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Abstract

Problem: Safety climate refers to the degree to which employees believe true priority is given to organizational safety performance, and its

measurement is thought to provide an bearly warningQ of potential safety system failure(s). However, researchers have struggled over the last

25 years to find empirical evidence to demonstrate actual links between safety climate and safety performance. Method: A safety climate

measure was distributed to manufacturing employees at the beginning of a behavioral safety initiative and redistributed one year

later. Results: Multiple regression analysis demonstrated that perceptions of the importance of safety training were predictive of actual levels

of safety behavior. The results also demonstrate that the magnitude of change in perceptual safety climate scores will not necessarily match

actual changes (r=0.56, n.s.) in employee’s safety behavior. Discussion: This study obtained empirical links between safety climate scores

and actual safety behavior. Confirming and contradicting findings within the extant safety climate literature, the results strongly suggest that

the hypothesized climate-behavior-accident path is not as clear cut as commonly assumed. Summary: A statistical link between safety climate

perceptions and safety behavior will be obtained when sufficient behavioral data is collected. Impact on Industry: The study further supports

the use of safety climate measures as useful diagnostic tools in ascertaining employee’s perceptions of the way that safety is being

operationalized.

D 2004 National Safety Council and Elsevier Ltd. All rights reserved.
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1. Introduction

Safety climate (Zohar, 1980) is a term used to describe

shared employee perceptions of how safety management is

being operationalized in the workplace, at a particular

moment in time (Byrom & Corbridge, 1997). These

descriptive perceptions provide an indication of the b(true)
priority of safetyQ (Zohar, 2000) in an organization with

regard to other priorities such as production or quality.

Safety climate is considered to be a sub-component of the

bsafety cultureQ construct (International Atomic Energy

Agency [IAEA], 1988) by some (Cooper, 2000; Glendon
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& Stanton, 2000; Neal, Griffin, & Hart, 2000; Silva, Lima,

& Baptista, 2004; Zohar, 2000) or a reflection of actual

safety culture by others (Arboleda, Morrow, Crum, &

Shelley, 2003; Cabrera & Isla, 1998; Cox & Flin, 1998;

Fuller & Vassie, 2001; Guldenmund, 2000; Lee & Harrison,

2000; O’Toole, 2002; Vredenburgh, 2002; Williamson,

Feyer, Cairns, & Biancotti, 1997).

Over the last 25 years, safety climate research has taken

four directions: (a) Designing psychometric measurement

instruments and ascertaining their underlying factor struc-

tures (e.g., Brown & Holmes, 1986; Coyle, Sleeman, &

Adams, 1995; Dedobbeleer & Beland, 1991; Garavan &

OBrien, 2001; Zohar, 1980); (b) Developing and testing

theoretical models of safety climate to ascertain determinants

of safety behavior and accidents (e.g., Cheyne, Cox, Oliver,

& Tomas, 1998; Neal et al., 2000; Prussia, Brown, & Willis,

2003; Thompson, Hilton, & Witt, 1998); (c) Examining the

relationship between safety climate perceptions and actual
earch 35 (2004) 497–512
. All rights reserved.
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safety performance (Glendon & Litherland, 2000; Zohar,

2000); and (d) exploring the links between safety climate and

organizational climate (Neal et al., 2000; Silva et al., 2004).

1.1. Factor structures

Factor analysis is a statistical technique used to identify

a relatively small number of non-observable, underlying

factors that characterize underlying bconstructsQ (e.g.,

management attitudes to safety). In safety climate research,

these bfactorsQ are used to represent relationships among

many sets of inter-related perceptual questions about

safety. The identified bfactorsQ simplify interpretation of

these relationships by reducing the observed correlations

into as few bconstructsQ as possible. As yet there is no

universal consensus about a key set of underlying factors

for the concept of safety climate, or even if one exists

(Coyle et al., 1995). It has been suggested that analogous

to the personality literature (Barrick & Mount, 1991) there

is a Big 5 safety climate structure (Flin, Mearns,

O’Connor, & Bryden, 2000). An excellent review (Gul-

denmund, 2000) indicates the complexity of safety climate

as a psychological construct and exposes the Big 5 concept

as somewhat premature. Many researchers point to the

differences between the factor structure in Zohar’s (1980)

study and those of Brown and Holmes (1986) and

Dedobbeleer and Beland (1991) that used the same instru-

ment (or variants) on different populations in different

industries and countries to justify why their factor structure

differs from other instruments. However, reported differ-

ences in the key underlying factor structures may simply

reflect methodological differences in question generation

(e.g., focus group exercises, literature reviews), sample

populations (within or between companies) across indus-

tries, and the labeling of constructs according to the

theoretical model driving the research (Guldenmund,

2000). In most instances, the purpose of measuring safety

climate is to provide opportunities for enquiry or change

(Carroll, 1998) so as to improve safety performance in the

measured organization. This means that industrial organ-

izations are the major stakeholders of safety climate

research. As such, it is very important that a safety climate

factor should only be viewed as key if it predicts actual, or

ongoing, safety performance in organizations.

Three studies have attempted to validate their factor

structures by replication (Rummel, 1970) at two points in

time with different (Coyle et al., 1995) or the same (Glendon

& Stanton, 2000; Thompson et al., 1998) sample popula-

tions. Coyle et al. (1995) obtained a different factor structure,

whereas both Glendon and Stanton (2000) and Thompson et

al. (1998) obtained similar structures. Such results imply that

obtained safety climate factor structures are specific to

particular industries and/or sample populations (McDonald

& Ryan, 1992) or that different instruments measure

distinctly different safety climate concepts (Glendon &

Litherland, 2000).
1.2. Validation

Validity is a quality standard for evaluating safety climate

and other psychometric measures that refers to their

accuracy and appropriateness for predicting or drawing

inferences about certain criteria (e.g., safety performance).

Relying solely on discriminant validity (e.g., statistical

differences in scale scores by demographic variables such as

age) most studies have made no attempt to assess the

concurrent or predictive validity of their instrument, or

identified factors, against independent variables such as

accident rate or other measures of safety performance

(Brown & Holmes, 1986; Carroll, 1998; Cheyne et al.,

1998; Cox & Cheyne, 2000; Cox & Cox, 1991; Dedobbel-

eer & Beland, 1991; Donald & Canter, 1994; Fuller &

Vassie, 2001; Hayes, Perander, Smecko, & Trask, 1998;

Mearns, Flin, Gordon, & Fleming, 1998; Neal et al., 2000;

Prussia et al., 2003; Rundmo, 1992, 1994; Williamson et al.,

1997). The universality of discriminant validity reported

across all published studies suggests that sub-group differ-

ences within the same organization are a given. This accords

with the purpose of safety climate measurement: to identify

and explore such differences so as to implement the

appropriate remedial interventions (Budworth, 1997). Psy-

chometric [safety climate] instruments are deliberately

designed to discriminate between people on various

demographic dimensions (Cook, Hepworth, Wall, & Warr,

1993). Thus, any between sub-group differences merely

inform about the degree to which the measure has reached

its initial design goals. They do not inform about the ability

of the measure to assess or predict actual ongoing safety

performance. Moreover, correlating demographic data col-

lected at the same time as responses to safety climate

questions are collected is not concurrent validation (Bausell,

1986, p216).

