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lip, trip and fall (STF) injuries are a serious
problem and impose a significant burden
on society. According to the Liberty Mutual
Safety Index [Liberty Mutual Research Institute for
Safety (LMRIS), 2009], costs for disabling workplace injuries in 2007 due to falls on the same level
were approximately $7.7 billion or 14.6% of costs,
and falls to a lower level were $6.2 billion or 11.7%
of costs. Bodily reacIN BRIEF
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between 1998 and 2007 after adjusting for inflation,
while the overall costs of disabling workplace injuries increased only 5.8% during the same period.
Statistics also show that most falls in the U.S. and
European countries occur on the same level, with
roughly 40% to 50% attributable to slipping (Courtney, Sorock, Manning, et al., 2001).
Slips and falls can occur on contaminated surfaces and at transitions in floor types, such as from the
carpet in the dining area to the ceramic tile in the
kitchen area. Slippery floors are common in restaurant kitchens (Chang, Cotnam & Matz, 2003)
and are a critical factor in falls on the same level
(Chang, Grönqvist, Leclercq, et al., 2001). Common causes of slippery floors include dishwashing
overspray or run-off, leaking equipment or pipes,
food debris, and spillage from transport of open
containers such as those holding fryer grease and
food wastes (Filiaggi & Courtney, 2003).
One of every three disabling restaurant injuries
in the U.S. is the result of STF, with the largest percentage of injuries (26%) attributed to falls on the
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Slippery floors are common in
restaurant kitchens. Common
causes include dishwashing
overspray or run-off, leaking
equipment or pipes, food debris,
and spillage from transport of
open containers.

same level (Filiaggi & Courtney, 2003). Moreover,
Leamon and Murphy (1995) estimate that the incidence rate of falls on the same level was approximately 4.1 per 100 full-time restaurant employees
over a 2-year period.
Friction measurements between the shoe sole
materials and floor surfaces are the most common method of assessing slipperiness (Chang, et
al., 2001). Levels of coefficient of friction (COF)

are typically used to assess the
potential risk of slip and fall
incidents that are generally assumed more likely to occur on
floors with a low COF value.
Since people manipulate gait
when aware they are walking
on slippery surfaces, this casts
doubt on the validity of the level of COF as a lone indicator of
slipperiness (Strandberg, 1985;
Leamon, 1992; Grönqvist,
Hirvonen & Tuusa, 1993).
In addition to the level of
COF, friction variation can play
a role in determining slipperiness. Leclercq, Tisserand and
Saulnier (1997) and Chang, et
al. (2003), indicate that friction
of the floor is highly location
(tile) dependent. The potential
for slip and fall incidents could
be increased by local variations
in friction (Strandberg, 1985;
Pater, 1985; Andres, O’Connor
& Eng, 1992; Grönqvist, Abeysekera, Gard, et al., 2001).
Unexpectedly encountering an
abrupt reduction in friction
across floor surfaces without
an opportunity for body posture adjustments could result
in a slip and a possible fall.
Previous reports in the literature from laboratory studies
suggest that employee selfreports could be a reasonably
good indicator of floor slipperiness (Grönqvist, et al., 2001)
and a potential complement
to engineering measurements.
Results reported in the literature indicate a strong correlation between the subjective
rating or ranking of slipperiness
with the objective measures,
such as the level of COF and slip distance (Myung,
Smith & Leamon, 1993; Swensen, Purswell, Schlegel, et al., 1992; Grönqvist, et al., 1993; Li, Chang,
Leamon, et al., 2004).
Despite strong correlations reported, Cohen and
Cohen (1994) indicate a significant number of disagreements between the tiles’ COF level and subjective responses obtained by visual comparison of
23 tested tiles to a standard tile with a COF of 0.5.
www.asse.org
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Most studies comparing friction and perception
of slipperiness published in the literature were conducted in laboratories using new floor surfaces and
artificial contaminants that may not represent what
most employees encounter daily. Therefore, the issue of fidelity could potentially limit the validity of
the conclusions that could be applied to real work
environments. Field studies using objective and
subjective measurements of slipperiness are rarely
reported in the literature even though realistic conditions of floor surfaces could be better reflected.
Besides the COF level, relatively little is published about factors that may influence employees’
self-reported perceptions of floor slipperiness. A
major field study was undertaken to explore personal, situational and physical factors that could
influence such perceptions among employees in
U.S. fast-food restaurants. A follow-up investigation involved a detailed assessment of the relationship between COF and employee perception
ratings. This article summarizes major findings
of this field study (Chang, Li, Huang, et al., 2006;
Chang, Huang, Li, et al., 2008; Chang, Li, Filiaggi,
et al., 2008; Courtney, Huang, Verma, et al., 2006).
Study Methods
Ten corporately owned restaurants of a U.S. fastfood chain participated in the study. Floor conditions during lunchtime in the kitchens of such
restaurants represent one of the most heavily contaminated situations in their daily operation due to
the large volume of customers served over a short
time. Immediately after the lunch service, friction
measurements and surveys of perception ratings

