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Abstract.

BACKGROUND: Few studies have addressed whether using manager or worker perceptions of safety policies and practices
alone predict reported injury rates less accurately than using both.

OBJECTIVE: This study provides an example and describes a method that can be used to address this issue with survey
instruments designed to measure safety climate, policies, or practices.

METHODS: Using multilevel logistic regression, we estimated the relationship between worker and manager perceptions
of a given exposure and the odds of worker injury during the post-survey year for three safety scales. We tested whether
surveying both workers and managers provides additional predictive value compared with surveying just one group,
RESULTS: Injury in the year following the survey was significantly associated with worker scores on two of the three scales.
Manager responses were not significantly associated with injury and did not significantly improve injury rate prediction when
added to a model with only worker survey responses.

CONCLUSIONS: The capacity of manager-only or worker-only perceptions of safety policies and practices to predict
worker injuries should be established before choosing to survey just one or the other. The approach and findings in this paper
can be applied to other survey instruments and in other settings to help make this choice.
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1. Background

Organizations may use the responses of managers
or workers to assess safety climate or practices [1—
12]. They can use such surveys to identify priority
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areas for health and safety improvement and then
change relevant policies and procedures to reduce
injury rates [3, 13, 14]. The extent to which surveys
for this purpose can be useful depends in part on their
ability to predict injury rates.

Employers and researchers may prefer to survey
managers because surveying managers may be eas-
ier and less expensive than surveying a large worker
group and may result in higher response rates. This
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Fig. 1. Conceptual model of relationship between survey responses and injury rates.

may be particularly true in low-wage workforces in
which workers do not regularly access work email
or if literacy levels are low. However, if worker per-
ceptions better reflect injury risk (that is, are more
predictive of future injury rates), the value of survey-
ing workers may outweigh the cost.

Studies have shown that there may be consistent
differences between mean manager and worker per-
ceptions of safety climate, policies, or practices in the
same work setting, but there have been few studies
addressing whether relying on both groups provides
more useful information for research, practice, and
policy than just relying on one or the other [5, 7-9].

We relied on a conceptual model of managers’
and workers’ responses to survey questions about
workplace policies and practices, similar to a con-
ceptual model applied to team organizational climate
described by Perrigino et al. [15] and to the frame-
work described in Marin et al. [7, 16]. The underlying
theory is that workers and their managers may either
observe different aspects of the same phenomena or
may observe the same phenomena but interpret them
differently (see Fig. 1).

We illustrate this framework with a hypothetical
example, using the following survey item: “Managers
make sure that workers are able to take their entitled
breaks during work.” In a hypothetical workplace, for
each manager’s unit, workers are entitled to take a

certain number of breaks daily. This is the workplace
policy. However, workers and managers may see dif-
ferent aspects of how this policy is enacted. Managers
may be more aware of organizational policies and
be responsible for their implementation, while work-
ers may be more aware of specific aspects of their
jobs and practices on the unit. In the case of work
breaks, managers may respond positively to requests
for coverage so workers can take their breaks [17].
However, workers may not request coverage if there
are high workloads, if they know that it will disrupt
the workday of other team members, or if they fear
retribution for taking breaks. If workers cannot take
all their entitled breaks, managers still might assume
that they do. However, workers may think that they
are not receiving all their allotted breaks.

Workers and their managers may also have dif-
ferent beliefs about how many breaks workers are
entitled to. In addition, workers may recall the breaks
they missed more vividly than managers, and man-
agers may more vividly recall their efforts to provide
time for breaks. Although the reality — the absolute
number of breaks taken — is shared, the perception of
that reality may not be the same.

Managers’ perceptions may also be influenced by
“social desirability bias,” as noted by Huang et al. [5]
and Marin et al. [7]. Managers may consider them-
selves responsible for safety conditions, and better
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safety conditions thereby reflect well on their per-
formance. This may lead to manager’s rating safety
related aspects on their units higher due to the desir-
ability of performing well in enacting safety policies
and practices.