Some researchers have attempted to assess concurrent

validity (i.e., safety performance at the time of distribution)

or predictive validity (i.e., forecast future safety perform-

ance) by correlating the scale or factor scores against actual

accident rates (e.g., Lee & Harrison, 2000; Mearns,

Whitaker, & Flin, 2003; Niskanen, 1994; O’Toole, 2002;

Silva et al., 2004; Varonen & Mattila, 2000; Vredenburgh,

2002; Zohar, 2000), expert ratings (Arboleda et al., 2003;

Diaz & Cabrera, 1997; Zohar, 1980), human error analysis

(Glendon & Stanton, 2000), ratings of behavioral compli-

ance (Garavan & OBrien, 2001), and actual safety behavior

(Glendon & Litherland, 2000). With the exception of Zohar

(2000) who found a predictive relationship with bmicro-

accidentsQ five months after distribution, no safety climate

instrument has yet been found to predict actual safety

behavior or ongoing levels of safety performance.

1.3. Safety climate modelling

Attempts to delineate the underlying safety climate

constructs and their relationships with self-report indices
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of safety activity have been undertaken using a priori

Structural Equation Modelling (SEM). Safety activities

include subjective appraisals of the physical work environ-

ment and workplace hazards (Brown, Willis, & Prussia,

2000; Cheyne et al., 1998), managerial assessments of

employee’s safety compliance (Prussia et al., 2003), safety

hazards and self-reported compliance (Neal et al., 2000;

Thompson et al., 1998), and safety participation (Neal et

al.). In the same way that differences are reported in factor

structures, vast differences are found in theoretical models

derived from this process. Importantly, in all of these studies

the path correlations between safety climate and the self-

report safety activities show the degree of association

between constructs to be moderate at best. Given that

correlations between two perceptual constructs tend to be

inflated (Miller & Monge, 1986) these modelling results

may even be over-estimates of actual relationships. None-

theless, some (e.g., Glendon & Litherland, 2000) argue that

the utility of SEM resides in the revelation that safety

climate exerts an indirect effect on safety behavior, which is

mediated by further variables such as transformational

leadership (Barling, Loughlin, & Kelloway, 2002), the work

context (Hofmann & Stetzer, 1996), and production

pressures (Brown et al., 2000). The validity of the various

SEM models is difficult to ascertain as all are based on self-

report instruments and none have used independent varia-

bles to verify any relationships obtained. However, all the

SEM studies report that the relationship between safety

climate and safety activity (i.e., behavior) is mediated by

other variables. Overwhelmingly, this body of evidence

suggests that there is no direct link between perceptual

safety climate constructs and actual safety behavior.

1.4. Safety performance

Measurement of safety performance is notoriously

problematic as measures such as accident rates and

compensation costs tend to be reactive (after the event)

and relatively infrequent. This focus on safety results

(Cohen, 2002) often means that the success of safety is

measured by lower levels of system failure. Many modern

approaches (Strickoff, 2000) advocate the use of proactive

measures (e.g., safety climate, hazard identification and /or

observed percent safe behavior) that focus on current safety

activities to ascertain system success rather than system

failure. In combination both approaches can help organ-

izations to ascertain the effects of their safety programs.

Derived from behavioral safety, the observed percent safe

score is thought to be one of the most useful indicators of

current safety performance (Reber, Wallin, & Duhon, 1989).

Based on randomized behavioral sampling, employee

observers record the number of safe and unsafe behaviors

performed by their peers, against predetermined checklists of

safety related behaviors derived from accident/incident

reports. The observation results are used to compute a

percent safe score, which is used in many ways (e.g., set
improvement targets) but is primarily intended to provide

ongoing feedback (Cooper, Phillips, Sutherland, & Makin,

1994) so that people can adjust their performance accord-

ingly. Reviews of behavioral safety studies have demon-

strated dramatic improvements in safety performance

(Grindle, Dickinson, & Boettcher, 2000; McAfee & Winn,

1989; Sulzer-Azaroff, Harris, & Blake-McCann, 1994) in

terms of reductions in accidents, workers compensation

costs, and insurance premiums. To date, no published study

has established a clear direct link between measures of safety

climate and actual safety behavior. The reported relation-

ships between safety climate and safety behavior have

largely been inferred from structural equation models based

on a variety of self-report instruments. The notable exception

to this trend is Glendon and Litherland’s (2000) attempt to

measure both safety climate perceptions and actual safety

behaviors in road construction. Contrary to expectations, but

in accordance with structural equation models, this study

failed to establish a direct relationship between the two. The

authors speculated that the information obtained from the

two forms of measurement is so independent that safety

climate and safety behavior exist independently under a

super-ordinate safety construct (Culture?). However, the

authors also postulated that the number of observations

conducted over the course of one day in five-minute periods

violated recommendations (Tarrants, 1980) for this type of

measurement. This suggests two competing explanations: (a)

there is no direct link between safety climate and safety

behavior or (b) that a relationship between safety climate

scale scores will be found if behavioral measurements are

taken over longer periods of time.

1.5. The present study

The present study is an extension of behavioral safety

(Cooper et al., 1994) and safety climate work, utilizing a

modified version of Zohar’s (1980) safety climate instru-

ment (Cooper & Phillips, 1994) carried out in a manufactur-

ing facility. Within the same organization, at the same time

that a behavioral safety intervention was conducted, a safety

climate survey was completed. The intervention was

designed and implemented as a continuous process that

would eventually involve all plant personnel in safety

observations for a period of three to five months each, in

order to improve levels of safe behavior. Twelve months

after the first safety climate survey a second survey was

conducted with the original survey instrument. Archival

behavioral safety data made available to the first author by

the study organization presented an opportunity to test

various hypotheses pertaining to the current status of safety

climate research. Based on the current safety climate

literature, the following hypotheses were formulated.

1. When used to survey the same sample population, at

different points in time, a similar factor structure will be

obtained from the same safety climate instrument.



Table 1

Number of changes to Zohars (1980) 40 item safety climate measure

Factor Total # of

Zohar (1980)

Items

# of

Omitted

Items

# of

New

Items

Total #

of Study

Items

Management attitudes

towards safety

9 3 6 12

Management actions

towards safety

(New Scale)

0 4 4

Perceived level of risk

at workplace

5 1 2 6

Effects of required

work pace on safety

3 3 4 4

Importance of safety

training

6 1 2 7

Effects of safe conduct

on social status (2) &

promotion

9 3 2 8

Status of safety officer

& safety committee

8 1 2 9

Totals 40 12 22 50
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2. Differences in perceptions will be demonstrated across

a variety of demographic variables such as self-reported

accident involvement, age, job experience, and func-

tional departments, for both pre and post distributions

of the safety climate measure.

3. No direct relationship will be obtained between safety

climate scale scores and safety behavior.

4. Measured changes in safety behavior will not be

reflected in similar changes in pre and post test safety

climate scores.

2. Method

2.1. Sample

The study population was the plant personnel (n=540) of

a packaging production plant. The questionnaire, along with

return envelopes addressed to the researchers, was initially

distributed through the internal mail system to all members

of the organization. At the same time a behavioral safety

initiative was being implemented across the organization.

