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EXECUTIVE SUMMARY 
 
The main objective of the review was to undertake an evaluation of the literature base on intervention 
studies within the field of health and safety management.  The purpose of this was to identify the current 
best-practice evidence-base so as to inform research design which could then be used to evaluate whether 
change could be detected in health and safety performance when a health and safety management system 
was introduced to the healthcare sector[1]. 
 
A noticeable general finding was that, despite regular overlapping of the publication years of the articles 
examined, few of the published reviews evaluated the same studies.  Reasons for this are unclear but 
might be related to the multidisciplinary nature of the subject area and the breadth and depth of the 
literature. 
 
Results from the evaluation of literature relating to evaluation of health and safety performance identified 
four main approaches.  These included those methods, which could be used in an objective manner (such 
as those based on audit or incident data; subjective measures of safety climate/culture; economic 
evaluations; and methods that used more than one type of method.   
 
It was intended to use a method developed by HSE, which was based on the use of incident data to 
evaluate health and safety performance.  This method was used to link analysis of incidents to the health 
and safety management system of an organisation, an attribute that was not present in any of the other 
methods reviewed.  The most suitable method that used subjective methods was identified as the 
Loughborough Safety Climate Assessment Toolkit, which had been based on a systems approach to 
organisational culture, which had been extensively validated.  It was judged appropriate to include a 
costing aspect and also to use more than one type of method. 
 
A systems based management intervention in the form of a workbook had been developed and it was 
intended to use this as a research intervention.  The review considered that four factors should be 
considered as part of the intervention.  There were: that the intervention was not overly generic; that it 
should be straightforward to use; that measures were taken to ensure that it produced an effect strong 
enough to be detected; and that consideration be given to the use of methods based on behavioural 
models. 
 
The review of research designs suitable for measuring change in health and safety performance concluded 
that there exist in the literature base severe limitations in scientific rigor relating to impact evaluations of 
health and safety interventions.  A possible reason for this was thought to be that the subjective benefits 
of health and safety intervention programmes have been so impressive and the likelihood of impressive 
effects so great that there have been few demands for more reliable data[1].  
 
Other factors that may have also contributed to the lack of a robust literature base included: 
 
� A general lack of scientific training for safety practitioners[2, 3]; 
� A general lack of funding for evaluation research[4, 5]; 
� Ethical issues relating to research designs that might withhold risk control measures from 

control groups[6]; 
� The pragmatic nature of health and safety[7]; 
� Rule-driven basis of prevention strategies[8, 9]. 
 
The future ability to conduct meta-analyses will continue to be affected by these limitations.  Hillage et 
al[10] suggested a comprehensive strategy for improving the evidence base, including ensuring 
evaluation was included in the planning of interventions; developing a stronger evidence base by 
conducting more systematic reviews and meta-analyses; and adopting minimum standards.  Worthen[11] 
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has predicted that the use of evaluation will increase in years to come and the approaches used will evolve 
to become more suited to applications within occupational health and safety. 
 
Taking into account the findings of the literature review, it has been concluded that a suitable research 
design should posses the following features:   
 
� A base of currently accepted UK national guidance on safety management; 
� An economic evaluation component; 
� A linkage between the causes of incidents and accidents to the health and safety management system;  
� An intervention in the form of written guidance or work book format, supplemented by an 

educational component; 
� A quasi-experimental or experimental design with baseline measurements; 
� A comparison group; 
� Random sampling where possible; 
� Validated methods; 
� A control strategy for potential inter and intra-observer bias; 
� More than one performance evaluation method including both objective and subjective methods; 
� An attempt to correlate the results of the performance evaluation methods (triangulation); 
� Sample sizes of sufficient size to allow statistical inferences to be made, where possible; 
� Validity checks to ensure that pooling of data from different sites was appropriate before proceeding 

with analysis. 
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INTRODUCTION 
 
The research described in this report was funded by a joint partnership between HSE and SEDoH.  The 
HSE had invested considerable resources in developing a methodology, which enabled the identification 
of health and safety management root causes and costs of incidents.  They were interested in primary 
research that used the methodology, so as to inform decisions as to potential future applications.  The 
SEDoH were interested in the improvement of health and safety management within the healthcare sector.  
The workbook designed by the author was intended to do this by assisting line managers with their health 
and safety management responsibilities.  SEDoH were also interested in whether use of this tool could 
help to improve health and safety management performance in the healthcare sector. 
 
In this context there were three research objectives for a critical in-depth review of the literature 
identified.  These were: 
 
Literature Review Objective 1:  
To identify suitable measures for evaluating health and safety performance; 
 
Literature Review Objective 2:  
To evaluate the design of interventions to improve health and safety management performance; 
 
Literature Review Objective 3:  
To identify a suitable design for a research study to measure change in health and safety performance. 
 
This report will address these objectives by drawing from the body of published work.  The review has 
three parts: 
 
Section  1: describes the methods used to conduct the literature review; 
 
Section 2: contains the findings of the literature review, grouped against each of the three literature 
review objectives; 
 
Section 3: contains conclusions about the implications of the findings for research designs most suited to 
achieving the overall research objectives identified in Chapter 1. 
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1. LITERATURE REVIEW METHODOLOGY 
 
As observed by others[5, 12-16] an issue for researchers in occupational health and safety management is 
the breadth and depth of the literature, which is spread across several disciplines.  Therefore, the search 
was carried out across professional and scientific disciplines, and included several different data sources 
and literature collections (listed below). 
 
The review was conducted during parts of 2002 and 2003.  Relevant studies were retrieved, using a 
systematic approach.  Searches were restricted to articles in English, and conducted using combinations of 
the following search words: 
 

Accident, Assessment, Change, Evaluation, Impact, Incident, Intervention, Management, 
Measurement, Meta-analysis, Prevention, Review, Root-cause, and Safety.  

