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Foreword 

In recent years, the Institute for Work & Health has been actively engaged in 
building relationships with Prevention System agencies and organizations in 
Ontario. 
 
In these encounters, we often hear that potential research users want more 
evidence about the effectiveness of interventions aimed at protecting 
workers’ health. We are also told that even when research evidence exists, it 
is often hard to access, difficult to understand and is not always presented in 
language and formats suitable to non-scientific audiences.  
 
In response to these needs, the Institute for Work & Health has established a 
dedicated group to conduct systematic reviews of relevant research studies 
in the area of workplace injury and illness prevention.  In instances where 
there are too few studies to conduct a full Systematic Review we may 
provide our audiences with a narrative review. 

• Our systematic review team monitors developments in the 
international research literature on workplace health protection and 
selects timely, relevant topics for evidence review. 

• Our scientists then synthesize both established and emerging 
evidence on each topic through the application of rigorous methods. 

• We then present summaries of the research evidence and 
recommendations following from this evidence in formats which are 
accessible to non-scientific audiences. 

 
The Institute will consult regularly with workplace parties to identify areas 
of workplace health protection that might lend themselves to a systematic 
review of the evidence.  
  
We appreciate the support of the Ontario Workplace Safety & Insurance 
Board (WSIB) in funding this four-year Prevention Systematic Reviews 
initiative. As the major funder, the WSIB demonstrates its own commitment 
to protecting workers’ health by supporting consensus-based policy 
development which incorporates the best available research evidence.  
 
Many members of the Institute's staff participated in conducting this 
Systematic Review. A number of external reviewers in academic and 
workplace leadership positions provided valuable comments on earlier 
versions of the report. On behalf of the Institute, I would like to express 
gratitude for these contributions. 
 
Dr. Cameron Mustard 
President, Institute for Work & Health 
December, 2005 
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1. Introduction 

This report summarizes the available research evidence on the reliability and 
validity of audits of OHS management systems.  It reviews literature not 
only from the occupational health and safety field, but also from the process 
safety field. 
 
1.1 Background and context for the review  
Occupational health and safety (OHS) auditing is a systematic process for 
assessing compliance and verifying conformance with established guidelines 
or best practices in occupational health and safety.  OHS audits are 
becoming an important tool as occupational health and safety management 
systems have matured and become integrated with modern quality 
initiatives.  The growth in the number of international standards and 
agreements that incorporate environmental, health and safety aspects of 
production has also facilitated widespread development and use of OHS 
audits.  Increasingly, as regulatory agencies move to performance-based 
approaches to improving OHS, auditing is seen as an effective method of 
ensuring compliance and improving the performance of prevention systems.  
Despite their widespread and expanding use in Canada and internationally, 
however, there has not been a synthesis of the literature on the effectiveness 
of OHS auditing or on the reliability and validity of audit instruments. 
 
In March of 2005, preliminary work was begun to determine the feasibility, 
scope and potential study questions for a full systematic review of the 
literature on the effectiveness of OHS auditing.  In performing a systematic 
review, clearly formulated questions are developed, and systematic and 
explicit methods are used to identify, select and critically appraise the 
relevant literature.  This preliminary work found that a full systematic 
review on the effectiveness, reliability, or validity of OHS auditing is not 
appropriate given the state of the peer reviewed literature.  The evidence 
base addressing the study questions was scant and many of the studies 
provided findings that were limited in external validity.  Nevertheless, we 
proceeded with a narrative review to provide potentially useful information 
to stakeholders.  Findings from the feasibility study informed the 
development of the protocol for the narrative review that was conducted. 
 
1.2 What is an occupational health and safety management audit? 
The term “audit” is defined as a detailed examination or analysis, especially 
to assess strengths and weaknesses1.  Many definitions of audits include the 
comparison of findings to specific criteria, guidelines or standards (CCPS, 
1993; Clark, 1999; Rainer et al., 2000).  Financial audits have been around 
for a long time, although audits of many other aspects of organizational 
                                                 
1  The Canadian Oxford Dictionary, Barber, K., Editor, Toronto, Oxford University Press, 
1998.    
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functioning are also very common.  The growing demand for auditing of 
specific organizational functions is related to the increasing complexities of 
modern management systems as well as the need to improve quality and 
efficiency.  Audits of health, environment and safety systems have also been 
widely utilized as they are seen as valuable tools for continuous 
improvement of OHS management system performance.    
 
Occupational health and safety (OHS) auditing2 has been defined a number 
of ways.  Although there is consensus among authors that OHS auditing is a 
means of assessing OHS system performance, authors differ in the scope of 
what they consider OHS auditing.  Glendon (1995) described six types of 
OHS audits: (1) OHS audits on specific topics (e.g. human factors or 
hazardous substances); (2) plant technical audits; (3) site technical audits; 
(4) compliance or verification audits (compliance with legal or internal 
standards); (5) validation audits (design of OHS management systems 
themselves); and (6) management safety audits.  Cooper (1998) emphasized 
that OHS auditing is more than a hazard identification exercise and should 
involve a comprehensive examination of the whole OHS management 
system itself.  Most authors agree with Cooper and consider OHS auditing 
as an assessment of an entire OHS management system (Le Coze 2005; 
Jorgensen, 1998; Kuusisto, 2000).    
 
For this review, an OHS audit is considered to be a systematic assessment of 
an OHS management system, which is “the integrated set of organizational 
elements involved in the continuous cycle of planning, implementation, 
evaluation, and continual improvement, directed toward the abatement of 
occupational hazards in the workplace” (Robson et al., 2005, p. 16). 
 
1.3 Measurement concepts applied to management audits 
Various measurement concepts found in psychology, clinical sciences and 
program evaluation (Guyatt, 1993; Hinkin, 1995; Lipsey, 1983; McDowell 
and Newell, 1987; Stewart and Ware, 1992; Streiner and Norman, 1995) can 
be applied to OHS management system audits.  The concepts relevant for 
this review are the following: 

• Variation in responses – the variation in audit results in relation to 
the possible range of results for the population of workplaces; 
sufficient variation is a prerequisite of construct validity. 

• Interrater reliability – the consistency of audit results when carried 
out by different auditors or auditing teams. 

• Test-retest reliability – the consistency of audit results when carried 
out at two different times separated by a relatively short time period. 

• Responsiveness – the extent to which audit scores can show change 
when there is meaningful change in the OHS management system;  
like reliability, it depends on a high signal-to-noise ratio. 

                                                 
2  Many authors use the term “safety auditing” even though they are referring to auditing of 
an occupational health and safety system.   
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• Content validity – the extent to which the content of the audit is 
complete relative to the relevant universe defined by a specified 
definitional standard.  For OHS management audits, this would 
presumably be some form of OHS management system definition. 

• Construct validity – the extent to which relationships exist between 
audit measures and measures of other constructs, as specified in 
theory; i.e. audit scores should be relatively highly correlated with 
other indicators of OHS management system performance such as 
injury rate; similarly, changes in audit scores should be correlated 
with changes in indicators such as injury rate; finally, an intervention 
to improve and OHS management system should result in a change 
in audit results.  (Some might consider the correlation of audit results 
and injury rate data to be a form of criterion validity (e.g. Dyjack et 
al., 2003, p. 790)). 

 
Whenever published data allowed, the audit instruments reviewed here were 
considered with respect to the above measurement properties.  Any absence 
of mention of these aspects in this report implies that no such information 
was available for the particular audit tools reviewed.   
 
1.4 Factors which influence the reliability and validity of audits 
Although no systematic studies on the topic of factors affecting audit 
reliability and validity were identified, several authors have commented 
upon the subject in a prescriptive manner (Beckmerhagen, et al., 2003; 
Blackmore and Shannon, 1996; Cooper, 1998; Dyjack and Levine, 1996; 
Dyjack et al., 2003; Gay and New, 1999; Gillette et al., 2004; Glendon, 
1995; Glendon and McKenna, 1995; Kuusisto, 2000; Kennedy and Kirwan, 
1998; Laitinen et al., 1999)  A list of factors that potentially may impact the 
reliability and validity of OHS audits is presented below.  It should be noted 
that this is not an exhaustive listing of all possible factors.   

• Factors related to the auditor:   
o Competence – differing experience, training, knowledge and 

skills of auditors was discussed as an important factor.3   
o Auditor bias and independence of auditor – a bias may exist if 

an auditor/audit team has conflict(s) of interest or is unbalanced 
in terms of points of view.4  Points of view may be related to 

                                                 
3  Three organizations representing OHS professionals, the American Board of Industrial 
Hygiene, the American Society of Safety Engineers, and the American Industrial Hygiene 
Associate, have prepared a position paper to provide recommendations concerning 
qualifications that should be considered in evaluating the competency of individuals tasked 
with conducting OHS audits.  See: Position Paper on Auditor Competency for Assessing 
Occupational Health & Safety Management Systems.  September, 2005 American Board of 
Industrial Hygiene.   http://www.abih.org/about.htm
4  The US National Academies of Science approach for ensuring review committees are as 
free from bias as possible and are balanced in points of view is helpful in defining conflict 
of interest and points of view on scientific matters.   
http://www.nationalacademies.org/coi/index.html

Occupational Health and Safety Management Audit Instruments: 3 
A Literature Review 

http://www.abih.org/about.htm
http://www.nationalacademies.org/coi/index.html


differences in the auditors’ professional background and training.  
For example, an auditor who is a process operator likely has a 
different point of view as compared to an auditor who is health 
and safety professional.   

o Internal versus external auditors – this may be considered part 
of “auditor bias and independence of auditor” but it is listed 
separately as it was considered a major factor by numerous 
authors.  Internal auditors often have a more detailed 
understanding of the OHS management system being audited but 
may have higher levels of conflict of interest as compared to 
external auditors.  The independence of external auditors, 
however, can also vary widely from being totally without 
conflicts of interest to being very conflicted (an example would 
be a consultant who may gain additional work that is dependent 
on the audit findings)  