The response rate for this distribution was 69% (n=374).

The average age of all respondents was 45.3 years

(SD=10.22) with a range from 18–63 years. Average

experience in their current job was 11.72 years (SD=9.96).

Exactly the same methodology was employed for the second

distribution. The response rate for this distribution was

somewhat lower at 35% (n=187). The average age of all

respondents was 42.21 years (SD=11.34) with a range from

19–64 years. Average experience in their current job was

12.8 years (SD=10.69).

2.2. Safety climate measure

A 50-item measure was developed specifically for the

plant, originally based upon the work of Zohar (1980). Of

the original 40 items that comprised Zohar’s questionnaire,

28 were used in the current measure, either directly or with

minor changes to the wording. Some of Zohar’s original

managerial attitude items were more concerned with

managerial actions and behavior as opposed to attitudes, a

view supported by Brown and Holmes (1986) and

Dedobbeleer and Beland (1991). These led to major changes

to the managerial attitude scale and the development of a

new management actions scale. These actions were con-

cerned with the extent to which management encouraged

workers to behave safely or unsafely. The extent of item

change is shown in Table 1. The final measure comprised 50

items, scored on a 5-point Likert type scale; on a continuum

from highly disagree to highly agree. Twelve of the items

were negatively worded and as such were reverse scored. In

addition, six demographic variables concerned with depart-

ment of respondent, current job title and years of experience

in job, whether or not the respondent had been involved in

an accident, and if so how many and what type, sex of
respondent, and age. A cover letter was also attached

assuring all respondents of their anonymity.

2.3. Observed percent safe

Previously reported in Cooper et al. (1994) a behavioral

safety initiative was implemented across the business. In

brief, this entailed developing separate behavioral observa-

tion checklists for nine main departments in conjunction with

the workforce (see Fig. 1 for an example). An employee from

each workgroup within each of the departments was trained

to be an observer (n=48). The observer monitored everyone

within their respective work areas for 10–20 minutes every

day they were at work. A behavior was recorded as safe only

if everyone in a workgroup was performing that behavior

safely. The observed percent safe scores (# of safes / # of

safes + # of unsafe’s x 100) recorded for the first 4–6 week

shift rotations were used to establish bbaselinesQ by which

participative safety improvement goals could be set and

future performance compared (n=20 weeks). Results showed

statistically significant improvements in safety performance

and decreases in accident rates. The initiative continued bin-
houseQ for a further 3–4 years until the business was acquired
by a third party but the available results have not been

previously reported. For each and every subsequent 20-week

period, employees adapted the observation checklists for

their work area. Those behaviors recorded as 100% safe for

an extended period of time (n=10 weeks) were removed

and replaced with others identified during the observations

or obtained from accident/near-miss records. Thus, the

behavioral checklists used at the time of the second

distribution of the safety climate questionnaire were

somewhat different to those in the first distribution. New

observers were also introduced at the same time. In effect,

the initiative was constantly being refreshed in an attempt



Fig. 1. Example behavioral safety checklist.
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to embed the process into the bnormalQ way of doing

things so that it would not be viewed as bflavor of the

month.Q Company management provided all the necessary

training for observers and any resources required.
Table 2

Second order factor analyses of the safety climate measure

Pre-test Post-test

Factor 1 Factor 2 Factor 1 Factor 2

Perceived level of risk 0.83 0.82

Management attitudes toward

safety

0.81 0.84

Effects of work pace 0.79 0.76

Management actions toward

safety

0.74 0.79

Importance of safety training 0.57 0.53 0.56 0.51

Social status & promotion 0.87 0.87

Safety officer & committee 0.72 0.62

Eigen Value 3.79 1.11 3.77 1.00

% of Variance explained 54.1 15.8 53.9 14.3

Sum of variance Explained 69.9 68.2
3. Results

3.1. Safety climate

Utilizing the Statistical package for the Social Sciences

(SPSS), the data were analyzed to evaluate the safety

climate instruments factorial structure for each distribution.

The method of factor extraction was principal components,

rotated according to a varimax solution when two or more

factors emerged. In addition, a bsecond orderQ factor

analysis of the scales was conducted. The overall reliability

of the measure for both distributions was also assessed using

Cronbach’s Alpha.

3.1.1. Factor analytic results

The analyses shows that in both distributions Kaiser-

Meyer-Olkin (KMO) Measure of Sampling Adequacy was

0.82 indicating that the data were appropriate for this

analysis (Kaiser, 1974). Bartlett’s Test of Sphericity was

significant for both the pre [m2=632.67, pb.0000] and post

[m2=1016.73, pb.0000] test, indicating that correlations

exist among some of the safety climate scales. To enhance

interpretability, only factor loadings greater than 0.5 were

selected (Norusis, 1985). In both distributions the same two

second order factors were obtained, which together

accounted for 69.9% and 68.2% of the variance, respectively,

(see Table 2) supporting hypothesis 1, that a similar factor

structure will be obtained from the same safety climate

instrument when used to survey the same sample popula-

tion, at different points in time. The first factor comprised:

(a) perceived levels of risk in the workplace; (b) perceived
management attitudes toward safety; (c) the effects of the

required work pace on safety; (d) management actions

toward safety; and (e) the perceived importance of safety

training. The second factor comprises (a) the perceived

importance of safety training; (b) perceived effects of safe

conduct on social status and promotion; and (c) the status of

the safety officer and safety committee. On the basis of

these findings it could be argued that workers make a major

distinction between factors that directly affect their percep-

tions about the way safety is operationalized and those that

affect their perceptions indirectly. Given the factor analytic

results were the same for both distributions, the results

suggest that the underlying constructs of this safety climate

measure are robust thereby psychometrically validating the

measure as recommended by Rummel (1970).

3.1.2. Internal reliability

The reliability of a measure refers to its internal

consistency. Consistency is assessed by the manner in

which all employees respond in similar ways to similar

questions that measure a particular construct (e.g., Manage-
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ment’s commitment). Cronbach’s coefficient alpha (Cron-

bach, 1951) is used when questions are rated on interval

scales such as five point Likert scales and represents the

reliability coefficient that would have been obtained from all

possible combinations of dividing the questions into two

sets (split-halves). For example, dividing the questionnaire

into all odd and even numbered questions and correlating

them. Although a measure cannot be too reliable, as a rule,

reliability coefficients around 0.7 and above are professio-

nally acceptable (Muchinsky, 2004). Utilizing Cronbach’s

Alpha, the overall internal reliability of the safety climate

measure for the first distribution (pre-test) was 0.925 and

0.933 for the second (post-test). This suggests that the

measure consistently measures what it is supposed to

measure. The similar reliabilities obtained for the two

different distributions suggest it also possesses temporal

stability over time. The reliability of each individual scale

for both distributions is reported in Table 3. The reliability

coefficients for the scales concerned with management

attitudes and perceived levels of risk are very good. With

Cronbach Alpha coefficients greater than 0.70, the scales of

effects of work pace and management actions are also

acceptable in psychometric terms. However, the scales

concerned with safety training and the status of safety

officers and committee’s, although acceptable as research

instruments, appear to require further development. The

scale items concerned with the social status of safety and

promotion appear to need considerable rework. For the

second distribution (post-test), the reliability of each scale is

of a similar magnitude to that of the first distribution

although the data appears to show a trend of increasing

reliability, which is most likely related to less overall

variance amongst the item scores in the second distribution.