 
The following sources of information were used: 
 
� Biomedical: – BioMedNet; Cambridge Scientific Abstracts (CSA); Cochrane Library; Cumulative 

Index to Nursing and Allied Health (CINAHL) Database; Internet Database Service; MEDLINE; 
NeLH; OVID.  

� General – Emerald Fulltext; Emerald Management Reviews; Ingenta Services; NESLI (National 
Electronic Site Licence Initiative); ZETOC –BL. 

� Government: – Canada – EU Cooperation on Workplace Safety & Health (www.eu-ccohs.org/); 
Department of Health (http://www.doh.gov.uk); European Agency for Safety & health at Work 
(http://europe.osha.eu.int/); Health & Safety Executive (http://www.hse.gov.uk/); International 
Labour Organisation (ILO) (http://www.ilo.org/); National Institute for Occupational Safety & Health 
(NIOSH) (http://www.cdc.gov/niosh/homepage.html); Scottish Executive Publications online.  

� Health & Safety: -Directory of Occupational Health and Environmental Hygiene Links 
(http://www.agius.com/hew/links); Embase (covering occupational health, environmental health and 
ergonomics databases); International Occupational Safety and Health Information Centre (CIS); The 
Institution of Occupational Safety & Health (http://www.iosh.co.uk).  

� Life Sciences: – Edina CAB Abstracts; ISI Web of Science Citation databases. 
� Science & Engineering: – EDINA Compendex (indexes to engineering articles and conference 

proceedings); European Network for Process Safety (SAFETYNET)(http://www.safetynet.de/); 
Science Direct. 

� Social science: – Applied Social Sciences Index and Abstracts (ASSIA); BIDS International 
Bibliography of the Social Sciences (IBSS); PsychINFO.  

 
Additional information was obtained by checking author names and key publications via citation indices.   
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2. FINDINGS 
 
The identified publications are discussed in subsequent sections.  However, a noticeable general feature 
was that, despite regular overlapping of the publication years of the articles examined, few of the 
published reviews evaluated the same studies.  For example Livingston et al[17] did not cite the same 
work on accident causation theories published earlier by a study group commissioned by the Advisory 
Committee on the Safety of Nuclear Installations (ACSNI)[14] despite having clear objectives to review 
occupational health and safety-related intervention studies.  Reasons for this are unclear, but one possible 
cause could have been the multidisciplinary nature of the subject area and the breadth and depth of the 
literature.  This was supported by the conclusions reached by other researchers (identified earlier in 
Section 2.1.). 
 
2.1. Literature review objective 1 (To identify suitable measures for evaluating health and safety 

performance) 
 
Four main approaches to health and safety performance evaluation were identified.  They were: 
 
• 

• 

• 

• 

                                                          

Methods that could be used in an objective manner, such as those based on audit or incident data; 
Subjective methods such as safety culture/climate evaluations; 
Economic evaluations; 
Methods that used more than one type of method. 

 
Each will be considered in turn below. 
 
2.1.1. Performance evaluation methods that could be used in an objective manner.   
 
It was intended to use the method developed by HSE, which was based on the analysis of incident data.  
There was a large literature base identified on the use of incident data to evaluate health and safety 
performance.  There was also a large literature on methods that were based on the use of audit.  
Advantages and limitations of both approaches are discussed below.  
 
Methods based on the analysis of incident data. 
To develop the method to be used in this research, HSE used the findings of a review by Livingston et 
al[17] as the basis of their methodology, which used incident investigation to link root cause analysis with 
failures in the health and safety management system[18].   
 
Root cause analysis was at the core of the clinical risk management agenda of the UK NHS[19-22].  The 
use of methods based on root cause analysis would therefore be complementary to other NHS initiatives 
and a potentially useful research tool for evaluating health and safety performance in the NHS. 
 
Based on events and causal factors charting[17], the HSE method was designed to be applicable to a wide 
range of industries.  The method represented a potentially powerful novel tool with which to evaluate 
health and safety performance, so far as it related to the UK system for health and safety management.  
Other evaluation methods were identified[17, 23-26] but none included this aspect. 
 
So far as limitations to using incident investigation as a performance indicator was concerned, a major 
potential source of bias was the degree of intra- or inter- investigator consistency.  
 
In 2002 the National Patient Safety Agency (NPSA)a published an evaluation of a six-month feasibility 
study into the key requirements for managing, reporting, analysing and learning from adverse patient 

 
a The NPSA was established as a Special Health Authority in July 2001, with a remit for the co-ordination, reporting 
and assessment of adverse events occurring in the NHS in England and Wales. 
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incidents[19, 20, 27, 28].  Cowan[29] highlighted the practical challenges of achieving consistency in the 
investigation of adverse clinical incidents and commented that this factor remained an unresolved issue 
between and within NHS organisations.  Other researchers have supported this conclusion.  Examples are 
given below (listed alphabetically by author): 
 
� The ACSNI Study Group[14] concluded that investigation outcome was linked to the beliefs of each 

investigator.  A simplistic concept of a single primary accident cause as opposed to belief in a 
multiple causation model were thought likely to affect the approach taken by the investigator, and 
affect the conclusions reached;  

� Chilton et al[13] identified an extensive literature base from the 1980s and 1990s, supporting the 
theory that both experts and novices exhibited systematic biases in their health and safety 
assessments, with strong evidence that experts may have become over-confident.  The outcome of 
these assessments was also thought to be dependent on the background and experience of the 
assessor; 

� Hartley and Booth[30] evaluated a range of occupational health and safety specialists from different 
professional disciplines (e.g. safety, occupational hygiene, ergonomics, occupational health nursing) 
as they undertook a simulated risk assessment task.  They found that the professions used different 
approaches and formed widely different conclusions.  There were also significant variations within 
each professional group; 

� Henderson et al [31] found wide variation in approaches to incident investigation and concluded that 
the current UK national standard of incident investigation was poor.  They examined whether these 
differences were likely to affect the outcome of investigations and concluded that the main limitation 
was the likelihood that underlying causes would be identified inconsistently; 

� Rakel et al[32] highlighted problems in achieving consistency of findings between UK HSE field 
inspectors following health and safety inspections.  The research team attempted to guide and 
standardise the approach taken by the inspectors but this led to frustrations and tensions between the 
team and the inspectors.  The issue remained unresolved and prevented detailed analysis of the data; 

� Scherer et al[33] found statistically significant differences (p<0.01) between both the approach and 
outcomes of two different approaches to safety inspections conducted by enforcing officers from 
State and Federal agencies in the USA. 

