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This article presents a brief summar?, of the natiire and extent of intervention research being 
conducted in the aren of occupational safe5 and health. Articles were classijed either us 
engineering, administrcrtive, or behavioral, accordilig to the tjpe(s) of interventions that 
were evuluated. Findings suggest that many of the intervention studies conducted lacked a 
theoretical busis, used small samples, and tested interventions lucking the intensity to cause 
the desired change. Most stud11 designs were either nonexperimental or quasi-experimerital. 
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I NTRO D U CTI 0 N 

During the past 40 years, knowledge of the causes of 
work-related disease and disability has grown dramatically 
[Levy and Wegman, 1988; Rom, 19921. However. research 
on the application of this knowledge and on ways to eval- 
uate occupational health and safety interventions has been 
sparse. This gap now needs to be filled. Both the growing 
concern for public health outcomes and the increased inter- 
ested in the cost-effectiveness of intervention options are 
setting the stage for a closer look at how intervention re- 
search is conducted in the occupational health and safety 
field. 

identify relevant articles, we examined three computerized 
databases: NIOSHTIC (a database that includes scientific 
articles and reports generated at NIOSH), PSYCH-AB- 
STRACTS, and the WILSON SOCIAL SCIENCE INDEX. 
We garnered and reviewed 34 articles published between 
1988 and 1993. The review was not meant to be exhaustive 
but rather was intended to identify representative articles 
presenting intervention research across the spectrum of in- 
dustrial categories, including agriculture, construction, 
manufacturing, mining, service, and health care. 

Next, based on the focus of the intervention in the 
study, we classified the articles into three categories: engi- 
neering, administrative. or behavioral. 

METHODS EN C IN E E R I N C I NTE RV E NTI 0 NS 

In an effort to identify the nature and extent of inter- 
vention research already being conducted in this area, we 
reviewed the existing published scientific literature [Gol- 
denhar and Schulte, 19941. Using a number of keywords to 
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Engineering interventions are engineered or physical 
manipulations of sources for occupational hazards or routes 
of exposure to them. Researchers have used engineering- 
based interventions to address many occupational health 
and safety issues, including ergonomics injuries: adjusting 
keyboards and erecting barriers for grocery express-stand 
workers [Orgel et al., 19921: designing a mechanical sup- 
port system for construction workers [Wos et al., 19921; 
modifying patients' toilets and showers to lessen the pa- 
tient-lifting risk for nursing home personnel [Garg et al., 
19921; sick building syndrome [Menzies et al., 1993; Tam- 
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blyn et al., 1992); and various occupationally related expo- 
sures, including chemicals [Kercher and Mortinier, 19871; 
bodily fluids [Hamer, 19921; soaps, [Kolari et al., 19891; 
contaminated needles [Sellick et al., 19911; noise [Fairfax. 
19891; heat [White et al., 19911, and nicotine [Ghosh et al., 
19911. 

ADMINISTRATIVE INTERVENTIONS 

Administrative interventions are management initia- 
tives that modify a worker’s work process or work expo- 
sure, or both [McGlothlin, 19881. Some examples would be 
introduction of work practices, such as job rotation [Kolari 
et al., 19891, slower line speed, and better workhest sched- 
uling, as well as monitoring work areas, invoking standard 
operating procedures and job enlargement. Training is often 
classified as an administrative intervention [Harrison. 1989; 
LaMontagne et al., 1992; Michaels et al., 1992; Hugentobler 
et al., 19901. 

BEHAVIORAL INTERVENTIONS 

Behavioral interventions attempt to influence workers’ 
and employers’ attitudes, knowledge, beliefs, or behaviors 
with respect to work-related hazards or disease. Behavioral 
strategies targeting occupational health and safety typically 
include implementing informational or educational cam- 
paigns, training workers to wear personal protective equip- 
ment [Ewigman et al., 1990; Silverstein et al., 19881 and 
behavior modification techniques such as feedback and in- 
centives, all aimed at encouraging health and safety-related 
behavior [Videman et al., 1989; Versloot et al., 1991; Kam- 
wendo and Linton, 1991 ; Hilyer et al., 1990; Ferguson et al., 
1989; Porru et al., 1993; Saarela et al.. 1989). Worksite 
smoking cessation programs are typically classified as be- 
havioral interventions as well. Although these programs are 
targeted at changing individual health behavior, another 
goal is to reduce nonsmoking coworkers’ exposure to sec- 
ond-hand smoke. 

