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Abstract

Research and applications of behavioral principles have established behavior-based safety
initiatives as potentially effective solutions to certain occupational health and safety chal-
lenges. The present study adds to the existing literature a longitudinal evaluation of an
employee-driven behavior-based accident prevention initiative implemented in industrial set-
tings. Up to 5 years of injury data from 73 companies, drawn from a target population of 229
companies who implemented behavior-based safety, were examined. Comparisons of pre- to
post-initiative incident levels across groups revealed a significant decrease in incidents fol-
lowing the behavior-based safety implementation. Effect sizes were estimated from the aver-
age percentage reduction from baseline. The average reduction from baseline amounted to
26% in the first year increasing to 69% by the fifth. These findings are critically examined in
terms of both internal and external validity. Future research will focus on differential effects
of specific elements of the behavior-based safety initiative described herein. © 1999 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Too often, the researcher and practitioner work in isolation from one another, in
spite of the value of blending their roles. The practitioner often comes across valu-
able knowledge useful to the researcher, yet it is rare that a consultant finds a way to
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conduct research related to their own services. Non-research directed missions, dif-
ficulties with data collection in the field, and the pressure to make business decisions
before long-term research become available all discourage practitioners from con-
ducting outcome research. The present study was a safety consulting organization’s
effort to systematically evaluate the results of its clients.!

Behavioral approaches to safety performance improvement have enjoyed increas-
ing recognition as effective solutions to occupational health and safety challenges.
Some of the most frequently cited components of behavior-based safety are goal-
setting and posted feedback (e.g. Chhokar and Wallin, 1984; Reber et al., 1984),
observation and posted feedback (e.g. Komaki et al., 1980), and observation, verbal
feedback, data analysis, and problem solving (e.g. Krause et al., 1990; Krause,
1995). McAfee and Winn (1989) described the content of various behavior modi-
fication programs in greater detail and summarized 24 published studies. Guastello
(1993) conducted a meta-analysis of seven studies on the effectiveness of behavior-
based safety programs. The common features of these programs were employee
training, observation, and feedback. However, they differed in their use of goal-
setting, incentives, method of observation, type and method of feedback, and in
their longevity. In the present approach, front line employees of the implementing
organization were trained to conduct observations, provide feedback, analyze behav-
ioral data, and use behavioral data to make system improvements.

2. Background of employee-driven, behavior-based safety

Komaki et al. (1978) were among the first researchers to apply behavioral tech-
niques to industrial safety when they worked with a food manufacturing plant. In
their study, operational definitions of safety-related behavior were developed and
used to observe and record behavior on a checklist. The experimenters provided
posted and verbal feedback to workers 3—4 times weekly, based on data gathered
during observations. Results showed improvements in safe behavior of 26% in one
department and 21% in another. When the observation program was withdrawn,
performance returned to baseline. This 25-week project did not examine the effects
of the initiative on injury rates.

The pioneering research of Komaki et al. (1978) demonstrated that applied behav-
ior analysis methods could be used effectively to improve safety-related behavior in
the workplace and, at the same time, raised several questions. If safety-related
behaviors improved, would comparable change in incident rates follow? How could
organizations learn to implement and maintain behavioral methods themselves
without dependence on outside consultants? How can site personnel sustain perfor-
mance improvement? Who should conduct observations and give feedback? What
types of feedback work best? To what degree would findings of concomitant changes

! While the specific technology described and evaluated in this study is owned by a company for whom
its authors work, every effort has been made to conduct and report this evaluation without bias. Never-
theless, readers should be aware of this fact when assessing the findings.
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in incident frequency and safe behavior generalize to other behaviors not directly
measured?

Subsequent research has addressed some of these questions and neglected others.
That specific knowledge of results is important was shown by Locke et al. (1981) and
that specific feedback facilitates development of a more detailed plan for behavior
change (Kopelman, 1986). Kopelman also reported that when feedback revealed a
performance deficit, it was important to develop an action plan to take corrective
action. Earley (1988) demonstrated that action planning mediated the influence of
specific feedback. Specific feedback stimulated more detailed planning than general
feedback and led to a higher level of performance.