Tests of significance were conducted on the differences

between the reliability coefficients on all the scales. The two

scales of perceived levels of risk and management actions

were significantly different at the .05 level. No significant

differences were found for the remaining scales.

3.2. Discriminant validity

To test hypothesis 2 with regard to sub-group differ-

ences and the instruments discriminant validity, the safety
Table 3

Cronbach’s Alpha for each safety climate dimension

Pre-test Post-test

Management Attitudes toward Safety 0.90 0.91

Perceived level of Risk 0.86 0.90*

Effects of work pace 0.73 0.72

Management Actions toward safety 0.72 0.81*

Safety Officer & Committee 0.65 0.73

Importance of safety training 0.60 0.62

Social status & Promotion 0.50 0.59

Overall Reliability Co-efficient 0.925 0.933

* Statistically significant differences between Cronbach Alpha’s

(pb.05).
climate data were analyzed with an independent groups

one-way analysis of variance (ANOVA) procedure (see

Table 4). ANOVA’s are designed to test differences

between several groups of mean average scores and are

based on the ratio of between group variability and within

group variability. A significant F statistic signals only that

the group means are unequal (i.e., different), it does not

pinpoint where the differences are. As it requires large

mean differences, the dScheffeT multiple comparison test

was used to identify which groups were significantly

different from each other. The ANOVA procedures focused

upon whether or not statistically significant differences in

safety climate existed between sub-groups such as age

groups, employees with different lengths of job experience,

those who have or have not been involved in accidents

(Brown & Holmes, 1986), and the various functional

departments of the same organization (Drexler, 1977;

Joyce & Slocum, 1984; Newman, 1975; Schneider &

Bowen, 1985).

3.2.1. Differences by age

Four age groups (16–34 yrs; 35–44 yrs; 45–54 yrs; 55–

65 yrs) were treated as different levels of the factor. No

significant differences were found in the pre-test distribu-

tion on any of the scales. On the post test distribution,

significant differences in perceptions emerged on three

scales between the youngest group (who had the lower

perceptions) and the three older groups. These were

management attitudes, management’s actions, and safety

training. Overall, this particular analysis does not support

hypothesis 2. However, the results do suggest that

behavioral safety interventions exert positive effects upon

the perceptions of older workers yet have little impact

upon those in the youngest age group.

3.2.2. Differences by years of job experience

Four categories of years job experience (1–5 yrs; 6–15

yrs; 16–25 yrs; 26–45 yrs) were entered as different levels

of the factor. Significant differences emerged in the pre-test

distribution, on four scales (management attitudes and

actions, levels of risk, and safety training). No significant

differences emerged on the work pace, safety officer/

committee, or social status scales. However, on the post

test distribution significant differences in perceptions

emerged on all the scales except social status. Overall, this

analysis partially supports Hypothesis 2.

3.2.3. Differences by accident involvement

Four accident involvement groups (no accident personnel,

personnel involved in minor accidents, major accidents, or

both types of accident) were entered as different levels of the

factor. Significant differences emerged in the pre-test

distribution, on four scales (management attitudes and

actions, levels of risk, and work pace). No significant

differences emerged on the safety training, safety officer/

committee, or social status scales. As shown in Table 4,



Table 4

Demographic differences by safety climate scales

Dimension Pre-test Post-test

D.F. F Ratio Pb D.F. F Ratio Pb

Age

Management Attitudes 3, 260 0.87 n.s. 3, 179 4.07 .01

Levels of Risk 3, 264 0.55 n.s 3, 179 0.33 n.s.

Management Actions 3, 261 2.15 n.s. 3, 179 5.83 .01

Workpace 3, 268 1.93 n.s. 3, 179 1.60 n.s.

Safety Training 3, 262 1.86 n.s. 3, 179 2.66 .05

Safety officer/committee 3, 254 1.64 n.s. 3, 179 1.72 n.s.

Social status/promotion 3, 259 0.36 n.s. 3, 179 2.05 n.s.

Years Job Experience

Management Attitudes 3, 236 3.46 .01 3, 180 5.37 .01

Levels of Risk 3, 243 8.78 .01 3, 180 6.09 .01

Management Actions 3, 238 3.93 .01 3, 180 2.97 .05

Workpace 3, 246 1.83 n.s. 3, 180 6.71 .01

Safety Training 3, 239 2.69 .05 3, 180 3.85 .01

Safety officer/committee 3, 231 .58 n.s. 3, 180 2.85 .05

Social status/promotion 3, 241 1.60 n.s. 3, 180 1.32 n.s.

Accident Involvement

Management Attitudes 3, 264 2.91 .05 3, 180 1.47 n.s.

Levels of Risk 3, 269 10.72 .01 3, 180 8.51 .01

Management Actions 3, 266 2.55 .05 3, 180 1.15 n.s.

Workpace 3, 274 7.58 .01 3, 180 4.14 .01

Safety Training 3, 267 1.74 n.s. 3, 180 3.50 .05

Safety officer/committee 3, 257 0.01 n.s. 3, 180 0.67 n.s.

Social status/promotion 3, 263 0.27 n.s. 3, 180 0.86 n.s.

Functional Departments.

Management Attitudes 6, 349 9.42 .01 6, 179 7.36 .01

Levels of Risk 6, 356 34.49 .01 6, 179 16.40 .01

Management Actions 6, 351 5.66 .01 6, 179 3.62 .01

Workpace 6, 361 8.68 .01 6, 179 3.46 .01

Safety Training 6, 352 5.57 .01 6, 179 2.83 .01

Safety officer/committee 6, 341 2.21 .04 6, 179 1.28 n.s.

Social status/promotion 6 343 .38 n.s. 6, 179 1.30 n.s.

N.B. Sample sizes differ due to non-reporting by respondents.
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however, significant differences in perceptions emerged on

only three scales (levels of risk, work pace, and safety

training) on the post test distribution. This suggests that

management attitudes and actions were seen as more positive

by the accident involvement groups as a result of introducing

the behavioral safety intervention, but little changed in

regard to perceived risk levels or work pace. Again, this

analysis provides partial support for hypothesis 2.

3.2.4. Differences by functional department

The various departments were treated as levels of the

factor. Analyses were conducted on both pre and post test

measures separately. The results of these were highly

significant on all the scales, except for the scales related

to social status on promotion and the status of safety

personnel. These results support hypothesis 2 and suggest

the existence of different safety climates within different

departments of this organization.

The results of the various groupings (Department, Age,

Job Experience, and Accident Involvement) demonstrate
that the safety climate instrument used in this study

possesses discriminate validity although hypothesis 2 was

only partially supported. Interestingly, there appears to be

more consistent discriminant validity when organizational

demographics (i.e., Department) are used as opposed to

personal demographics (Age, Accident Involvement, and

Years Job Experience). This is likely related to the different

risk levels associated with various tasks and activities that

take place in each separate department.

