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Editorial
Role of Research in Education
& the Profession
process to explore that topic, develop hypotheses and think about
“He who does not research has nothing to teach.”

“It is necessary for the administration of a university, if service
to students be the goal, to differentiate between teaching
knowledge to students and teaching information. A teacher
who is competent in his line will teach knowledge. Less
competent men will teach information. There is an old Chinese
proverb that applies here: ‘Give me fish, and you feed me
today; teach me how to fish, and you feed me for life.’ We
should teach students how to fish.”
“Our job is education, not to train people in the trades and skills.
Education means understanding of theory, and the interlocking of theories, the history of the development of thought in a
discipline, the limitations of theory. Education means theory and
research, unfolding of questions and answers, with more questions than answers as the cloth comes off the loom.”
“In the absence of research, a teacher can only teach what
is wrong. Without research, a man cannot appreciate the
limitations of his knowledge and certainly cannot impart these
limitations to students. The limitations of knowledge are the
most important ingredients of knowledge itself. Only he who
does research can know this.”

A

mentor of mine once suggested to me that our profession
needs to stop teaching students how high to hang the fire
extinguisher; rather, we must create conditions for students to become critical thinkers, researchers and problem solvers.
He was explaining the difference between training and educating
and emphasizing the importance of research.
The four boxed quotes are from W. Edwards Deming, taken
from his 1972 memo to the dean of New York University’s Stern
School of Business. I have always admired Deming’s work and
have appreciated how authors, particularly Fred Manuele, have
applied Deming’s principles to occupational safety. I recently
came upon these quotes and his view of teaching and research
in an essay by Josué Guzmán. As an academic, my view is that
teaching, research and service to the profession are the foundation
of the academics role. The three go hand in hand; they complement each other rather than compete for the time. This is certainly
easier said than done. However, as I reflect on what Deming
wrote, his words reinforce my view but also cause me to reconsider certain activities.
Since taking over the editorial duties for the Journal of Safety,
Health and Environmental Research (JSHER) in January 2011, my
view of the important contribution research makes to the discipline
and practice of occupational and environmental safety and health
has evolved and been strengthened. Too often, we think we know
the answers—sometimes before we are asked a question. Research
allows us open and forthright inquiry into a topic; it provides the

the unknowns. Valid and reliable methodologies provide quality
data to analyze the anecdotal. It helps us make better decisions both
individually and generally. Research is a foundation for remaining humble and asking additional improved questions. Reading
Guzmán’s paper, and in particular Deming’s memo, gave me an
opportunity to think about what I do in my professional life. I hope
it gives readers, academics and professionals a similar reflection.
I offer three additional parting quotes to reflect the significance
of research to our discipline, and I hope readers will continue in
their personal pursuit of lifelong learning with research as a significant part of that process.
“An education is not how much you have committed to
memory, or even how much you know. It is being able to differentiate between what you do know and what you do not.” Anatole
France, French novelist (1844-1924)
“Sixty years ago I knew everything; now I know nothing;
education is a progressive discovery of our own ignorance.” Will
Durant, American historian (1885-1981)
“The test of a good teacher is not how many questions he
can ask his pupils that they will answer readily, but how many
questions he inspires them to ask him, which he finds it hard to
answer.” Alice Wellington Rollins, American author (1847-97)

JSHER Update

During the past year, JSHER has been off to some exciting
changes. First, the look of the journal has changed to an ezine
format. Through the work of the Editorial Review Board and the
publication team at ASSE, we feel that establishing JSHER with
an academic appearance will help upgrade the journal’s credibility
both within the Academics Practice Specialty and among global
readers and authors. Second, the Editorial Review Board has
some exciting special issues planned. The announcements page
highlights those special issues and guest editors. Third, we are
looking at ways to increase readership, and our Editorial Review
Board is hard at work to disseminate the journal. Last, JSHER
is always looking to enhance quality so that we can be a source
for academics, students and practitioners as they seek to learn
and impact the profession. Through the aforementioned changes,
we envision a continually improved product. Your feedback and
contributions are always welcome.
Finally, I am very excited to be the editor of JSHER. Founding
editor Jim Ramsay and former editor Anthony Veltri did such an
excellent job of establishing a solid foundation for JSHER. I am
extremely grateful for their dedication, commitment, innovation
and hard work.
Yours sincerely,
Michael Behm, Ph.D., CSP
Managing Editor, JSHER
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Reduced Workers’ Compensation Costs
With Roof Screening
Jonisha P. Pollard, Susan M. Moore & Christopher Mark

Abstract

Each year, more than 300 underground coal miners are
injured or killed by rocks falling from between or around
roof supports. Researchers have reported that a reduction in rock fall injuries by implementing wire-mesh roof
screens would reduce a mining company’s workers’
compensation (WC) premiums and would offset the annual
cost of screen installation. However, the authors calculated
these savings using formulas that are not used by all coal
mining states, including Pennsylvania. Pennsylvania coal
mines may also benefit from reduced WC premiums with
roof screening.
In this paper, the potential savings in WC premiums that
could be achieved due to a reduction in rock fall injuries
after roof screening in Pennsylvania’s underground coal
mines were quantified. Hypothetical mines (representing
two mine sizes: 67 and 150 employees) were constructed
with realistic estimates of injuries and WC premiums.
Using the Pennsylvania Coal Mine Compensation Rating Bureau’s (PA CMCRB) formulas, total savings in WC
premiums after a 3-year period were determined. Savings
in WC premiums ranged from 5.1% to 22% when injuries
were reduced by 10% to 30%. This translated to savings
between $73,000 and $1.2 million, which may largely offset
the annual cost of a roof screening program.
Keywords
Workers’ compensation, rock fall injuries, roof screening,
underground bituminous coal

M

ore than 300 rock fall injuries are reported to the
Mine Safety and Health Administration (MSHA)
each year. Nearly all of these injuries, which included six fatal injuries between 2006 and 2008, are caused by
rocks falling between and around roof supports. Technology
is available to prevent the vast majority of these injuries and
fatalities. Surface controls like straps, headers and large roofbolt plates can help, but by far the most effective prevention
technique is roof screening. Roof screens work best because
they can cover up to 94% of the roof (Robertson, et al., 2003).
Roof screens also offer a first line of defense for roof-bolter
operators by confining or deflecting small rocks that can come
loose during drilling or bolt installation.
Several studies have now shown that roof screening is the
most effective way to prevent rock fall injuries (Molinda &
Klemetti, 2008; Compton, et al., 2007). At a Maryland mine
studied by the National Institute for Occupational Safety and
Health (NIOSH), rock fall injuries were reduced from 14 per
year to 2.2 per year, 5 years after implementing roof screening.