While behavioral scientists learned about feedback and its relationship to goal-
setting and action planning, organizational theorists were developing methods for
managing quality. Deming’s (1986) work on management systems and their effect on
quality transferred directly to industrial safety management. Krause et al. (1990)
point out that much of the observed variation in injury rates is attributable to ran-
dom variation. They, as well as others in the field, recognized that when statistical
process control charts indicate that incident rates are in control (i.e. most observed
variation is random), system changes are called for if incident rates are expected to
improve (Krause and Hidley, 1989; Salazar, 1989; Krause, 1995).

Deming (1986) held staunchly to the view that it is management’s responsibility to
change the system. Krause and Hidley (1989) combined this approach with applied
behavior analysis and targeted safety as an improvement area. Management con-
trols training resources, develops and implements policies and procedures, regulates
spending for equipment, and selects and places personnel. When management
understands its responsibility for employee safety and directs improvement efforts
on the safety system it created, then management also understands that blaming the
employee will not result in safety improvements. Deming (in quality) and Krause
and Hidley (in safety) prescribed adequate training, measurement of upstream pro-
cess indicators, in-depth assessments, and positive feedback on the status of the
system. At the same time, involvement of employees at all levels was recognized as
the mechanism for continuous improvement in safety.

Taken together, these developments in organizational behavior management,
combined with methods from total quality, suggested some important possibilities
for industrial accident prevention. Krause (1989, 1992) confirmed Komaki et al.’s
(1978) finding that the most effective observation strategy is to target site-specific
behaviors that have led to incidents in the past. Rather than using a standard list
of behaviors that may or may not be applicable in a particular setting, Krause and
colleagues adapted quality improvement techniques into standard methods for
identifying relevant behaviors from incident reports (Krause et al., 1984, 1990;
Killimett, 1991a). They developed a method for providing immediate positive verbal
feedback following observation (Krause et al., 1990; Killimett, 1992; Krause, 1997).

Krause and his colleagues involved employees at all levels of the organization in
order to develop a self-sustaining mechanism for continuous improvement. This
approach replaces the traditional model of training supervisors and managers to
observe behavior and deliver feedback, or having outsiders perform this function.
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Employees across levels learned to observe and give feedback, and then to use
behavioral data to select safety improvement targets.

Managers and supervisors play an important role in removing barriers to safe
performance and facilitating the smooth operation of the process. Because em-
ployees implemented the safety initiative, they possessed the tools to train new
participants and were personally invested in the improvement effort (Killimett,
1991b; Krause, 1995). This approach defines the phrase ‘employee-driven, behavior-
based safety process’.

Most studies of the effectiveness of behavior-based safety programs, including
those cited by McAfee and Winn (1989) and Guastello (1993), have been pre-
dominately time-limited, lasting weeks and months rather than years. These studies
rely heavily on external resources for implementation and did not provide a sus-
taining mechanism.

To date, a systematic and long-term evaluation of the effect of behavior-based
safety with observation, feedback, data analysis, and action planning components
has not been reported. The present study is the first in a series of process and out-
come evaluations. It adds to the existing literature a longitudinal evaluation of an
employee-driven accident prevention process implemented in real-world industrial
settings.

3. Materials and methods
3.1. Participants

Participants were 73 facilities who responded to requests for data, from a popu-
lation of 229 facilities who met the inclusion criteria for this study. Three inclusion
criteria reduced the 407 sites using the employee-driven behavioral accident preven-
tion down to the target population of 229. First, each steering committee must have
been trained by an outside consultant, as opposed to having been trained by an
employee of their company (internal consultant). The internal consultant model of
implementation uses a different implementation strategy than the one being investi-
gated here and is the subject of a separate study. Each site also had to be located in
North America and had to have completed at least 1 year of observations. This
long-term independent variable was necessary to allow adequate time to affect the
global and long-term outcome measure, incident rate.

