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Abstract

Purpose Performance-based and disease indicators have been widely studied in firefighters; self-reported work role limitations
have not. The aim of this study was to describe the distributions and correlations of a generic self-reported Work Limitations
Questionnaire (WLQ-26) and firefighting-specific task performance-based tests. Methods Active firefighters from the City
of Hamilton Fire Services (n=293) were recruited. Participants completed the WLQ-26 to quantify on-the-job difficulties
over five work domains: work scheduling (4 items), output demands (7 items), physical demands (8 items), mental demands
(4 items), and social demands (3 items). A subset of participants (n=149) were also assessed on hose drag and stair climb
with a high-rise pack performance-based tests. Descriptive statistics and correlations were used to compare item/subscale
performance; and to describe the inter-relationships between tests. Results The mean WLQ-26 item scores (/5) ranged from
4.1 to 4.4 (median=>5 for all items); most firefighters (54.5-80.5%) selected “difficult none of the time” response option
on all items. A substantial ceiling effect was observed across all five WLQ-26 subscales as 44.0-55.6% were in the highest
category. Subscale means ranged from 61.8 (social demands) to 78.7 (output demands and physical demands). Internal con-
sistency exceeded 0.90 on all subscales. For the hose drag task, the mean time-to-completion was 48.0 s (SD =14.5; range
20.4-95.0). For the stair climb task, the mean time-to-completion was 76.7 s (SD=37.2; range 21.0-218.0). There were no
significant correlations between self-report work limitations and performance of firefighting tasks. Conclusions The WLQ-26
measured five domains, but had ceiling effects in firefighters. Performance-based testing showed wider score range, lacked
ceiling effects and did not correlate to the WLQ-26. A firefighter-specific, self-report role functioning scale may be needed
to identify compromised work role capabilities in firefighters.
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Introduction

Firefighting is demanding and hazardous work [1-3]. Fire-
fighters perform a wide range of tasks including fire suppres-
sion, rescue operations, patient transportation, and medi-
cal first aid; often under time pressure and in unpredictable
hazardous environments. Firefighters must transition from a
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tions. Firefighters are at risk for developing musculoskel-
etal [4-6] and mental health problems (e.g., post-traumatic
stress disorders) [4, 7-10]. The majority of firefighters are
exposed to some form of critical event such as serious injury
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or death of a colleague or child victim, or eminent danger to
themselves within a 2-month period [11]. About half would
report a musculoskeletal complaint in either the back, neck
or extremities [6].

Firefighters’ high injury rates and high job demands sug-
gest the potential for gaps to emerge between work role func-
tion and work demands. Gaps between work role function
and demands are identified as work limitations. The ability
to quantify work limitations is important for early identi-
fication and risk mitigation. Measures of work limitations
might be used to screen for individuals who might need work
accommodations or health services. These measures might
also be used to evaluate interventions or policies intended
to improve work role functioning. Performance-based tests
have been used extensively in the fire service for training,
return-to-work assessments and research. While self-report
measures are subjective, they have the natural advantage
of feasibility (e.g., lower cost and administration burden)
and may enable assessments of a broader range of work
demands, including problems related to the social or mental
demands of work. That is, self-report questionnaires may be
able to assess constructs beyond those that are amenable to
objective testing. For example, while physical demands of
work might be easily amenable to simulation testing, con-
textual decision-making and interpersonal demands would
be less easily simulated or measurable.

At present, the comparability between different methods
of assessing work limitations in active firefighters remains
unclear. To this end, we conducted a study with the follow-
ing aims: (1) to assess the score distribution and internal
consistency of the Work Limitations Questionnaire (WLQ-
26), (2) to examine the distribution of performance on two
functional work tasks with high relevance to firefighters, and
(3) to examine the relationship between performance on the
WLQ-26 and two functional firefighting tasks.