• Factors related to the audit and audit process: 
o Theoretical basis for the audit – the degree to which an audit is 

based on previous research and sound theory is a factor that may 
affect audit validity.  

o Coherent and comprehensive audit framework – this refers to 
clearly defined audit objectives, methods, measures, and 
reporting systems within a clearly articulated framework. 

o Clear standards for comparison – this refers to unclear or 
ambiguous standards on which the audit is based.   

o Use of multiple sources of information – this refers to 
collection of data from multiple sources in the measurement of an 
activity.  Multiple sources may improve validity but the 
complexity of integrating multiple sources may influence 
reliability.  A number of authors emphasized the importance of 
interview and observational data to determine the implementation 
of written policies and procedures.  

o Sampling – this refers to the selection of information/data used 
in the audit.  For example, the method of selection of individuals 
who will be interviewed during the audit.  This also refers to the 
selection of plants/worksite for auditing.    

o Detail in procedures and objectivity of audit questions – the 
amount of detail and the degree of objectivity in the audit 
procedures are cited by numerous authors as influencing 
reliability.  Kuusisto (2000) pointed out that the use of a 
structured audit method may increase reliability, but if the 
questions do not adequately assess the appropriate OHS activities 
the validity of the audit can be affected.   

o Measurement scales and clarity in the delineation between 
steps – this refers to the structure of scales used to measure an 
activity.  Clarity between steps of a scale is related to “detail in 
procedures and objectivity of audit questions” mentioned above.  
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o Weighting of various audit components – this refers to the 
selection of weighting factors applied to individual component 
scores to arrive at an overall score for a plant or facility.  Some 
authors felt that weightings may influence audit validity as 
inappropriate weightings may mask serious problems or 
overemphasize minor ones.  

o Resources for auditing – this refers to personnel, time, and 
financial resources available for auditing. 

o Quality control of auditing – an external review of the auditing 
procedures was discussed by some authors as a factor in 
reliability and validity.   
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2. Methods 

2.1 Literature search 
The search strategy targeted management audits.  It was developed using 
MEDLINE, a bibliography of journal articles from the broader medical 
literature, using a small sample of known relevant articles.  MEDLINE 
classifies each article with relevant keywords from a controlled vocabulary 
(MeSH terms), allowing researchers to design literature searches with high 
specificity (i.e. a large percentage of articles will be relevant).  The search 
strategy developed in MEDLINE was also used with four other 
bibliographic databases (EMBASE, American Business Inform (ABI), 
Econlit, CCInfoWeb).  Together the five databases used in the search cover 
the fields of medicine, management, economics, and occupational health and 
safety.  The MEDLINE search strategy was customized to each database by: 
substituting synonymous keywords where necessary, or searching the entire 
text of the title and abstract with a particular term (free text search) if 
keywords could not be used.   
 
Two basic search strategies were used.  One looked for abstracts classified 
with the keyword “management audit” and one of the following keywords or 
free text terms: “wounds and injuries,” “accidents, occupational,” “accident 
prevention,” or “occupational.”  The second strategy looked for abstracts 
classified with the keyword “safety management” and the free text term 
“audit.”  No restrictions were placed on the searches regarding date and 
language of the original publication. 
 
The titles and abstracts arising from the searches were reviewed to identify 
relevant publications using two inclusion criteria (see below).  Forty-four 
unique titles and abstracts were identified at this initial step.  Their source 
publications were retrieved and reviewed in more detail.   
 
In order to broaden the search beyond the original bibliographic sources, the 
reference sections of publications deemed relevant were reviewed for 
relevant titles.  Their source publications were also retrieved.  
 
2.2 Inclusion criteria and publication retrieval 
The relevance of titles and abstracts was determined by applying two 
criteria: 

• The publication contains information on occupational health and 
safety management system audit reliability or validity.  Publications 
reporting only on the one time use of an audit were not included. 

• The publication is a journal article, book, conference proceeding, or 
report; it is not a magazine article or newsletter. 
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If a title and abstract appeared relevant or possibly relevant, the 
corresponding full publication was retrieved for further review.  Additional 
publications on the topic, which did not meet the criteria, were also retrieved 
to provide contextual, descriptive or conceptual information related to the 
study questions.  
 
2.3 Review process, data extraction and report generation 
Both authors independently reviewed all retrieved publications.  The content 
of the publications was then discussed and a general, common understanding 
of the findings was established.  Clearly irrelevant publications, including 
those focusing only on particular hazards, were excluded.   
 
Next, approximately half the publications were allocated to each author for 
extraction of pertinent information, according to their respective 
responsibilities for particular subject areas.  After extracting this information 
and summarizing it in the Results section of this report, the authors again 
discussed the findings and generated the material found in the Discussion 
and Conclusions sections. 

8  Institute for Work & Health 



3. Results 

The results of the review are presented in two sections.  The first focuses on 
instruments designed for the audit of OHS management systems.  The 
second section is concerned with audit instruments intended for the safety 
management systems of high-hazard and high reliability operations.  It 
would have been reasonable to exclude the latter group of publications from 
this review, since their focus on OHS is secondary and they deal with only 
one category of OHS risk.  However, the authors of this review chose to 
include this group since they overlapped conceptually with the first group.  
In addition, the high-hazard and high reliability literature seemed to have 
engineering as its disciplinary base.  This literature therefore had the 
potential to suggest new approaches to OHS management auditing, which 
has somewhat different disciplinary underpinnings (e.g. organizational 
theory, psychology, health sciences). 
 
3.1 Audit instruments for assessing OHS management 
This section reviews the audit instruments designed for the audit of OHS 
management systems.   Eleven distinct instruments are described5 and any 
available evidence about their measurement properties is summarized.  The 
order of presentation of these instruments is roughly in the chronological 
order of their development.  They are also ordered so that the ones most 
clearly based on system theory concepts (Emery, 1971) appear last.  The 
organizing structures of all instruments are summarized in the Appendix. 
 
3.1.1  Diekemper and Spartz (D&S) method   
The OHS management audit method developed by Diekemper and Spartz 
(1970) appears to be the earliest in the literature.  At the time of publication, 
they had already been using the instrument in their practice.  According to 
Kuusisto (2000), the method has been recommended by well-known safety 
specialists (Heinrich et al., 1980; Petersen, 1989). 
 
The D&S instrument contained 29 items on OHS activities and was 
organized into five sections:  

• organization and administration;  
• industrial hazard control;  
• fire control and industrial hygiene;  
• supervisory participation, motivation and training; and  
• accident investigation, statistics and reporting procedures. 

 
The rater was required to categorize each activity on a four-category scale 
ranging from poor to excellent.   Responses were then subjected to a scoring 

                                                 
5 The eleven instruments will be described in sections 3.1.1 to 3.1.9.   
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scheme, which applied weights to the tool’s sections, items and even 
responses.   
 
The Diekemper and Spartz (1970) article was primarily prescriptive, giving 
no information as to how the audit’s content was developed and no 
explanation for their chosen scoring scheme beyond the statement that it was 
“determined by in-depth analysis of past occurrences.”  They claimed “a 
comparison of the scores from one year to the next is valid to determine 
progress,” but gave no evidence to support this claim. 
 
Uusitalo and Mattila (1989) reported on their use of the D&S method with 
eleven companies.  The companies came from two industrial sectors; some 
had low accident rates and some had high.  The researchers gave evidence of 
some construct validity of the audit, although that was not their main intent.  
Mean D&S scores for the five sections of the audit were reported for the low 
and high companies in both of the sectors.  This allowed the reader to make 
ten comparisons of audit scores for low- and high-accident companies.  In 
seven of the comparisons, as expected, the scores in the low-accident 
companies were higher than those in the high-accident companies; in three 
of the comparisons, the scores of the low-accident companies were lower.  
Scores in two of the five sections of the audit (industrial hazard control; 
accident investigations, statistics and reporting procedures) clearly 
discriminated between low and high accident rate companies.  However, 
statistical analyses were not applied. 
 
Kuusisto (2000), from Finland, studied the interrater reliability of a modified 
version of the D&S method (relatively minor modifications).  He found the 
method had unacceptably poor interrater reliability, ranging from poor to 
moderate6 (weighted kappa (κW) values from -0.03 to 0.46) when his own 
ratings were compared with those of local company evaluators for six 
American workplaces.  
 
Agreement between raters was better when Kuusisto’s ratings of three 
Finnish companies were compared with the ratings of his safety specialist 
students.  Kuusisto concluded that the reliability of the D&S method was 
highly dependent on the training and local expertise of the auditor.  
However, even with the greater homogeneity among raters’ characteristics, 
the degree of agreement covered a large range, from fair to near perfect (κW 
from 0.36 to 0.83).  The data showed that the degree of agreement varied 
both by student and by workplace.  In the workplace where the least 
agreement was found, weighted kappa was less than 0.40 for three of the six 
student-to-Kuusisto comparisons. 

                                                 
6 The authors classified the weighted kappa values according to the definitions of Landis 
and Koch (1977). 
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3.1.2 MISHA   
Kuusisto (2000) then developed a new audit tool, called the Method for 
Industrial Safety and Health Activity Assessment (MISHA).  His aim in 
creating the new tool was to improve upon the D&S method, particularly its 
inter-reliability.  He also wanted to improve its comprehensiveness (i.e. its 
content validity).  In order to do this, he reviewed several organizational 
assessment instruments and drew on the knowledge of experts in several 
institutions.  The second and final version of MISHA contained 55 items and 
used a four-category response framework.  The organizing framework for 
the content was taken from Booth and Lee (1995): 

• organization and administration 
• training and motivation 
• work environment 
• follow-up 
 

Kuusisto tested the first version of MISHA in one Finnish company, 
comparing his ratings with those made by four company members 
(personnel manager, safety director, employee safety representative, safety 
manager).  Interrater reliability ranged only from slight to fair, so the tool 
was revised.  A test at a second Finnish company was carried out in a similar 
manner.  In this case, agreement improved and ranged from fair to moderate 
(κW 0.38 to 0.58).  The highest agreement was with the managing director 
who also acted as the safety manager; the lowest was with the employees’ 
safety representative. 
 