All sites were asked to send monthly, non-cumulative recordable cases and hours
worked, covering only those employees potentially affected by the behavioral pro-
cess, beginning 4 years before behavioral observations began. To give an idea of
how much data was being requested, a site beginning observations in 1987 would
have been asked to compile as many as 336 numbers from as many separate records.
Considering that it was typical for a site never to have compiled their monthly injury
data, this was a substantial undertaking. Moreover, for organizations not previously
inclined to gather and analyze monthly incident data, the task of motivating a
response for this project was even more difficult. Sites gave the following types of
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reasons for not responding: “The data are stored in another location and I don’t
have access to it”, “I don’t know where to find that data”, “It would take too much
time to pull all that together”, “I only have summary reports”, “I can’t get the
monthly hours worked from the personnel department”, “We changed our record-
ing criteria and didn’t apply the new criteria retroactively”, and “We’ve had a major
reorganization, so it’s impossible to get injury data for the group of employees doing
the behavior-based safety process”.

Because only 73 of the 229 target sites provided data, selection bias was a concern.
To better understand the extent of selection bias, the 73 participants were compared
to the 156 non-participants on several variables: longevity of the process, number of
employees, union representation, industry, and responses to the question “Do you
view your (behavior-based safety) process as a success?’> Means and percentages of
these variables for each group are shown in Table 1. Independent groups ¢-tests
assuming unequal variances revealed that the participants extended their behavior-
based safety process to more employees (M =533) on the average than non-
participants (M =363), and that this difference was significant (z(110)=2.60,
p<0.01). This finding suggests that larger facilities may have been able to devote
resources to data gathering. Similarly, participants had newer processes, or fewer
years of observation (M =3.11 years) than non-participants (M =4.15 years). This
difference in longevity was also significant (z (122)=3.56, p <0.01). A chi-square test
showed that the distribution of sites across industries did not differ between partici-
pants and non-participants, and binomial tests showed that the groups did not differ
in being represented by a union or not. Finally, the groups did not differ in response
to the question “Do you view your process as a success?” This is an important

Table 1
Comparison of participants to non-participants
Participants Non-participants
M or % n M or % n

Number of employees participating* 533 73 363 156
Longevity (years since observations began)* 3.11 73 4.15 156
Union representation 48% 73 57% 156
Industry 73 156
Chemical 30% 22 27% 42
Paper 21% 15 15% 23
Petroleum 12% 9 15% 23
Other 37% 27 43% 68
“Do you view your process a success?” (Yes) 97% 58 91% 92

*Two-tailed p<0.01.

2 As part of a separate and unpublished research project, the employees responsible for coordinating
the behavior-based safety processes (the facilitators) at 150 sites who were also members of the target
population in the present study were interviewed. One of the questions was “Do you view your process as
a success?”’
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non-indication of selection bias: if strong selection bias were operative we would
have expected to find differences in response to this question.

Because of significant differences between participants and non-participants on
the two variables, size and longevity of process, post hoc analyses were conducted to
determine the likely impact of these differences on the effect size estimates.

4. Procedure
4.1. Design

This study utilized an interrupted time-series design with 73 replications. A meta-
analysis combined results at individual facilities for the larger study. At each loca-
tion studied, the independent variable was the behavior-based safety initiative,
described in the following section, and the dependent variables were the United
States of America Occupational Safety and Health Administration (OSHA) record-
able injury/illness rates. In the US, OSHA recordable cases are “All work-related
deaths and illnesses, and those work-related injuries which result in: Loss of
consciousness, restriction of work or motion, transfer to another job, or require
medical treatment beyond first aid” (US Department of Labor, 1986, p. 17).
Recordable rates were computed by multiplying the number of recordable injuries in
a given period by 200,000 and dividing by the number of hours worked in the same
period. This is roughly equivalent to the number of recordable cases per 100
employees per year.

4.2. Independent variable

All 73 facilities received training for a behavioral science approach to accident
prevention originally described in Krause et al. (1990) and later in Krause (1997).
Behavior-based safety reduces incidents through management of at-risk behaviors.
This approach, which identifies, measures, and improves safety-related behaviors, is
based on measurement, upstream sampling of key variables, feedback, problem solv-
ing, and employee involvement. It identifies and corrects existing systems that pro-
duce at-risk behavior and develops new systems that encourage safe behavior.

Although each behavior-based safety initiative was unique, they shared several
important features. At each site, a safety assessment was conducted. The consultant
evaluated existing strengths and weaknesses via direct observation, interviews, sur-
veys, and analysis of incident data. The consultant’s written assessment report to the
organization included a recommendation for the implementation plan.