For other types of survey questions, the concept
being measured is inherently subjective. For example,
“The unit maintains excellent housekeeping.” Here,
excellence is not defined using a shared metric and
is in the eye of the beholder, influenced by one’s
perception of what excellent housekeeping would be.

Research has generally shown that manager per-
ceptions of organizational climate, safety climate,
and related concepts are more favorable than worker
perceptions [7-12, 18]. Although manager and
worker responses may differ, they may still be equally
associated with an outcome of interest. Given that
manager and worker responses to survey questions
about their work environment may differ, in this
paper we ask how well these responses predict worker
injury rates.

There are few studies that have explored this ques-
tion, and their findings are inconsistent. In a study
of limited-service restaurant workers, Huang et al.
found that individual worker perceptions of safety
conditions were associated with injury rates, while
manager perceptions were not [8]. Similar results
were found, perhaps not surprisingly, for workers
working with a distant supervisor [5]. However,
a study based in construction found that neither
managers’ nor workers’ perceptions of safety cli-
mate had a statistically significant relationship with
injury rates, but differences between worker and
manager perceptions did [7]. A study of blue-collar
workers in a university setting also found that worker-
manager discrepancies were predictive of injury
rates, although it did not examine worker and man-
ager perceptions separately [9]. Also, a 2017 study
found that workers’ safety climate perceptions were
not associated with injury rates, but that safety offi-
cers’ reported safety management practices were
[16]. We note that the substantial body of safety cli-
mate research, pioneered by Zohar and others, relies
exclusively on worker responses [1, 2].

Assessing the extent to which worker and manager
responses are informative is notably influenced by:
(1) the responses themselves, to the extent that work-
ers and managers have different perceptions; and (2)
the number of responses. When worker responses
are included in a model, the analytical sample size
is larger, resulting in increased precision of the esti-
mates (smaller standard errors).

Here, we offer three competing hypotheses about
safety-related practices:

1. Manager and worker perceptions of three mea-
sures of safety-related policies and practices
are equally associated with injury rates. Using
either provides as much information about
future injury rates as using both.

2. Manager perceptions of three measures of
safety-related policies and practices are asso-
ciated with injury rates. Worker perceptions are
weakly associated with injury rates and add
little or no additional information when both
manager and worker responses are included in
the same model.

3. Worker perceptions of three measures of safety-
related policies and practices are associated
with injury rates. Manager perceptions are
weakly associated with injury rates and add
little or no additional information when both
manager and worker responses are included in
the same model.

This study attempts to illustrate an approach to
answering three questions: (1) On average, do man-
agers and workers have similar perceptions about
safety policies and procedures within the same work
environment, (2) Are assessments of safety policies
and practices predictive of injuries, and (3) Does the
answer depend on whom you ask? To answer these
questions for the specific measures in this study, we
analyzed the relationship between worker and man-
ager perceptions about workplace safety policies and
practices (measured using a survey) in two large
tertiary-care hospitals and administratively-recorded
worker injuries in the year following the survey.
The answers to these questions have implications
for a wide range of workplace surveys to determine
whether both worker and manager responses provide
additional predictive power compared to surveying
just one or the other.

2. Methods
2.1. Ethical considerations

The study was approved by the Institutional
Review Board of the Harvard T.H. Chan School of
Public Health (IRB 18-1245). Our survey included
a consent page, but signatures were not required
because the participants’ primary risk was identifi-
cation. The authors had no conflicts of interest.
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Table 1
Descriptive statistics, study sample
Worker Manager

Variable N Weighted Weighted Standard N Percent Standard

Percent Error Error
Gender
Men 107 7.71 0.87 4 5.56 2.70
Women 1365 90.7 0.95 68 94.44 2.70
Missing 20 1.59 0.41 0 0 0
Total 1492 72
Race
Non-White 257 18.25 1.26 5 6.94 3.00
White 1220 80.56 1.29 67 93.06 3.00
Missing 15 1.19 0.35 0 0 0
Total 1492 72
Job Title
Clinical Nurse Specialist 27 1.67 0.42
Staff Nurse 1228 81.09 1.28
Patient Care Associate 139 9.88 0.97
Nurse Manager 72 100 0
Other 95 7.18 0.84
Missing 3 0.19 0.14
Total 1492 72
Age
21-30 397 24.39 1.40 1 1.39 1.38
31-40 359 23.38 1.38 8 11.11 3.70
41-50 313 21.95 1.35 15 20.83 4.79
51-60 305 21.53 1.34 36 50 5.89
>60 70 5.19 0.72 7 9.72 3.49
Missing 48 3.55 0.60 5 6.94 3.00
Total 1492 72
Injury Rate* 9.82 0.88
*Rate per 200,000 hours (100 person-years) worked.