In addition, an Illinois mine showed a reduction from 8 to 0.25
injuries per year, 8 years after implementing roof screening
(Robertson, et al., 2003). Despite the fact that roof screening has obvious benefits to the safety of mine workers, some
mining companies have yet to implement this safety measure
due to cost concerns. However, by preventing injuries to the
mine workers, roof screening has a direct positive impact on a
mine’s WC premiums.

Background

Previous research has demonstrated that the savings in WC
premiums may largely offset, or even exceed, the direct costs of
a roof screening program. Moore, et al. (2010) determined savings in WC premiums associated with reducing rock fall injuries
in Illinois and Kentucky. Moore selected these states’ programs
for evaluation because they have the highest WC premiums
for underground bituminous coal, and the rating organization
responsible for these states (National Council on Compensation
Insurance) provides services to some 36 states. Moore’s analysis
illustrated a decrease in WC premiums ranging from 1.8% to
14.6% when injuries were reduced by 10% to 20%.
The state of Pennsylvania, however, is not serviced by the
National Council on Compensation Insurance, but rather has
its own WC rating organization for coal mining and, thus, its
own unique formula to evaluate mines within its borders. In
2008, Pennsylvania’s bituminous coal mines produced 63.7
million short tons of coal representing 16.3% of the total coal
produced in the Appalachian Region (USEIA, 2010).
Given Pennsylvania’s unique rating equations, it is important to verify that a reduction in a Pennsylvania coal mine
company’s WC premiums due to roof screening may partially
or fully offset the cost of screen installation. Therefore, this
research sought to quantify the potential savings in WC premiums that mining companies in Pennsylvania might expect after
implementing roof screening as a method of reducing rock fall
injuries. These savings could then be used to offset, or cover
completely, the cost of implementing a roof screening program.

Jonisha P. Pollard, M.S., is a research engineer in the Musculoskeletal Disorder Prevention team at the Office of Mine Safety
and Health Research. She can be contacted at JPollard@cdc.gov.
Susan M. Moore, Ph.D., is the executive management intern for
the associate director of mining in the Office of Mine Safety and
Health Research.
Christopher Mark, Ph.D., P.E., is the principal roof control specialist for the Mine Safety and Health Administration.
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Overview of Workers’ Compensation
Rate-Setting Methods in Pennsylvania

Coal mines in Pennsylvania are rated by the Coal Mine
Compensation Rating Bureau (CMCRB) of Pennsylvania.
Insurance providers offering coverage for coal mines in Pennsylvania must be a member of CMCRB. Several rating plans
exist, including manual rating, merit rating and experience
rating. Manual rating is the simplest rating plan where rates are
averages reflecting the normal conditions found in each classification and is typically used for small employers.
Merit rating plans were formulated for smaller companies
and provide a 5% premium credit to employers with no losttime accidents over a 2-year period. Employers with two or
more lost-time claims receive a 5% surcharge and those with
one lost-time claim have no change in premium. This plan provides premium savings for safety-conscious small businesses.
Under an experience rating plan, a company is provided an
incentive (i.e., decreased costs) for implementing loss prevention programs to decrease injury costs. Any entity or company
with a modified payroll of at least $300,000 during the 3-year
experience period qualifies for an experience rating. Of the
plans described, experience rating is the most commonly used
and, therefore, is presented in this paper.
Each year, data are collected by CMCRB for each individual coal company. These companies are categorized by one of
10 possible classifications:
1) preparation plants—anthracite;
2) preparation plants—bituminous;
3) underground—anthracite;
4) underground—bituminous;
5) surface—anthracite;
6) surface—bituminous;
7) cogeneration fuel—anthracite;
8) cogeneration fuel—bituminous;
9) auger;
10) coke.
CMCRB then sets a base loss cost rate (per $100 of payroll), which must be approved by the State Insurance Commissioner’s Office. The base loss cost rate consists of three
components: 1) federal black lung coverage (FBLC), 2) state
black lung coverage (SBLC) and 3) traumatic coverage (TC)
(PA CMCRB, 2009).
Based on a mine company’s 3-year injury history, a modification factor (MOD) is calculated. (For a detailed explanation of determining the MOD and the use of the Pennsylvania
WC rate-setting equations, see Moore & Pollard, 2010.) The
MOD is the only factor that an individual mine can influence
to reduce its WC premiums. This MOD is calculated each
year based on the previous 3 full-coverage years (e.g., the
MOD for 2004 is based on the mine’s experiences between
2000 and 2002; the MOD for 2005 would then be based on
the mine’s experiences between 2001 and 2003). The MOD is
then used to determine whether or not the mine is credited (has
a decreased premium) or debited (has an increased premium)
relative to the base loss cost rate. The MOD is based on the
individual company’s losses. Therefore, reducing losses by

implementing safety and health interventions, such as roof
screen, should reduce the MOD. It should be noted that the
MOD is only multiplied by the traumatic coverage portion of
the base loss cost rate and not the FBLC and SBLC portions.
The federal and state black lung portions are static and remain
unaffected by the company’s performance over the experience
rating period. Additionally, each insurance provider applies its
own multiplier to the base loss cost rate to cover administrative
fees (e.g., taxes, overhead costs, costs associated with handling, settling and defending claims). Thus, a company’s WC
premium per $100 of payroll would be determined as follows:
WC premium = admin fee multiplier * (FBLC + SBLC +
MOD*TC)

