksite

health protection and health promotion: a conceptual model for

intervention and research. Prev Med. 2016;91:188-196.

OSHA. Injury and lliness Prevention Program: White Paper. 2012;

https://www.osha.gov/dsg/topics/safetyhealth/OSHAwhite-paper-

january2012sm.pdf Accessed 7 December 2014.

Cigularov KP, Chen PY, Rosecrance J. The effects of error manage-

ment climate and safety communication on safety: a multi-level study.

Accid Anal Prev. 2010;42:1498-1506.

Liu KH, Tessler J, Murphy LA, Chang CC, Dennerlein JT. The gap between

tools and best practice: an analysis of safety prequalification surveys in the

construction industry. New Solut. 2018;28:683-703.

Sparer EH, Murphy LA, Taylor KM, Dennerlein JT. Correlation

between safety climate and contractor safety assessment programs

in construction. Am J Ind Med. 2013;56:1463-1472.

OSHA. Occupational Safety and Health Adminstration Law &

Regulations. 2018; https://www.osha.gov/law-regs.html Accessed

June 6, 2018, 2018.

Lambert D. Zero-inflated poisson regression, with an application to

defects in manufacturing. Technometrics. 1992;34:14.

. Cameron AC, Trivedi PK. 2009. Microeconometrics with Stata. College

Station, TX: StataCorp LP.

Team RC. R: a language and environment for statistical computing. R

Foundation for Statistical Computing. Vienna, Austria. 2018; https://

www.R-project.org/

OSHA. Draft Proposed Safety And Health Program Rule: 29 CFR

1900.1 Docket No. S&H-0027. 1999; http://www.osha.gov/dsg/

topics/safetyhealth/nshp.html Accessed 31 October 2010, 2010.

Condon C. Safety leader says compliance isn’t enough. EHS Daily Advisor

2016; https://ehsdailyadvisor.blr.com/2016/08/safety-leader-says-

compliance-isnt-enough/ Accessed August 17, 2018, 2018.

Pidd K, Roche AM. How effective is drug testing as a workplace safety

strategy? A systematic review of the evidence. Accid Anal Prev.

2014;71:154-165.

Gerber JK, Yacoubian GS, Jr. An assessment of drug testing within the

construction industry. J Drug Educ. 2002;32:53-68.

Schofield KE, Alexander BH, Gerberich SG, Ryan AD. Injury rates,

severity, and drug testing programs in small construction companies.

J Safety Res. 2013;44:97-104.

Bush DM, Lipari RN. Substance use and substance use disorder by

industry. The CBHSQ Report: Short Report April 16, 2015;2015.

Massachusetts Department of Public Health OHSP. 2018. Opioid-Related

Overdose Deaths in Massachusetts by Industry and Occupation, 2011-2015.

In: Health MDoP, ed. Boston, MA: Commonwealth of Massachusetts.



MANJOURIDES ano DENNERLEIN

26. Miller TR, Zaloshnja E, Spicer RS. Effectiveness and benefit-cost of
peer-based workplace substance abuse prevention coupled with
random testing. Accid Anal Prev. 2007;39:565-573.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Manjourides J, Dennerlein JT.
Testing the associations between leading and lagging
indicators in a contractor safety pre-qualification database.
Am J Ind Med. 2019;62:317-324.
https://doi.org/10.1002/ajim.22951