Table 1

Perception
of Slipperiness

Note. Categorical personal and environmental factors
significant for association with employee perception of
slipperiness. *Significant, p < 0.05. **Significant,
p < 0.001. Not significant: Gender, shoe sole wear,
slip-resistant shoes, shift start time. Adapted from
“Factors Influencing Restaurant Worker Perception of
Floor Slipperiness,” by T.K. Courtney, Y.H. Huang,
S.K. Verma, et al., 2006, Journal of Occupational
and Environmental Hygiene, 3(11), pp. 593-599.
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were conducted concurrently in each restaurant on
weekdays in an attempt to capture lunchtime conditions as accurately as possible.
Six major working areas, encompassing the
back vat, front counter, fryer, grill, sink and walkthrough, were identified in each restaurant. These
represent the main work areas for most employees
and include most of the highly contaminated areas along with some less-contaminated areas for
comparison.
Survey of Perceived Floor Slipperiness
The research team developed a survey used in this
experiment to assess floor slipperiness perceived by
employees (Courtney, et al., 2006). Employees who
worked during the lunch period on the day of the
visit were invited to participate. Participants completed surveys during their break in a dining room
location set aside for the study team. The protocol
was approved by an institutional review board for
the protection of human participants.
All participants completed the survey anonymously. They had the option of completing the
survey in English, Spanish or Portuguese, and
study personnel fluent in each language were present at each data collection site.
According to participants’ recall of experience
during the lunch period on the day of the visit, they
rated the slipperiness of the major working areas
identified using a four-point rating scale, with 4
meaning “extremely slippery” to 1 meaning “not
slippery at all.” In addition, they were asked whether they were in these areas during that lunch service.
Only the results of their ratings for those areas
where they had been during lunch on that day were
included in the perception rating analyses for the
day of the visit. In a subsequent section of the survey, participants were asked to provide the same
ratings of the same areas based on a typical workday
and whether they typically worked in these areas.
In addition to the perception rating, participants
were asked whether they had experienced a slip,
with or without a subsequent fall, while working
at the restaurant within the previous 4 weeks. The
survey also collected data on each participant’s
age, gender, ethnic group, tenure, work hours
per week, shift length and slip-resistant shoe use
among other factors.
Friction Measurements
Quarry tile was the typical flooring in these restaurant kitchens. To reflect what employees might
encounter when walking through the select areas,
COF values of a line of tiles through each area were
measured. Due to the likelihood of water and/or
grease contamination in the back vat, fryer, grill and
sink area, and the limited number of tiles available
for friction measurements in the walk-through areas, one tile was measured approximately every 30
cm along the line selected in these five areas, representing approximately a half step length of a human stride (Sun, Walters, Svensson, et al., 1996). In
the front counter areas, one tile was measured approximately every 60 cm due to a lesser likelihood

of contamination. COF was
measured with two Brungraber Mark II slipmeters using
Neolite test liners as footwear
pads in contaminated and
less-contaminated zones in
each restaurant’s work area.
Friction was measured in both
directions along the line of
tiles selected with one measurement for each direction
on each tile chosen. Wet measurements were conducted on
the tiles in front of the sinks
by saturating them with water
to simulate actual floor conditions when washing tasks are
performed.
The surface condition was
not altered in all other areas
and on tiles outside the contaminated zones of the sinks.
Details of the protocols used
to measure COF and select
tiles in the contaminated and
less-contaminated zones for
friction measurements can be
found in Chang, et al. (2006).