Methods
Data Used in This Study

The rating period used for this study was 2001, 2002 and
2003, yielding WC costs for 2005. To demonstrate the expected
amount of savings in WC premiums, hypothetical mines were
created that are representative of experience-rated mines in
Pennsylvania. Between 2001 and 2003, there was an average of
44 active underground bituminous coal mines reporting production in PA with an average of 98 employees per mine (PA
Department of Environmental Protection, 2001-03). Two sizes
of mines were used in the analysis, one with 67 employees and
the other with 150 employees. A mine with 67 employees was
chosen because an economic analysis was previously conducted
to determine the cost of screening for a mine of this size (Compton, et al., 2007). The mine with 150 employees was chosen as
a larger mining company with a significantly higher payroll. To
estimate the savings in WC premiums for these mines, the following parameters were necessary:
•payroll for 2001, 2002 and 2003;
•total number of injuries each of the 3 years;
•number of injuries that would have been prevented by
implementing roof screening each of the 3 years;
•base loss cost rate in 2005;
•insurance provider’s administrative fee;
•ultimate losses associated with each injury.
In 2005, the base loss cost rate was $25.30 for bituminous,
underground coal mines. In Pennsylvania, typical multipliers
applied by insurance providers to cover administrative fees
range from 1.17 to 1.60; the average of these numbers, 1.385,
was used in this study. To obtain the remaining parameters,
several assumptions were made:
•Payroll: In 2002, the average mine worker salary in Pennsylvania was $53,700 (U.S. Census Bureau, 2002). This salary
was used to estimate the salaries in 2001 and 2003 by adjusting for 1.14% inflation between 2001 and 2002 and 2.60%
inflation between 2002 and 2003 (Bureau of Labor Statistics,
2001-03). The average mine worker salaries were determined
for 2001 as $53,094 and for 2003 as $55,096. The total payroll
for a 3-year period was used to determine the MOD. Therefore, the total payroll for each year was summed to yield a
3-year payroll.
•Total number of injuries: A sensitivity analysis was
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Table 1. Demographics of each hypothetical mine.
performed where the total number of injuries was varied to
determine its effect on WC premiums. Over the 3-year period,
the total numbers of injuries at both mines were defined as
being 30%, 50% and 70% of the number of employees. These
percentages were based upon actual injury data reported to
MSHA during the same timeframe.
•Number of preventable injuries: A sensitivity analysis
was performed where the number of preventable injuries is
varied to determine the effect of reducing rock fall injuries on
WC premiums. The total number of injuries that could have
been prevented with roof screening was defined as being 10%,
20% and 30% of the total number of injuries. These percentages were based upon actual injury data reported to MSHA.
(Injury narratives were read to determine the number of rock
fall injuries and the size of the rocks associated with these injuries. The “preventable falls” were small falls and their general
size was described in a variety of ways, including as the size of
a golf ball, a “piece of rock” or in specific dimensions, such as
18” x 18” x 8”, 4’ x 3’ x 1”, 3’ diameter x 8”, 2” x 2’, 2” x 9”
x 2’ or 6” x 6” x 2”.)
•Ultimate losses per injury. CMCRB provided the total
ultimate losses and total number of medical and indemnity
claims during the 2001-03 policy years. Indemnity claims are
associated with claims resulting in lost-time. Medical claims
are those where costs are exclusively medical. On average,
two thirds of all claims each year were medical claims with
an average cost of approximately $5,000. The average cost
of indemnity claims ranged from approximately $40,000 to
$55,000 depending on the year.
Thus, to arrive at a representative average claim cost, it was

not reasonable to
divide the ultimate
losses by the total
number of claims.
Therefore, an average
claim cost was calculated for each year.
The average cost of
medical claims was
multiplied by the
number of medical
claims reported, and
the average cost of
the indemnity claims
was multiplied by the
number of indemnity
claims reported. This
allowed the average injury costs to
be weighted based
on their frequency.
The average of these
parameters across
the 3 years was then
determined to be
$15,109. In the current analysis, therefore, every injury was assumed to cost this amount.
Nine hypothetical mines were created, each with 67 employees, such that a mine existed representing all possible
combinations for the total number of injuries (30%, 50% and
70% of the number of employees) and the total number of
preventable injuries (10%, 20% and 30% of the total number
of injuries). Similarly, nine hypothetical mines were created
with 150 employees, yielding a total of 18 hypothetical mines
in this analysis.

Results

The demographics and injury statistics associated with each
hypothetical mine are shown in Table 1. The total injuries
across the 18 hypothetical mines ranged from 20 to 105 injuries, of which 2 to 32 were assumed to be preventable with
roof screening. The total injury payout per year ranged from
$303,694 to $1.6 million. Table 2 shows the MODs and resulting WC premiums for each of the 18 hypothetical mines with
and without roof screening. Additionally, the expected savings
in WC premiums, which may be achieved with roof screening,
are also provided. Almost all mines had MODs greater than
1, which indicates that most mines were debited and were expected to pay above the base loss cost rate. The MODs ranged
from 1.21 to 2.15 before roof screening and 0.99 to 1.99 after
roof screening. This reduction in the MOD yielded savings in
WC premiums of $73,000 to $1.2 million.
Figure 1 (p. 28) shows the percent savings in WC premiums
for each of the hypothetical mines. Savings in WC premiums
ranged from 5.1% to 22%. Additionally, Figure 2 (p. 29)
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Table 2. MOD and associated WC premiums with and without roof screening showing savings. Note: *Savings in WC
premium may fully cover the cost of roof screen installation assuming roof screening costs $240,000 and $480,000 for the 67
and 150 personnel mines, respectively (Compton, et al., 2007).
shows the savings in WC premiums associated with a decrease
in ultimate losses. Although not a 1:1 ratio, savings in injury
claim costs result in large savings in WC premiums.