 
In addition, some authors have cautioned against using rates within safety incentive programmes because 
of the difficulty of benchmarking created by different reporting cultures within organisations, especially 
where frequency targets are imposed or safety incentives exist[34, 35].   
 
It was clear that evaluation methods that used techniques of incident investigation or workplace 
inspection should attempt to control for sources of inter- and intra-investigator bias.   
 
Another significant limitation of the use of incident data as a performance measurement method was the 
potential for differences in incident reporting conventions between and within organisations.  Kjellen 
suggested four obstacles (i.e. economic, methodological, psychological, and organisational) that could 
affect whether an incident is reported or not[36].  This could be further confounded by the possibility that, 
as staff became more aware of health and safety, they might tend to report more incidents[37].  This 
effect could have a profound confounding effect on performance evaluation.  The main method to control 
for this risk would be to use more than one evaluation method, preferably linked via triangulation (see 
section 2.2.3.)   
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Because of the risk of inconsistent identification of underlying causes[31] ensuring a consistent approach 
was recognised as important.  Since it was widely accepted that the causes of incidents were related to 
health and safety management[38-40], it followed that reliable identification of causal factors linked with 
aspects of health and safety management systems could potentially offer the possibility for identifying 
management remedial actions which might reduce the occurrence of incidents.   
 
None of the identified methods attempted to link analysis of incidents to the health and safety 
management system of an organisation, a finding also noted by Hale et al[41].  Within the NHS this was 
thought to be a negative feature since there were strong drivers to ensure robust health and safety 
management systems were developed[38, 42-45].  An evaluation method that was linked to the health and 
safety management system would also be more likely to be understood by staff working in the NHS.  
Therefore the HSE method was the only method, which could be used for this purpose. 
 
Methods based on the use of audit 
The use of audit has been well established since the 1970s as a means to evaluate health and safety 
management performance[37, 46].  Audit has been described as a systematic process whereby a 
comparison is made between the audit standard and the actual situation in a workplace[46].  They are 
predictive in nature (a classic “leading” indicator, described further in Section 2.1.4[47]) and readily 
acceptable by management because they are familiar with the concept being used in other areas such as 
finance and clinical practice.   
 
A number of commercial audit systems existed.  These included: 
 
� The International Safety Rating System (ISRS)[48, 49].  Developed by Det Norske Veritas (DNV), 

was designed to be used by trained managers[50] and included nearly 600 audit questions grouped 
into 20 elements relating to health and safety management; 

� The TRIPOD system, was an approach to safety developed by the Universities of Leiden and 
Manchester in collaboration with the Shell Petrochemical Company[51, 52].  The system used 
checklists to identify “latent” failures[53], seen as the potential cause of accidents, for the offshore 
industry; 

� The Complete Health and Safety Evaluation (CHASE) system[54] was developed by HASTAM Ltd, 
an independent company of the Aston University health and safety department.  Based on accepted 
health and safety management models[40, 55], the system was designed to be tailored to the needs of 
the organisation. 

 
Other researchers have developed non-commercial audit tools.  Examples include: 
 
� Scotney[56] who developed an audit tool for HSE inspectors to measure health and safety 

performance in Small and Medium Enterprises (SMEs);  
� Fuller[57] who used HSE[58] and BSI[59] key health and safety management performance indicators 

to assess safety culture via benchmarking audits in a series of intra- and inter- company comparisons.   
 
Although audit systems have been used effectively to evaluate health and safety management 
performance they have a number of limitations.  They are prone to investigator bias and may not be 
relevant to the organisation being audited[37].  This was noted by Hale et al, who concluded that wide 
variations in audits have led to a lack of consistency between audit systems few of which are linked to 
underlying management models[41]. 
 
A major strength has been in their ability to be used to develop motivation for change (i.e. as an 
intervention per se)[46], although some authors have questioned their use in performance evaluation 
because of a lack of evidence that they brought about an improvement in safety by reducing injury 
rates[37, 50, 60].  However, any change that they might bring about may not be desirable in a research 
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project, which seeks to use the technique to measure change of an intervention.  This effect would 
however, be minimized with the use of comparison groups in the research design (see section 3). 
 
Because they are so comprehensive, and require a high level of commitment at all levels in an 
organisation, they can be time consuming to implement and were most commonly used in organisations 
that had mature health and safety management systems, such as the petrochemical industry[46].   
 
Nevertheless, using audit to evaluate health and safety management performance was identified as a 
potentially powerful method.  This was also acknowledged by HSE who ensured that the pilot work for 
their method was validated against an HSE inspection audit[18].  This study found good agreement with 
the findings of the HSE root cause analysis method and the audit.  This meant that resources could be 
devoted to the root cause investigation of incidents.  Had this finding not been present it would have been 
necessary to have considered the inclusion of an audit component as part of the evaluation.  
 
2.1.2. Subjective performance evaluation methods.   
 
Guldenmund[61] and Hale and Hovden[62] have reviewed the theory and research base on the nature of 
safety culture and concluded that the scientific approach was immature given that there was no single 
accepted model or definition of safety climate or safety culture.   
 
Cooper[63] suggested that safety culture could be described as an interactive relationship between 
psychological, situational and behavioural factors.  Safety climate, on the other hand, was regarded as a 
component of this, which could be measured.  This definition and distinction between the two terms was 
adopted for the research project. 
 
The assessment of safety climate has been seen as having considerable potential as an alternative safety 
performance indicator.  Cooper[63] suggested that safety climate, defined by internal psychological 
factors, such as attitudes and perceptions of safety, could be assessed using interviews, checklists or 
questionnaires.   
 