Kuusisto (2000) concluded that if an audit tool were to be used by someone 
who was untrained, then the MISHA tool would likely show more reliability 
among users.  If trained experts were involved, he thought that the D&S 
method would be better.  The authors of this review think that such a 
comparison between the two tools should be considered preliminary.  One 
reason is that the testing was carried out under different circumstances.  
Another is that the new MISHA method was only used in one workplace and 
the results with the D&S method suggested that the degree of interrater 
reliability depended in part on the particular workplaces audited. 
 
3.1.3 International Safety Rating (ISR) system   
The first International Safety Rating (ISR) system manual was published in 
1978 by the International Loss Control Institute (ILCI) in the United States 
(Eisner and Leger 1988).  It was designed to be a generic audit that could be 
used in most industrial sectors, although it was primarily developed in the 
steel industry (Eisner and Leger, 1988).  The chapters of the fourth edition 
are shown in the Appendix.  This version consisted of 627 questions when 
used in full; less questions (as low as 100) were used when the standard of 
achievement (star rating) was less than the maximum (Collison and Booth, 
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1993).  No information has been found in the available publications on the 
development of the content of the ISR tool. 
 
Apart from the comparison of content conducted by Collison and Booth 
(1993) on the generic version of ISR, most published evaluative information 
on the ISR (Eisner, 1993; Eisner and Leger, 1988; Guastello, 1991) was 
concerned with a version developed for the mining sector by the President of 
the International Loss Control Institute.  This version of the ISR system had 
almost 1000 questions, which raised doubts about its practicality (Eisner and 
Leger, 1988; Eisner, 1993).   
 
Eisner and Leger (1998) also questioned the audit’s content validity with 
respect to mining.  Major mining hazards and concerns were completely 
overlooked, while more minor ones were covered in detail.  In addition, they 
were critical of the weighting scheme in terms of relative weights, thereby 
raising an issue about its construct validity.  While 260 points were awarded 
for the establishment of standards and for procedures for ensuring standards 
are maintained, only 40 points were awarded for actual compliance with 
rules, as observed by the auditors.  Apparently, no rationale for the scoring 
scheme was given in the manual.   
 
Eisner and Leger (1988) took another approach to the ISR tool’s construct 
validity by examining the correlation of the number of stars awarded in the 
system with each of fatality rate and reportable injury rate.  Higher numbers 
of stars indicated better OHS management systems in the scoring scheme, 
with a maximum of five stars possible.  The data were from 33 work sites 
and correlations were determined for each of 1985 and 1986.  In the case of 
fatalities, the coefficients were in the expected direction, though quite low   
(-0.14 and -0.23 for 1985 and 1986, respectively).  In the case of injuries, the 
direction was opposite to that expected (0.07 and 0.02).  However, all four 
correlation coefficients were statistically insignificant.  (However, with data 
from only 33 worksites – and possibly from only half that number of 
worksites for each of 1985 and 1986 – the analysis would have been 
underpowered statistically (Cohen, 1977)).  At best then, there is weak 
evidence from fatality rate data, on the construct validity of the IRS audit 
approach. 
 
One of the problems in the attempt by Eisner and Leger (1988) to look at 
relationships between the star status and injury or fatality rates, was the 
apparent “ceiling effect” of the score in stars.  In 1986, 58% of mines had 
five-star status (the maximum); another 27% had four-star status (Eisner, 
1993).  Eisner and Leger (1988) pointed out that this variation in responses 
was insufficient, especially given that there was still room for improvement: 
several mines with five-star status regularly had several fatalities per year.  
However, this validity problem was not interpreted as being inherent to the 
instrument.  Eisner and Leger (1988) pointed out that five-star status 
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required a minimum score of 90% in each element.  They thought that 
achievement of this level of mine performance “would be near to perfection 
as any mine could hope to attain (Eisner and Leger, 1988, p. 154).”  As such, 
the authors harboured the “strong, though unproved, presumption that [the] 
auditing [was] biased.”  In this case then, the problem with validity arose 
through the audit process itself. 
 
3.1.4 CHASE audits   
CHASE is the abbreviation for Complete Health and Safety Evaluation, 
which is a group of related audits developed through a collaboration of 
academics and private industry in the United Kingdom.  This group of audits 
includes CHASE-I for small employers, CHASE-II for large employers, 
Construction-CHASE for organizations in the construction sector, and 
COSHH-CHASE for organizations needing to comply with the Control of 
Substances Hazardous to Health Regulations (1988).  The chapter titles of 
CHASE-II are shown in the Appendix. 
 
Glendon et al. (1992) give a partial description of how the CHASE audits 
were developed.  Questions were first derived from legislation and “other 
relevant sources.”  Pilot testing across “a range of organizations” led to the 
redraft of questions and the development of accompanying guidance.  The 
weight given to the various elements in the audits was based on their relative 
importance in regulations and on the risk posed by particular hazards if left 
uncontrolled.  Glendon’s description of the development process by Glendon 
et al. (1992) suggests that the audit likely had good content validity.  
However, there was little specific information given which would allow 
confirmation of this.   
 
The authors briefly mentioned audit scores ranging from 18 to 70 per cent 
among the nine test organizations in one sector, implying good variation in 
responses.  They also said that the scores in all twelve sections of the audit 
increased following an intervention.  This suggests that the instrument is 
responsive to change and provides evidence of construct validity.  An 
alternative explanation for the increase could have been bias in the audit 
process.  The reader was not given sufficient information to judge between 
the two alternatives. 
 
3.1.5 Adaptation of OSHA’s Program Evaluation Profile (PEP)   
The Occupational Safety & Health Administration in the United States 
developed an audit tool, the Program Evaluation Profile (PEP).  The audit 
was introduced in 1996 as a tool for its inspectorate, but its use for this 
purpose was discontinued the same year (OSHA, 2005).  LaMontagne et al. 
(2004) reportedly adapted the audit instrument for use in an evaluation of an 
intervention.  While the original PEP tool consisted of 15 items, each with 
five detailed item-specific response categories (OSHA, 2005), the 
LaMontagne et al. (2004) tool consisted of 91 items, each requiring a yes/no 
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response.  These items were organized into four sections (see Appendix), 
each of which was weighted in the scoring so that the final score 
theoretically ranged from 0 to 100.  A score of one hundred indicated that all 
audited program elements were fully present. 
 
Audits were conducted on seven intervention sites and eight control sites 
both before and after the intervention.  For the intervention group, the focus 
of the intervention was both OHS and lifestyle risks; for the control group, it 
was only lifestyle risks.  With only seven or eight sites per group, the 
statistical analysis had low power.  Perhaps as a result of this limitation, the 
changes in the overall audit scores did not differ significantly for the two 
groups.  A significant difference in the change scores of the two groups was 
found for only one of the four audit sub-sections. 
 
However, consistent with the program theory, and supportive of the audit 
instrument’s construct validity, the audit scores increased in all four sub-
sections of the audit for the intervention sites to a greater extent than they 
did for the control sites.  The standard deviations reported for the baseline 
total program scores (7.4 and 16.3) suggest that the variation in audit scores 
was reasonable.  Furthermore, the size of change in the intervention group 
(11.1), relative to the baseline standard deviation (16.3), a measure of 
instrument responsiveness (Beaton et al., 1997), was considered medium-
large using Cohen’s (1977) effect size standards.   
 
3.1.6 Goodyear Tire and Rubber Company audit   
The audits that were used by the Goodyear Tire and Rubber Company were 
mentioned in two of the publications reviewed.  Dyjack et al. (1998) 
compared the combined content of two Goodyear audits with that of an ISO 
9001-aligned OHS management audit instrument developed for the 
American Industrial Hygiene Association (AIHA).  The content of the two 
instruments was quite similar, even though the Goodyear Tire and Rubber 
Company audit was structured differently and was considered to be more of 
a “traditional” audit (i.e. not as influenced by system theory (Emery, 1971)). 
These findings indirectly demonstrate content validity for the Goodyear 
tools, since the content validity of the AIHA tool is strong (see below).   
 
A Goodyear Tire and Rubber Company audit instrument was the original 
source from which another audit tool evolved (Bunn et al., 2001).  Bunn and 
colleagues applied it to monitoring the improvement in a large company’s 
comprehensive health, safety, and productivity intervention.  The summary 
scores over a three-year period indicated continuous improvement:  1997, 63 
per cent; 1998, 68 per cent; 1999, 79 per cent.  (Audit scores can 
theoretically range from 0 to 100 per cent).  The results reported by Bunn et 
al. (2001) also suggest that the audit instrument had responsiveness and 
construct validity.  However, little information about the audit process was 
reported, except that it was cross-plant and conducted by internal auditors.  
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The authors did not comment on the possibility that auditor bias might 
explain some of the results. 
 