Discussion

In this study, the methods used by the state of Pennsylvania
to determine an underground bituminous coal mine’s WC premiums were also used to determine the savings in WC premiums that may be realized after reducing the number of injuries
with roof screening. A sensitivity analysis with 18 different
hypothetical PA underground bituminous coal mines was
performed. In this analysis, the number of total injuries and the
number of injuries that could have been prevented with roof
screening were varied to determine their effects on a mine’s
MOD and, therefore, WC premium.
This analysis was completed for a medium-sized mine (67
employees) and for a larger mine (150 employees). The reduction in losses associated with roof screening was shown to
decrease the MOD in all cases. While reducing actual losses by
a set dollar amount does not directly correspond to the expected
reduction in WC premiums, a significant savings in WC premiums is passed on to the mine. These savings ranged from 5.1%
to 22% when injuries were reduced by 10% to 30%. For mines
with a larger number of employees, and thus a larger payroll, the

percent savings in WC premiums was slightly greater than that
of a smaller mine with a similar percent reduction in injuries.
The savings after reducing injuries with roof screening may
largely offset, if not cover completely, the cost of implementing
a roof screening program. Compton, et al. (2007) determined
the cost of roof screening for a room-and-pillar mine employing
67 people and producing 800,000 tons per year. If roof screens
were installed in 50% of the drivage, the annual cost for screen
installation was estimated to be $240,000. This cost varies
between mines but provides a relative estimate for the expected
cost of screen installation. Based on this estimate, several of the
67-employee hypothetical mines in this study would cover the
cost of their roof screen program solely from savings in WC
premium.
It is important to note that mines with greater rock fall
injuries will see more substantial savings in their premiums.
The size of the mine (determined by their payroll) determines
their expected losses (injury costs expected for a mine of that
size) and the premium paid to the WC insurance provider (WC
premiums are relative to every $100 of payroll). However, the
actual losses at the mine influence how much the mine will pay
in premiums. This means that a larger mine with fewer injuries
may actually have a lower WC premium than a smaller mine
with more injuries.
There were several limitations to the current study. The
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Figure 1. Percent savings in WC premiums associated with 10%, 20% and 30% reductions in injuries due to implementing roof screens for mines with total injuries equal to 30%, 50% and 70% of the number of employees. The number of
employees was set to equal either 67 or 150.
mines in the study were hypothetical as opposed to using real
mine demographic and injury data. The total number of injuries
and the preventable injuries at each hypothetical mine were
based upon injury data obtained from the MSHA injury database. As a result, mines of comparable size may have more or
less savings depending on their actual injury records and roof
control plans.
Another limitation to the study was that an average injury
cost was used instead of determining the true injury costs associated with known injuries at a specific mine. The estimated cost
for installing roof screens presented in this study ($240,000)
was associated with only one mine of 67 employees; however,
this cost estimate was based on an actual mine providing them
more validity than a hypothetical estimation of costs.
Finally, it should be noted that large coal companies tend to
purchase nonstandard WC policies. Specifically, there would
be some type of risk-sharing policy, such as a large deductible or the mining company may be self-insured and have
purchased an excess WC policy. For the latter case, the cost
associated with every claim eliminated through roof screening
is directly saved by the company; additional savings would

then be observed by the reduction in the MOD associated with
the excess WC policy.
The data presented in this study demonstrate that a savings
in WC premiums may be expected after roof screening for a
3-year period. This means that companies may not fully benefit
from reduced injuries until 5 years after instituting their safety
measures. However, some financial benefits may be seen after
3 years. While the hypothetical mines used in this sensitivity
analysis were only PA mines, the results are comparable to
those obtained in a similar study, which investigated the potential savings in WC premiums for states using a different, and
more commonly implemented, experience rate-setting formula
(Moore, et al., 2010).
While the savings in WC premiums are less than the value
saved in direct injury costs, the savings are still substantial.
Results of this analysis showed a linear relationship between the
decrease in ultimate losses and the savings in WC premiums. Injury costs are directly proportional to WC premiums, and implementing safety measures to reduce injuries may be financed by
the potential savings in WC premiums alone.
Roof screening allows mines to provide up to 94% roof cov-
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In a later analysis, Compton, et al. (2007) conducted
ergonomic analyses of roof
screen handling techniques.
Subjects manually handled
roof screen while instrumented with devices to
measure the muscle activity of the arms and torso
and trunk position, velocity
and acceleration. Results
showed reduced demands
and decreased cycle time
when roof screens are slid
along rails mounted on top
of the roof bolter. The authors also suggested storing
screens on the mine rib or
stacked/stored on the rails
mounted on the roof bolter
to reduce the risk for back
injuries.
Roof screening has been
proven to be a successful
means of reducing the hazFigure 2. Savings (in thousands of dollars) in WC premiums associated with decreased
ards
of working under a coal
ultimate losses (in thousands of dollars) after roof screening.
mine roof. NIOSH researcherage and, therefore, reduce the potential falls of smaller rocks,
ers have examined the roof
which cause about 99% of all rock fall injuries (Robertson, et
screening process in hopes of alleviating the concerns with
al., 2003; Molinda, et al., 2002). Considering the obvious safety increased material costs, cycle times and risks for materials
benefit of using roof screen, some mines still do not implement
handling injuries. Researchers have found the effects of roof
a roof screening program. Barriers for screen installation include screening to result in financial savings that may recoup some
material costs, time for installation and possible ergonomic risks (if not all) of the costs of installation.
to the operators (Robertson & Hinshaw, 2002). NIOSH studies,
WC premiums are just one of the financial savings that may
including this analysis, have examined all of these barriers and
be realized with roof screening. The actual cost savings to the
recommendations are provided for alleviating these concerns.
mine are expected to be greater than that which has been estiMoore, et al. (2010) found significant savings in WC premiums
mated using the method described in this paper. Other savings
after roof screening in Illinois and Kentucky underground bituinclude reduction in costs associated with replacing injured
minous coal mines. The results of their analysis were in agreeworkers, reduced requirements for extra spot bolts to support
ment with this study in that many mines may fully cover the
loose roof and reduced costs associated with long-term cleanup
cost of roof screen installation with savings in WC premiums.
and resupport (Compton, et al., 2007). Moreover, production
In a case study of four underground coal mines, the addirates are often impacted by nontangibles, such as increased
tional material costs and time associated with roof screening
employee morale, positive safety culture, maintenance of a
were examined (Robertson & Hinshaw, 2002). Authors found
consistent, knowledgeable workforce, etc., which exist when
that the material costs for roof screening resulted in an extra
safety is made a priority, hazards are removed and injuries are
$0.58/ft when used instead of steel straps and significantly
reduced or eliminated. x
increased roof coverage by 61%. A significant variation in
the additional cycle time required for roof screening was seen
between the four mines, and the authors noted that some of
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Does Implementation of a Minimal Lift Policy
Change Job Satisfaction & Number of Injuries
Among Direct Care Staff?
A Case Study in an Extended Care Facility
Sara F. Maher & Charles W. McGlothlin Jr.