The broad methodologic topic areas covered in analyz- 
ing these articles include ( I )  the theoretical bases for stud- 
ies, (2) characteristics of interventions, (3) study designs, 
(4) subject selection, (5) measurement issues, and (6) anal- 
yses. Each of these areas is discussed below. 

THEORETICAL BASIS FOR THE STUDIES 

clearly the development of engineering controls is based on 
engineering theory or principles, their implementation in the 
field was typically not evaluated from a theoretical perspec- 
tive. 

Lack of theory-driven research limits our understanding 
of how an intervention works, which intervening or medi- 
ating variables are important, and what interactions may 
take place between the study subjects and the setting char- 
acteristics. As Mark Lipsey [ 19931 notes, theory-based re- 
search has the greatest potential to support inferences about 
new and successful interventions. Such research also pro- 
vides a conceptual framework for refining and improving 
existing hazard control methods as well as helping research- 
ers design studies that provide more interpretable and gen- 
eralizable results. 

INTERVENTION CHARACTERISTICS 

Most of the studies reviewed suffered from one or more 
of these issues: short duration of intervention exposure. lim- 
ited exposure to intervention (reduced frequency), and lack 
of power or intensity of intervention to make a difference. 
These issues are discussed i n  detail in other articles in the 
Journal. 

The National Institute for Occupational Safety and 
Health (NIOSH) recommended control implementation hi- 
erarchy states that with respect to eliminating or reducing 
worker exposure to hazards, engineering controls are pre- 
ferred and should be used as the first line of defense, fol- 
lowed by administrative controls, and finally behavioral 
controls. including the use of personal protective equip- 
ment) [NIOSH, 1988; OTA, 19851. However, it is likely 
that implementing only one of the three types of control 
intervention strategies is less effective than targeting rnul- 
tiple levels [Cohen. 1987; Vojtecky, 1988; Sloan, 19871. 
Thus, combining behavioral procedures with existing engi- 
neering controls may improve worker protection, while en- 
gineering controls alone are unlikely to prevent the devel- 
opment of work-related diseases and subsequent mortality 
because they cannot address all factors responsible for 
worker health and safety [Vojtecky, 19881. 

Even the most innovative engineering controls will be 
ineffective if  workers do not know how to use them or have 
some reason to avoid using them [Cohen, 19871. For exam- 
ple, rollover protection devices are often misused or not 
used by farmers. In fact, it is possible that implementation 
of some types of engineering controls without worker in- 

Most of the intervention studies we reviewed were not 
theory driven, although some were. Specifically, research- 
ers did not provide any description of the possible causal 
processes involved between the intervention and the ex- 
pected or desired outcome. Rather, the research took more 
of a “try i t  and see” strategy based on the researcher’s own 
intuition and experience [Campbell, 19861. Although 

. -  

volvement may actually create worker resistance. Focusing 
on worker behavior while excluding other technical and 
organizational variables is probably similarly unproductive 
[Sloan, 19871. In the studies reviewed, the interventions 
were typically designed to address only one of the levels of 
the hierarchy, with several exceptions [Garg and Owen, 
1992: Sellick et al.. 1991: Fairfax. 19891. 
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Finally, i t  is important to target interventions to address 
specific problems and specific audiences. One way to ac- 
complish this is through a health surveillance program that 
can be used ( 1 )  to identify individual cases of occupational 
illness or injury; (2) to target the research appropriately 
from these data; and (3) to monitor subsequent trends of 
occupational illness or injury in the populations being fol- 
lowed [Baker and Matte, 19921. 

STUDY DESIGNS 

Traditionally, intervention study designs have been cat- 
egorized as experimental with randomly assigned treatment 
and control groups. quasi-experimental with nonrandomly 
assigned treatment group and control group, and nonexper- 
imental with only a treatment group and no control group 
[Cook and Campbell, 19791. Epidemiologic studies (e.g., 
cross-sectional, case-control. cohort, and clinical trials) can 
also be included within the categories described. In our 
review, nonexperimental designs with no control group or 
quasi-experimental designs without random assignment 
were typically the methods of choice. 