Following each company’s assessment, at least one steering committee was
formed. The steering committee would be trained to become the driving force
behind the initiative. This group acquires the knowledge and develops the skills
and experience required to implement behavior-based safety. This built-in mecha-
nism kept the processes functioning over the long-term without constant input
from an outside consultant. Committee membership was approximately 80%
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non-management employees and 20% first-level supervisors. The chairpersons were
usually non-management employees.

Each committee’s first tasks were to develop a checklist of critical behaviors and
write operational definitions for each behavior. Each implementation was unique in
that the number and definitions of critical behaviors varied depending on the behav-
iors that had contributed to incidents in the past. For example, two sites identified
“Use of Barriers and Guards” as critical behaviors. The steering committee at one
chemical company defined it as: “‘Barricades are placed around all jobs where entry
by an unsuspecting person could result in an injury”, e.g. “Barricades shall be
placed just outside the swing radius of TEX 554, 555, and 557”. The steering com-
mittee at an electric company developed a slightly different definition: ““Is the area/
equipment that is at risk properly identified to make people aware of the danger?”’
For example: “When grating is removed, does the person install red barricade tape?
Does person install “Danger High Voltage” sign when leaving cubicle open with
voltage present?” Each site studied had developed their critical behaviors checklist
and definitions from an analysis of their incident reports whereby they extracted
behaviors that had contributed to incidents in the past and defined them using
examples that made sense for their unique situation.

Once the checklist was developed, the steering committees selected and trained
observers to use the checklist to observe behavior and then to give feedback. When
presenting the feedback, the observers learned to begin by describing the observed
behaviors which were completed safely (success feedback). Next, they learned to
describe the at-risk behaviors they observed, and discuss these with the employee(s)
(guidance feedback). They learned to use this discussion in a positive way to
discover exactly what happened that was at-risk and why. Typically, observer
training lasted 2 days. It included education on the foundations of behavior-based
safety, information on how the critical behaviors checklist and definitions were
developed, classroom training on how to identify at-risk behavior (usually slides
depicting safe and at-risk behaviors), classroom training on interaction skills,
and field training. During the field training, new observers would conduct
observations under the guidance of a steering committee member who served as a
coach.

Finally, the steering committees learned to use observation data to identify and
solve systemic problems. After each observation, the scores from the data sheets
were entered into a database anonymously (so as not to identify individual em-
ployees). Typically, steering committees printed monthly reports showing, for
example, the percent safe score for each behavior. Employees then had the oppor-
tunity to select high-risk behaviors for problem solving.

On the average, the steering committee training described above took place over
9 months for each site. Because feedback is one of the key mechanisms to improve
safety performance in a behavior-based safety initiative, the date observations began
was used as the start date for each project. Observations typically began in the 6th
month of implementation. In the present study, baseline was defined as the 4-year
period prior to the date observations began, while the follow-up period began
immediately after observations began and extended through to the present.
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4.3. Materials

Each steering committee received training manuals, slides, and a software package
for data collection.

4.4. Data collection procedures

In June 1993, a task force was formed for the purpose of data collection on this
project. The effort began with a letter requesting monthly non-cumulative US
OSHA recordable rates beginning 4 years before implementation (hereafter referred
to as ‘results data’), in exchange for a statistical analysis. Although the same results
data were requested from each organization and every effort was made to gather the
complete results set (multiple phone calls, providing forms, discovering why data
were not sent and removing barriers wherever possible), sites were encouraged to
submit whatever data they could retrieve from their records. Beginning in 1996, all
target organizations were also offered complimentary participation in a behavior-
based safety benchmarking service® in exchange for the anonymous use of the data
for research.

Of the 229 sites that met the inclusion criteria described above, 120 provided
OSHA recordable injury/illness rates*: a 52% response rate. Of these, 47 were
excluded because they failed to provide enough data to permit statistical tests.
Table 2 provides details on the inadequacies of these data. It shows the minimum
requirements for monthly and annual data, and the frequency with which sites failed
to provide the minimum by period (baseline, follow-up, or both).> This left 73 sites,
or 32% of the target population, to include in the study. Nineteen of the 73 partici-
pants had sent annual data, four sent quarterly, while 50 sites sent monthly US
OSHA recordable rates. Thirty-three of the participants shared their data through
the benchmarking service, while the remaining 40 participants shared their data for
other reasons (e.g. response to authors’ request, custom analysis).