Given there was no prerequisite by the sponsoring bodies for the research project for a subjective 
performance evaluation method, the literature search therefore sought methods that were: 
 
� Fully developed and ready for use.  This was because the research objectives were not intended to 

include the development and validation of a qualitative method;   
� Applicable to a range of occupational groups across a diverse industry such as the NHS; 
� Applicable to general health and safety management rather than a specific hazard or group of hazards. 
 
The findings are grouped under these three headings below. 
 
Methods not fully developed and ready for use. 
Flin et al[64] reviewed the common features of eighteen different methods used to assess safety climate 
across five different sectors (energy/chemical, manufacturing, transport, construction and generic).  The 
authors concluded that none were ready for use (by 2000).  The one that had most potential for the 
research project was the generic method.  This was HSE’s Health and Safety Climate Survey Tool[65, 66] 
but at the time of the evaluation was not yet supported by published field data. 
 
Davies et al[67] reviewed six published general tools designed to measure safety climate.  Although the 
independence of the review could be questioned (the review had been funded by HSE, and was not peer-
reviewed), all methods were assessed as likely to benefit from case study examples to establish their 
usefulness in assisting with planning improvement actions.   
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The HSE Health and Safety Climate Survey Tool method was assessed as suitable but its main purpose 
was as a method to promote employee involvement in health and safety rather than as an evaluation 
method per se.  It also required the participation of all staff in an organisation, something that was 
impractical for the research contemplated. 
 
Other examples of methods, which were not included in either of the reviews of Flin et al[64] or Davies 
et al[67], are listed below: 
 
� Bailey and Petersen[68] developed a questionnaire instrument for the railway industry in the USA.  

Although extensively researched over a nine year period the method had been developed using early 
software and programming language, so was not ready for use; 

� Donald and Canter[69] developed a set of scales to measure attitudes to safety in the chemical 
industry.  This method was also acknowledged as requiring further development; 

� Hayes et al[70]described the development and validation of a method to measure a scale of 
perceptions of workplace safety – the “Work Safety Scale”, using a five-dimension model of work 
safety perception.  However, the validation was not complete and the authors identified that further 
development work was still required; 

� Some authors [7, 71, 72] have advocated the use of models more traditionally associated with 
business or market research.  Examples identified included in-depth interviews, or approaches such as 
cognitive mapping using “focus groups”.  These techniques potentially offer an alternative for 
conducting intervention research in the field of health and safety risk management.  However, 
examples of applied research in health and safety management were needed. 

 
Methods unsuitable for use across a range of staff groups. 
Examples are given below of methods that were rejected because they were not thought to be applicable 
to the wide range of different staff groups within the NHS: 
 
� Niskanen[73] developed scales for use in measuring safety climate in workers and supervisors in the 

Finnish National Road Administration; 
� Rundmo and Hale[74] investigated attitudes of senior executives and managers to health and safety 

management at the start of a training workshop on management safety behaviour;   
� Smallman and John[75] sought indicators of corporate performance and health and safety, which 

could be used to benchmark British directors’ attitudes to health and safety;  
� Vassie and Lucas[76] used semi-structured one-to-one interviews to gauge the opinion on safety 

performance of the health and safety professional, employed within a random sample of each of 
thirty-five UK manufacturing companies; 

� Zohar[77], Brown and Holmes[78], and Dedobbeleer and Beland[79] developed and refined safety 
climate scales for production and construction workers. 

 
Methods not suited to general health and safety management   
Examples are given below of methods that were rejected because they were not thought to be sufficiently 
generic: 
 
� Basen-Enquist et al[80] developed, using factor analysis, health and safety climate scales for use in a 

self-reporting questionnaire.  The scales were developed to measure organisational change as a result 
of a health promotion programme; 

� Gershon et al[81]devised a safety climate questionnaire to measure hospitals’ commitment to blood 
borne pathogens risk management programmes;  

� Pilkington et al[82, 83] used interviews to identify the steps employers were taking to manage the 
risk of work-related stress. 

 
Therefore a method could not be identified that required no further validation prior to use.  The method 
that offered most potential was that of Cox and Cheyne[84] who published a nine-dimension 
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methodology for assessing general health and safety management culture in all staff groups in the 
offshore industry (the Loughborough Safety Climate Assessment Toolkit).  The method was based on a 
systems approach to organisational culture, which had been refined using focus groups, factor analysis, 
and field trials.  The questionnaire, along with a “toolkit” for use in data analysis were freely available via 
the Internet[85].  This was assessed as potentially adaptable for use as an evaluation method in the field of 
health and safety performance evaluation in the NHS.   
 
Although developed for the offshore industry its question set was sufficiently generic to offer potential for 
use in the NHS, subject to confirmatory factor analysis, such as that conducted by Brown and Holmes[78] 
and Dedobbeleer and Beland[79]. 
 
2.1.3. Economic Evaluations.   
 
The author has reviewed economic evaluations in the field of health and safety in healthcare[1].  As well 
as suffering from reporting bias the other main limitation within economic evaluations was in benefit 
evaluation, which has been acknowledged as difficult to estimate[13, 86, 87].  Warner et al[88]described 
this as a “wish bias” whereby researchers underestimate costs and overestimate benefits in their economic 
evaluations thereby “finding what they seek”. Typical examples included: 
 
� Cooper et al[89] experienced difficulties with quantification and analysis of financial consequences 

of workplace stress within the confines of company financial routines.  There was also a lack of basic 
data with which to construct a financial baseline to measure the outcome of stress interventions;   

� Kemmlert[90] reported impressive savings for ergonomic preventive strategies.  This was based on an 
assumption that benefits accrued by one individual (expressed as a percentage reduction in sickness 
absence), as a result of the introduction of a control measure, also applied to other staff working in the 
same area.  This presumed that all staff would all develop the same health problem and be off work 
for the same lengthy period of time as the index case, a highly unlikely occurrence.  