Methods
Study Design
Recruitment

Firefighters from the City of Hamilton fire service were
e-mailed invitations to participate in the FIRE-WELL pro-
ject by the firefighter co-author (RD). To be included in the
FIRE-WELL project, the study participant must have been
an active firefighter from the City of Hamilton fire service,
must understand English, and had provided informed con-
sent for study participation. A total of n=298 were recruited
at study baseline. Five firefighters who originally signed up
declined to answer the surveys, therefore, an initial sample
of n=293 met our inclusion criteria and were eligible for

the current analyses. The study protocol was approved by
the Research Ethics Board at McMaster University, and all
firefighters signed informed consent.

Data Collection

At baseline, all study participants were asked to complete
a survey questionnaire by either paper or electronic format.
This included the WLQ-26 and an array of socio-demo-
graphics, health-related, and job-related variables to help
describe the participants. Key variables assessed include:
age, sex, height, weight, years of service as a firefighter, pro-
fessional ranking (five categories: recruit, firefighter, acting
captain, captain, or chief), self-rated musculoskeletal health
status (five categories: excellent to major problems) and a
single rating of the extent to which bone and joint problems
interfered with their work. In addition, a subset of partici-
pants (n=149) were assessed using two performance-based
tasks, described below.

Work Limitations Questionnaire (WLQ-26)

Work role functioning can be measured by self-report out-
come measures such as the WLQ. The WLQ-26 is a close
derivative of the original 25-item WLQ that was originally
developed and tested in people with chronic health condi-
tions [12]. Variants of the questionnaire have been reported
in the literature. The WLQ-26 is similar to the original
WLQ that was developed and tested in individuals with
rheumatoid arthritis, chronic headache syndrome, or epi-
lepsy [12]. It is grounded in the same conceptual frame-
work and the items were drawn from the same item pool.
The WLQ-26 differs in three respects from the WLQ-25:
(1) it uses a 4-week recall period rather than a 2-week recall
period; (2) it uses a single response set for all questions
with “half the time” the middle category rather than “some
of the time”’; and (3) contains several additional items. No
research has directly compared the WLQ-26 and WLQ, and
the developers concede that because of different response
values and the inclusion of additional items, there may be
differences across the variants. However, 90% of the items
overlap and four of the five response values are the same.
Other variants of the scale have been used in the literature,
including a 15-item version [13].

The WLQ-26 has been examined for content validity and
validated in people with musculoskeletal disorders [14, 15].
The WLQ-26 was selected for a number of reasons: (1) it
is applicable to a wide range of occupational sectors; (2) it
assesses a wide range of on-the-job problems that are rel-
evant to firefighters (five domains: time management, out-
put, physical, mental, and social demands); (3) the WLQ-26
and close variants have shown sound psychometric proper-
ties in various clinical populations, including workers with
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musculoskeletal [12, 16—-19] and non-musculoskeletal health
disorders [12, 20, 21]; (4) at 26 items, this tool has a reason-
able balance of burden and comprehensiveness; and (5) the
consistent response options and use of clear time categories
are easier for participants than other versions where sub-
scales responses vary. An expert and structured assessment
of 21 measures of at-work productivity loss, ranging from
single-item indicators to multidimensional scales, indicated
that no superior at-work productivity measures was identi-
fied [22].

The WLQ-26 is designed to differentiate impairments
over five work domains: work scheduling (WS, 4 items),
which assesses difficulties with handling a job’s time and
scheduling demands; output demands (OD, 7 items), which
assesses impact on productivity at work; physical demands
(PD, 8 items), which examines difficulties when performing
job tasks that involve bodily strength, movement, endurance,
coordination, and flexibility; mental demands (MD, 4 items),
which examines difficulties with cognitively-demanding
tasks; and social demands (SD, 3 items), which assesses
difficulties with on-the-job social interactions [12, 23].
For each WLQ-26 item, respondents indicate the propor-
tion of time with difficulty handling parts of the job. All
items are provided with the six response categories: “all of
the time” (score = 1), “most of the time” (score =2), “some
of the time” (score =3), “a little of the time” (score =4),
“none of the time” (score=5), or “does not apply to my
job” (score =missing, as per developers’ recommendation).
Skipped items are also scored as missing [24]. Subscale
scores can be generated by taking the mean of subscale
items, subtracting this value by one, and then multiplying
it by 25 to get a score with a 0—100 range (100 =high work
role functioning limitations, no work limitations).