Figure 1

COF vs. Perception

Note. The average COF versus average perception rating score over each working area across all the restaurants. Rating 1: extremely slippery, rating 4: not
slippery at all. Adapted from “Objective and Subjective Measurements of Slipperiness in Fast-Food Restaurants in the USA and Their Comparison With the
Previous Results Obtained in Taiwan,” by W.R. Chang, K.W. Li, Y.H. Huang,
et al., 2006, Safety Science, 44, pp. 891-903.

Data Analysis
Spearman’s correlation coefficient, t-tests and
analysis of variance (ANOVA) were used to assess
univariate associations between employee slipperiness perception and personal factors (including
workplace slip history) and floor and shoe conditions. Linear regression was used to assess multivariate associations.
Since most survey questions were not specific
to the day the survey was conducted, the slipperiness perception ratings for a typical day were used
when analyzing survey results. Global COF values
at the restaurant level were obtained by averaging all the measurements within a single restaurant. Individual participant’s ratings of the areas in
which they normally worked were averaged as an
overall individual perceived slipperiness rating.
Slip-resistant shoe use (yes or no), shoe wear
(visible tread wear observed or not) and visible
shoe sole contamination were assessed by visual
inspection of participating employees’ footwear by
on-site investigators. These field ratings were later
confirmed by a post-hoc review of digital photographs of the footwear by a panel of the investigators to ensure consistent criteria.
In the follow-up investigation, detailed comparisons between COF and perception ratings alone
were investigated at the level of major working
areas. The Pearson correlation was used to investigate the relationship between different friction
variables and the mean perception rating of each
working area across all the restaurants.
In addition to the single linear regression, a multiple linear regression model was used to determine the contributions from the friction level and

friction reduction in a step length to the outcomes
of the perception rating scores. For this analysis,
the research team used the perception ratings for
the day of the visit because that was the day the
friction measurements were taken.
To express all the measures in the same direction,
the perception ratings were reversed by subtracting
the original rating from 5 so that a higher subjective rating was associated with a higher COF (Gao
& Abeysekera, 2002), both of which indicated less
slippery conditions. The average perception rating
for each working area in each restaurant was calculated by averaging the ratings from individuals
who worked in that area during the lunch period
on the day of the visit. The average COF for each
working area in each restaurant was calculated by
averaging all COF values measured from the contaminated zone in that area.
With various combinations, a total of 12 friction
reduction variables that might reflect the change in
COF that workers might encounter when walking
through the area were generated from the friction
measurements (Chang, Huang, et al., 2008). Since
reductions in friction variations could contribute to
slip and fall incidents, only friction reductions at a
step length were included in the analyses.
Friction level and individual friction reduction
variables were used to develop the multiple regression model one at a time to determine the contributions from individual variables. Friction reductions
that had a level of contribution the same as or more
significant than the friction level were identified.
Study Results
Field Study
A total of 126 employees participated in the
study for a response rate of 87.5% across all 10 reswww.asse.org
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taurants. Participants were a mean age of 30 years
(range = 14 to 71), averaged 34.5 weekly work
hours (SD = 8.6) and had worked in their specific location an average of 34.5 months (median =
17). Sixty percent of the participants were women.
Forty-eight percent of participants identified themselves as white, 44% as Hispanic, 4% as Asian and
4% as black (Chang, et al., 2006; Chang, Huang, et
al., 2008; Courtney, et al., 2006).
Global mean COF at the restaurant level across
the 10 restaurants varied from a high of 0.81 to a
low of 0.42, with a mean of 0.64, a median of 0.64
and a standard deviation of 0.11. Overall participant perception of slipperiness scores on the
4-point Likert scale, (4 = extremely slippery; 1 =
not slippery at all) ranged from 1 to 3.33, with a
study-wide mean of 1.91, a median of 1.83 and a
standard deviation of 0.60.
Thirty-four percent of participants reported slipping at work in the prior 4 weeks. Forty-two percent
were observed to have shoe sole contamination, and
36% wore some kind of slip-resistant shoes.
The results of the Spearman’s correlation indicated that participant perception of slipperiness
was inversely correlated with mean restaurant COF;
that is, participants reported higher ratings of slipperiness as COF decreased, (Spearman’s ρ = -0.33,
p < 0.001), but was not significantly correlated with
length of service or hours worked per week.
Means and p values of t-tests and ANOVA for
categorical variables found to have significant association with slipperiness perception are presented in Table 1 (p. 64). A workplace slip history in the
past 4 weeks (p < 0.001), younger age (< 46 years,