2.2. Data taining OSHA recordable injuries for each worker

We used data from the Boston Hospital Work-
ers Health Study, a cohort study of hospital patient
care workers, from two large Mass General Brigham
hospitals in Boston, USA [19]. The cohort database
is composed of administrative data on age, gender,
occupation, unit, shift, employment tenure, and hours
worked linked with worker and manager surveys. All
nurses, nursing assistants, and nurse directors (man-
agers) at the hospitals are retained in the cohort even
after leaving the institution, and each year newly hired
workers are added to the cohort. The study team has
periodically surveyed a random sample of the cohort,
asking workers and their managers about their work-
ing conditions, health, and wellbeing. In 2012, we
fielded a survey to 2133 workers and their managers,
yielding 1595 responses (75% response rate) [19].

For this study, we used the data from worker and
manager surveys linked to administrative data con-

during the 12 months following the survey. We
merged data from these sources at the individual
worker level. See Table 1.

Sample: For each worker surveyed, we determined
if the worker had an OSHA-recordable injury in
the year following the date of survey completion.
The overall incidence rate of injury among surveyed
workers was 9.8 per 200,000 hours worked (100 full-
time equivalent employees). We matched managers
to the units they indicated in the survey. If more
than one manager was on the same unit, we sur-
veyed the senior manager. There were 1492 worker
and 72 manager responses for our analysis. Not all
units had equal sampling fractions, so we weighted
our analyses accordingly.

Variables: We created overall scale scores from
individual survey responses: Ergonomic Practices (6
items), General Safety Practices (4 items), and Safety
Leadership (1 item). The latter two are derived from



L.I. Boden et al. / Who do you ask? 1999

the Organizational Policies and Practices (OPPs)
questionnaire, developed by Amick et al. [20]. This
questionnaire has been validated and has been widely
used. Dennerlein et al. [21] adapted the ergonomic
practices subscale for hospital patient-care workers,
and we used this subscale in our study. The scale
items are described in the Supplemental Materials.
All items were answered using a 5-point Likert Scale
(Strongly Disagree, Disagree, Neither Agree nor Dis-
agree, Agree, Strongly Agree). Cronbach’s alpha for
the ergonomic practices scale was 0.91 and 0.88 for
worker and manager responses respectively. For the
safety scale, the Cronbach’s alphas were 0.82 and
0.78, respectively.

2.3. Statistical approach

The research was designed as a retrospective
cohort study. We fit multilevel logistic regression
models with worker injury (yes, no) as the response
and the scale scores for both manager and workers
as predictors. We also included the total number of
hours worked during the study period to account for
duration of exposure.

To assess the relative contributions of manager and
worker scores, we estimated sets of nested models
depicted as Models 1a and 1b and Models 2a and 2b
below:

Model la : Logit (P (Injury,-j = 1))
= Yo + Brwsij + uo;

Model 1b : Logit (P (Injuryij = 1))
= yo + Biwsij + Bamsj + ug;
Model 2a : Logit (P (Injury,-j = 1))
= yo + Bimsij + uop;

Model 2b : Logit (P (Injury,-j = 1))
= yo + Brws;j + Boamsj + ug;

Where i refers to an individual worker surveyed
within unit j. The term u¢; is a unit random intercept,
‘ws’ refers to worker scores and ‘ms’ refers to man-
ager scores, and hours worked also included in each
model as an offset variable.

