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 operate in a high risk domain in terms of safety. 

 

Single checking  

 

A check conducted by one person on their own. 

 

Standardisation  

 

The process of developing and implementing a set of 

processes or methods to be used in the same way across all 

departments, with the aim of reducing variation. 

 

Standardised 

 

A method or process which is identical and used the same 

way in all departments. 

 

Switch on The term given to the process of actually giving the radiation 

dose, actually pressing the button to deliver the beam. 

 

Therapy radiographer 

 

The healthcare professional responsible for the delivery of 

radiation, and patient care whilst undergoing radiotherapy 

treatment. Referred to as radiographer throughout this 

thesis. 

 

Trapping errors A term used to describe the detection of an error, before it 

causes harm. 

  

Wedge 

 

A specific type of radiation beam modification to optimise 

target dose distribution 
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Double checking is employed in many other areas of healthcare, such as drug 

administration, to prevent or trap errors before they occur, thereby preventing patient 

harm (Shillito, Arfanis and Smith 2010). There is currently a debate in the literature as to 

whether single or double checking is more effective at preventing errors in healthcare.  

Double checking has been criticised for being ineffective and time consuming (Armitage 

2009). Yet, there is little empirical evidence to support either method of checking with the 

majority of literature consisting of either opinion or retrospective analysis (Alsulami, Conroy 

and Choonara 2012). There has also been no research conducted on double checking in 

radiotherapy specifically. Consequently, there is currently limited evidence to support the 

best method of checking to be used during the final treatment check in radiotherapy. 

 

Of the limited research into radiotherapy treatment checking safety, there is evidence to 

suggest that the final treatment check in radiotherapy is vulnerable to allowing errors to 

pass undetected resulting in potentially severe patient harm (Toft and Mascie-Taylor 2005).  

It has been hypothesised that this may be due to a failure in attention (Toft and Mascie-

Taylor 2005). There are likely to be a number of contributory factors affecting the 

effectiveness of this final safety protocol. Therefore, this thesis will explore the final 

treatment checking process in depth, to analyse the factors underlying effectiveness. With 

this understanding, recommendations surrounding the final treatment checking process can 

be suggested to help ensure that the treatment check traps errors prior to treatment 

delivery, preventing patient harm.  

1.1 Thesis aim and objectives 

The aim of this research is to fully understand the process of the final treatment check 

immediately prior to radiotherapy treatment delivery in order to determine how the 

reliability might be improved to help ensure errors are detected and improve the safety of 

treatment delivery. The specific objectives are to: 

1. Examine and review the checking process immediately prior to beam delivery 

and identify factors affecting the reliability of this process to detect errors 

2. Experimentally test the impact on performance of different approaches to 

checking in a laboratory setting, to develop an empirical evidence base  
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3. Specify and design an evidence-based revised checking process for use 

immediately prior to beam delivery 

4. Evaluate the revised process to determine user acceptance 

 

1.2 Thesis content 

The research is informed by a literature review. Literature relating to radiotherapy patient 

safety is presented in chapter 2. Through discussion of error rates in radiotherapy, this 

chapter provides the rationale for the focus on the final treatment check immediately prior 

to beam delivery.   

 

Current understanding of errors in radiotherapy is reviewed in chapter 3. Theoretical 

models of error are applied to radiotherapy, alongside a discussion of the current literature 

on radiotherapy errors. This chapter argues that there is scope for increased understanding 

of checking errors and the final treatment check process.  

 

Chapter 4 reviews the literature relating to double checking in healthcare, and the potential 

theories to explain double checking failure which have been presented to date.  Chapter 4 

concludes with a summary of all the literature review findings indicating that further 

empirical investigation is needed to understand the final treatment check in radiotherapy 

and why it may fail to detect errors.  

 

Chapter 5 presents the methodology of the research contained in this thesis. It presents the 

research philosophy, structure of the thesis, and discusses issues of reliability, validity and 

ethics. 

 

In response to the literature review, chapter 6 presents a task analysis of the final treatment 

checking process to explore the potential factors underlying checking accuracy. This is 

supported by the study presented in chapter 7, which consisted of semi-structured 

interviews with radiographers and student radiographers to understand their perceptions of 

how the final treatment check is conducted and potential reasons why it may not be 

effective at detecting errors.  
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The results of the interviews and task analysis were central in guiding the subsequent 

chapters. The main findings from the interviews suggested that there was variation in how 

the final treatment check was conducted both between and within departments and that a 

standardised protocol for the final treatment check was required and desired amongst 

radiographers. They also pointed to issues with the interface that may increase error. In 

chapter 8 two experimental, laboratory-based studies are described that explored different 

methods of checking to determine the most effective method of maintaining attention 

during repeated final treatment checks. The experimental studies employed a paradigm that 

involved a simulated radiotherapy checking task, designed to mimic the repetitiveness of 

the final treatment check in radiotherapy, albeit in shorter timeframes, see section 8.2. The 

first experimental study, in section 8.3, compared different methods of checking: single (one 

person) checking, unstructured two person checking and a structured form of double 

checking, called challenge-response checking. This was to explore the variation in current 

practice and provide evidence for the most effective method of checking to detect errors. 