p = 0.02) and visible contamination on the shoe (p
= 0.05) were significantly associated with employees reporting higher slipperiness ratings.
Similar to the univariate analysis, the results from
multivariate linear regression indicated that lower
restaurant mean COF (p < 0.001), worker age less
than 46 years (p = 0.008), visible contamination on
the shoe sole (p = 0.009), and a history of an occupational slip and/or fall in the past 4 weeks (p = 0.013)
were significantly associated with higher slipperiness perceptions. As expected, participants without
a slip in the past 4 weeks would give a higher mean
slipperiness rating for restaurants with a lower
mean restaurant COF value (Spearman’s ρ = -0.43,
p < 0.001), and vice versa. Ratings from those participants with a slip history were not correlated with
the mean restaurant COF values (Spearman’s ρ =
0.02, p = 0.91) (Courtney, et al., 2006).

Follow-Up Investigation
Friction was measured on a total of 353 tiles. Average COF values from high to low were the front
counter (0.77), walk through (0.73), fryer (0.73),
back vat (0.69), grill (0.69) and sink (0.28). To make
for easier interpretation in subsequent analyses
and figures, participants’ perception ratings were
reversed by subtracting the participants’ rating
from 5 in order to make it consistent with the COF
value, such that 1 = extremely slippery and 4 = not
slippery at all. The average perception ratings from
high (not slippery) to low (slippery) were the walk
through (3.64), front counter (3.60), back vat (3.02),
sink (2.85), fryer (2.84) and grill (2.84). More details
of the COF and perception rating for each major
working area can be found in
Chang, et al. (2006).
Figure 2
The Pearson correlation
coefficient between the average COF and the average perception rating score for each
working area across all the
restaurants was 0.33 (p = 0.01)
(Chang, et al., 2006). Figure 1
(p. 65) illustrates the relationship between the average COF
and average perception rating
score over each working area.
This correlation coefficient was
used as a benchmark for comparisons with the correlation
coefficients for different combinations of friction reductions.
Among the 12 friction reduction variables calculated,
the perception rating scores
had higher correlation coefficients, with the maximum
absolute and relative reducNote. The maximum absolute and relative friction reductions versus average
tions in friction in a step length
perception rating score over each working area across all the restaurants. Ratover the whole working area
ing 1: extremely slippery, rating 4: not slippery at all. Adapted from “Assessonly (r = 0.34, p = 0.008; r =
ing Slipperiness in Fast-Food Restaurants in the USA Using Friction Varia0.37, p = 0.004, respectively)
tion, Friction Level and Perception Rating,” by W.R. Chang, Y.H. Huang,
than with the average COF
K.W. Li, et al., 2008, Applied Ergonomics, 39(3), pp. 359-367.
(r = 0.33) (Chang, Huang, et