Although the study designs for research should be as 
similar as possible to a true scientific experiment [Fisher, 
1935; Feinstein, 1977; Lilienfeld and Lilienfeld, 19801, it 
often is not feasible when conducting (occupational health) 
field research [Kish, 19871. Nonexperimental research de- 
signs are not useful for causal inference and a quasi-exper- 
iment with nonrandom comparison groups or with longitu- 
dinal data collection to determine intervention effects over 
time would be the next best choice [Kish. 1987; Cook and 
Campbell, 19791. If nonexperimental procedures are the 
only alternative, researchers should acknowledge the limi- 
tations for inferring cause and they should discuss possible 
rival explanations for their findings and acknowledge fac- 
tors that could not be excluded by the study design [Ker- 
linger, 1986; Cook and Campbell, 19791. 

Even when randomization is used, questions remain: 
who will get the intervention and who will not? Will treat- 
ments found to be beneficial ultimately be made available to 
nonintervention or control groups? If an intervention proves 
to be beneficial, withholding it from recipients in need is an 
important ethical issue. However, if the effectiveness of an 
intervention is unknown, this issue is less powerful. One 
solution is to compare several interventions of equal or 
similar desirability but of unknown effectiveness across 
groups, not withholding at least some form of an interven- 
tion from any one group [Cook and Campbell, 19791. 

Finally, replication is used to confirm study results or 
suggest that more research is needed [Kish, 1987, p. 521. If 
the results are similar across situations, this adds stronger 
confirmation than would have been achieved using a single 
site. If the results are not confirmed, this gives some 
“healthy skepticism” to research that might have been 

claimed a success. However, failure to replicate results may 
also be due to other unique and unmeasured organizational 
variables. 

SUBJECT SELECTION AND NUMBER 

Two important issues related to sampling are how 
should subjects be selected (randomly select? volunteers?) 
and how many subjects should be selected? When recruit- 
ment was discussed in the studies reviewed, subjects had 
most often volunteered to participate. In most occupational 
intervention studies, employees were recruited as volunteer 
participants. As such, they can drop out of the study at any 
time. This method of recruitment almost certainly results in 
selection bias. Are the volunteers different from nonvolun- 
teers? Are nondropouts different from dropouts? This bias 
could clearly affect the interpretation and generalizability of 
the findings. Ways of addressing the dropout issue include 
determining if the rate of attrition is equal in all groups, or 
ascertaining why participants dropped-out, or using pre-test 
information to determine if the subjects remaining in the 
groups are similar. For ethical reasons, volunteer recruit- 
ment is likely to remain the prominent method of obtaining 
subjects for field-based occupational intervention projects. 

Researchers must also determine how many subjects 
are necessary to detect a post-intervention difference if 
there is one. This is an issue of having enough statistical 
power in the design [Cook and Campbell, 19791. If  ade- 
quate power is unattainable, the researchers should discuss 
this as a study limitation. Clearly, larger sample sizes are 
preferable for reducing sampling error and. therefore, in- 
creasing the accuracy of the calculated statistics. Some of 
the sample sizes in the studies reviewed were small; others 
were large. None of the studies discussed the issue of sta- 
tistical power. 

MEASUREMENT INSTRUMENTS 

The studies reviewed used either objective or subjective 
measures to answer the specific research questions. Very 
few psychosocial variables were included. Most impor- 
tantly, the issues of reliability and validity were not dis- 
cussed. Including information on reliability and validity of 
the instruments is critical. Without it,  new researchers will 
have to “reinvent the wheel” and cross-study comparisons 
will not be possible. 

Researchers must design reliable and valid tools to 
measure outcomes appropriately. For example, if an inves- 
tigator develops a program to increase employees’ use of 
protective equipment against lead, actual use of protective 
equipment should be measured directly either by observa- 
tion or self-report, to determine whether the intervention 
was effective in increasing use. Measuring blood lead levels 
alone might not be appropriate for the stated research task 
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(although i t  might shed light on whether the equipment 
itself was useful in protecting worker health). 

ANALYSIS 

jury needs to be conducted. I t  should be an integral part of 
a large-scale research agenda that uses a variety of inter- 
vention types and conducts research in various industries 
and occupations. Conducting this type of research is diffi- 

In the studies reviewed, descriptive stiitistics, including 
lists, frequencies, and percentages, were typically used to 
describe findings from the engineering or administrative 
studies. For example, sound level meter and dosimetry read- 
ings [Fairfax, 19891, as well as charted mean heart rate 
and body temperatures [White et al., 19911 were measured 
and reported. In  addition, regression techniques, multiple 
group differences using ANOVA and ANCOVA, and 
change scores have been used to detect differences before 
and after a behavioral intervention. As this area of research 
progresses, a number of analytic issues need to be ad- 
dressed. 