 
There was also a risk that organisations such as the NHS, with a short-term outlook on financial 
management, attempting to balance the books within a fiscal year may not be convinced by the realistic 
potential for achieving impressive savings.   
 
For instance, Monnery[91] reported a cost analysis of accidents and work-related ill health to a cheque 
clearing department in a financial services organisation.  A method developed by HSE[92] was used to 
gather data on accident and ill health costs.  The resultant costs were not regarded as substantial (0.5% of 
the annual salary costs), while those relating to ill health (mainly due to upper limb disorders) were 
negligible.   
 
Nevertheless, including a costing aspect in the research design, with other performance evaluation 
indicators was regarded as potentially useful.  Justification for this would be to investigate whether cost 
could be linked to other performance evaluation methods.  This was a potential use of costing data that 
has not been widely explored, except by HSE and the author[18]. 
 
2.1.4. The use of more than one method.   
 
Many authors advocated that more than one method should be used to measure health and safety 
performance (e.g. [26, 32, 47, 61, 63, 64, 72, 84, 93-97]).   
 
Easterby-Smith et al, in discussing the philosophy of investigating human and social behaviour, suggested 
the relevance of the two traditions of positivism and phenomenology[72].  The former (objectivist) 
paradigm was characterised by research designs that seek external causes and fundamental laws to 
explain behaviour.  The latter (subjectivist) approach attempted to understand and explain why people 
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have different experiences.  It was suggested that, to effectively analyse health and safety performance, 
studies should, ideally, address both concepts.   
 
Within health and safety research the general approach has been to use both quantitative (objective) and 
qualitative (subjective) data collection methods[95, 96], various data sources; and different observers[72] 
(e.g. Cox and Cheyne[84], Jacobs and Haber[95], and Shannon et al [98]).   
 
Various authors[47, 64, 93, 94] have also recommended an approach that used both lagging indicators 
(e.g. incident data) and leading indicators (e.g. audits or measurements of safety climate). 
 
Examples of published research that used multiple measurement evaluations are given below: 
 
� Cooper[63] recommended multi-level analysis and their three-level reciprocal safety culture model 

was based on this concept.  The model generated data on the individual from a safety climate 
questionnaire.  The degree of safe behaviour was assessed using checklists, and audits of the safety 
management system provided data on the safe situation;  

� Cox et al [99]described a phenomenological impact assessment of a variety of interventions to control 
stress in hospital staff in five different case studies.  Evaluation was carried out by three different 
comparisons (i.e. awareness, tangible impact and positive impact) between test and comparison 
groups.  The data were obtained by a combination of questionnaires and interviews.  Results were 
descriptive; 

� Jacobs and Haber[95] and Haber et al[96] used various methods including structured interviews, 
behavioural checklists, assessments of worker performance using rating scales or observation, and 
questionnaire surveys to assess safety within the nuclear industry.  Both qualitative and quantitative 
data were generated;   

� Mearns et al[47] investigated whether a favourable safety climate was associated with lower incident 
rates. They measured safety climate by postal questionnaire, in thirteen offshore oil and gas 
installations on two occasions, with a year in between each measurement.  Another questionnaire was 
used to obtain data on management safety practice and both of these were compared with incident 
reporting data.  Associations were assessed between safety climate and performance and safety 
management practice and performance.  Results showed suggested associations between some 
management practices and incident rates.  However the sample sizes were small and there was no 
comparison group, thus making the results indicative than definitive; 

� Using a non-random matched case-control design, Rakel et al[32] collected information on change in 
expressed opinion on health and safety which occurred after a seminar or mail shot conducted by 
HSE.  The authors used both qualitative and quantitative data collection methods, various data 
sources, and different observers[32].  They found that seminars were effective in stimulating change 
in opinion but mail shots less so.  However, the data from each source were too dissimilar to combine 
and statistical inferences could not be made.   

 
Guldenmund[61] identified that few studies have attempted to establish correlation (“triangulation”) 
between safety performance measures (such as accident/incident data or safety audits) and safety culture 
or climate assessments, and called for these relationships to be explored in more detail.  Two examples of 
primary research that attempted this were identified: 
 
� Hurst et al[93] combined a safety attitude questionnaire, a management systems audit, and accident 

rates at six major hazard sites.  Attempts were made to examine the variation in accident performance 
data and safety attitudes on different sites.  Incident rates varied by a factor of 100 between the six 
sites.  The audit tool was useful for individual sites but time consuming and difficult to standardise 
across all six sites.  The questionnaire produced mixed results and could not be correlated against 
self-reported accident rates;  

� Cabrera et al[94] combined the use of a questionnaire to assess safety climate, a safety compliance 
audit, and one-to-one interviews to assess the level of safe behaviour in the aviation industry.  The 
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purpose of the research was to evaluate whether there was a relationship between safety climate, audit 
score and behaviour.  The results were largely descriptive of the many variables identified and failed 
to establish a relationship between the three measures of performance. 

 
The sample sizes in both papers were too small to allow statistical inferences to be made.  However these 
publications represented the only research to be identified, which attempted to triangulate three different 
performance measurement methods.  Therefore, there existed many advocates for the benefits of a 
triangulated approach, but no definitive proof of its effectiveness.   
 
To address this some authors had identified a need for quantitative weightings of the importance of 
different influences and evaluation methods[95, 100].   
 
Nevertheless multiple measurement methods represent a strong feature of an evaluation method.   HSE 
linked their root cause analysis approach with previously published guidance on health and safety 
management[58] and the costs of incidents[92].  Their new methodology therefore linked incident 
investigation, root cause analysis and costing[18].  This method, however, did not include any aspect of 
measurement of safety climate.  If this were included the potential for triangulation of data would be 
greatly strengthened.  
 