3.1.7 AS/NZS 4804-based audit for small- and medium-sized 

organizations   
Pearse (2002) developed an audit instrument for small- and medium-sized 
organizations based on the Australian and New Zealand OHS management 
system standard (AS/NZS 4804-1997).  Baseline audit scores ranged from 
12 to 85 per cent (within the theoretical maximum range of 0 to 100 per 
cent), with a standard deviation of 18.9.  The mean change in audit score as 
a result of the intervention was ten percentage points, which represents a 
medium-sized effect of 0.5 (Cohen, 1977).  This evidence of instrument 
responsiveness and construct validity must be viewed cautiously since no 
information on the conduct of the audit was provided, and the potential for 
bias remains unknown.  Pearse also stated that “the audit tool was … trialled 
independently by different external auditors and was found to deliver almost 
identical results in their hands,” but no further details were given. 
 
3.1.8 American Industrial Hygiene Association (AIHA) ISO 9001 

harmonized OHS management system   
The remaining two OHS management audit tools reviewed here, in contrast 
with the preceding tools, show strong evidence of content validity.  Both are 
products of student PhD theses at the University of Michigan under the 
supervision of Stephen Levine.   
 
The first of these (Dyjack 1996; Dyjack et al., 1998) used ISO 9001 as the 
organizing framework and incorporated extensive input from a wide range 
of stakeholders.  ISO 9001 is the widely accepted quality management 
system standard developed by the International Organization for 
Standardization.  As described in Dyjack’s thesis (1996), he and Levine 
developed an initial version of an ISO 9000 harmonized auditable standard 
and guidance document, after reviewing several OHS and environmental 
management system or program documents.  This was donated to the 
American Industrial Hygiene Association’s OHS Management System Task 
Force, which included representatives of labour, industry, academia, 
government, OHS consultants and the insurance industry.  The Task Force 
provided three rounds of input, using a modified Delphi process.  Input was 
also given by AIHA members responding to an invitation in their 
association’s newsletter.  Over 50 OHS professionals or their national 
associations gave feedback on the instrument in the course of its 
development.  The fifth version was adopted by AIHA’s Board of Directors 
in 1996 and it was published by AIHA as a guidance document that same 
year.   
 
Dyjack et al. (1998) compared their “theoretical” ISO 9001-harmonized 
audit to two in-house audits being used regularly by the Goodyear Tire 
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Company.  One of the Tire Company’s audits focused on industrial health; 
the other focused on safety.   Dyjack et al. (1998) selected the Goodyear 
audits to represent more “traditional” audits in current use.  The organizing 
structure of the Goodyear industrial health audit did show more vertical 
structure (i.e. organized around particular risks) than that of the AIHA 
instrument which had a more horizontal structure (organized around 
management system elements that apply to all risks).  Nevertheless, an 
analysis of the content of the AIHA document showed it to be comparable to 
the combined content of the Goodyear Tire Company documents.  It should 
be noted that Goodyear reviewed their audit documents annually, drawing 
on extensive, diverse corporate expertise.  This presumably ensured that the 
content of their tools remained current. 
 
3.1.9 AIHA Universal OHSMS Assessment Instrument   
The second audit instrument developed at the University of Michigan 
(Redinger, 1998; Redinger and Levine, 1998; Redinger et al., 2002a; 
Redinger et al., 2002b) aimed to be a “universal” OHS management system 
audit instrument.  This work was associated with the American Industrial 
Hygiene Association (AIHA, 1999) and a report by the International 
Occupational Hygiene Association to the International Labour Organization 
(Dalrymple, 1998).  The following description indicates strong content 
validity for this instrument:  Redinger and colleagues defined a standard (the 
“universe”) and then ensured that they fully captured and operationalized the 
universe by the use of a systematic development process and extensive 
expert advice. 
 
University of Michigan researchers defined the “universe” of OHS 
management systems by reviewing 13 publicly available OHS and 
environmental standards or guidance documents.  They then selected four of 
these, which they thought collectively represented the content in all 13 
documents.  These were: 

• the AIHA ISO 9001-harmonized OHS management system (see 
3.1.8) 

• the U.S. Occupational Safety and Health Association (OSHA)’s 
Voluntary Protection Program, which was the most comprehensive 
management system within OSHA 

• ISO 14001, the International Organization for Standardization’s 
environmental management system standard 

• BS8800, a voluntary standard from the British Standards Institute, 
based on both the Health and Safety Executive’s HSG65 model 
(HSE, 1997) and ISO 14001. 

 
Redinger and colleagues deconstructed the four “input models” down to the 
level of single clauses and then reorganized them into an integrative model.   
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The final universal OHS management system model had five organizing 
categories derived from system theory and policy analysis models: 

• Initiation (OHS Inputs) 
• Formulation (OHS Process) 
• Implementation/Operations (OHS Process) 
• Evaluation (Feedback) 
• Improvement/Integration (Open System Elements) 

 
Distributed across the categories were 27 OHS management system 
elements (16 primary and 11 secondary; listed in the Appendix).  The audit 
instrument’s sections (corresponding to the elements) contained 188 
principles (whose level of detail was similar to the input clauses) and 486 
corresponding measurement criteria.  The criteria operationalized the 
principles for purposes like auditing.  Several OHS experts gave input 
during the model’s development and the penultimate version of the model 
was reviewed by an experienced multi-stakeholder group (labour, industry, 
academia, government, and professional trade associations).  
 
The universal OHS management assessment tool was pilot tested in three 
sites (Redinger et al., 2002a-b), with a particular focus on the Initiation 
category.  This category contained four elements: management commitment 
and resources; regulatory compliance and system conformance; 
accountability, responsibility, and authority; and employee participation.  
Raters assessed the corresponding OHS management system principles 
using two mutually exclusive scales.  The first was intended for workplaces 
still in the process of developing base conformance to a principle.  The 
second scale classified the degree of conformance after a minimum of base 
conformance had been achieved.  Results of the scale scores were found to 
be consistent with a qualitative assessment of the three sites, giving 
preliminary construct validity to the audit instrument. 
 
Dyjack et al. (2003) subsequently looked at the reliability of the universal 
assessment instrument, using a different scoring system.  Four audit sections 
from three different categories were applied in the testing (employee 
participation, training, hazard control systems, and communications).  In 
total, these sections contained 102 auditable clauses (called measurement 
criteria in earlier version).  Using these criteria, two auditors conducted one-
day audits of four different workplaces.  The conformance with each clause 
was assessed on a scale from zero to five, where zero represented “absence” 
and five represented “state of the art.” 
 
Four analytical approaches were taken to looking at the consistency of the 
two auditors’ ratings.  In the first, Pearson product moment correlations 
were calculated for each section and for each site.  Since the Pearson 
coefficient is insensitive to scale (i.e. could show two auditors having 
perfect correlation even though they were consistently two points apart in 
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the rating scale), they also conducted t-tests to see if scores assigned by the 
auditors were significantly different.  Finally, two different intraclass 
correlation coefficients were calculated: Cohen’s weighted kappa and the 
within-group interrater reliability coefficient. 
 
Pearson correlations were found to range from 0.21 to 0.50, varying by site.  
The differences between auditor overall mean scores for each site were  
-0.40, -0.15, 0.07, and 0.47.  The two differences at the extreme were 
statistically significant (p<0.05).  When looking at the differences at the 
level of instrument sections and by site, the scores were significantly 
different for seven of the 16 comparisons and ranged as high as -1.1.  
Cohen’s weighted kappa values ranged from 0.12 to 0.28 among the four 
sites.  Interrater reliability coefficients ranged from 0.28 to 0.66.  The 
authors considered all the coefficients of agreement to be low, relative to 
0.70, a commonly used criterion in research on humans (e.g. psychology, 
clinical sciences). 
 
The original authors had expected higher consistency between auditors 
because both had been instrumental in the design of the audit tool.  They 
also had PhDs, were certified as industrial hygienists, had attained the status 
of lead auditor for ISO 14001, and had more than 15 years experience, 
including VPP site assessments.  Some of the factors they thought might 
have influenced results: sites were not thoroughly prescreened; they had 
only one day on site; the six point measurement scale was sometimes 
problematic (they thought the three categories used in ISO audits might be 
better); and as part of the research protocol and in contrast to normal audit 
practice, there was no exchange between auditors, nor feedback to hosts. 
 
The authors concluded that their findings raised “potentially disturbing 
questions regarding the reliability of OHS management program and system 
audit findings, particularly in light of the emphasis industry has placed on 
certifications and status achieved secondary to ‘passing’ an audit.”  They 
recommended that OHS management programs and system audit reliability 
research be expanded to include governmental and commercially available 
audit instruments in order to “produce confidence in existing tools.” 
 
3.1.10 Summary of the research evidence on the reliability and validity of 

OHS management audits  
As indicated at the outset of this report, the literature on the measurement 
properties of the OHS management audit instruments is sparse.  Among the 
eleven instruments described above, only the AIHA instruments could be 
considered to have strong content validity.  Other instruments might also 
have this property, but the level of detail in the published information did 
not allow a judgment about this to be made. 
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There was some evidence of construct validity for the instruments that 
measured improvement in audit scores following an intervention on the OHS 
program (Bunn et al., 2001; Glendon et al., 1992; LaMontagne et al., 2004; 
Pearse, 2002).  However, in all cases except that of LaMontagne et al. 
(2004), insufficient information was provided to judge whether auditor bias 
might have influenced the results.  Such bias can be a concern when the 
auditor is responsible for both delivering an intervention and measuring its 
effect using audit scores.  This was the concern of Eisner and Leger (1988) 
regarding the IRS auditing system used in mining in South Africa.  They 
thought auditor bias was strongly suggested by the high prevalence of 
maximum five-star ratings. 
 
This “ceiling effect” in the IRS scores, whether attributable to auditor bias or 
not, might have contributed to the inability of Eisner and Leger (1988) to 
detect a statistically significant correlation between the star rating and either 
injury rate or fatality rate.  It should be noted that their analysis was 
conducted with low statistical power.  In any case, the size of correlation 
between fatality rates and star status was small (Hemphill, 2003); between 
injury rates and star status, it was trivial.  The evidence provided by Eisner 
and Leger’s (1988) investigation of the construct validity of the IRS audit 
must therefore be considered weak at best.  
 