One method would be to collect more qualitative data 
to identify underlying factors related to behavioral and or- 
ganizational change. The distinction typically made be- 
tween quantitative and qualitative approaches is that while 
quantitative data show patterns of distribution and associa- 
tion, qualitative data are useful for showing process and 
meaning behind those identified associations. The two tra- 
ditions do, however, have a common goal which is to im- 
prove the human condition. In our review. some authors 
who collected qualitative data stated that they were able to 
obtain a greater understanding of the problems and needs of 
the worksite, as well as guidance for developing and eval- 
uating the interventions [Hugentobler et al., 19921. There is 
a current belief that combining qualitative and quantitative 
methods would be ideal for advancing research agendas 
[Steckler. 19921. 

Finally, at least one nonmethodological issue is often 
overlooked in intervention research4os t  considerations, 
which can limit intervention, population, and location 
choices [Rossi and Freeman, 1993; Patrick and Erickson, 
19933. Issues such as cost-effectiveness, cost-utility, and 
cost-benefit analyses allow researchers to compare both the 
costs and the benefits of implementing no intervention, of 
implementing different types of interventions, or of address- 
ing different problems altogether. Determining the total pro- 
gram cost, both direct and indirect, should be included in the 
economic analysis and should include items such as per- 
sonnel, equipment, space, lost time from work, and travel. 
One likely reason why cost analyses are typically not con- 
ducted is that it is very difficult to convert all costs and all 
benefits into the same measurement terms. However, meth- 
ods for dealing with cost issues do exist and need to be more 
widely used. 

cult and time-consuming; however, without increasing the 
number and methodological rigor of these studies, it will be 
difficult to identify effective intervention methods and con- 
fidently encourage their use. 

One way to proceed is to conduct this research using 
interdisciplinary teams which include scientists and practi- 
tioners trained as epidemiologists, health behaviorists, in- 
dustrial hygienists, sociologists, clinicians, statisticians, 
economists, organizational theorists, and engineers, to name 
a few. Many individuals involved in the traditional occupa- 
tional health disciplines have no theoretical foundation 
about behavioral change and organizational dynamics and 
thus tend to neglect organizational variables, process issues, 
and conflicting interests that people may have when at- 
tempting to change behavior or organizational policies. By 
using a more interdisciplinary approach, a stronger founda- 
tion will be developed for conducting intervention research 
in occupational health and safety. 

Finally, as key stakeholders in the research outcomes, 
representatives from labor and management need to be in- 
cluded in research planning and implementation. Some re- 
searchers promote the use of approaches, such as “Action 
Research” and “Participatory Action Research,” which in- 
clude management, supervisors, workers, unions, and re- 
searchers to effectively encourage change in an occupa- 
tional setting [Hugentobler et al., 1992; Israel et al., 19921. 
Where unions exist, their involvement can greatly contrib- 
ute to intervention success or failure. The principles of Ac- 
tion Research and Participatory Action Research have been 
applied to some occupational interventions, although there 
are few published studies evaluating the effectiveness of 
such approaches. 

Related to Action Research and Participatory Action 
research, are principles such as employee empowerment 
[Widfeldt et al., 19921 and total quality management (TQM) 
[Deming, 19861. These models may affect the overall cli- 
mate for conducting intervention research. In the past, 
worksite research usually involved a researcher approach- 
ing a company and imposing a study on the workers and on 
the working environment. This model may be inappropriate 
for companies attempting to incorporate the TQM and em- 
powerment goal of enhanced employee participation. 
Rather, researchers will be successful i n  conducting studies 
only if they include both labor and management in the plan- 
ning of the study, i n  selecting the interventions, as well as 
in recruiting and selecting subjects. The research will be 

CONCLUSION valuable and usable only when investigators have insight 
into the interests and motivations of others in the system 
and into the roles that they consciously or inadvertently play 
[Weiss, 19931. 

I t  is true that more occupational health and safety in- 
tervention research focusing on preventing illness and in- 
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