Functional Work Tasks: Hose Drag and Stair Climb
with a High-Rise Pack

We developed and administered two functional work tasks
that simulated firefighters’ job demands as part of the base-
line assessment [25]: (1) hose drag, and (2) stair climbing
while carrying a high-rise pack. In the hose drag task, the
firefighters bent to floor level and lifted the nozzle (6.1 kg)
of an uncharged firefighting hose (30 m). The firefighters
were given standardized instructions to pull the uncharged
fire hose to a pylon (18 m away from the starting line) as
quickly as possible. At the pylon, the firefighters maneu-
vered the hose around the pylon at 90° and pulled the hose
to an end marker (12 m from the pylon). The firefighters
then repeated the task while returning the nozzle to the start/
finish line. In the stair climb with a high-rise pack task, fire-
fighters were asked to retrieve and lift a 22-kg high-rise hose
pack from the floor to their shoulder. They then ascended
and descended five flights of stairs while carrying the 22-kg
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high-rise hose pack over their shoulder. For both tasks, the
time required to successfully complete the task was recorded
by a research assistant.

Analysis
Descriptive Statistics

To describe the characteristics of the study participants,
descriptive statistics (mean, %) were applied to socio-demo-
graphic and health-related variables.

Score Distribution for the WLQ-26

To examine the score distribution for the WLQ-26, we
assessed the number of usable (non-missing) observations,
and the proportion of observations for each of the six availa-
ble response options for each of the 26 items. The proportion
at the floor score (difficulty all the time, score=0), ceiling
score (difficulty none of the time, score =35), or selecting
the “does not apply to my job” option was reported. To
summarize the data, the mean, standard deviation, median,
and interquartile range were calculated at both item- and
subscale-levels.

Internal Consistency of the WLQ-26

Cronbach’s alpha was assessed for each of the five WLQ-26
subscales. At minimum, an alpha of > 0.7 was expected, but
an excessively high alpha (i.e., >0.95) would indicate some
item redundancy [26]. [tem-subscale correlations were also
evaluated and > 0.4 was expected.

Score Distribution for the Functional Work Tasks

To examine the score distribution for the two functional
work tasks, we assessed the number of usable (non-missing)
observations, mean, standard deviation, median, and inter-
quartile range.

Relationship Between WLQ-26 and Functional Work Task
Performance

The level of correlation was assessed among the five WLQ-
26 subscales and the two functional work tasks. Since all are
interval-level measures where the magnitude of score differ-
ence is meaningful, Pearson correlations were performed
to assess the linear relationship of each pair of measures.
However, there were indications of non-normality in some
of the data, and therefore, we also performed Spearman cor-
relations to ascertain the relationship among these meas-
ures. The analyses in this study were conducted using Stata
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version 13.1 (College Station, TX: StataCorp LP) and SPSS
version 25 (Armonk, NY: IBM Corp.).

Differences in WLQ-26 and Functional Work Task
Performance in Musculoskeletal Subgroups

Firefighters were divided into two subgroups based on their
response to a question about the status of their muscles and
joints (excellent no problems, very good, minor injury or
age-related changes, versus moderate or major problems)
and whether muscle and/or joint problems interfered with
their ability to do their work (no problems, minor interfer-
ence, moderate interference, major interference, prevent
doing my job). Since no firefighters reported moderate or
greater interference, this item was dichotomized into no
problems versus minor interference. An independent ¢ test
was done to determine whether there were differences in any
of the subscales of the WLQ-26 or the performance-based
tests between the subgroups.

Results
Sample Characteristics

The mean age of the study participants (n=293) was 42.6
(SD=9.7). A very high proportion was male (97.3%), which
is typical for the fire service profession (Table 1). The par-
ticipants have been firefighters for an average of 14.8 years
(SD=10.2, range 0-35). In terms of ranking, the majority
were “firefighter” rank (74.1%) and “captain” was second
most common (14.5%).