2.2. Literature review objective 2 (To evaluate the design of an intervention to improve health 

and safety management performance) 
 
To fulfill the project research aim required a formal health and safety intervention to be introduced into 
the NHS.  For this to be realistically achievable across the whole sector it was regarded as needing to 
possess the following features: 
 
� Acceptable to NHS Trusts, otherwise willingness to participate in the research would be unlikely to 

be secured;  
� Able to be implemented within current resources (i.e. cost-effective).  This was because cost and 

spending targets and priorities tended to be set at National level and Trusts had comparatively 
restricted freedom to act outwith these targets; 

� Generic, so as to be applicable across the wide variety of types of services and staff groups within the 
NHS; 

� In keeping with other health and safety drivers within the NHS (such as from HSC[101, 102], 
DoH[19, 103] and SE[45]).   

 
The intervention workbookb used for the research was developed to ensure that it met the above criteria.  
In practice this meant taking a general systems approach, which had a long history in the NHS.   
 
For example, in 1994 the HSC[38] issued information for directors and managers on management of 
health and safety in the health services.  One of the objectives in an ambitious ten-year plan was to fully 
integrate health and safety management with all aspects of management within the NHS.  This was 
intended to harmonise with other legal requirements and HSE guidance[39, 104].   
 
Another advantage of taking a generic systems approach was that it was in keeping with established 
conventions within the health and safety profession.   

                                                           
b The workbook can be viewed by contacting the author. 
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Hale and Hovden[62] have reviewed the literature on systems-based intervention approaches in health 
and safety.  They concluded that most models were derived from principles of quality management (the 
“plan-do-check-modify” loop), which had proven effectiveness.  Extensive pioneering research in the 
1970s established the importance of systematic and pro-active health and safety management in leading to 
lower injury rates (e.g. [105-109]).  Since then the position has been consolidated with increasing 
acceptance of the model both in the UK and internationally (e.g.[110-112]) 
 
This paradigm has also been supported and advocated by HSE[39, 40] and, importantly, has found 
widespread acceptance within the NHS.  Most Trusts were thought to be working, to a greater or lesser 
extent, towards a systems-based model of this sort.  Therefore although other approaches were available 
(such as those developed by the British Standards Institution (e.g.[55, 59, 113, 114]) or the nuclear 
industry (e.g.[115, 116])), the NHS at the time of the research was thought to be more readily accepting of 
an intervention tool that was based on the systematic approach to management of health and safety 
advocated by HSE[40]. 
 
Nevertheless, it was acknowledged that there were limitations to a systems-based approach of this type.  
These risks were: 
 
� The intervention might be overly generic to make an impact on health and safety performance at local 

departmental level; 
� The intervention might not be sufficiently simple to be used intuitively by line managers as a 

relatively “stand alone” resource; 
� The intervention might not produce an effect strong enough to be detected; 
� The effectiveness of the method might be reduced because it did not make use of health and safety 

management programmes based on psychological or behavioural models. 
 
Each is considered in turn below. 
 
2.2.1. The risk that the intervention might be overly generic to make an impact on health and safety 

performance at local departmental level.   
 
Some groups of researchers used an approach tailored to the specific needs of an “at risk” group.  For 
example:  
 
� Swuste et al[117] used prioritised safety work plans to improve performance.  The approach was 

iterative, designed to identify interventions suited to specific hazards;  
� Cumming et al[118]found a statistically significant reduction in falls by elderly people in the home 

following an occupational therapist-led intervention (P=0.50), which was targeted at the specific 
needs of the individual;   

� Pelletier et al[119] found a positive effect (P<0.05) for an intervention aimed at reducing stress within 
financial sector employees.  This study used written material supported by telephone access to advice 
that was tailored to specific needs of individuals.   

 
Although an iterative approach may have been desirable for the research it was regarded as insufficiently 
generic for application within the NHS as a whole.  The risk was addressed by ensuring that examples, 
relevant to the NHS were included in the workbook and local conventions and terminology were used. 
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2.2.2. The risk that the intervention might not be sufficiently simple to be used intuitively by line 
managers as a relatively “stand alone” resource.   

 
Daltroy et al[120] found, in a large-scale RCT of an educational programme to prevent work-related low 
back injury, that no significant long-term benefits were associated with training alone in a group of postal 
workers.  Therefore, simply training managers in health and safety management techniques alone was 
unlikely to have an effect. 
 
This was supported by De Roo[12] who undertook a systematic review of farm safety interventions.  The 
approaches identified were education and training programmes, booklets, workbooks and guidance 
documentation.  Methods tended to be used in combination with each other.  For example, most written 
material was supplemented with an educative component such as a briefing session.   
 
It seemed logical that if written material was used that, to ensure its effect was optimised, some form of 
educative component supports it.   It was therefore regarded as important to use a combined approach, 
using a written guidance/workbook approach supplemented by education and training as a cost-effective 
delivery mechanism. 
 
2.2.3. The risk that the intervention might not produce an effect strong enough to be detected.   
 
Spangenberg et al[121] used a multi-faceted safety campaign, with five main components, to improve 
safety performance on a construction site.  The effect of the campaign, a reduction in the number of 
reported injuries resulting from accidents, was only marginally significant.  This illustrated the challenge 
of achieving an effect, despite considerable and sustained effort.  Goldenhar and Schulte[122] suggested 
that, for an intervention to have an impact on safety performance, it had to be interesting and workers 
needed to use it regularly.   
 
To address these issues the workbook was aimed at line managers who had acknowledged legal 
responsibilities for health and safety management.  Additionally it was written in a non-technical 
language and Trusts were encouraged to ensure that managers appreciate the need to use it regularly.   
 
2.2.4. The risk that the effectiveness of the method might be reduced because it did not make use of 

health and safety management programmes based on psychological or behavioural models.  
 
HSE have advocated[123] that consideration of “human factors” is a key ingredient of effective health 
and safety management, and had recommended that behavioural strategies be incorporated into a general 
health and safety management system.   
 