Friction Reduction
vs. Perception
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al., 2008). The values of the
Figure 3
maximum absolute and relative reductions in friction in a
step length for each working
area are reported in detail in
Chang, Huang, et al. (2008).
Figure 2 illustrates the relationships between the maximum absolute and relative
reductions in friction in a step
length and average perception
rating score over each working
area. It was also reported that
some friction reduction parameters had a high Pearson
correlation coefficient with the
mean COF for each working
area. The maximum absolute
and relative reductions in friction in a step length over the
whole working area, which
had a higher correlation coNote. The maximum relative friction reductions versus mean friction coefefficient with the mean perficient over each working area across all the restaurants, which indicated that
ception rating, had Pearson
these two variables were not completely independent. Adapted from “Assessing
correlation coefficients with
Slipperiness in Fast-Food Restaurants in the USA Using Friction Variation,
the mean COF of 0.64 and
Friction Level and Perception Rating,” by W.R. Chang, Y.H. Huang, K.W. Li,
0.80 (p < 0.001), respectively.
et al., 2008, Applied Ergonomics, 39(3), pp. 359-367.
Figure 3 illustrates the relationship between the maximum relative friction reduction in a step length over ing more traditional engineering approaches such
the whole working area and the mean COF for each as friction measurement. In particular, such an
approach might be helpful in preliminary assessworking area.
Results of the multiple regression model indicated ments or in cases where engineering quantitative
that the mean COF dominated the relationship be- methods are not available.
Some support exists in the literature for use of
tween friction and perception when the mean COF
and one friction reduction variable were used as in- a subjective, retrospective rating scale. Hirvonen,
dependent variables in most of the friction reduction Leskinen, Grönqvist, et al. (1996), asked employvariables evaluated. The exceptions were the maxi- ees to subjectively rate the risk of accidents in their
mum absolute and relative reductions in friction in a work tasks associated with slippery or uneven surstep length over the whole working areas. The mul- faces and stairs. Employee risk scores were found to
tiple regression models for the maximum absolute be significantly associated with a higher frequency
and relative friction reduction in a step length over of sudden acceleration events that were potential
the whole area along with the mean COF accounted indicators of a slip.
However, factors other than the COF level were
for 13.8% and 13.7%, respectively, in predicting the
associated with employees’ ratings of slipperiness.
perception rating with p = 0.015.
As a comparison, the results of single variable These include gross contamination of footwear,
regression models with the perception rating score employee age, and a history of slipping and/or fallindicated that the mean COF, and the maximum ing at work in the prior 4 weeks.
Gross contamination of the footwear, such as
absolute and relative reductions in friction in a
step length over the whole area accounted for 11% foodstuffs, sauces or other debris on shoe soles,
(p = 0.010), 11.6% (p = 0.008) and 13.3% (p = 0.004), could lead to higher slipperiness perception ratings. Contaminants trapped under the footwear
respectively, in predicting the perception rating.
could potentially reduce the effectiveness of tread
patterns, which is a critical aspect of slip-resistant
Discussion
In the present field study, a higher mean COF footwear. Periodic footwear inspections and cleanwas significantly associated with a lower employee ing, if necessary, might improve conditions.
The findings also suggest a need to control for or
perception rating of slipperiness at the restaurant
level as well as the work area level. This finding was to stratify perception ratings by the presence of such
consistent with results from an earlier restaurant contamination on footwear. The finding that the
study conducted in Taiwan (Chang, Li, Huang, et shoes of 42% of participants had such contamination indicates the need for a better control of gross
al., 2004; Li, Courtney, Huang, et al., 2006).
Based on results from both studies, employee contamination of floors in fast-food restaurants.
ratings may have some promise as a complement This may be accomplished by more frequent floor
to workplace investigations of slipperiness involv- inspections during peak hours. Management plays
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an important role by introducing employees to best
practices and instilling good safety behaviors including housekeeping (Filiaggi & Courtney, 2003).
Employees over age 45 reported lower slipperiness ratings than younger employees. Lower slipperiness ratings from older employees may reflect
a better assessment of conditions due to experience
or an effect of decreased sensory and motor perception (Mital, 1994; Lockhart, Woldstad, Smith, et
al., 2002). With reduced sensitivity, older employees may be less able to detect slipperiness changes.
With decreases in gait and postural control, including capabilities to regain balance with age, employees over age 45 may potentially be more vulnerable
to slippery conditions than younger employees.
A recent workplace history of slipping was associated with increased worker perception of slipperiness that was not correlated with the mean
restaurant COF values. However, these COF values were moderately correlated with the ratings
from participants with no history of slips. This finding suggests that, in future uses of perception surveys, participants should be screened for a recent
history of slipping and stratified in the analysis to
ensure a better interpretation of the aggregate results (Courtney, et al., 2006).
Results also indicate that the average perception