E::(;iezncy of failures to send adequate data by type of data and period

Period
Type of data Minimum requirement Baseline Follow-up Both
Monthly 12 months per period 2 6 28
Annual 2 years per period 2 0 9

3 This is a complimentary service available to the entire population of interest to this study. Sites use
the benchmarking service, which produces quarterly benchmarking reports, to compare process and out-
come measures, to identify best practices in behavior-based safety, and to network with one another.

4 Two sites provided their best estimates of the OSHA recordable injury/illness rates. Of these, one site
did not report to OSHA but provided a near equivalent based on medical treatment, lost time, and
restricted duty cases. The other site provided recordable rates based on disabling injuries/illnesses alone.

5 Adequate data are continuously solicited from sites and incorporated into the meta-analysis. The
most current results are available from the authors.
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5. Results

Prior to analysis, each data set was entered and verified for accuracy of data entry.
Data were also screened for inconsistencies. For example, if a site provided both
annual and monthly injury counts, the monthly numbers were aggregated and the
results compared to the annual figures. All discrepancies were reconciled by con-
tacting the site and verifying the data.

Three types of analyses were conducted. A meta-analysis determined the average
effect size of the intervention strategy. Individual time-series analyses provided
supporting detail. Post-hoc analyses were used to evaluate the extent of selection
bias.

The meta-analysis compared the percent reduction in injuries over baseline in each
of the first, second, third, fourth, and fifth years after observations began. A paired
t-test comparing baseline levels (M =8.49) to post-initiative levels after 1 year of
observations (M = 6.24) showed that, on the whole, the 73 sites achieved significant
reductions in injuries (z(72)=7.31, p<0.0001). Table 3 shows that the average
reductions from baseline were 26% in the first year, 42% from baseline in the sec-
ond, 50% in the third, 60% in the fourth, and 69% in the fifth year after observa-
tions began. Note that the percentages are calculated sequentially over baseline. For
example, the Year 2 percent reduction was calculated from the recordable rate in
Year 2, not from the recordable rate for Years 1 and 2 combined.

Individual time-series analyses provided detail on each site’s safety performance.
Preliminary analyses were conducted to identify seasonality, trends, and other
autocorrelations in the data. Trends were of particular concern because they fre-
quently appear in time-series injury data. Therefore, all data, even if annual, were
tested for trends using standard regression analysis.

Because of the large impact of identifiable trends on the subsequent time-series
analysis, there was concern over the regression analyses’ accuracy in detecting trends
in the annual data. Although power is increased by the smaller variance in aggre-
gated data, power is decreased by the availability of fewer degrees of freedom. To
measure the impact of aggregating data on the ability to detect trends, each of the
monthly data sets where trends had been detected in the baseline were aggregated
into annual data sets and the trend test was repeated on the annual baseline data. Of
the 14 monthly data sets with one or more years of baseline, trends were detected
in the aggregated data in 11 cases (79%). This confirms that the annual data are less
desirable than the monthly data, but that they usually do not mask trends. The
quantity of information in the annual data was deemed useful, accurate, and sensi-
tive enough to warrant inclusion in the study.

All data were tested for trends, and monthly data were tested for seasonality. In 56
cases, there was no evidence of serial dependence (trends or seasonality) in the data,
which meant independent groups z-tests were appropriate. In 16 cases, a pre-existing
trend required the use of a r-test of the residuals from the pre-initiative regression lines.
The trends were detected in a regression analysis of the recordable rates over time using a
two-tailed significance level of p <0.05. Seasonality was detected in one case using an
analysis of autocorrelations with a two-tailed significance level of p <0.05. This site’s
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follow-up data were compared to baseline using an ARIMA (autoregressive-integrated
moving average) time-series analysis (Box and Jenkins, 1976).