No study validated audits against a quantitative injury rate criterion.  
Uusitalo and Mattila (1989) reported the audit scores for two small groups of 
companies in two sectors.  One group had high injury rates; the other low.  
No statistical analysis was conducted, but examination of the raw data 
suggests that the audit had some ability to discriminate between the two 
groups of companies.  Notably, two sections of the audit were better at doing 
this than the remaining three sections. 
 
There was sufficient data provided in the Pearse (2002) and LaMontagne et 
al. (2004) articles to calculate an effect size statistic; i.e. the ratio of the 
change in mean audit score, relative to the baseline standard deviation 
(Beaton et al., 1997).  In both cases, the instruments demonstrated 
responsiveness, since the effect sizes were considered medium and medium-
large (Cohen, 1977), respectively.  It is difficult to know how impressive 
these findings are, since so little comparative information on audit 
instrument responsiveness is available.  They are a good size in relation to 
the changes seen in health status measurements of recovery from 
musculoskeletal disorders reported by Beaton et al. (1997). 
 
Interrater reliability was the measurement property for which the most 
evidence was found in the literature.  Kuusisto (2000) investigated this 
property in two audit instruments.  He found the interrater reliability was 
low (weighted kappa (κW) values from -0.03 to 0.46) when auditors with 
different cultural and professional backgrounds used a modified version of 
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the original Diekemper and Spartz (1970) method.  The range of interrater 
reliability was somewhat better when the auditors were more similar (κW 
from 0.36 to 0.83), but still had the potential to be only “fair” (Landis and 
Koch, 1977) at the low end of the range of agreement.  Kuusisto (2000) 
attempted to improve upon the D&S method by developing the MISHA 
instrument.  Weighted kappa values ranged from 0.38 to 0.58 (considered 
fair to moderate) when agreement between Kuusisto and selected individuals 
working in audited workplaces was determined.  This range of values is 
relatively low by the standards for research instruments, for which a 
reliability coefficient of 0.70 is generally sought.  In any case, the results for 
the MISHA instrument must be considered preliminary since they were 
investigated in only workplace for the final version of the instrument. 
 
The interrater reliability of the American Industrial Hygiene Association’s 
universal OHS management system audit was the focus of a study by Dyjack 
et al. (2003).  In spite of the expert qualifications of the two auditors in the 
project, the extreme similarity of their preparation, and the demonstrated 
content validity of the instrument, the agreement between raters was 
considered inadequate using several statistical criteria. 
 
3.2 Audits of safety management systems in high-hazard and high 

reliability operations  
Breakdowns in high-hazard processes7 such as chemical production or 
nuclear power generation have the potential for devastating consequences.  
Other processes such as aviation, rail travel, and marine transportation 
require that critical operations be very high in reliability to prevent sudden 
catastrophic losses.  These high-hazard and high reliability operations8 
require comprehensive safety management systems9 to ensure the protection 
of both workers and the public.  The evaluation of safety management 
systems for these high-risk processes requires special consideration, as “the 
absence of a very unlikely event is not, in itself, a sufficient indicator of 
good safety performance.” (EPSC, 1996)  Thus, the typical performance 
measures that focus on lagging indicators (e.g. accidents) have very limited 
or no utility.      
 
A number of terms are used to describe the assessment of safety 
management systems for high-hazard processes and high reliability 
operations.  Terms like “risk-based safety management auditing” as well as 
“probabilistic safety program auditing” include the auditing of both high-
hazard processes and high reliability operations.  “Process safety 
management system auditing,” or more simply “process safety auditing,” are 

                                                 
7  Also referred to as “high-hazard sites” and in some jurisdictions as “major hazard sites.” 
8 Also referred to as high reliability organizations (HROs).  HROs are considered to operate 
with nearly failure-free performance records.   
9  In the literature pertaining to high-hazard and high reliability operations the term “safety 
management systems” is commonly used as opposed to OHS management systems.   
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terms that focus only on high-hazard processes.  Although more limited in 
its definition and applications, process safety management system auditing is 
well described in the literature since a majority of high-risk processes 
involve production systems (mostly chemical but including biological and 
others hazardous energies and materials).  Process safety management 
system auditing refers to the systematic review of process safety 
management systems (CCPS, 1993)10.   
 
The assessment of high reliability operations is relatively new when 
compared with auditing of high-hazard processes.  Although differences 
exist between the two methods, they share many qualities, since both rely on 
the ability to predict potential future adverse incidents and their 
consequences.   
 
Before we can discuss the literature in this area, we will briefly review the 
basic elements and function of safety management systems and auditing for 
high-hazard processes and high reliability operations.   
 
Modern process safety management systems incorporate a number of 
elements embedded in a structural model that facilitates feedback and 
learning (Hale, 2003).  Typical program elements include written operating 
procedures, analysis and identification of hazards, process hazard analysis, 
risk analysis, employee training, prestart-up reviews, incident investigation, 
and compliance auditing.  Because of the inability to use the frequency of 
incidents as a measure of performance, a cornerstone of process safety 
management is the process hazard analysis (Roughton, 1993).   Process 
hazard analysis is the study of potentially hazardous situations associated 
with a process or specific activity, using qualitative techniques to identify 
weaknesses in design and operation (CCPS, 1993).   
 
Many regulations governing high-hazard sites insist that risk analysis be 
included in process safety management systems.  Risk analysis, which 
incorporates process hazard analysis, provides an estimate of risk by 
integrating information about scenarios, frequencies and consequences of 
accidents (Wang, 2004).  In the risk analysis procedure, each individual 
process is examined to determine potential hazards and possible scenarios; 
this is the process hazard analysis.  Information about the probability that 
any hazard scenarios (failures) will occur is obtained from databases.  The 
likely consequences of these hazard scenarios are obtained from historical 
information or predicted through computer modeling.  The probability of 
occurrence and the consequences for each hazard scenario are used in a risk 
evaluation of the process.  If the risk is acceptable, the risk analysis is 

                                                 
10  Process safety management is defined as “the application of management systems to the 
identification, understanding, and control of process hazards to prevent process-related 
incidents and injuries.” (CCPS, 1993)   
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complete.  If the risk is unacceptable, the process safety procedures are 
modified and the risk analysis is repeated.   
 
At this point, we feel the need to differentiate between safety management 
audits and methods of risk analysis and assessment.  Our definition of safety 
management audits of high-hazard processes and high reliability operations 
focuses on management functions.  However, most risk analyses and 
assessments focus on the technical elements of process safety.   
 
A brief review of the common risk analysis methods and their potential 
application in safety management system audits is important.  More detailed 
reviews of risk assessment and its roles in process safety management 
strategy and evaluation can be found in the literature (Le Coze, 2005; Frick, 
in press).   
 
Most specific risk analysis methods focus on equipment failure and 
procedures closely associated with potential accidents.  For example, 
HAZOP entails an examination of process piping and instrumentation to 
identify possible failures and the need for safeguards.  Some of the methods, 
such as Event Tree Analysis and Failure Modes and Effects Analysis include 
equipment failure and human errors as risk contributors.  Of these, Human 
Reliability Analysis and HAZOP11 have been adapted to include not only 
human errors at the operator level, but also management factors that may 
affect human performance and error.   
 
An important feature of these specific risk analysis methods is that their 
validity and reliability can be studied because of the availability of historical 
data for equipment failures and human error.  For example, Kirwan (1997) 
summarized 22 validation studies of nine methods of conducting Human 
Reliability Assessments.  The goal was to determine which methods were 
supported by empirical evidence, which were not, and which were in need of 
validation studies.  Although critical analysis of each of these validation 
studies is beyond the scope of this report, findings and recommendations 
from Kirwan’s (1997) review may be useful in discussing the reliability and 
validity of safety management audits for high-risk operations.   
 
Another important component of process safety management is quantitative 
risk assessment (QRA), also termed quantified risk assessment (Hurst et al., 
1994).  QRA involves a numerical evaluation of incident frequencies and 
consequences for an entire facility and relies upon specific hazard and risk 
analysis methods.  QRA, along with most methods of risk analysis, uses 
historical data and modeling as inputs to quantify the consequences of 
specific accidents (e.g. dispersion modeling of vapour plumes and predicted 

                                                 
11  An adaptation of HZOP that includes safety management process flows and safety 
management errors is termed “SCHAZOP” (Safety Culture Hazard and Operability) 
(Kennedy and Kirwan, 1998).   
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exposure concentrations).   It also allows for the determination of the major 
components of risk for a given plant along with their susceptibly to failure 
due to human factors and equipment failure.  QRA studies use information 
on failure rates and error rates obtained from databases.  Using these generic 
rates without consideration of the management systems is a limitation of 
most QRAs (Williams and Hurst, 1992).    
 
3.2.1 Management system auditing of high-hazard and high reliability 

operations   
There are a number of audit methodologies that have been used in high-
hazard industries and high reliability operations.  Fourteen of the articles 
retrieved for this review were identified as relevant for management systems 
auditing of high-hazard or high reliability operations.  A more detailed 
review of the 14 studies resulted in the exclusion of six because they did not 
meet the inclusion criteria.  Five of the six excluded (Hurst and Ratcliff, 
1994; Hurst et al., 1994; Ratcliff, 1993a; Ratcliff, 1993b; Ratcliff, 1993c) 
concerned the initial development of STATAS (Structured Audit Technique 
for the Assessment of Safety Management Systems) and little information 
on reliability and validity was provided.  Each of the studies that met the 
inclusion criteria are grouped below by audit name and discussed in 
chronological order.   
 