Abstract

Manual transfers of patients are a major source of injury
to direct care workers. The purpose of this study was to
determine if a “minimal lift policy” in combination with
mechanical lift purchase (based upon a calculated formula)
would decrease injury rates and improve job satisfaction among direct care staff. This study utilized a pre/post
design. An onsite evaluation was conducted to determine
mechanical lift needs at an extended care facility. At the
same time, employees (n = 35) were evaluated on job
satisfaction, and data were collected on employee injuries
during the previous year.
One year later, data were again collected on job satisfaction (n = 32) and staff injury rates. Post-survey analysis
showed an increase in one measure of job satisfaction,
“Independent thought and action in work.” The remaining measures of job satisfaction and changes in injury
rates were not statistically significant from pre- to post-lift
purchase. While one aspect of job satisfaction significantly
improved, trends were observed in decreased injury rates
and improved job satisfaction levels. These trends are supported by previous authors.
This is the first study to identify a formula for calculating mechanical lift purchase, and future authors may want
to expand on this information. In addition, other outcome
measures (e.g., patient comfort, staff musculoskeletal
discomfort), increased data collection points and collecting
data from larger sample sizes and more than one facility
may provide meaningful information for future studies.
Keywords
Engineering controls, healthcare workers, injury reduction, minimal lift policy, mechanical lifts, musculoskeletal
injuries

Introduction

I

njuries sustained on the job were among the highest for
healthcare workers (Evanoff, et al., 2003; Li, et al., 2004;
Nelson, et al., 2005). Injury rates among healthcare workers were found to equal or exceed injury rates of workers in
traditionally high-risk occupations, such as construction and
manufacturing (Evanoff, et al., 2003; Collins, et al., 2004;
Li, et al., 2004) and were primarily musculoskeletal, caused
by the lifting and transferring of patients (Owen, et al., 2002;
Evanoff, et al., 2003; Li, et al., 2004; Charney, et al., 2006).
Manual lifts and transfers may be difficult to perform due to the
weight, size and combativeness of patients and the possibility

of patients shifting during a transfer, causing workers to fall or
be injured. In addition, some manual lifts may be performed in
small confined areas (e.g., patient bathrooms, rooms cluttered
with medical equipment), where it is difficult for caregivers to
perform techniques correctly and safely (Collins, et al., 2004;
Lloyd, 2004; Nelson & Baptiste, 2006; Nelson, et al., 2005).
Even while lying in bed, a patient may not be positioned in a
manner convenient for lifting. Attempting to lift a recumbent
patient can significantly load an employee’s low back, at levels
as high or higher as those seen in industrial workers (Evanoff,
et al., 2003). Furthermore, training to improve manual lifting
and handling of patients has not been shown to reduce low-back
injuries or back pain (Evanoff, et al., 2003; Owen, et al., 2002).
Methods to reduce injuries due to manual lifting of patients had varied results in the literature. As mentioned, the
implementation of educational programs for proper lifting and
transferring techniques did not significantly reduce employee
injuries (Evanoff, et al., 2003; Owen, et al., 2002). However,
the use of mechanical lifts was found to significantly reduce
the number of injuries in a number of studies (Charney, et al.,
2006; Evanoff, et al., 2003; Garg, 1999; Li, et al., 2004; Nelson & Baptiste, 2006; Owen, et al., 2002).
Collins, et al. (2004) reported implementation of mechanical lifts and employee education had the greatest impact on the
most serious injuries in the facility, resulting in significantly
reduced workers’ compensation claims. Charney, et al. (2006)
reported a 43% decrease in patient handling injury, a 41%
reduction in healthcare claims, a 50% decrease in time-lost frequency rate and a 24% decrease in total incurred loss per claim
after the implementation of mechanical lifts. Nelson, et al.
(2005) evaluated the effectiveness of an ergonomics program
for nursing staff, which consisted of mechanical lifts and repositioning aids, a zero-lift policy and employee training on lift
usage. The program resulted in significant decreases in injury
rate, modified duty days and workers’ compensation costs.
The major challenges reported in the implementation of
mechanical lifts were the financial cost of the equipment and
adherence of nursing staff (Li, et al., 2004). Mechanical lifts
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were identified as time-consuming processes and were often
not utilized once the systems and devices were purchased
(Li, et al., 2004). Non-usage of lifts was identified as a prime
limitation in a number of studies (Charney, et al., 2006; Li, et
al., 2004). The reasons for not utilizing equipment included
inexperience with the new equipment, hindrance in job
performance (at least initially), high staff turnover rates, time
constraints, inadequate number of lifts and poor maintenance/
cleaning of equipment (Collins & Owen, 1996; Collins, et al.,
2004; Evanoff, et al., 2003; Nelson, et al., 2005; Zhaung, et al.,
2000). However, skill-based training on lift equipment (one or
two nursing staff at a time), nursing staff input on the selection
of equipment before implementation and a policy with written
guidelines for assessing patient transfer needs and procedures
were shown to increase staff compliance and improve staff
buy-in (Collins, et al., 2004).
Guidelines for using mechanical lifts varied from facility
to facility. Although the term “no-lift” policy is common, the
policy may also be called “zero-lift,” “minimal lift,” “liftfree” or “safe patient handling and movement,” according to
Nelson and Baptiste (2006). In general, most written policies
about mechanical lifts have a basic intention that care providers should avoid manual handling in virtually every patient
care situation and instead use patient-handling equipment and
devices (Nelson & Baptiste, 2006). However, none of the studies in the literature review identified how the number and type
of lifts were determined for each facility or unit. Therefore, it
may be difficult to compare results since ratios of patients to
lifts could vary drastically across studies. In addition, types of
lifts vary from partial to total assist. The purpose of this study,
therefore, was to determine if a “minimal lift policy” in combination with a formula to calculate the type and number of lifts
needed by the facility (based upon resident transfer abilities)
would decrease staff injury rates and improve job satisfaction.