3.3. Links between safety climate and safety behavior

The safety climate survey was distributed, and responded

to, over two four week periods 12 months apart. The

observed percent safe data obtained during these 4-week

periods is used as the basis for all comparisons between the

behavioral and climate scores. These analyses focus on

safety behavior first followed by those for safety climate.

Some departments had too few respondents to meaningfully

analyze the results, while some indicated their work area
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rather than department. In such instances respondents were

grouped according to the main department in which they

worked prior to any analysis being undertaken.

3.3.1. Levels of analysis

The level of analysis and aggregation procedures is a

continuing concern among climate researchers: climate can

be investigated at many organizational levels of analysis

(Rousseau, 1985). Although survey data is collected from

individuals, it can also be aggregated to provide limited

information about the actual activities of focal units (e.g.,

work groups, departments, divisions, or an organization as

whole). In accordance with Zohar (2000) the conditions

determining the appropriate level of analysis require: (a)

within-group homogeneity (i.e., the degree to which all

group members equally share perceptions about the various

facets of safety climate) and (b) between-group variance

(the degree to which safety climates differ significantly

between one sub-unit and another in the same organization).

In this study these conditions have been met as demon-

strated by the F Ratio’s obtained for the significant

differences found between departments. This indicates that

department is the appropriate level of analysis to use to

attempt to establish any links between climate perceptions

and actual behavior.

3.3.2. Behavioral safety results

Upon completion of the first observation period (phase 1)

the company concerned changed the behaviors on the

departmental observation checklists and trained further

observers. Under guidance of the first author they followed
Fig. 2. Global observed percent sa
exactly the same procedures as those specified in phase 1

(Cooper et al., 1994). They continued this process for all

subsequent phases, independently of the researchers. The

global results of these efforts for the whole site are shown in

Fig. 2 from weeks 1–76. Phase 2 results showed continued

improvement in the percent safe scores. Phase 3 and 4

results show somewhat lower observed percent safe scores

in general, when the company implemented solely by

themselves, but still improving from each phase baseline

(Phase 4 shows only the first 10 weeks data, as this was all

that was available to the researchers). In terms of reported

accidents (minor and major), there was a slight increase in

phase 2 (from 63–69), but reductions in phase 3 (n=57) and

again in phase 4 (n=46 for the whole phase). Ironically,

lower percent safe scores were being recorded as the number

of accidents per phase was falling; although this may be due

to impact time lags (Duff, Robertson, Phillips, & Cooper,

1994) resulting from the previous phases. As previously

reported however, this further illustrates that there is not

necessarily a direct link between levels of observed percent

safe and recorded accident rates (Cooper et al., 1994).

3.3.3. Data transformation

To ensure 100% correspondence between the safety

climate and observed percent safe scores, some of the

behavioral percent safe scores from various workgroups

were amalgamated (Cooper et al., 1994). Specifically,

personnel from bSlitting, Sheeting and ReelwrapQ were

grouped as the Finishing department; Production office and

Laboratory were grouped together under Production Offi-

ces; Non-production offices included Information Technol-
fe results over four phases.



Table 5

Observed percent safe scores at time of safety climate distributions

Department 1 2 3 4 Pre-test 1 2 3 4 Post Test

Mean Ave SD Mean Ave SD

Casting 22 28 28 28 27 3.0 54.5 48 49.5 55.5 51.88 3.68

Coating 67 58 74 71 69 6.95 47 38 66 57 52 12.14

Engineers 40 45 41 61 46 9.74 73 C C C 93.25 13.5

Finishing 63 62 64.5 57.6 61.8 2.97 84 81.67 81 80 81.67 1.70

Non Prod Office 73.6 72.6 66.3 79.6 73.6 5.45 84 C 94 C 94.5 7.55

Production Office/Lab 65.5 89 79.5 76.5 78 9.68 92 C 93 C 96.25 4.35

KEY: C=100%.
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ogy, Sales & Accounts, CSD & Human Resources. Viscose

and Day gang were excluded from these analyses as no

completed surveys were received from this group in the

second distribution of the safety climate measure. Table 5

shows the amalgamated observed percent safe scores by

department during the pre and post test safety climate

distributions. The departmental average scores were used as

the basis for all subsequent analyses.

3.3.4. Concurrent validity

To test the hypothesis that there is no direct link between

safety climate constructs and safety behavior, the factor

scores and individual scale scores for each department were

correlated with the equivalent observed percent safe scores,

obtained during the safety climate distribution periods. This

analysis provides an estimate of the instruments concurrent

validity (i.e., the relationship between climate and behavior

scores at the same point in time). Validity coefficients over

0.5 are considered rare (Muchinsky, 2004).

Shown in Table 6, significant correlations were obtained

between Factor 1 (r=.88, pb.05) and Factor 2 (r=.99, pb.01)

and the behavioral safety scores for the first distribution.

Only Factor 1 (r=.90, pb.05) obtained statistical significance

during distribution two. The shared variance (r2) for the

safety behavior scores and the two safety climate factors in

distribution one of 77% and 97% respectively, and 81% for

Factor 1 in distribution two strongly suggest that employee’s

perceptions of safety climate (as measured) were consis-

tently associated with actual ongoing safety performance at

the time of each distribution. Contrary to SEM studies, this

indicates that there is a direct link between safety climate

and safety behavior. Factor 1 appears to be consistently

associated with ongoing performance, whereas Factor 2

appears to reflect actual performance at the starting point of

a behavioral safety intervention.
Table 6

Correlations between aggregated departmental safety climate factor scores and ob

Factor Distr n Mean SD

FACTOR 1 1 6 3.06 .283

FACTOR 2 1 6 3.48 .312

FACTOR 1 2 6 3.06 .095

FACTOR 2 2 6 3.20 .093
To ascertain the degree of association between the

individual safety climate scales within each factor and

actual ongoing safety performance, correlations were again

conducted for each distribution. Presented in Table 7, the

correlations ranged from 0.71 to 0.91 in the first distribu-

tion. However, only the scales related to management

actions, the importance of safety training, and the status of

safety personnel were significant (pb.05). The shared

variance (r2) for both safety behavior scores and these three

safety climate scales range from 66%–83%. For the second

distribution, with the exception of the scales concerned with

the status of safety personnel (r=0.31) and the effects of safe

conduct on promotion (r=0.22), concurrent validity coef-

ficients ranged from 0.70–0.94. Significant correlations

were obtained for management attitudes, management

actions, and perceptions of risk scales (pb0.5), and the

importance of safety training (pb0.1). The shared variance

(r2) for these latter four scales ranged from 67%–88%.

The scales for management actions and safety training

were the only two that were significantly associated with

actual safety performance for both distributions, suggesting

that these two scales in combination might explain the high

validity coefficients obtained for Factor 1 in the above

analyses. The safety training scale appears to most closely

match actual levels of performance in both distributions (0.91

and 0.94), and might also indicate that behavioral safety

initiatives are perceived as a form of safety training, rather

than a culture change or behavioral change dinitiativeT per se.