3.2.1.1 MANAGER 
A process safety management system evaluation technique called 
MANAGER was developed in 1986 for use in QRA in the chemical industry 
(Pitblado et al., 1990).  Subsequent versions of MANAGER reduced the 
number of questions to 114, revised the scoring system and included non-
linear effects on failure frequencies for plants that deviated from average.  
The revised questionnaire was structured into 12 broad topic areas that 
paralleled the major elements of the Center for Chemical Process Safety 
“Guidelines for Technical Management of Chemical Process Safety.”  In 
1990 the updated MANAGER audit included questions to more fully 
explore underlying principles of effective management (organizational 
implementation, problem definition, control and auditing).  The revised 
version also permitted both a qualitative and quantitative assessment of 
safety management system factors (Pitblado et al., 1990). 
 
Pitblado et al. (1990) provided a discussion of some of the applications of 
MANAGER as well as overall findings from about 30 facility assessments.  
The scoring system produces an overall score called the Management Factor 
(MF) and a MF of 1.0 is representative of an average plant.  The possible 
range of scores is from 0.1 for the best possible plant (10 times better than 
average) to 100 for a completely unsafe plant (100 times worse than 
average).   
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Among the 30 or so audits that have been conducted with MANAGER, the 
range of scores was from 0.5 to 8.0 (Pitblado et al., 1990).  The authors 
pointed out that the scores obtained for each plant, in virtually all cases, 
reflected the findings of Chemical Process Quantitative Risk Assessments.  
The sites that scored well were those operated by companies with a well-
known safety management culture, supported by OHS resources and 
information from large central safety organizations.  Smaller companies and 
those known for largely ignoring safety scored poorly.  The authors 
suggested that MANAGER might be an appropriate way to measure the 
quality of safety management systems and that findings could be combined 
with traditional quantitative risk assessment studies.  No data were provided 
that could be used to quantitatively assess the reliability of MANAGER.    
 
Williams and Hurst (1992) selected two similar major hazards sites to 
participate in a study to compare MANAGER audit scores to quantitative 
risk assessment results and other measures of safety performance.  The two 
sites were practically identical in terms of process and hazards (chlorine and 
sulfur dioxide hazards at both).  Both plants were parts of larger 
organizations (numerous plants and operations) and for each the day-to-day 
management operations were organized at the site.  Assessment of the safety 
management systems using MANAGER indicated that one plant was 
performing slightly better than the industrial average while one was slightly 
underperforming (MFs of 0.9 and 1.7, respectively).   
 
Quantified risk assessments for each of the two plants were as follows:  for 
the better managed plant, an individual risk of 1 x 10-5 per year at a distance 
of 290 m; for the somewhat less well-managed plant a risk of 1 x 10-5 at 400 
m.  Injury rates over a three-year period were also lower in the better-
managed plant.  The authors suggest that the findings using the MANAGER 
assessment were in the direction predicted and the difference in MFs was 
compatible with observed safety performance (Williams and Hurst, 1992).   
 
Although the MANAGER audit was quite widely used in the early 1990s, 
only the two studies on validity were identified in the review.  Both studies 
were largely descriptive and it is difficult to draw definitive conclusions 
about MANAGER’s validity from the findings.  The range of scores 
reported by Pitblado et al. (1990) indicted that the audit had sufficient 
variation in responses.   
 
The MANAGER technique was based on an extensive review of accident 
causation and best practices in process safety (Pitblado et al., 1990), thus it 
has substantial content validity. The case studies presented in the two 
articles provide evidence of construct validity.  It was reported that sites that 
scored well were those operated by companies known to have good process 
safety management systems and those who scored poorly were more likely 
to be less proactive in OHS safety (Pitblado et al., 1990).  In the two studies, 
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MANAGER audit scores compared well to QRA findings; although QRA 
findings are not an ideal outcome measure, their consistency with audit 
scores does provide evidence of validity for the MANAGER technique.    
 
3.2.1.2  PRIMA   
In the early 1990s, investigators from the UK Health & Safety Executive, 
Four Elements Ltd., VROM Int., and Norks Hydro began developing an 
auditing tool for the quantitative assessment of process safety management 
systems (PSMS) (Hurst et al., 1996).  Further development of this audit 
method produced an audit tool called PRIMA (Process Risk Management 
Audit) which had the following characteristics (Hurst et al., 1996): 

• eight key audit areas 
o Hazard review of design 
o Human factors review of maintenance 
o Checking/supervision of maintenance tasks 
o Routine inspection and maintenance 
o Human factors review of operations 
o Checking/supervision of construction/installation 
o Hazard review of operations 
o Checking/supervision of operations 

• a model of an ideal PSMS defined by the control and monitoring 
loop, which covers both the PSMS design, implementation, 
monitoring, and revision 

• a set of four key themes within each audit area 
• a question set which provides detailed questions to guide the auditor 
• an audit manual which describes the audit methodology and practical 

aspects of auditing 
• a calculation method to generate the modification factor 

 
The PRIMA system produces a range of outputs that include practical 
recommendations, individual assessments of each of the audit areas, and one 
quantitative output measure – the modification factor (Hurst et al., 1996).  
The audit system was developed so that the modification factor was 
compatible with and could be used to modify generic failure rate data used 
in QRA.    
 
Hurst et al. (1996) conducted a study at six major hazards sites in four 
European countries to test the hypothesis that positive safety attitudes and 
PSMS performance lead to low accident rates and low loss-of-containment 
incidence rates.  The Safety Attitude Questionnaire, containing attitude 
scales such as “workforce satisfaction”, “safety information” and “safe 
working procedures”, was distributed to participants at the six sites that were 
later audited using the PRIMA system.  Included in the questionnaire were 
items asking about the respondent’s involvement in incidents of any kind in 
the last 12 months.  This information was used to calculate each sites self-
reported accident rate.    
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Findings from correlation analyses provided no evidence of relationships 
between PRIMA results and lost-time injury rates or loss-of-containment 
rates.  A strong correlation between self-reported accident rates and PRIMA 
results was reported using data from six sites, although no findings from 
statistical tests were provided.   Self-reported accident rates were also 
correlated with the attitude scale scores, although the strength of the 
correlations was not as strong as those found in previous investigations 
(Hurst et al., 1996).  
 
The authors suggested that the self-reported accident rates were the most 
reliable outcome data available.  Lost-time injury and loss-of-containment 
rates were based on data not consistently defined across the six sites 
(internal company data).   The authors suggested that the strength of the 
PRIMA methods relates to its sound theoretical and statistical basis.  
However, they cautioned on its application for purposes of site comparisons 
across jurisdictions (i.e. cross-national) (Hurst et al., 1996). 
 
Nivolianitou and Papazoglou (1998) reported on the use of a revised version 
of PRIMA in assessing process safety management systems in two major 
hazard plants in Greece.  The audit team consisted of two engineering 
researchers with varied experience (between “little” and eight years) in risk 
assessment.  Both attended a two-week workshop on the PRIMA 
methodology.  The authors provided detailed findings for each of the eight 
audit areas and highlighted the deficiencies found.  They concluded that the 
methodology provided feedback that would substantially reduce process 
safety risks in the two plants.  No quantitative analyses were presented in 
this paper.        
 
The two articles on the PRIMA method do not provide information on 
interrater or test-retest reliability.  Modification factors using the PRIMA 
method did vary across six hazard sites providing an indication that the 
measure has adequate variation in response.  Although the authors caution 
on the use of the audit across jurisdictions, Nivolianitou and Papazoglou 
(1998) argue that this is not a limiting factor in its use, as the method is 
based on fundamental process safety management principles.  Both articles 
discussed the usefulness of the written assessments and practical 
recommendations provided through the PRIMA audit and this provides an 
indication of the method’s content validity.  Construct validity was assessed 
by Hurst et al. (1996) and the findings were generally very positive.    
 
3.2.1.3 Assessment of management of maintenance (not named)   
Approximately 30 per cent of fatal accidents in the chemical industry have 
been linked to maintenance activities (UK Health and Safety Executive as 
cited in Hale et al., 1998).  Hale et al. (1998) studied the management of 
safety in maintenance activities in the chemical process industry in the 
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Netherlands and developed a theoretical safety maintenance model.  Their 
model was subjected to peer review by consulting with maintenance experts 
in five highly reputable organizations known for their outstanding process 
and maintenance safety management.  The theoretical model was then used 
to derive three assessment instruments for the quality of maintenance 
management in the process industry:  (1) a template to assess available data 
from reported accidents and incidents; (2) a set of audit questions for an in-
depth evaluation of maintenance in eight case study companies; and (3) a 
questionnaire to be sent to all major hazard plant in the Netherlands to gain 
an insight into management systems across the country.    
 
Hale et al. (1998) presented the findings from an investigation that applied 
the three instruments described above.  Only findings from the audit 
component are discussed here.  The audit instrument contained questions 
that covered each of the 16 blocks in the theoretical safety maintenance 
model.  The blocks could be categorized into the following management 
system levels:  policy, planning and procedures, and execution and 
feedback.  Audits of each of the eight companies were carried out by two 
auditors independently; the duration of audits ranged from one to three days 
depending on the size of the company (Hale et al., 1998).  Audit reports 
were quite detailed and averaged 12 pages in length.  The reports were used 
as a basis for scoring each of the eight aspects of maintenance safety 
management.  For each of the eight aspects, auditors assigned a score of 0 to 
3 in relation to the aspect’s application in practice and the company’s 
systematic approach to that aspect.  The authors provided mean scores 
obtained from the auditors for each aspect and noted little discordance 
between the auditors’ scores.  No differences in scores greater than one point 
were observed (Hale et al., 1998).  
 