The participants reported a range of musculoskeletal
health status based on self-rating using a global item. The
distribution in response was as follows: excellent (10.0%),
very good (28.5%), minor problems (46.4%), moderate prob-
lems (13.1%), and major problems (2.1%). In general, par-
ticipants reported MSK pain at multiple joints: neck (20%),
back (33%), upper limb (44%), and lower limb (45%). Out
of 13 co-morbid conditions assessed, 38% had none, 35%
had one, 18% had two, and 9% had three or more health
conditions.

Score Distribution of the WLQ-26

All firefighters attempted the WLQ-26, and the number of
completed items ranged from 17 (0.3%) to 26 (96.3%). At
the item-level, the mean ranged from 4.1 to 4.4 (Table 2)
and the median was 5 for all items. For 23 of 26 items, the
interquartile range was 1; for the three other items, the
interquartile range was 0. Notably, across all items, a large
proportion of respondents (54.5-80.5%) selected the “dif-
ficult none of the time” option, which was the maximum

Table 1 Characteristics of study participants (n=293)

Characteristic n available Mean (SD) or %
Age 291 42.6 (9.7)
Range 20-65
Sex 291
Male 97.3%
BMI 292
Underweight (< 18.5) 0.3%
Normal weight (18.5-24.9) 13.4%
Overweight (25-29.9) 57.5%
Obese (>30) 28.8%
Total years of service as firefighter 293 14.8 (10.2)
(includes years as a volunteer or Range 0-35
professional)
Professional ranking 290
Recruit 4.8%
Firefighter (1st class, etc.) 74.1%
Captain 14.5%
Acting captain 5.2%
Chief 1.4%
Musculoskeletal health status (self- 291
rated)®
Excellent (no problems) 10.0%
Very good 28.5%
Minor problems 46.4%
Moderate problems 13.1%
Major problems 21%
Number of co-morbidities (self-rated)® 293
0 38.2%
1 35.2%
2 17.8%
3 or more 8.9%

*Musculoskeletal health status was assessed by the question: “what is
the status of your joints and muscles?”

®From 13 possible conditions assessed

score of 5. In contrast, the “does not apply to my job”
option was selected relatively infrequently (1.0-6.5%).
At the subscale level, the mean ranged from 61.8 (social
demands) to 78.7 (output demands and physical demands)
(Fig. 1). The proportion of respondents at the ceiling score
(no work limitations) was high for all five WLQ-26 sub-
scales (44.0-55.6%), well above the 15% often considered
as the threshold for a significant “ceiling effect” [27].

Internal Consistency of the WLQ-26
Cronbach’s alpha ranged between 0.93 and 0.98 for the

five WLQ-26 subscales (Table 3). Item-subscale correla-
tions ranged between 0.88 and 0.99 for the items (Table 2).
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Functional Work Task Performance

For the hose drag task, the mean time-to-completion was
48.0 s (SD=14.5). The fastest time observed was 20.4 s and
the slowest time was 95.0 (Fig. 2). For the stair climb with
high-rise pack task, the mean time-to-completion was 76.7 s
(SD=37.2). The fastest time observed was 21.0 s and the
slowest was 218.0 s.

correlations
0.9

0.9

0.98

5(1)
5(1)
5(1)
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to performance-based tests.
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Fig. 1 Score distribution of the
WRF-26 subscales
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Table 3 Correlation between WRF-26 subscales and functional work task performance (Pearson r: lower-left side of off-diagonal, Spearman r:

upper-right side of off-diagonal)