rating of slipperiness could have higher correlation
coefficients with the maximum absolute and relative reductions in friction in a step length over the
whole working area than with the average COF.
This suggests that some friction reduction variables
might be better indicators of slipperiness than the
level of COF as has been speculated in the literature (Strandberg, 1985; Leamon, 1992; Grönqvist,
et al., 2001).
However, to properly reflect friction reductions
in a working area, more extensive and systematic
measurements of COF for the calculations of friction reductions are needed. In particular, friction
reductions that were better correlated with the perception rating scores were the maximum absolute
and relative reductions in friction in a step length
from the whole working area which involved measuring tiles more extensively in both the contaminated and less contaminated zones.
Capturing these special characteristics in a working area requires an extensive measurement strategy
to cover the entire working area. More time and energy are required for friction measurements in order
to obtain meaningful data for the friction reduction
in a step length compared with those needed to obtain the mean COF. The perception rating has only
a slightly higher correlation coefficient with some
friction reduction variables evaluated than with the
mean COF (Figures 1, p. 65 and 2, p. 66).
Furthermore, the friction variation variables were
not completely independent of the mean COF. The
correlation coefficients between the mean COF and
several friction reduction variables were high (Figure 3, p. 67), indicating that an area with a low COF
also most likely had a large maximum absolute or
relative friction reduction in a step length. The results of multiple regression models further indi68 ProfessionalSafety
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cated that adding the friction reduction variables
to the mean COF did not significantly increase the
predictive power for the perception ratings.
This suggests that in practical applications, where
time and effort are always critical and limiting factors, the use of the COF level instead of friction
reduction measures could be warranted. However,
since the results from Chang, et al. (2003; 2004;
2006; 2008) indicate significant variations among
the COF measured on different tiles in the same
areas, if one chooses to measure only COF level, it
is important to measure several tiles in the area of
interest and use the average to represent the area’s
COF level.
More information on slipping and falling hazards
in restaurants can be found in Li, et al. (2006), while
information on local management best practices in
preventing slipping and falling hazards in restaurants was addressed by Filiaggi and Courtney (2003).
In summary, the results suggest that:
•Employee ratings of perceived slipperiness may
be helpful in situations where slip meter measurement is not readily available.
•There is a need to control for perception ratings
of employees who have recently experienced a slip
or fall at work.
•Visible, gross contamination under footwear will
influence worker ratings of slipperiness and also indicates a need for improved housekeeping practices.
•Employees over age 45 may potentially be more
vulnerable to slippery conditions than younger
employees, underscoring the importance of slip
and fall interventions with an aging workforce.
•If measuring for slipperiness using mean COF,
multiple tiles should be sampled and the average
used to ensure inclusion of friction variation in the
tested environment.
Conclusion
The present study combined standardized friction measurements, investigators’ observations
and a multilingual employee questionnaire to
identify factors that could influence worker perception of slipperiness in the restaurant environment.
Results were consistent with most prior studies
that a lower restaurant mean COF was associated
with an increased perception of slipperiness (more
slippery conditions).
While an employee-centered approach may
prove useful in identifying slippery work conditions,
these results also suggest several key factors that
could inadvertently affect the outcomes. The presence of visible contamination on workers’ shoe soles
was an environmental factor associated with higher
slipperiness ratings. A workplace slip in the past
4 weeks also was associated with higher slipperiness
ratings. In addition, employees over age 45 gave a
lower rating of slipperiness than younger counterparts. These factors should be considered in stratifying data with subjective rating of slipperiness.
A detailed comparison was conducted to investigate the relationships among friction levels, friction
variations and perception ratings of slipperiness.
Among the 12 friction variations quantified, the per-

ception rating scores have a slightly better Pearson
correlation with the absolute and relative reductions
in friction in a step length over the whole working
area (r = 0.34 and 0.37, respectively) than with the
mean COF of each working area (0.33). However,
the additional effort and time needed to quantify
friction variations rather than to obtain the mean
COF may not be warranted, despite slightly higher
correlation coefficients for the friction variations.
The results of the multiple regression model on
the perception ratings indicated that adding friction reduction variables into the regression model
in addition to the mean COF did not have a significant impact on the outcomes. Despite a slightly
lower correlation with the perception rating than
with some friction reduction variables, in practice,
the mean COF of an area still is a reasonably good
indicator of slipperiness.
If the observed relationships between physical and worker-centered measures of slipperiness
proves robust across future studies, it suggests
that employee self-reports could be used, alongside existing approaches, to identify and assess
slippery workplace conditions for subsequent
intervention. PS
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