3.3.5. Predictive validity

Due to the high concurrent validity coefficients, stepwise

multiple regression analysis was undertaken to attempt to

statistically determine which scales might be considered

predictive. It is acknowledged that the small number of the

aggregate scores violate normal dsubject-to variable ratioT
served percent safe scores

Behavior 1 Behavior 2

r pb r2 r pb r2

.88 .05 0.77

.99 .01 0.97

.90 .05 .81

.66 n.s



Table 7

Correlations between safety climate scale scores and observed percent safe scores (by Department)

Factor Scale Pre-test Post-test

r Pb r2 r Pb r2

1 Management Attitudes 0.75 n.s 0.82 .05 .67

1 Levels of Risk 0.79 .n.s 0.92 .05 .85

1 Management Actions 0.81 .05 .66 0.86 .05 .74

1 Work pace 0.71 n.s 0.70 n.s.

1 & 2 Safety Training 0.91 .05 .83 0.94 .01 .88

2 Safety officer / committee 0.86 .05 .74 0.31 n.s.

2 Social status / promotion 0.78 n.s 0.22 n.s.

Table 8

Multiple regression results

Predictor scales Adj. R2 % diff (+) Beta F Pb

First distribution

Importance of

Safety Training

.773 77.3 .687 17.99 .013

Safe Conduct

on Promotion

.957 18.7 .451 56.84 .004

Second distribution

Importance of

Safety Training

.856 85.6 .9405 30.66 .0052
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assumptions, which may inflate the degree of shared error

variance compared to true variance (Bausell, 1986). More-

over, highly correlated independent predictors could indicate

multicollinearity (inter-correlated predictors) that can cause

severe computational problems. One method of assessing the

importance of multicollinearity is to ascertain if the expected

residual sum of squares is affected by a large variance

inflation factor (VIF) that is greater than 10 (Von Eye &

Schuster, 1998). In general, multicollinearity does not

prevent the estimation of models of good fit (adjusted R2),

but interpretation of the model becomes largely dependent

upon the other predictors that are in the equation. One

method of overcoming multicollinearity is to drop those

predictors that correlate highly with other predictors.

However, this also means that the estimate of the contribu-

tion these make to the overall model is prevented. Also the

predictors remaining may be severely affected by the

absence of the eliminated predictors. As the purpose of this

analysis is to explore the data in an attempt to identify those

combinations of safety climate scales that are most closely

associated with the observed percent safe, all predictor scales

were entered into the equation. The observed percent safe

scores were entered as the dependent variable with each

safety climate scale entered as independent variables.

The results shown in Table 8 indicate that during the first

distribution the importance of safety training explained

77.3% of the variance in the observed percent safe scores.

The scale concerning safe conduct on promotion explained a

further 18.7%. Thus in combination these two scales appear

to be predictive of actual safety behavior [F=58.64, pb.01].

The VIF factor for each of these two scales was 1.301, much

lower than the critical value of 10. For the second

distribution, only the scale concerning importance of safety

training explained any of the variance in observed percent

safe scores [F=30.66, pb.01]. All other scales were dropped

as the default SPSS criteria limits had been reached. The

VIF value was 1.00, which was again well below the critical

value of 10. From the two sets of VIF values it can be

concluded that analyses of the present data did not face

major multicollinearity problems. Thus, these analyses

suggest the link between safety climate and safety behavior

appears to arise from perceptions about the importance of

safety training in particular. It is noteworthy that despite the

significant correlations obtained for both distributions
between the perceived management action scale and

observed percent safe reported in Table 7, that perceived

management actions was not found to be a predictor of actual

safety performance (Zohar & Luria, 2003). However, this

finding may be confounded by the small bsubject-to variable
ratioQ caused by the use of aggregated departmental datasets.

3.4. Magnitude of change in safety climate and safety

behavior scores

To begin to ascertain the extent to which perceptions

about safety climate had changed during the first year of the

behavioral safety project, t-tests were conducted on the

overall scales scores of the pre- and post-test distributions.

The results revealed that six scales showed statistically

significant changes, with the exception of the status of

safety personnel scale, which was non-significant (see Table

9). These results support the validity of the measure as a

diagnostic tool in determining current levels of safety

climate and also support the notion that behavioral safety

interventions do impact upon perceptions of safety climate

(Zohar & Luria, 2003).

However, these t-test results do not inform about the

extent to which changes in safety climate scores are

reflected in changes in the observed percent safe score.

The correspondence between the two sets of change scores

was determined by the use of treatment effect sizes (i.e.,

standardized deviation units) used in meta-analysis (Hunter

& Schmidt, 1990). The basic aim of a meta-analysis is to

aggregate research evidence across, or within studies, to

identify the average treatment effect size. To facilitate this



Table 9

Global changes in safety climate by scales

Scale n1 X̄1 sd1 n2 X̄2 sd2 dtT df pb

Management Attitudes 356 3.51 .72 186 3.73 .70 3.43 540 .01

Levels of Risk 363 2.97 .94 186 3.14 1.02 1.93 547 .05

Management Actions 358 3.43 .67 186 3.60 .69 2.85 542 .01

Work pace 368 3.15 .87 186 3.40 .82 3.30 552 .01

Safety Training 359 2.87 .51 186 3.15 .49 6.05 543 .01

Safety officer/committee 348 3.06 .46 186 3.13 .50 1.32 532 n.s.

Social status/promotion 350 3.18 .41 186 3.27 .38 2.53 534 .01
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accumulation of results across or within studies, a common

statistic needs to be identified. In the present study Cohen’s

ddT (Cohen, 1977) was the statistic used. This was derived

from differences in mean scores (X1–X2) between the pre

and post test of the safety climate measure, divided by the

pooled standard deviation (Sdw):

Sdw ¼ N1� 1ð ÞSd21
� �

þ N2� 1ð ÞSd22
� �� �

= N1þN2 � 2ð ÞÞ1=2

As no pure control group was available and given that the

same sample population took part in both the pre and post

test, the pooled sample standard deviation was deemed to be

the most appropriate (Mullen, 1989). The result of this

conversion provides an estimate of the magnitude of

difference between two means in relation to the normal

spread of scores in the sample. When the magnitude of ddT is
greater than 0.1, 0.4, and 0.8, the treatment effect is

considered small, medium, and large, respectively (Cohen,

1988). The average effect size for organizational interven-

tions is around 0.44 (Guzzo, Jette, & Katzell, 1985).

Credibility intervals are used to identify when moderators

are operating and confidence intervals are used to estimate

the accuracy of the mean effect size (Whitener, 1990).

The pre and post means for the departmental safety

climate scale scores were transformed and analyzed with an
Table 10

Treatment effect sizes for department changes

Department n k d

Safety climate

Global 464 42 .43

Casting 121 7 .57

Coating 56 7 .15

Engineering 71 7 .40

Finishing 93 7 .44

Non Production office 67 7 .69

Production office 56 7 .02

Observed percent safe

Global *880 6 .33

Casting 168 1 .51

Coating 168 1 �.09

Engineering 168 1 .21

Finishing 168 1 .82

Non Production office 40 1 .36

Production office 168 1 .18

* n=total number of observations; k=total number of effect sizes.
adapted version of a meta-analytic computer program

contained in Hunter and Schmidt (1990). Shown in Table

10, the global Cohen’s ddT was 0.43 (i.e., medium size

effect). However, the small credibility interval and the zero

included in the confidence interval indicate that moderator

analyses are warranted. For the purposes of this study it was

assumed that department was the moderator in question. The

ddT statistic for each department ranged from 0.02 to 0.57.