Work Output demands Physical demands Mental demands Social demands Functional Func-
scheduling hose task  tional
demands stair task
Work scheduling demands a=0.93 0.75% 0.73% 0.71% 0.71* -0.04 0.02
n=268 n=264 n=263 n=263 n=258 n=138 n=136
Output demands 0.90%* a=0.98 0.76* 0.81%* 0.79%* —-0.07 0.00
n=264 n=284 n=278 n=279 n=274 n=144 n=142
Physical demands 0.86%* 0.90* a=0.98 0.74% 0.71% -0.16 —0.06
n=263 n=278 n=284 n=280 n=273 n=144 n=142
Mental demands 0.86%* 0.93%* 0.90* a=0.98 0.83%* -0.04 0.05
n=263 n=279 n=280 n=285 n=275 n=145 n=143
Social demands 0.86* 0.91* 0.90* 0.93* a=0.96 -0.02 0.04
n=258 n=274 n=273 n=275 n=278 n=140 n=138
Functional hose task —0.04 —0.00 —-0.09 0.03 -0.01 a=n/a 0.56*
n=138 n=144 n=144 n=145 n=140 n=148 n=146
Functional stair task 0.08 0.08 0.03 0.10 0.11 0.47* a=n/a
n=136 n=142 n=142 n=143 n=138 n=146 n=146
a Cronbach’s alpha, n/a not applicable
*p<0.05
Hose dragging task Stair climbing task
n =148, mean = 48.0, SD = 14.5, median = 46.9 n =146, mean = 76.7, SD = 37.2, median = 64.5
3 3
8 -
8 =3
= c 8 -
2 &
=y
o L T T T T o - T T T T
20 40 60 80 100 0 50 100 150 200

seconds

Fig.2 Functional work tasks performance among firefighters

data and the fact that firefighters were on full active duty
suggest that the firefighter participants were in relatively
good health and this may account for the ceiling effects. To
the best of our knowledge, a ceiling effect has not been often
found in previous psychometric testing of the WLQ-26.
Thus, while this tool may be appropriate for a wide range of
occupations, the unique nature of firefighting tasks demands
may make it an outlier from a measurement perspective. We
further believe that this ceiling effect (i.e., highly skewed
data) is largely responsible for the excessively high Cron-
bach’s alpha, item-subscale correlations, and inter-subscale
correlations observed. Thus, the high internal consistency
further supports why this tool does not perform optimally
in firefighters, but does not lead to any generalized concern

seconds

about the WLQ-26 from a psychometric perspective. There
is a plethora of evidence that support the proper convergence
and divergence among WLQ-26 subscales in the literature
[15, 17, 28]. However, we did note a small concern suggest-
ing respondents may not always be closely attentive to the
instructions provide. We noticed a very small proportion
scoring exceedingly low on all five WLQ subscales (indi-
cating very low work functioning), which we thought was
somewhat suspect given that these were active firefighters
that are currently working.

A much broader range of performance was demon-
strated on the two functional work tasks. As a result, very
low correlations were found between these two methods
of assessment. This suggests the WLQ-26 may not be able
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Table 4 Differences in test scores in MSK subgroups

Bone and joint status

Bone and joint-related work interfer-

ence
Excellent/very good or minor prob- Moderate or severe problems None Minor inter-
lems (n=244) (n=44) (n=139) ference
(n=130)
Work Limitations Questionnaire (% score)
Time 82.1 77.0 82.4 80.1
Mental 79.0 76.2 80.2 772
Interpersonal 81.9 79.4 83.4 79.6
Physical 82.7 76.0 85.1 78.5
Excellent/very good or minor prob- Moderate or severe problems None Minor
lems (n=15) (n=175) interference
(n=131) (n=63)
Firefighting performance tests (s)
Hose drag 47.6 51.7 47.7 47.5
Stair climb 75.7 84.6 76.5 77.5

There were no significant differences amongst any of the comparisons. No moderate or severe interference was reported so the variable was
dichotomized between none and minor. Higher scores indicate poor performance on the performance-based test and better self-reported work

role functioning as measured on the Work Limitations Questionnaire

to detect emerging work limitations in firefighters, which
is most likely because they are required to perform very
high demand tasks that are not adequately represented on
a generic WLQ. The lack of correlation between the self-
report measures in the performance-based measures in our
data was driven by ceiling effects. Ceiling effects would pre-
clude accurate assessment of the real relationships between
self-reported work limitations and performance-based meas-
ures. It is noteworthy that there were moderate correlations
between the two different performance-based tests. Since
the nature and duration of these tests were quite different,
they might tap into different physical domains. Ideally, when
constructing a battery of tests to assess firefighters, comple-
mentary measures that provide a comprehensive assessment
would be identified. The moderate correlations between the
two performance-based tests suggest that while related, they
are sufficiently different that the time invested in additional
testing would be worthwhile since additional information
would be achieved.