The use of behavioural approaches has been well documented over four decades (e.g.[123-134]).  
However there has been little consensus on standardised approaches.  Most of the primary research has 
been typified by a lack of methodological rigor[131] and programmes that tended to be complex and 
labour-intensive to implement[133, 134].   
 
Nevertheless, a psychological approach may have been useful to include in an intervention.  Its relatively 
under-developed nature need have not been a barrier to its adoption since it had potential to affect health 
and safety behaviour.   
 
The main disadvantage was that it was, at the time, insufficiently generic for use as the sole approach in a 
general intervention. 
 
Therefore, on balance, a systems-based approach[62] based on currently accepted guidance on health and 
safety management[40] was most likely to harmonise with other NHS drivers and therefore represent a 
potentially effective tool for the NHS. 
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2.3. Literature review objective 3 (To identify a suitable design for a research study to measure 
change in health and safety performance) 

 
The purpose of a research design has been defined as ensuring that there are measures in place to organise 
research activity, including the collection of data, in ways that are most likely to achieve the research 
aims[72].  Therefore the overarching strategy for the literature review was to search for research designs 
that had the potential to do this. 
 
Meta-analysis was known to be a powerful method for assessing the validity of research by statistically 
combining results of comparable studies[135-137].  Given their potential for identifying strong research 
designs, meta-analyses and systematic reviews in occupational health and safety evaluation and 
intervention studies were specifically sought.  
 
Only four meta-analyses of performance change evaluation [5, 50, 138, 139] and four systematic reviews 
of intervention studies [12, 16, 97, 140] were identified.  This was thought to be a low incidence of these 
types of publication, particularly considering the wide-ranging multidisciplinary professional and 
scientific basis of the search strategy.   
 
A possible explanation was that the primary research base on which the reviews were based was 
insufficiently robust to support this type of analysis.  For example, Shannon et al[97] were unable to 
make quantitative comparisons between ten studies.  This was supported by Rivara and Thompson[141] 
who attempted to conduct a meta-analysis to assess the effectiveness of different strategies to prevent falls 
from heights in the construction industry.  Their review methodology was based on Cochrane 
Collaboration guidance[135, 141] and identified only three studies suitable for review.  However, the 
methodological quality was of such poor quality (no controls or appropriate multivariate analyses to 
control for potential confounding factors) that no attempt was made to undertake the meta-analysis and 
few conclusions about the effectiveness of the intervention strategies were made. 
 
Oliver et al [139] conducted a meta-analysis of twenty-one papers, which met strict pre-determined 
inclusion criteria for hospital fall prevention programmes. The authors concluded that there was a 
tendency for the most rigorously controlled trials to produce the smallest effects.  For example, Lingard 
and Rowlinson conducted a behaviour-based approach to safety management in the construction industry 
in Hong Kong[142].  In common with Harper et al[143], the authors used a “multiple baseline across 
groups” design but also included a reversal aspect, cited as being particularly suited to measurement of 
safety behaviour[144].  The results were mixed in terms of detected improvements in performance.   
 
Conversely, it was noticeable that the studies most likely to quote impressive effects on health and safety 
performance following interventions were usually of the non-experimental type (e.g. [14, 145]).  Non-
experimental before-and-after designs were not regarded as suitable for evaluating change in health and 
safety performance because of methodological limitations of the research design resulting in uncontrolled 
sources of bias.   
 
It was identified (in 2.1.4) that performance evaluation should be based on multiple outcome methods. 
Although it has been acknowledged that this does not solve the problem of bias[146], the use of multiple 
methods can aid interpretation of results.   
 
Other potential source of bias are identified below. 
 
2.3.1. Lack of control groups and randomisation (e.g. [14, 74, 75, 93, 94, 138, 147-152]).   
 
Two examples are given below: 
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� The ACSNI Study Group reviewed seventeen examples of before-and-after intervention studies, 
published between 1973 and 1989[14].  All of the examples cited showed impressive positive effects 
on health and safety performance.  However, the reviewers concluded that widespread lack of 
comparison groups and lack of random selection of participants reduced the credibility of the results; 

� Krause et al [138]carried out a longitudinal meta-analysis of accident rates in seventy-three 
companies over five years.  They used a quasi-experimental time series design.  A significant 
improvement in recorded injury rate was reported but there was no control group with which to 
compare to the test group.  This was a particularly important omission because the study took place 
over a relatively long time period (5 years) and it was foreseeable that other factors could have had an 
influence on injury rate in that time. 

 
2.3.2. Lack of control of other aspects of internal validity 
 
Placebo effects can occur as a consequence of psychological factors that resulted in performance 
improvement[144].  For example, McGrail[149] reported a significant decrease in injuries and illnesses 
following the introduction of an ergonomic intervention in a hospital.  However, the intervention was 
only applied to individuals who had sustained an injury or illness and were off work.  It was not possible 
from the study design to ascertain whether there were any psychological effects of the intervention. 
 
The involvement of the researchers or other outsiders can produce an effect on the measured outcome by 
virtue of their presence or involvement (“Hawthorne” effects[153]).  In the study reported by 
McGrail[149], subjects were exposed to a wide range of professionals (such as specialists in orthopaedics, 
neurosurgery, rehabilitation medicine, physiotherapy and occupational therapy).  The effect of these 
individuals on the outcome was not discussed or controlled.  The Curtin Industrial Safety Trial[143, 154] 
was a before-and-after evaluation of the effectiveness of a behaviour-based safety programme.  Baseline 
observations of behaviour were taken prior to the introduction of the intervention followed by 
measurements taken over consecutive weeks.  Control groups were not used - the design would have been 
less prone to researcher influence if some groups received the baseline and weekly measurements but not 
the intervention[143].   
 
2.3.3. Lack of exploration of the statistical significance of the findings (e.g. [131, 133, 134, 147]).   
 
Where statistical analysis was conducted the tendency was toward multivariate analysis (chi-square), 
which was appropriate for nominal measurement scale data generated[26, 149].  Analysis of Variance 
(ANOVA) was also used for ordinal incident data[149].  Independent t-tests were used to compare 
occupational groups[143, 149].  For example, Harper et al’s[143] data for observed safe practice and 
housekeeping rates were treated as interval and analysed, after empirical logistic transformation, using t-
tests.  This approach was justified by fitting trend lines to the proportions to confirm that many were close 
to one.   
 