These site-specific results are reported in Table 3. To simplify reading of the table,
sites are grouped by industry and listed in order of start date within each industry.
Note that there is no gap between the baseline and follow-up periods. Also shown
are the number of employees participating in the safety process, the variables tested,
the baseline value of the dependent variable, the number of years available for the
baseline, the percentage improvement in each follow-up year (sequentially over base-
line), and the results of one-tailed individual time-series analyses.

The reader will note that the degrees of freedom on individual analyses vary
from 1 to 94. The actual number of degrees of freedom for an individual test
depends on the type of data (monthly, quarterly, or annual), the length of time
available in the baseline and follow-up periods, and the specific test used (e.g. equal
variance f-test, unequal variance ¢-test, time-series analysis). The 54 monthly and
quarterly data sets have 10 or more degrees of freedom while the 19 annual data sets
have eight or less.

Since it was discovered that the sample population differed from the target popu-
lation on two demographic variables, size and longevity, post-hoc correlational
analyses were conducted to examine the relationship between these variables and the
percent reduction in injury in the first year. Although there was no relationship
between number of employees and first year injury reductions, it was discovered that
sites with more years of observations had greater reductions in injuries in the first
year of their process than those with fewer years of observations (r=0.24, p <0.01).

One final post-hoc analysis was conducted to compare the effect size estimates in
Year 1 between sites who shared data through the benchmarking service and sites
who shared their data for other reasons. The 33 participants who received bench-
marking services in exchange for their data experienced a 16% reduction from
baseline in their first year. In contrast, the remaining non-benchmarking partici-
pants (n=40) experienced a 35% reduction in their first year. This difference was
statistically significant (¢(51)=—2.86, p<0.01).

6. Discussion

Since the 1930s safety managers have known that most injuries have a behavioral
component. More recently, research has shown that effectively designed behav-
ioral safety initiatives reduce incidents. This study quantified the effect size of a
particular approach to behavior-based safety consisting of organizational assess-
ment, behavioral observation, performance feedback, data analysis, action planning,
and employee involvement. Results reported by the 73 facilities who implemented
this behavioral approach to safety demonstrated improvement ranging on average
from 26% in the first year to 69% by the fifth year; measured as each year’s per-
formance compared to baseline.

The validity of these results depends upon the absence of (1) substantive differ-
ences between the 73 sites studied and the population of interest (external validity),
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and (2) viable alternative explanations for the improvements in safety performance
across sites (internal validity).

The external validity of these findings would be compromised if substantive dif-
ferences exist between the 73 participants who sent complete data and the remaining
156 who either sent something (n=47) or who did not send data (n=109). The
greatest concern is whether or not only the successful sites sent data. If so, the results
presented here are representative of only the successful sites, not of the target
population.

Data collection methods bear on this issue. Sites participating in the benchmark-
ing service informally report that they started benchmarking because they were
struggling with their behavior-based safety processes and wanted to find ways to
improve it. The benchmarking service, initiated in 1996, provides a useful mecha-
nism to compare the results of sites that participate in the benchmarking service to
those sites that shared data on first request or in exchange for the custom data
analysis. One would expect sites struggling with their safety process to be motivated
by benchmarking because it provides a mechanism to improve their processes.
Conversely, sites that shared their data on first request or in exchange for custom
analysis would be more motivated to do so by their own positive results. The partici-
pants who received benchmarking in exchange for their data experienced a 16%
reduction from baseline in their first year, while the remaining non-benchmarking
participants experienced a 35% reduction in their first year. This statistically sig-
nificant difference confirms that data collection methods do have an effect on the
results. It also confirms that both successful sites and struggling sites were represented
in the study: over half of the participants in the present study came from the bench-
marking center, and benchmarking participants were known to have participated in
benchmarking because they were struggling with their processes and wanted help.

The effects of selection bias was also examined by comparing the sample to the
population on number of employees, longevity, industry, union status, and percep-
tions of success of the behavior-based safety process. As noted, the 73-site sample
did not differ significantly from the 156 non-participants in the target population on
union representation, industry, and responses to the question “Do you view your
process as a success?”’

The sample had a higher average number of employees than the remainder of the
target population. However, the post-hoc correlational analysis showed that effect
size does not depend on the number of employees. While not conclusive because the
post-hoc analysis was limited to the sample, this suggests that the difference in size
of implementation would not have affected the effect size estimates reported here.