We used likelihood ratio chi-square tests to com-
pare nested models within a set. For example, this
test compares the log-likelihood (LL) value, a mea-
sure of goodness of fit, of Model 1a to that of Model
1b. The likelihood ratio test statistic is defined as
—2*(LL(Model 1a) — LL(Model 1b)) and follows a

Table 2
Responses to questions about safety policies and practices
Worker Manager
Ergonomics Scale 3.13 (0.87)* 3.36 (0.82)*
Safety Scale 3.74 (0.79)* 4.17 (0.57)*
Safety Leadership Scale 3.93 (0.83)* 4.26 (0.80)*

*Worker-manager difference p<0.001.

chi-square distribution with degrees of freedom equal
to 1 (because the difference in number of parame-
ters between Model 1a and Model 1b is 1). Under
the null hypothesis, Model 1b has a LL value equal
to that of Model la. A null result would therefore
mean that including the manager score to a model
that already had the worker score does not improve
the model fit. In other words, we can drop the manager
score without loss of information about the response
or loss of predictive ability. Alternatively, if the man-
ager score adds predictive value to injury over and
above worker scores, then the LL for Model 1b will
be larger than that of Model 1a, and we will be more
likely to reject the null hypothesis, concluding that
the manager score should not be discarded. We used
an alpha level of.05 for all chi-square likelihood ratio
tests.

We also used the Akaike information criterion
(AIC) as a measure of model fit. This measure also
uses the log-likelihood but adds a penalty as the num-
ber of variables increases. A lower AIC represents a
better model fit. We followed the STROBE guidelines
for reporting observational studies.

3. Results

Table 2 shows the scores of workers and managers
for the three scales. For each, the managers’ score was
higher. That is, managers viewed implementation of
safety policies and practices as better than workers
did. Using a 2-sample t-test, all three pairs of means
differed at p <0.05.

Table 3 shows odds ratios of injury for a one-
unit increase in the ergonomics, safety, and safety
leadership scales respectively. For two of the three
measures, a higher worker score was associated with
a significantly lower injury rate, with p <0.05. For all
three, the manager odds ratios were closer to 1.0 com-
pared to the worker odds ratios. Moreover, none of
the managers estimated odds ratios significantly dif-
fered from 1.0. Safety leadership responses were not
significantly associated with injury odds for either.
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Table 3
Relationship between safety scales and odds of injury in the
following year: multilevel logistic regression

1) Ergonomics scale Odds Ratio (95% CI)

Worker+Manager Model Worker: 0.73 (0.55, 0.98)
Manager: 1.01 (0.71, 1.43)

Worker Model 0.73 (0.55, 0.98)

Manager Model 0.98 (0.79, 1.38)

2) Safety Practices Scale Odds Ratio (95% CI)

Worker + Manager Model Worker: 0.61 (0.45, 0.82)
Manager: 0.90 (0.55, 1.46)

Worker Model 0.60 (0.45, 0.81)

Manager Model 0.76 (0.46, 1.25)

3) Safety Leadership Scale Odds Ratio (95% CI)

Worker + Manager Model Worker: 0.79 (0.60, 1.04)
Manager: 0.86 (0.63, 1.18)

Worker Model 0.78 (0.59, 1.04)

Manager Model 0.85 (0.96, 1.05)

To directly test our hypothesis, we computed
the chi-square statistic of the difference in residual
deviance between the model including both worker
and manager scores and the models with only one of
the two scores (likelihood ratio chi-square test). The
results are shown in Table 4. For each of the three
scales, this difference is small and not statistically
significant for the worker-only model. On the other
hand, the test statistic for the manager-only model
was larger for all three and statistically significant
for the first two. This implies that adding the man-
ager scores does not appreciably improve predictions
compared to the worker-only model.

As a further test, we computed the AIC for each
model and scale. For all three scales, the AIC was
lowest for the worker-only model, suggesting that this
model was preferred to both the manager-only and the
worker plus manager model.