Methods
Participants

Approval for the study was obtained from the Institutional Review Board for the Protection of Human Subjects at
Oakland University. Participants in the job satisfaction survey
were a convenience sampling (employees working at the
facility on the days the authors collected data) of direct care
staff employed by Martha T. Berry Medical Care Facility, an
extended care facility in southeast Michigan. At the time of the
study, the facility had an average daily census of 213 residents.
Demographic data about residents (e.g., transfer needs, needs
for whirlpool/shower chair) were only collected at the beginning of the study.
Nursing staff employees (survey participants) were primarily females (98%) and included 28 registered nurses, 12
limited practical nurses and 109 certified nursing assistants.
The average employment history of the participants was 6.4
years. To be included in the study, all participants had to
be directly involved in resident care (lifting and transfers of
residents). Participants were excluded from the study if their
job did not include lifting and/or transfers (e.g., housekeeping

staff members) or if they had a recent surgery or other medical
conditions that restricted or hindered them from being able to
participate in resident lifting tasks at the time of the study.
Although the facility owned 16 mechanical lifts prior to the
start of the study, only 1 to 2 nursing staff members per unit
were using the lifts on a regular basis. In fact, during the onsite evaluation (pre-intervention) four lifts were found stored
in closets on several units, inaccessible to direct care staff.

Procedures

Prior to purchase and implementation of new mechanical
lifts, the authors performed an on-site evaluation to determine
the number of mechanical lifts needed in the facility. A tool
called “Long-Term Care: Risk Reduction Form” calculated the
type and number of lifts, based upon the physical functioning
of residents on each floor (Murphy & Faulkner, n.d.). The tool
was developed by several authors at Liko, a manufacturer of
mobile and mechanical lifts.
The Liko authors allowed use of the tool without requiring the facility to purchase any patient lifting equipment from
Liko. The tool had no published validity or reliability results.
The factors assessed by the risk reduction form included:
1) identification of each resident’s transfer ability (independent, minimally dependent, partially dependent or totally
dependent); 2) facility layout; 3) staff behaviors and usage patterns of lifts; 4) future staff expectations (minimal lift policy);
5) future renovations; 6) barriers; and 7) facility budget.
After completion of the Long-Term Care: Risk Reduction
Form, the facility was given a recommendation for the number and type of lifts based upon transfer assistance needs of
residents and the number of mechanical lifts already in use at
the facility. The basic formula was to provide one sit-to-stand
lift for every 7 to 8 residents requiring partial assistance with
transfers and one total lift for every 8 to 12 residents requiring
total assistance with transfers (Murphy & Faulkner, n.d.).
Prior to the start of the study, the facility had 16 lifts (4
sit-to-stand and 7 total lifts). The recommendation was for the
facility to have a total of 26 lifts (15 sit-to-stand and 11 total
lifts), so 10 additional lifts were purchased (11 sit-to stand
and 4 total lifts). A lift committee—formed of direct care staff
and administrators—began meeting shortly after the on-site
evaluation. The lift committee brought vendors to the facility
and had a 1-month trial of various types of lifts on the units
within the facility. The lift committee, with input from unit
staff members, selected new lift equipment, which met the
authors’ recommendations for type of lift (sit-to-stand or total
lift). The vendors trained all lift committee members on how to
utilize the new equipment over a 2-week period. Lift committee members then provided an in-service to each unit about the
new equipment, then worked on a one-to-two ratio to train unit
staff members in equipment use. The lift committee continued
to meet monthly to discuss the effectiveness of the new equipment, problems using the new equipment, etc.
After lift purchase, a “minimal lift” policy was implemented
at the facility. At this facility, “minimal lift” meant that staff
members were directed to avoid manual lifting in virtually every
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Table 1. Participant demographics.
resident care situation and to select lifts based upon the needs of
each resident. For example, lifts were not utilized for residents
who were considered independent in all aspects of transfers.
Sit-to-stand lifts were utilized for residents who were minimally dependent (ambulatory, but needing assistance to stand)
and partially dependent residents (not ambulatory, but partially
weight-bearing). Total lifts were utilized for residents determined to be totally dependent (no participation in transfers).
Direct care workers were informed that the goal of the
“minimal lift” policy was to promote an environment where
the use of lifts was encouraged and expected. To achieve this
goal, lifts had been purchased based upon the needs of the
residents (as described here), and training had been provided
on expectations of the policy and how to use new lifting equipment. Each unit manager was responsible for enforcement of
the “minimal lift” policy. If a nursing staff member did not
utilize mechanical lifts when appropriate, the non-compliant
employee was given a verbal warning. After several verbal
warnings, a written warning would be put in the employee’s
file. Records of verbal and/or written warnings were not provided to the study authors.

Outcome Measures

Data were collected on two outcome measures: job satisfaction and monthly injury rates. Job satisfaction was measured
by a survey called the Measure of Job Satisfaction (MJS). The
MJS contained 38 questions related to the level of job satisfaction in five factors: 1) workload/staffing issues;
2) independence in work and collegiality with co-workers;
3) compensation and career issues; 4) support from supervisors; and 5) and matters of patient care (Traynor & Wade,
1993). The survey was found to have satisfactory internal consistency, test-retest reliability and concurrent/discriminatory
validity (Traynor & Wade, 1993; Van Saaneet, al., 2003).
Each question on the MJS was rated on a 5-point scale
where 1 equaled “very satisfied” and 5 equaled “very dissatisfied.” The survey was distributed twice, during the onsite
evaluation and one year later. Completion of the MJS survey
was voluntary. Attached to each MJS survey was an informed
consent sheet. Only MJS surveys with a signed informed

consent sheet were used for data analysis.
The informed consent and MJS survey were
separated at the time of data analysis and
stored in separate locations. Demographic
data were collected as part of the MJS
survey and included information, such as
age, occupational title and number of hours
worked per week, etc. Information about
previous experience with mechanical lifts
was not collected.
The same respondents may or may not
have completed the survey during the onsite evaluation and at data collection
1 year later. The reasons for not seeking the
same respondents were that data were only
collected on two dates (pre and post lift purchase), staff members had varied days off from week to week,
staff turnover could not be predicted over the course of one
year and staff members were extremely anxious about maintenance of confidentiality due to layoffs occurring at the facility
during the period of the study.
Whenever a staff member at Martha T. Berry County Medical Facility sustained any type of injury on the job, an injury
report was completed and turned in to the human resources
department. Information contained in the report included who
was involved in the injury (resident(s) and/or staff), how the
injury occurred (bee sting, needle injury, repositioning of
resident, etc.), the injured employee’s department, the date and
time of the incident and what type of medical treatment was
sought (if any).
For confidentiality reasons, the human resources department
compiled a monthly summary of injuries (given to all units)
that contained injury data related to the unit(s) of occurrences,
department(s), shift(s), nature of injuries and the total number
of incidents. The monthly summaries of injuries were obtained
from the human resource department for each month from
June 2007 to July 2009. However, only injuries directly related
to transfers and lifting of residents were included in the final
data analysis. Data that appeared to be due to other issues,
such as “slipping on a wet floor,” “being struck by a resident”
or “being stuck by a contaminated needle,” were not included
in the analysis.