Other moderators appear to be operating in the Coating,

Engineering and Production Office departments, but not for

Casting, Finishing and Non-production offices. Although

providing useful insights, the purpose of this analyses was

to obtain and compare Cohen’s ddT for both climate and

behavior scores. As such, no further moderator analyses

were conducted. The observed percent safe scores obtained

bat the time of each safety climate distributionQ were

transformed to obtain the treatment effect sizes (Cohen’s

ddT) for the site as a whole and for each department.

Although a small global effect size (d=0.33) was found, the

treatment effect sizes for the departments ranged from

�0.09 (no effect) to 0.82 (a large effect), indicating that the

magnitude of behavioral changes was considerably different

across the departments. These variations in effect size are in

accordance with that for the safety climate scores. The small

credibility intervals combined with the zero in the con-
var Credibility interval Confidence interval

0 .43 to .43 �0.04 to .88

.019 .39 to .75 .18 to .92

0 .15 to .15 �0.39 to .69

0 .40 to .40 �0.10 to .87

.008 .33 to .56 .01 to .85

0 .69 to .69 .16 to 1.17

0 .02 to .02 �0.53 to .56

.096 �.26 to .63 �0.24 to 0.42

0 .51 to .51 �0.29 to 0.72

0 �.09 to �.09 �0.30 to 0.13

0 .21 to .21 0.00 to 0.43

0 .82 to .82 �0.60 to 1.03

0 .36 to .36 �0.15 to 0.57

0 .18 to .18 0.03 to 0.40
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fidence intervals suggests that moderators such as dshiftT
group may be operating, but no further analyses is

warranted for the purposes of this investigation.

A non-significant result (r=0.56, n.s.) was obtained when

the two sets of departmental treatment effect sizes were

correlated. Casting was the only department to show a

similar magnitude of change for both behavioral (d=0.51)

and climate scores (d=0.57). Difference scores obtained by

deducting climate effect sizes from behavioral effect sizes

shows that less behavior change was associated with greater

change in climate scores in Coating (+0.24), Engineering

(+0.19), and Non-production offices (+0.33). Greater

behavioral changes was associated with lower climate

change scores in Finishing (�0.38) and Production offices

(�0.16). These difference scores demonstrate that the

magnitude of change in the two variables will not

necessarily be in the same direction. The notion that the

magnitude of change in behavioral scores will be reflected

in similar changes in safety climate scores is not supported

either. This undermines the assumption that positive

changes in safety climate perceptions will be associated

with equally positive changes in behavior or vice versa.
4. Discussion

In accordance with the multiple directions taken by

safety climate researchers, this study examined the under-

lying factor structure of an adapted safety climate measure

originally developed by Zohar (1980), and attempted to

ascertain the instruments discriminant, concurrent, and

predictive validity. This study also explored the relationship

between safety climate and safety behavior. Based on

previous evidence, four hypotheses were tested.

4.1. Factor analyses

The factor analytic results supported hypotheses 1 in that a

similar two-factor structure was obtained for both distribu-

tions with similar Eigen values for the factors, similar scale

factor loadings, and reliabilities. This replication confirms the

psychometric validity of the current two-factor model of

safety climate (Rummel, 1970). The first factor comprises

facets of safety that employees may use to bdirectlyQ assess
how safety is operationalized in their organization such as

management attitudes and actions, risk levels, speed of work,

and the importance of safety training. The second factor

comprises of constructs such as the status of safety personnel

and the effects of safe conduct on promotion, which may be

used to indirectly assess the importance of safety. Interest-

ingly, the importance of safety training was the only scale to

load upon both factors. The items comprising this scale were

drawn directly from Zohar’s (1980) measure that had the

largest Eigen value in that study. In the present study, this

dimension has the lowest factor loadings. Two possibilities

may account for this result. First, it may simply reflect
differences between an Israeli and British population.

Second, it suggests that the use of stratified sampling across

multiple organizations and/or geographical locations (Zohar,

1980) in climate research introduces significant amounts of

error variance. This may partially explain why different factor

structures emerge from different research groups. Nonethe-

less, these findings also support Glendon and Litherland’s

(2000) contention that some safety climate factors are stable

across industries and cultures.

4.2. Discriminant validity

In partial support of hypotheses 2, the instrument

discriminated between demographic groupings of respond-

ents on some safety climate scales, but not all. During the

first distribution, the survey exhibited discriminant validity

on some scales for job experience, accident involvement,

and department, but not for age. Some scale differences were

found for all the demographic groupings during the second

distribution. It must be recognized that any non-significant

statistical differences may simply reflect the fact that people

did not actually differ in their views. Of particular note is the

significant differences found between departments in both

distributions, suggesting that differences in types of work

activity and other localized situational conditions are much

more important in climate research than personal demo-

graphical variables such as age, job experience, or accident

involvement. This finding makes sense as safety climate

measures tend to try to capture people’s perceptions about

how safety is operationalized in their organization. They do

not tend to measure how the prevailing safety climate affects

them as dindividualsT who have longer work experience, as

older or younger workers, or as accident or non-accident

victims. Reporting differences in personal demographic

variables can be useful and informative for the participating

organization but in the first authors experience these tend not

to be used in any practical way. Concentrating on organiza-

tional demographics such as job function, divisions, and

departments is likely to be a more fruitful route to

discovering relationships between safety climate and other

organizational variables rather than personal variables.

Overall, these study results support the notion that some

sub-group differences in perceptions of safety climate will

almost always be found. However, attempts to validate

various safety climate instruments with the sole use of

personal demographic sub-group differences does not

appear to be particularly informative about how to further

improve the content of measures or safety performance per

se. At the very least, empirical justification for using

personal demographics as a validation technique is required

if safety climate research is to continue progressing.

4.3. Concurrent validity

Notwithstanding the study limitations, the relationships

found between safety climate and safety behavior presented
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in Table 6 lead to a rejection of hypothesis 3. Contrary to the

results of Structural Equation Modeling studies, there does

appear to be a direct relationship between the safety climate

and safety behavior when sufficient data is collected

(Glendon & Litherland, 2000). A consistently strong

statistical relationship was obtained between observed

percent safe and Factor 1 at both time points. As such the

scales that comprise Factor 1 may be viewed as key to the

measurement of safety climate as they provide an indication

of the actual levels of safe behavior exhibited at the time of

measurement. Factor 2 was strongly related to levels of

safety behavior during the first distribution only. This

supports the notion of reciprocal relationships between

safety climate and behavior within a hypothesized safety

culture model (Cooper, 2000). Moreover, the bdirectQ and
bindirectQ interpretations of the factors suggest that

employee assessments of social status becomes less

important over time as employee-driven improvement

initiatives exert their effect.