A second noteworthy observation was that the “does
not apply to my job” response option was not often chosen
across the WLQ-26 items (range 1.0-5.8% of respondents).
In addition, the instrument was generally well completed
by respondents with very few missed items overall. This is
notable because we believe this is a positive indication of
WLQ-26’s item relevance for this population, which offers
some support for its content validity. This suggests that the
domains may be relevant, but the items are not designed
to capture the specific areas of firefighting that represent
areas at most risk of compromise. That said, this should
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not be regarded as a complete endorsement of WLQ-26’s
content validity in this population, since firefighters are very
task oriented and have an attitude of getting the job done,
regardless of obstacles. This could lead them to complete
forms even when the items are not salient. Future qualita-
tive research involving firefighters could be useful to fur-
ther inform whether its content is salient. This highlights
a measurement principle that high rates of “missingness”
might lead one to question the content validity of a measure;
high rates of completeness do not exclude these concerns.
Given our findings, development of a self-report firefighter-
specific WLQ is that is conceptually linked to the domains of
the WLQ is justified as it would retain some comparability
across occupations, while also identifying emerging work
limitations and risk in firefighters.

It is clear from our study that WLQ-26 scores were
not related to performance scores. Although measurement
issues were a pitfall in the comparison, it is also important
to recognize that these are distinct constructs and measure-
ment approaches. First, there is a difference in specificity
in the demand in question. The WLQ-26 assesses more
general constructs, whereas the functional work tasks are
highly specific. Even within the physical demands sub-
scale, the items assess a much broader range of potential
demands compared to the functional work tasks. Second,
there is a difference in terms of the “point of reference”.
Whereas the functional work tasks measure “absolute”
performance with no reference point, we believe the
WLQ-26 is in a way evaluating “relative” performance
referenced against one’s personal best (i.e., how much
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limitation compared to when one was completely healthy).
To further illustrate this difference, it is perhaps helpful to
envision a worker with absolutely no health impairments/
limitations but still performs these tasks poorly compared
to one’s peers because of lack of natural physical ability
(e.g., weak or slow). For these above reasons, this com-
parison is not ideal as a test of construct validity. These
factors were considered when hypothesizing that, no more
than moderate relationships might be expected.

Our study provides unique information on the relation-
ship between standardized performance-based work tasks
and self-reported work limitations in a cohort of fire-
fighters from a single fire service. However, limitations
in our work should also be considered. The validity of
the simulated firefighting tasks to actual performance on
the fire ground has not been determined. We did not con-
duct qualitative investigations to identify why firefighters
responded as they did to the self-report items. Measure-
ment limitations in the generic reporting of work limita-
tions precluded accurate assessment of their relationship
to performance-based tests. Subgroup differences in the
performance-based tests were relatively underpowered
since fewer people participated in these tests and these
comparisons were performed for hypothesis generation
only. Physical performance was assessed as a function of
speed, not safety or quality of task performance. While
speed is only one aspect of physical performance, it is an
important one in firefighting. Further, speed is widely used
as an indicator of performance capability. Finally, given
the different versions of the WLQ that have been reported
in the literature we cannot be certain that our conclusions
apply across all versions. However, we are very confident
that our conclusions would be stable across different ver-
sions of the questionnaire since there is a very substantial
overlap of items between different versions; and the nature
of the difficulty issue would apply across all versions.

Conclusions

The WLQ-26 demonstrates ceiling effects, and did not relate
strongly with functional task performance in active duty fire-
fighters. However, the items were considered relevant and
may form the framework for a more specific WLQ-26 that
targets the unusually high task demands of firefighters.
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