Data Analysis

Data were analyzed using SPSS Windows version 14.0
(SPSS, Inc., Chicago, 2005). The MJS data were analyzed with
Mann-Whitney U-tests to compare the Likert scale answers of
the items on the survey. Fisher’s Exact Test was used to examine gender and job classification attributes of staff and independent t-tests were utilized to compare age and number of work
hours of staff. Staff injury rates were calculated based on the
average monthly number of claims. Multiple paired t-tests were
used to compare the number of injuries pre- and post-mechanical lift purchase. Statistical significance was set at p < .05.
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Results

A total of 67 surveys were completed during the study
(n = 35 pre-lift, n = 32 post-lift). As mentioned, the same respondents may or may not have completed the survey pre and
post lift purchase. Demographic data of participants from both
groups can be seen in Table 1 (p. 33). The two groups did not
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differ significantly in age, number of work hours, types of jobs
performed or gender. However, the facility used a number of
contingent staff as well as offered overtime on a regular basis
to meet staffing needs. For this reason, employees had large
deviations in the average number of hours worked per day.
Group means for job satisfaction were analyzed using

Table 2. Job Satisfaction Means (pre- and post-lift purchase).
SD = standard deviation
†Higher satisfaction (declining scores)—not statistically significant
±Higher satisfaction (declining scores)—statistically significant
Journal of Safety, Health & Environmental Research • VOLUME 7, NO. 2 • 2011

A data reduction procedure
called “factor analysis” was
applied to the survey answers
to summarize the principal
components contained in the
38 questions within the survey.
Five factors were identified in
the “factor analysis,” which
matched the 5 factors identified
by the original authors (Traynor
& Wade, 1993): 1) sufficient
time to complete my work, other
workload or staffing issues;
2) independence in performing
my work; value or grading of
my work; contact with colleagues; match between job
description and actual tasks;
3) pay, promotion, security and
advancement issues; opportunity to attend courses; 4) supTable 3. Group Ranks of Job Satisfaction Responses and Factor Score.
port, guidance and respect from
Mann-Whitney U-tests. The difference in the mean job satissupervisor; time spent on adminfaction responses between the pre- and post-lift groups showed istrative tasks; and 5) patient care issues. Results of the Mannno significant differences for 37 questions on the survey. The
Whitney U-tests revealed that the two groups did not have
groups’ responses differed significantly (p = .01) on Question
statistically significant differences from pre to post lift purchase,
10, which asked the participants “The amount of independent
on any of the composite question factors (Table 3).
thought and action I can exercise in my work.” Post-lift parAfter ensuring the assumption of normal distribution, indeticipants were significantly more satisfied than the pre-lift staff pendent samples t-tests were used to compare monthly average
on this question (Table 2, p. 34).
injury rates in the 12 months before and after the acquisition

Figure 1. Number of monthly injuries pre- and post-lift purchase.
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Figure 2. Average monthly injury rate pre- and post-lift purchase (installation).
*Shown with standard deviation bars
of new lifts in the facility (Figure 1, p. 35). While the average monthly injury rate was higher pre-lift, at 2.17, versus a
post-lift rate of 1.75 (Figure 2), these results were not statistically significant [t(22) = 0.62, p = 0.54]. The types of injuries
were similar from pre-to-post lift purchase: low back pain was
the most common (50%), followed by hand/wrist (25%), foot/
ankle (12%) and other body parts (13%).

Discussion
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The purpose of this study was to determine if implementation of a minimal lift policy in combination with the purchase
of mechanical lifts (based upon a calculated formula) would
improve job satisfaction levels and decrease staff injuries
related to manual transfers of residents. Post-survey analysis showed a statistical significant improvement in only one
measure of job satisfaction, “The amount of independent
thought and action I can exercise in my work.” The remaining job satisfaction questions were not statistically significant,
although post-lift participants had slightly higher satisfaction
levels (declining scores) than their pre-lift peers on 23 (62%)
of the remaining 37 questions (Table 2). The survey did not
allow for feedback from participants on any of the questions,
so additional follow-up could not be conducted.
The authors of studies that utilized “zero-lift” policies
found improvement in professional status, task requirements
(Nelson, et al., 2005) and general job satisfaction (Li, et al.,