The results of Factor 1 may be accounted for by the

consistent relationships between the scales for management

actions and the importance of safety training with behavior

at both time points, as presented in Table 7. The results for

the effects of management actions on observed percent safe

are in accordance with those of Zohar and Luria (2003),

which demonstrated relationships between supervisory

safety-oriented interactions and significant changes in

workersT safety behavior and safety climate scores. How-

ever, the multiple regression results presented in Table 8

strongly suggest that perceptions about the importance of

safety training in particular are predictive of actual ongoing

behavior. This supports climate studies that examined the

links between training and self-report measures of safety

culture (Arboleda et al., 2003), safety behavior (Garavan &

OBrien, 2001), and expert ratings (Zohar, 1980) but

contradict those examining accident history (Lee & Harri-

son, 2000; Vredenburgh, 2002). This contradiction is

important to safety climate research as many other

validation attempts have focused on accident history (e.g.,

Mearns et al., 2003; Niskanen, 1994; O’Toole, 2002; Silva

et al., 2004; Varonen & Mattila, 2000; Zohar, 2000) based

on the assumption that there are hypothesized paths from

climate to behavior to accidents (Zohar, 2002). This study

further indicates a lack of correspondence between recorded

levels of observed percent safe and recorded accident rates.

In this same factory, a non-significant correlation (r=0.95,

n.s.) was obtained (Cooper et al., 1994) when the

association between the site’s observed percent safe and

lost time accident rate was examined. Instead, large

associations for absenteeism rate (r=0.75, pb.01) and

machine bdowntimeQ (r=0.67, pb.01) were demonstrated.

Such findings indicate that there is a weak link between

actual behavior and officially recorded accident rates.

Rather, other more generalized organizational factors that

affect safety appear more closely linked to accident rates

(Gershon et al., 1999; Mearns et al., 2003; Van Vuuren,
2000; Varonen & Mattila, 2000) and it may be these that the

majority of safety climate studies are tapping into rather

than levels of safety behavior per se. It could be argued,

therefore, that where the path from safety climate to

accidents is hypothesized to be via behavior (Zohar, 2002)

the use of accident rates for validation in safety climate

research may not be appropriate. In these instances, it would

appear that the relationship between actual behavior and

accident rate needs to be established prior to establishing

any relationships between safety climate scales and accident

rate. However, when both organizational and safety climate

are examined together (Silva et al., 2004), accident rate

might be more appropriate as the effects of the measured

organizational climate can be partialled out. A further note

of caution when using accident rate for validation, however,

is to recognize that as well as their being a potential for lack

of reliability (Zohar, 1980), historical fact (i.e., the past

reality) is inevitably compared with present perceptions. In

other words, bapplesQ and borangesQ are being compared.

4.3.1. Magnitude of climate and behavior change

In general, the null hypothesis that changes in safety

behavior will not be reflected in equal changes in safety

climate scores was supported. Only one department’s

change scores matched reasonably well. Positive changes

in safety climate scores within three departments were not

matched with equally positive changes in behavior.

However, two departments exhibiting less change in safety

climate scores were accompanied by greater changes in

behavior. This latter finding supports other evidence

indicating that behavioral improvement programs of the

type described here may lead to behavior change without

any noticeable change in attitudes (McKnight & McPher-

son, 1986). An alternative explanation is that these results

are confounded by changes in the behavioral safety

checklists, in that different sets of behaviors were being

monitored at the different time points. However, it could

be argued that the safety climate of the facility also

changed over time as remedial actions were completed and

safety behavior improved. Moreover, safety climate meas-

ures are designed to capture such changes. The one

constant in organizational life is change. As such, safety

climate and safety behavior is dynamic and always in a

state of flux, which supports the regular use of safety

climate surveys. Nonetheless, whatever the explanation

there has been a long held assumption that safety climate

scores provide an accurate representation of actual safety

performance. These study results provide a timely warning

that safety climate scores do not necessarily reflect actual

levels of safety behavior or safety performance per se,

suggesting that the use of multiple performance indicators

might be warranted to validate safety climate measures.

This would also offer the advantage of providing further

insights into the underlying relationships between

employee perceptions about safety and safety performance

per se.
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4.4. Study limitations

Although this study adds to the extant safety climate

literature by obtaining apparent safety climate–behavior

relationships, the study has two specific limitations. First,

when attempts have been made to establish climate–

behavior relationships this study has relied heavily on

correlation coefficients with a limited number of cases

resulting from the aggregation of department scores. This

has obviously diminished statistical power, which in turn

inhibits any causal interpretations of the results. Following

in the footsteps of Mearns et al. (2003), a perusal of the

pattern of correlations as well as the absolute values suggest

the obtained degrees of association between the two

variables are truly indicative of the magnitude of relation-

ship. However, correlations do not indicate cause and effect,

merely that there is a statistical relationship. Thus, we do not

know whether the exhibited levels of safe behavior

influenced employee’s perceptions of safety climate, or

whether the prevailing safety climate influenced actual

safety behavior. However, the scale concerning perceptions

of the importance of safety training does appear to be a

predictor of actual safety behavior. Further research will

establish whether this result is generalizable to other sample

populations.

Second, the study was conducted in one manufacturing

facility, in one industry, in one country. Thus the results may

not generalize to other industries, manufacturing facilities,

or countries, although Zohar and Luria’s (2003) oil refinery

results suggest that changes in observed behavior do lead to

changes in perceptions of safety climate. They did not,

however, attempt to correlate the behavior scores with the

safety climate scores to establish any relationships.

This study is the first in a series of four conducted during

the 1990s by the first author where a safety climate measure

was distributed twice (at least 12 months apart), while a

behavioral safety initiative was also implemented. These

will be reported in the near future, but research by others is

also required to replicate these results in different industries

utilizing different safety climate instruments and outcome

measures.
5. Impact on industry

The finding that safety climate perceptions will not

necessarily match actual levels of safety performance

strongly suggests that industry should focus its primary

safety improvement effort on changing unsafe situations and

conditions as well as people’s safety behavior at all

organizational levels, rather than concentrating on improv-

ing people’s attitudes, beliefs, and perceptions about safety.

It is reductions in the frequency of unsafe behaviors and

their antecedents (i.e., unsafe conditions or situations) that

reduce the opportunity for accidents to occur, not percep-

tions about how safety is operationalized. Support for this
viewpoint comes from empirical evidence that shows that

hypothesized paths from attitudes and beliefs (i.e., climate

perceptions) to behavior to accidents and injuries are weak

(Lund & Aarø, 2004). This is not to downplay the

importance of perceptions about safety climate for improv-

ing safety performance. In accordance with Carroll (1998)

the role of such perceptions is very important in highlighting

where system and physical changes are required within an

organization, as well as safety related behaviors at all

hierarchical levels. As such, all organizations should

regularly survey their prevailing safety climate to identify

potential issues.
6. Summary

This study has established an empirical link between a

limited set of safety climate perceptions and actual safety

behavior. It has also demonstrated how complex the overall

relationship is: changes in climate perceptions do not

necessarily reflect changes in levels of behavioral safety

performance. Equally, changes in safety behavior are not

necessarily reflected in safety climate perceptions. Such

results challenge many of the assumptions that have typified

previous research. This degree of complexity requires that

much more research is undertaken on the relationship

between actual safety performance and safety climate,

making use of a variety of safety performance outcome

variables rather than relying primarily on self-report instru-

ments that lead to bcul de sacs.Q After nearly 25 years

research we are still under bstarters ordersQ with a long way

to go before the field can truly begin to progress in a

meaningful way to the benefit of its major stakeholders:

employees and industry.
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