Hale et al’s. (1998) audit of management of safety in maintenance appears to 
have preliminary findings that its interrater reliability is not unreasonable. 
No findings or data were provided that would allow reviewers to conduct 
any quantitative tests of reliability.  The content validity of the audit also 
appears to be high as the audit was derived directly from a newly developed 
model of management of safety in maintenance that was well supported by 
past research (this included analysis of data on maintenance accidents).   
 
3.2.1.4 Safety Management Assessment System (SMAS)   
As discussed previously, high reliability organizations such as those in the 
marine sector (e.g. marine terminals, offshore platforms, shipping) have 
unique challenges in ensuring sustainable, safe operations.  Hee et al. 
(1999), through a review of the literature, identified five characteristics of 
high reliability organizations that are crucial for long-term avoidance of 
accidents.  These are: 1) process auditing, 2) appropriate reward systems, 3) 
high standards of quality, 4) appropriate risk perception, and 5) command 
and control functions. SMAS was developed as a screening method to assess 
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safety management systems in marine organizations by comparing them to 
these characteristics of high performing, high reliability organizations.   
 
In their preliminary review prior to the development of SMAS, Hee et al. 
(1999) noted that the attribution of human and organizational errors to 
accidents in high reliability organizations has increased as equipment 
reliability has improved.   For example, in marine systems such as offshore 
platforms, organizational errors are said to cause or contribute to over 80 per 
cent of accidents (Hee et al., 1999).   They suggest that when both human 
and organizational factors are considered, they account for up to 99 per cent 
of reported accidents in the marine industry.  The SMAS audit focuses on 
identifying and providing feedback on human and organizational factors that 
differentiates it from other assessment instruments.  Another important 
feature of the audit is that it incorporates system operators as assessors and 
thus is, in large part, a self-assessment instrument.   
 
A field test using SMAS consisted of two independent assessment teams 
completing audits of one marine terminal in California (Hee et al., 1999).  
The five-day audit assessed 140 “attributes” grouped into seven modules: 
structure, procedures, organization, operating team, interfaces, 
equipment/hardware, and environmental.  The authors examined differences 
in scores between the two teams for each of the audit’s seven modules.  On a 
scale of one to seven, differences in scores between the auditors were less 
than 0.3 for six of the seven modules.   The score difference for the 
environmental module was 1.3; a closer examination of the scores for this 
module, which was based on only four attributes, showed that the 
assessment teams differed only in their evaluation of how social influences 
(e.g. the media) may affect operator performance.   
 
The reliability of SMAS was determined by comparing a frequency 
distribution of score differences (between assessment teams) to two 
frequency distributions of score differences generated using a Monte Carlo 
Simulation (Hee et al., 1999).  A comparison of the actual and random 
difference distributions showed that the actual distribution had an over 50  
per cent larger (65 to 42) number of zero differences than the randomly 
generated distributions.  Although the p-value was not provided, the authors 
report “greater consistency than randomness.”  
 
From the data provided by Hee et al. (1999) a preliminary, minimal level of 
interrater reliability of SMAS was established.  The authors did note that 
assessment teams attended the same training course and there were some 
overlaps in the times that both teams were visiting the marine terminal; these 
circumstances may have helped ensure the observed level of consistency 
between raters. Content validity of SMAS was not discussed by Hee et al. 
(1999) but is expected to be high based on their review of the literature in 
the area and their conceptual framework.  Comments from assessment team 
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members (all who were well qualified) were used to modify attributes thus 
increasing content validity of the final audit.   
 
3.2.1.5 I-Risk 
Both the MANAGER and PRIMA systems attempt to link QRA to safety 
management assessment.  In contrast, Papazoglou et al. (2003) present an 
evaluation methodology that integrates a QRA model and a process safety 
management system model.  The I-Risk audit methodology advances the 
state-of-the art by employing detailed technical models for estimating the 
frequencies of releases in terms of parameters that characterize the 
stochastic12 aspects of performance hardware and humans as well as human 
systems (i.e. management systems). 
 
The objective of the I-Risk methodology is to “quantify the effect of the 
safety management system of a hazardous installation on the risk” 
(Papazoglou et al., 2003).  The method integrates three well-supported 
theoretical models:  1) a technical model containing a probabilistic safety 
assessment, 2) a detailed management model covering all aspects of a 
process safety management system, and 3) a management-technical interface 
model which uses quantitative information from the technical and 
management models to provide an integrated assessment of risk.  A safety 
management system audit is the instrument used to obtain data for the 
management model.   
 
Papazoglou et al. (2003) presented the findings from a case study of the 
application of the I-Risk for assessing the integrated risk of loss containment 
for an ammonia storage facility.  Two auditors visited the facility, reviewed 
company documents, and interviewed 22 people.  The strategy for 
conducting the audit was refined after meetings between the technical and 
management teams of I-Risk along with information provided by the 
company.  Each auditor assigned scores from zero to ten for each of 51 
topics.  Results from the audit were used to develop modification factors that 
were then applied to the technical parameters derived from the technical 
model component of I-Risk. 
 
A detailed assessment of the reliability or validity of the I-Risk safety 
management system audit was not part of the case study presented by 
Papazoglou et al. (2003).  However, the authors reported reasonable 
concordance in the auditors’ ratings.  Eightyfive per cent of the scores 
assigned by the two independent auditors were identical or within plus or 
minus one point on an 11-point scale (0 to 10) and only three per cent were 
more that two points apart (Papazoglou et al., 2003).   
 
The I-Risk safety management system audit appears to have reasonable 
interrater reliability based on the findings presented by Papazoglou et al. 
                                                 
12 Random or probabilistic.   
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(2003).   The case study was not designed to be an extensive reliability or 
validation investigation and is weak in terms of providing evidence for this 
review.  Content validity of the I-Risk audit appears to be reasonable 
although the development of the instrument was not described in detail.  
Criterion or construct validity was not addressed in the case study 
(Papazoglou et al., 2003). 
 
3.2.1.6 Summary – Reliability and validity of safety management 

system auditing of high-hazard and high reliability operations 
Surprisingly little research has been published on the validity or reliability of 
auditing of safety management systems in high-risk operations.  Despite the 
lack of evidence, audits are widely used, and, in fact, are required in 
numerous regulations governing high-hazard processes.  For example, 
European Union Directive 96/82/EC for the control of major-accident 
hazards, the so called Seveso II directive, requires that major hazard 
companies implement auditable safety management systems (Papazoglou et 
al., 2003).  Other countries have similar regulations and best practices in 
both high reliability organizations and high-hazard industries highly 
recommend auditable safety management systems.   
 
The eight studies reviewed indicate the low overall quality of evidence on 
the reliability of auditing of safety management systems for high-risk 
operations.  Most of the studies focused on the development and initial field-
testing of the audit methodology.  Therefore, it is not surprising the study 
designs were generally weak.  Although a number of the studies reported 
results of audits conducted by independent assessors (Hale et al., 1998; Hee 
et al., 1999; Papazoglou et al., 2003), no formal tests of reliability were 
reported. None of the studies reported on the consistency of audit results 
over time so no evidence is available on the test-retest reliability of any of 
the audit instruments.   
 
The studies did provide some evidence for the content validity of the 
auditing methods.   All the audit methods were well supported by past 
reviews of accident causation and most authors presented theoretical 
frameworks for the derivation of audit measurements.  The comparison of 
audit findings to other OHS performance indicators was performed in 
studies of MANAGER (Pitblado et al., 1990) and PRIMA (Hurst et al., 
1996).  Findings from these comparisons were positive and this provided 
some evidence of construct validity for these audit instruments.  The 
findings for construct validity should be interpreted with caution because 
typical indicators of safety performance (e.g. rates of accidents) have limited 
relevance13 in the evaluation of safety management systems in high-hazard 
operations or high reliability organizations.    

                                                 
13 Relevance is limited because process safety management focuses on high risk aspects of 
process operations not general OHS.    
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4. Discussion 

4.1 State of the evidence regarding the reliability and validity of 
audits 

The authors found very little literature that examined the reliability and 
validity of audits.  Among the literature discussed here, few had the primary 
intent to specifically look at the measurement properties of the instruments. 
  
Being a narrative review, the authors did not set out to systematically assess 
the methodological quality of the literature.  However, it can be stated that 
the quality was not strong.  The highest quality work appeared to be 
associated with graduate theses. 
   
This paucity of literature might result from the literature search not being 
exhaustive.  However, other researchers have had similar experiences.  In 
1988, Eisner and Leger remarked that, “A thorough search of the scientific 
literature on occupational safety and health failed to discover any 
publication evaluating the [ISR] scheme” by academic authorities (p. 143).  
Dyjack and Levine (1996) said, “The authors have been unable to identify 
published studies evaluating the accuracy and repeatability of either publicly 
or privately held occupational health and safety assessment instruments.”  
Two years later, the same research group had a similar statement about audit 
reliability when their paper on the subject was published (Dyjack et al., 
1998, p. 790). 
 
Certainly there are obstacles to conducting validity studies that compare 
audit scores against a criterion like injury rate.  Resource availability is one 
challenge, since audits often require several days on site.  Availability and 
comparability of criterion data across work sites can sometimes be an issue, 
especially for the high-hazard processes and high reliability organizations.  
There are likely fewer obstacles to conducting studies of other measurement 
properties, such as content validity, interrater reliability and responsiveness. 
 
The review found some reports of audit tools demonstrating their content 
validity.  Other reports were surprisingly lacking in this information, even 
when the audit tool was their focus.  It seems that this issue is not well 
appreciated in some circles.  Perhaps the literature from other fields could 
offer some guidance (e.g. Ware, 1987). 
 
Interrater reliability was studied in the literature concerned with OHS 
management audits.  Agreement among raters was often surprisingly low.  
Interrater reliability was studied in only a preliminary manner in the 
literature concerned with audits of high-hazard processes and high reliability 
organizations.  It raises the question of whether this concept is little known 

Occupational Health and Safety Management Audit Instruments: 31 
A Literature Review 



among experts studying these types of organizations.  None of the reviewed 
articles in either stream of literature considered test-retest reliability.   
 