The sample also had significantly lower longevity than the remainder of the
population. Post-hoc correlational analysis showed that sites with more years of
observations had greater reductions in injuries in the first year. Because sites with
more years of observations were underrepresented in the sample, we expect that the
effect sizes reported in the present study would underestimate the effect size in
the population.

External validity of these findings is clearly limited by the inclusion criterion that
each steering committee must have been trained directly by a consultant from the
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authors’ firm. This criterion has two major implications. First, it excludes an
important strategy for implementation that utilizes internal consultants. Further
research is needed to evaluate the effect size of the behavior-based safety process
using this model. Second, the present research was limited to organizations that
used the consulting services of a single firm. The results of organizational change
efforts are significantly influenced by the way in which they are implemented
(Katz, 1993; Spector and Beer, 1994; Hidley, 1999). Because different consulting
companies employ different implementation strategies, we do not necessarily
expect the results of the present study to generalize to all behavior-based safety
implementations.

External validity may also be limited by the other two inclusion criteria: each site
was located in North America and had completed 1 year of behavioral safety
observations. It is unknown to what extent these results will generalize to other
groups; this is an important area for future research.

As is often the case in applied research, true experiments are not feasible, which
means there may be explanations for changes in the dependent variable other than
the independent variable. In the present study, one could ask whether or not the
commitment to implement a behavior-based safety process is not enough to produce
the observed improvements in the recordable injury rate. Whenever the independent
variable is an entire package of interventions, it is difficult, if not impossible, to
separate the contributions of each piece. Short of a true experiment, time-series
designs such as the multiple-baseline can shed light on the issue by providing infor-
mation on the timing of the change in safety performance. Krause (1999) studied the
effects of the same behavior-based safety process evaluated in the present research
on five organizations using a multiple-baseline design. He found that the observed
improvement in incident rates coincided with the start of observations not with the
commitment of resources, which typically occurred 6 months earlier. In addition,
there are numerous studies demonstrating that changes in safety behavior coincide
directly with behavioral intervention efforts (e.g. Komaki et al., 1978; Sulzer-Azaroff
and de Santamaria, 1980; Sulzer-Azaroff et al., 1990).

Another potential threat to internal validity would be a global trend toward
improved safety performance. According to the US Bureau of Labor Statistics, the
average occupational injury and illness rates across private industry have neither
increased nor decreased consistently in the last 10 years (US Department of Labor,
1997). Manufacturing industries (a description which covers most of the sites for the
present study) show a slight downward trend. The average occupational injury and
illness rates for this group decreased from 13.1 in 1989 to 10.6 in 1996. Fig. 1 com-
pares this national trend to the baseline and follow-up periods of the 73 sites stud-
ied. It shows that the baseline average across all 73 sites was not decreasing with the
national trend. This means the 73 sites would have been expected to continue at
the same level of performance without intervention, while the national average of
manufacturing organizations was expected to continue to improve. The follow-up
period for the 73 sites showed a steeper downward trend than the national average
of manufacturing companies. Fig. 1 provides some evidence that the 73 sites’
improvement is not likely to be solely a result of the global improvement in recordable
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National Trend for Manufacturing Companies
12 1989 Through 1996

Baseline

Recordable Rate
®

Follow-up Period for 73 Sites Studied

Time

Fig. 1. Comparison of national trend in manufacturing companies to baseline and follow-up periods of
73 sites studied.

rates. Unique strengths of this study come from the large number and variety of
companies who participated. Statistically significant reductions were demonstrated
at different times, in different settings, for different industries, and over an 11-year
span. The patterns of injuries were assessed over long periods of time before and
after implementation, showing that in some cases the reductions in injuries not only
endure but also improve over time.

The present research is part of an ongoing effort to evaluate the results of
behavior-based safety initiatives using the approach described here. It is unique
in that it was a safety consulting organization’s effort to systematically evaluate
the results of its clients. It demonstrates that the difficulties with data collection
in the field can be overcome, and the benefit of the research prevailed over the
many other pressures that discourage practitioners from conducting outcome
research. Future research is needed to provide estimates of the effect size with
larger and more representative samples, as are controlled experiments and com-
ponent analyses.
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