These choices of analysis methods was generally suitable although they would have been enhanced had 
initial descriptive statistics (such as measures of distribution and spread) been explored to assess the 
validity of treating data as interval as opposed to ordinal, before estimations of statistical significance 
were attempted.  Only one publication took this approach[155].   
 
There was also a lack of information on sample sizes and associated degrees of freedom (e.g. [97, 156]).   
 
2.3.4. Existence of selection or resentment threats   
 
An example was Yassi et al[145] where the stated aim was to investigate the effect of an early 
rehabilitation-based intervention for nurses with back injuries in a hospital.  The nurses assigned to the 
test group were selected from the highest risk wards in the hospital, whereas those nurses assigned to the 
control group, which did not receive the intervention, were all from wards which had not previously 
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reported high incidence of back injuries.  The impressive results (decrease of between 23% and 43% in 
rate of incidence of injuries) could not be justified, given the bias between the two groups.  Resentment 
threats occur when the individuals in the control group react to not receiving the intervention.  In the 
study described above[145] this possibility could not be ruled out because the nurses hospital was on a 
single site and many of the nurses knew one another and the details of the study. 
 
2.3.5. Small sample sizes (e.g. [93, 94, 122, 148, 157]).   
 
To overcome the limitation of small sample sizes, analysis of data was frequently conducted by first 
combining data from multi-site samples (e.g. [158-161]).  However, Mearns et al[47] identified a variable 
response rate in their results, and advocated caution when considering combining data from different 
sites.  Cooper[63] also concluded that the disadvantages of this approach, by introducing errors into the 
data, outweighed the advantage of the larger sample size. 
 
In the light of the above potential limitations, a series of research design criteria was developed, based on 
maximising the potential for provision of reliable data.  These criteria were derived from various 
sources[32, 72, 98, 135, 137, 144, 162-164], but largely based on guidance from the Cochrane 
Collaboration[135].  Although mainly aimed at reviews of randomised controlled trials (RCTs) in 
healthcare, the general principles of the Cochrane reviews were well established and found by the author 
to be readily adaptable for health and safety research.   
 
The research design criteria that should be included were therefore as follows: 
 
� Inclusion of an adequate description of the work with stated intervention objectives; 
� Inclusion of justification of the conceptual basis of the work (qualitative or quantitative) and the study 

design used (experimental, quasi-experimental or non-experimental[144]); 
� Inclusion of justification of how external validity had been addressed (i.e. with a control group or 

randomisation); 
� Inclusion of justification of how internal validity (i.e. control threats) had been addressed; 
� Inclusion of appropriate outcome analysis (including statistical analysis); 
� Inclusion of conclusions that addressed the study objectives and were supported by the analysis; 
� Inclusion of a discussion of the limitations of the research; 
� Inclusion of a discussion of any practical significance of the results. 
 
In the context of the research planned, a major source of potential bias was the ability to secure a random 
sample of NHS Trusts.  In the experience of the author, for Trusts to be willing to participate in research, 
they were likely to be interested in the work in order to consent to take part and commit to providing local 
support.  In the Curtin Safety Trial[143, 154] the sample selection process was non-random because the 
companies involved could not be selected at random[143].  Although this approach introduced a source of 
bias the concept of a pragmatic “convenience sample” was nevertheless potentially useful.  Initial 
screening criteria were used to select participants.  These included management having expressed 
commitment to improving safety and to collaborating with the trial and the worksite and workers being 
readily observable.  This approach was likely to be useful in the NHS where, given the small number of 
Trusts available, random allocation was not a practical option.   
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3. DISCUSSION AND CONCLUSIONS OF REVIEW 
 
The main finding of the review has been that there exist in the literature base severe limitations in 
scientific rigor relating to impact evaluations of health and safety interventions.  
 
A possible reason for the above limitations was thought to be that the subjective benefits of health and 
safety intervention programmes have been so impressive and the likelihood of impressive effects so great 
that there have been few demands for more reliable data[1].  
 
Other factors that may have also contributed to the lack of a robust literature base: 
 
� A general lack of scientific training for safety practitioners[2, 3]; 
� A general lack of funding for evaluation research[4, 5]; 
� Ethical issues relating to research designs that might withhold risk control measures from control 

groups[6]; 
� The pragmatic nature of health and safety[7]; 
� Rule-driven basis of prevention strategies[8, 9]. 
 
The future ability to conduct meta-analyses will continue to be affected by these limitations.  Hillage et 
al[10] suggested a comprehensive strategy for improving the evidence base, including ensuring 
evaluation was included in the planning of interventions; developing a stronger evidence base by 
conducting more systematic reviews and meta-analyses; and adopting minimum standards.  Worthen[11] 
has predicted that the use of evaluation will increase in years to come and the approaches used will evolve 
to become more suited to applications within occupational health and safety. 
 
Taking into account the findings of the literature review, it has been concluded that a suitable research 
design should posses the following features:   
 
� A base of currently accepted UK national guidance on safety management; 
� An economic evaluation component; 
� A linkage between the causes of incidents and accidents to the health and safety management system;  
� An intervention in the form of written guidance or work book format, supplemented by an 

educational component; 
� A quasi-experimental or experimental design with baseline measurements; 
� A comparison group; 
� Random sampling where possible; 
� Validated methods; 
� A control strategy for potential inter and intra-observer bias; 
� More than one performance evaluation method including both objective and subjective methods; 
� An attempt to correlate the results of the performance evaluation methods (triangulation); 
� Sample sizes of sufficient size to allow statistical inferences to be made, where possible; 
� Validity checks to ensure that pooling of data from different sites was appropriate before proceeding 

with analysis. 
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