Audit instrument responsiveness to changes in the OHS program was never 
studied directly, but some studies provided data that allowed the calculation 
of effect sizes, which ranged from medium to medium-large (Cohen, 1977).  
 
Construct validity was demonstrated in a couple of studies through a 
comparison or correlation of audit scores and outcome criteria like injury 
rates.  In others, consistent with prediction, audit scores were shown to 
increase in response to an OHS intervention.  There is room for further 
attempts at construct validation in the literature.  The relationship between 
audit scores and other measures of organizational OHS performance (e.g. 
safety climate) could be investigated. 
 
Given the common use of audit instruments, there is ample room in the 
literature for more information about their measurement properties.   
 
4.2 Limitations of the review 
A limitation of this review is that the literature search was not exhaustive 
and relevant information may have been missed.  However, as noted above, 
others have found the research literature sparse in the area of OHS 
management audit reliability and validity.  On the other hand, the authors are 
not confident that the evidence available in the research literature on audits 
on high-hazard processes and high reliability organizations is thoroughly 
represented here.  If these types of audits had been of primary interest to us, 
the bibliographic databases would have been selected to include more 
engineering sources.   
 
There might be relevant information situated outside of the research 
literature, but no attempt was made to access this information.   
 
Another limitation of the review is that it was not a systematic review.  The 
literature search was nevertheless quite thorough on the subject of OHS 
management audits.  The same search strategy was systematically applied to 
all databases.  In contrast to systematic reviews, no attempt was made to 
systematically assess the quality of the literature or separate the “best 
evidence” from the pool of limited evidence.  However, the authors have 
flagged a number of the quality issues for particular publications throughout 
this report.   
 
4.3 Practical implications of review findings 
In the case of OHS management system—based audits, the findings raise 
questions about instruments in common use.  It appears that a good deal of 
effort goes into developing the content for many of the audit tools reviewed.  
Unfortunately, a lot of this effort is not documented well, so content validity 
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often remains uncertain.  It would be helpful if authors went into more detail 
about the conceptual models and definitions that guided their work, as well 
as the process used to draw upon expert opinion. 
   
Given the available findings, it is conceivable that some of the audit 
instruments in common use have low interrater reliability.  This is not a 
large concern when instruments are used to make a baseline assessment or 
initial diagnosis of an organization.  It is a concern, however, when audits 
are used to determine whether an organization has met a particular standard, 
since it could result in the inappropriate withholding or awarding of an 
accreditation.  Low reliability would also be a concern when audits are used 
to monitor an organization on an ongoing basis, especially since they are 
carried out infrequently.  Poor agreement between the auditors used over 
time could generate a false picture of the progress being made in an 
organization. 
 
There has been little study of audit results in conjunction with outcome 
criteria.  A database with both quantitative audit scores and OHS outcomes 
would provide the basis for the weighting used in scoring different sections 
of a quantitative audit instrument. 
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5. Conclusions 

There is little published research information on the measurement properties 
of OHS management audits.  The evidence that is available is often weak in 
quality.  
 
The issue of audit content validity did not seem to be appreciated by many 
authors. There were cases where the focus of the publication was the audit 
tool itself, but little information on the basis for the audit tool’s content was 
provided. 
 
Reports of audits being validated using outcome measures like injury rates 
are rare in the literature.  Yet, this is an important approach to audit tool 
validation.  While there are real difficulties in carrying this out in the high-
hazard and high reliability processes, the challenges are less formidable in 
other industries.  Analyses of audit results and injury rates could not only 
help the process of validation, but also assist in audit development. It could 
provide an empirical basis for the weighting of particular sections of the 
audit. 
 
Construct validity has also been demonstrated in studies where the audit 
score was found to increase following an intervention on the OHS 
management system.  There is still the scope for further studies of construct 
validity, such as a comparison of audit scores and results from employee 
safety climate surveys. 
 
In the few cases where interrater reliability has been systematically 
examined in OHS management audits, it has often been found to be 
surprisingly low.  This occurred even when the tool had superior content 
validity.  Low interrater reliability is not a large concern for audits used only 
for initial diagnostic purposes.  It is a concern when audits are used to 
measure ongoing progress in the development of an OHS management 
system and when they are used to certify a certain level of OHS 
management system quality.  There should therefore be a greater expectation 
for reports on the reliability of audits used for such purposes ― both in 
research studies and in the “real world.” 
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Appendix: Organizing structure of OHS management audits 
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Diekemper and Spartz (D&S) method 
(Diekemper and Spartz, 1970;  Kuusisto, 
2000) 

MISHA (Kuusisto, 2000) IRS system, 4th edition (Collison and Booth, 
1993) 

Organization and administration  
Industrial hazard control 
Fire control and industrial hygiene 
Supervisory participation, motivation and 
training  
Accident investigation, statistics and 
reporting procedures 
 

Organization and administration 
     Safety policy 
     Safety activities in practice 
     Personnel management 
Training and motivation 
     Safety training of the personnel 
     Work instructions 
     Incentives to safe work practices 
     Communication 
Work environment 
     Physical work environment 
     Psychological work environment 
     Analysis of the work environment 
Follow-up 
     Occupational illnesses 
     Occupational accidents 
     Occupational diseases 
     Work ability of the personnel 
     Social work environment 
 

Leadership and administration 
Management and training 
Planned inspections 
Job/task analysis and procedures 
Accident/incident investigation 
Job/task observations 
Organizational rules 
Emergency preparedness 
Accident/incident analysis 
Employee training 
Personal protective equipment 
Health control and services 
Program evaluation system 
Purchasing & engineering controls 
Personal communications 
Group meetings 
General promotion 
Hiring and placement 
Records and reports 
Off-the-job safety 
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IRS system for mining (Eisner and Leger, 
1988) 

CHASE-II, 4th version (Collison and Booth, 
1993) 

Adaptation of OSHA’s Program Evaluation 
Profile  (LaMontagne et al., 2004) 

Leadership and administration 
Management training 
Planned inspections 
Rules and regulations 
Accident/incident investigation 
Accident/incident analysis 
Emergency preparedness 
Care of the injured and ill 
Task analysis and procedures 
Skill training 
Planned task observations 
Protective equipment 
Program monitoring system 
Group meetings 
Off-the-job safety  
Purchasing and engineering controls 
General promotion 
Physical capability screening and monitoring 
Physical conditions 
Compliance with recommended safe practices 

Management of legal requirements and 
resources 
Management of tools, equipment, fixtures and 
fittings 
Management of machinery and plant 
Management of chemicals and substances 
Management of vehicles 
Management of energy 
Management of health 
Management of tasks 
Management of people 
Monitoring and feedback for health and safety 
Management of change 
Management of emergencies and special cases 
 

Management commitment and employee 
participation 
Workplace analysis 
Hazard prevention and control 
OSH training and education 
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Goodyear Tire and Rubber Company audits 
(Dyjack et al., 1998) 

Modified version of Goodyear Tire and 
Rubber Company audit (Bunn et al., 
2001) 

AS/NZS 4804-based audit for small- 
and medium-sized organizations 
(Pearse, 2002) 

Safety Systems 
Management organization, participation, and 
administration 
Record keeping/statistics/files 
Incident investigation 
Operator work rules and procedures 
Operator safety training 
Safety compliance/control of hazardous energy 
Safety management development 
Communications 
Ergonomics 
Approval of machines, equipment, materials, and 
processes 
General safety promotion 
Off-the-job safety 
Proactive safety systems/processes 
Industrial Systems 
Leadership and administration 
Industrial hygiene activities 
Hazardous communications 
Noise 
Personal protective equipment 
Confined space 
Respiratory protection 
Special procedures 
Medical services 
Ventilation 
Radiation 
Heat stress 

Management organization, participation, 
and administration 
Training, compensation 
Operation procedures and programs 
Compliance programs 
Risk reduction, continuous improvement 
Medical/first-aid services 
Health promotion and wellness 
General walk-around observations 

Management commitment and policy 
Responsibility and accountability 
Risk management 
Purchasing and contractors 
OHS training and education 
Emergency planning 
Performance indicators and records 
Workplace injury management 
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AIHA ISO 9001 harmonized OHS management system (Dyjack et al., 1998) AIHA Universal OHSMS performance assessment tool 
(Redinger and Levine, 1998) 

OHS management responsibility 
OHS management systems 
OHS compliance and conformance review 
OHS design and control 
OHS document and data control 
Purchasing 
OHS communication systems 
OHS hazard identification and traceability 
Process control for OHS 
OHS inspection and evaluation  
Control of OHS inspection, measuring and testing equipment 
OHS inspection and evaluation status 
Control of nonconforming OHS processes and devices 
OHS corrective and preventive action 
Handling, storage, and packaging of hazardous materials 
Control of OHS records 
Internal OHS management system audits 
OHS training 
Operations and maintenance services 
Statistical services 

Management commitment and resources 
   Regulatory compliance and system conformance 
   Accountability, responsibility, and authority 
Employee participation 
Occupational health and safety policy 
Goals and objectives 
Performance measures 
System planning and development 
   Baseline evaluation and hazard/risk assessment 
OHSMS manual and procedures 
Training system 
   Technical expertise and personnel qualifications 
Hazard control system 
   Process design 
   Emergency preparedness and response system 
   Hazardous agent management system 
Preventive and corrective action system 
Procurement and contracting 
Communication system 
   Document and record management system 
Evaluation system 
   Auditing and self-inspection 
   Incident investigation and root cause analysis 
   Medical program and surveillance 
Continual improvement 
Integration 
Management review 
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