2004). However, staff members were more in favor of lifting equipment (96%) than a “no lift” policy (68%) (Nelson,
et al., 2005). There may be some confusion among nursing
staff about the term “zero lift” leading to a dislike of a “no
lift” policy. Common misconceptions about the term “no lift”
include: 1) staff should never attempt to manually move a
patient, 2) staff should not use lift equipment or 3) the concept only examines high-risk tasks associated with lifting and
ignores routine tasks, such as repositioning in bed (Nelson &
Baptiste, 2006).
These misconceptions may lead to challenges implementing and enforcing a “no lift” policy. A “minimal lift” policy,
on the other hand, may promote a different focus: 1) patients
should be encouraged to assist with their own transfers;
2) manual lifting remains an option if the patient can assist
with most of the weight; and 3) transfers should be based upon
the patient’s cognitive and physical status, as well as the status
of the worker (Nelson & Baptiste, 2006). “Minimal lift” terminology may reinforce staff independence by allowing choices
in type of lift (sit-to-stand lift, total dependent lift, etc.), when
other forms of assistance may be useful (slings, transfer sheets,
etc.) or if no assistance is needed at all.
In a study by Zhuang, et al. (2000), the authors examined
a number of transfer techniques and asked nursing staff to
evaluate each technique on perceived exertion, ease-of-use and
task performance time. Depending on the staff and the task at
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hand, results were varied. Walking belts, for example, were
rated as easy to use, with fairly good control of the resident,
but provided limited back support. Overhead lifts were generally viewed as slow and were the least liked of all transferring
methods. Basket-sling and stand-up lifts were generally the
preferred method of transfer. However, staff responses varied
based upon the manufacturer of the device. In general, comments were favorable for assistive devices versus more manual
methods of transfers (Zhuang, et al., 2000). If given opportunities to select not only the lifts for a facility but the type of lift
for a particular transfer, staff members may have decreased
resistance to use of lift equipment and the enforcement of a
“minimal lift” policy.
While previous authors examined staff responses to the use
of mechanical lifts, few authors have examined patient perceptions about lifts. Zhuang, et al. (2000) reported that residents
found stand-up lifts and basket-sling lifts more comfortable
than manual transfers. However, stand-up and overhead lifts
were rated by the residents as feeling less secure (Zhuang, et
al., 2000). These results were in contrast to studies by Owen,
et al. (2002) and Garg (1999), where residents reported more
comfort and security when assistive devices were used. With
contrasting results in the literature, additional studies could
explore patient perspectives on the use of lifts. In addition, patient injury rates using mechanical lifts may also be a consideration. Garg (1999) reported that no injuries occurred among
patients during the implementation of mechanical lifts, while
one patient had been injured in the year prior to the study.
While a decrease was noted in the average number of
monthly injuries in our study, the decline was not statistically
significant. Only three studies in the literature review had
injury rates similar to those seen at our facility (Li, et al., 2004;
Owen, et al., 2002; Yassi, et al., 2001). During two of the studies injuries declined significantly (Li, et al., 2004; Owen, et al.,
2002), while in the third study the number of injuries actually
increased from 13 injuries pre-intervention to 20 injuries postintervention (Yassi, et al., 2001).
Despite an increase in injury rates, the authors reported a
decline in the frequency and intensity of physical discomfort
associated with patient handling tasks. The authors postulated
that injury rate data did not identify milder forms of musculoskeletal discomfort. Mild discomfort may not have met the
criteria for injury reports, according to federal statutes, and
therefore may have been overlooked when counting numbers
of injuries (Yassi, et al., 2001). Even without the implementation of a zero or minimal lift policy, the use of mechanical lifts
has been shown to decrease musculoskeletal discomfort and
injury rates among nursing staff (Evanoff, et al., 2003; Li, et
al., 2004; Owen, et al., 2002; Zhuang, et al., 2000) and should
be a consideration for future researchers.

Limitations

Limitations to the present study included a small sample
size with only two data collection points. Interviewing larger
samples of direct care employees would have provided greater

power to the study to detect small differences in satisfaction
levels, which may or may not have been statically significant.
A power analysis was not conducted prior to the start of the
study, and this is also a limitation that future authors may want
to address: to ensure an adequate sample size before discontinuing data collection. The addition of other outcome measures,
such as patient satisfaction, patient comfort and staff musculoskeletal discomfort, may be warranted to see if these factors
are more sensitive to changes, further validating the use of
mechanical lifts and minimal lift policies. While we utilized a
calculated formula to predetermine the number of lifts needed
for our facility, this formula may have been different from that
used by previous authors. Our calculation, therefore, may or
may not have impacted our results.
Finally, using only one facility is a limitation. The facility where the study occurred underwent drastic budget cuts
between the two data collection points. These budget cuts
resulted in layoffs and wage freezes during the study period,
which may have negatively impacted job satisfaction levels.
One suggestion is to use a control group to negate extraneous
variables. By adding a control group, external socioeconomic
effects, such as wage freezes, may have a reduced impact on
the results (Gerhart, 1987). A second suggestion is to increase
the sample size by using larger facilities, multiple facilities or
by continuing to collect data until a sample is obtained that
meets a predetermined power analysis. A final suggestion is to
create a longitudinal study to determine if the changes from lift
implementation remain, improve or decline over time.

Conclusions

While one aspect of job satisfaction was found to be
significantly improved, “The amount of independent thought
and action I can exercise in my work” trends were observed
in decreased injury rates and improved job satisfaction levels
among direct care workers. These trends are supported by
previous authors who reported significant improvements in job
satisfaction and a significant reduction in injuries among nursing staff after implementation of mechanical lifts (Charney, et
al., 2006; Collins, et al., 2004; Li, et al., 2004; Nelson, et al.,
2005; Owen, et al., 2002). This is the first study known to the
authors to describe a formula for calculating the number of
lifts needed by a facility and may provide a starting point for
determining patient lifting needs for future studies.
However, the lack of data collection points, the use of only
one facility and the limited outcome measures may have contributed to the lack of statistical significance in our analysis. Future researchers should consider describing how the number of
and type of lifts were determined for the facility being studied
to allow for comparisons between studies. In addition, other outcome measures (e.g., patient perception of lifts, staff musculoskeletal discomfort, etc.), more data collection points (monthly,
bimonthly, longitudinal, etc.), larger sample sizes (determined
by prior analysis) and including multiple facilities may provide
more meaningful information to future researchers. x
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Call for Special Issue Papers

The Journal of Safety, Health and Environmental Research is pleased to announce several calls for special issue papers
over the next 18 months. The call for papers is now open and guest editors have been assigned. The topics, guest editor
information and scheduled publication dates are as follows:
•Research to Practice: Bridging the Gap Between Academia and the SH&E Practitioner; Sang Choi; mid-2012.
•Fire and Process Safety: Qingsheng Wang; late 2012.
•Safety Communications: Jerry Davis; mid-2013.

2012 Academic Forum

The Academics Practice Specialty (APS) is pleased to host the 2012 Academic Forum in conjunction with ASSE’s
Safety 2012 Professional Development Conference next June in Denver, CO. The event will take place June 3, 2012,
from 10 a.m. to 3 p.m. Please contact Hamid Fonooni, APS Administrator, for more information.
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