4. Discussion

In our study population, we found that worker
responses to questions about safety policies and prac-
tices were associated with injury, but that there was
no additional predictive value from including man-
ager responses in these models. Indeed, the manager
responses alone were at best weakly predictive of
injury. While our study cannot determine the rea-
sons for these differences, prior research suggests that
workers are closer to hazards and thus may have more
accurate perception of injury risk factors. Conversely,
managers may want to see themselves as doing a good
job and, thus, may overlook safety problems in their
units [5, 7]. Alternatively, our null findings about the
relationship between manager responses and injuries
might be related to our sampling methods, question
framing, or other aspects of study design.

Compared to using manager responses alone,
using worker responses within the same model also
increases the precision of the estimates (results in
smaller standard errors) in this study. This is likely
because there are more workers than managers and
therefore a larger worker sample size.

Finally, we found that manager-reported percep-
tions of the safety policies and practices examined
were more favorable than those of workers within
the same units. This is consistent with results from
other studies [7-10]. It may reflect several factors,
including differential understanding of policies and
procedures, different experiences of workplace haz-
ards, different safety expectations, and managers’
self-perceived prioritization of worker health and
safety, which could influence perceptions of actual
working conditions on their units.

Tests of added predictive value: manager and worker responses

1) Ergonomics scale Residual deviance Deviance?® P-value® AIC

Manager Model 466.13 4.29 0.038 474.13
Worker Model 461.84 0.003 0.959 469.84
Worker+Manager Model 461.83 Reference Reference 471.83
2) Safety practices scale Residual deviance Deviance® P-value® AIC

Manager Model 469.00 9.62 0.002 477.00
Worker Model 459.84 0.46 0.496 467.84
Worker+Manager Model 459.38 Reference Reference 469.38
3) Safety leadership scale Residual deviance Deviance?® P-value® AIC

Manager Model 474.99 2.32 0.128 482.99
Worker Model 473.46 0.79 0.374 481.46
Worker + Manager Model 472.67 Reference Reference 482.67

Note: The Worker + Manager Model is the comparison model. AIC is the Akaike information criterion. A lower score indicates better model
fit. *Deviance is the difference in -2Log Likelihood between a worker- or manager-only model and the comparison model. " This p-value is
associated with a Chi-Square approximation of a likelihood ratio test comparing each simple model to the reference model.
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Earlier studies in different settings largely found
that worker responses to safety questionnaires were
predictive of future injury rates [5, 8], although this
was not always the case [16]. These findings depend
on the measures used and may also depend on the
industry and occupations studied. The purpose of
this study was not to generalize about the predictive
value of worker versus manager perceptions. Rather,
we present an example for how to determine, for a
specific survey instrument, whether surveying one of
these groups but not the other reduces researchers’
ability to predict injuries. Future studies examining
the predictive value of worker and manager percep-
tions using existing safety climate instruments like
the Nordic Occupational Safety Climate Question-
naire [22] could add to this understanding.

This study is based on employer-collected OSHA-
recordable injuries. Past studies have shown that
this data is substantially underreported compared to
workers’ actual work-related injury rates [23-25]. If
our concern is the relationship of safety scales to
injury rates, this underreporting may lead to biased
estimates, although we cannot infer the direction of
this bias. The same is true of differential reporting by
race/ethnicity [26], gender, or occupation. Also, there
is evidence that better safety climate leads to more
complete reporting [27]. This could lead to an under-
estimate of the relationship between both worker and
manager responses and reported injury rates.

5. Conclusions

This study raises a cautionary flag. The safety
climate concept has typically been considered as a
measure of worker perceptions [1]. For ease of admin-
istration, increased response rates, or reduced cost,
employers and researchers have, at times, adminis-
tered workplace safety surveys only to supervisors or
managers [4]. The results from the current analysis
caution against such an approach, as we find that this
practice may result in losing the ability to identify and
address safety problems. The ability of a manager-
only or worker-only approach to predict future injury
rates should be piloted before relying on only one
group’s survey responses to guide efforts to improve
safety. The approach in this paper can be applied
to specific safety climate instruments to determine
whether, in a given worker population, surveying both
workers and managers provides additional predic-
tive power compared with surveying just one or the
other. When surveying both workers and managers is

impractical, our findings suggest that given a choice
between administering a survey to only workers or
only managers, researchers and practitioners should
consider a worker-only survey.
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