The results of the experimental studies suggested that challenge-response checking is most 

effective at error detection, when compared to single or unstructured double checking. 

However, it was found that attention still lapsed during repeated challenge-response 

checking which has the potential for allowing errors to pass undetected. Therefore, the 

second study, in section 8.4, explored methods to maintain attention during repeated 

challenge-response checking. The results suggested that small changes to how the 

challenge-response check is conducted can help to maintain attention. These were regularly 

alternating the roles of challenger and responder, and varying the order parameters are 

checked in. It is thought that this improves attention through introducing variation and 

minimising routine. 

 

In response to the findings in chapter 8, chapter 9 details the design and evaluation of a new 

two person final verbal safety protocol for use immediately prior to beam delivery. The 

verbal checking protocol incorporates the results from the experimental studies described 

above. Qualitative evaluation of this protocol was conducted through semi-structured group 

interviews with qualified and student radiographers. This revealed the strengths, 
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Figure 2.1: Overview of the radiotherapy treatment process, adapted from Donaldson (2007) 

The radiation is administered by a machine called a linear accelerator. The linear accelerator 

interface displays the treatment parameters, including strength of radiation, area to be 

radiated and any beam accessories needed to modify the radiation beam, on a computer 
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now regularly submitting error reports (Public Health England 2015). However, there is still 

variance in the swiftness of submitting reports, with a mean of 51 days between incident 

and error report submission. This increasing reporting is believed to reflect a maturing 

safety culture with radiotherapy. 

2.3.4 Types of error 

As radiotherapy is a complex process, in order to fully understand what is causing errors and 

adverse events, there is a need to know which part of the treatment process errors are 

originating from. The Radiotherapy Risk Profile (WHO 2008), alongside calculating error 

rates, also attempted to map where worldwide errors were occurring during the patient 

pathway. Of the 3125 errors between 1976-2007 in middle to high income countries in USA, 

Europe and Asia, 55% were attributed to errors in the planning stage. The remaining 45% of 

errors occurred during the delivery stage. These arose due to: the introduction of new 

technology or equipment (25%), during treatment delivery (10%), during information 

transfer (9%), or in multiple stages (1%). 

 

Furthermore, the WHO Radiotherapy Risk Profile (2008) identified near misses and the stage 

from which they originated by reviewing published and unpublished literature from 

Australia, Canada, USA, UK and other European countries. From 1992 to 2007, 4616 near 

misses were identified. These errors were detected prior to treatment and did not harm the 

patient. The errors were due to planning (9%), incorrect transfer of info (38%) or arose 

during treatment delivery (18%). The remainder could not be attributed to one stage or 

were the result of errors at various stages. 

 

From this analysis of errors it can be seen that many errors occur during the planning stage. 

The most recent available data available on UK errors, published by Public Health England as 

detailed in section 2.3.2, also suggests many errors occur during the planning stage. Of the 

128 serious and clinically significant errors, 21.1% and 12.5% could be attributed to errors 

during pre-treatment imaging and planning respectively. However, 43% occurred during the 

delivery of treatment. When considering the reported near misses, it was found that the 

majority, 85.1%, were due to errors arising during the data entry phase.   
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These incidents and analysis of incidents suggest that not only is the final treatment check 

vital to ensure safety, but that the confirmation of the wedge status is especially vulnerable 

to error.  

2.4 Chapter summary 

This chapter has provided a brief overview and introduction to the field of patient safety, 

which is a relatively new but rapidly growing field, which aims to understand the causes of 

errors in healthcare, and methods to prevent them.  This review has shown that errors in 

radiotherapy, whilst occurring in relatively small numbers compared to other areas of 

healthcare, have high impact with potentially devastating patient consequences. None of 

the Never Events currently published by NHS England and detailed in section 2.2.1 recognise 

patient safety incidents within the radiotherapy domain. Yet, an error resulting from a miss-

programmed wedge or dose meet the criteria for a Never Event, as it is preventable, the 

error is known about and the error can result in major harm or death.  Despite the potential 

severity of patient harm resulting from error, the quality and scope of patient safety 

research within radiotherapy, especially in regards to treatment checking, is limited. Yet, 

there does appear to be a maturing safety culture within radiotherapy.  

 

The review has demonstrated that errors can occur at many stages of the radiotherapy 

treatment process, but that data transfer is a particularly vulnerable stage of the treatment 

process.  It is not clear the number of errors occurring in radiotherapy, but what is clear, is 

that the final treatment check of parameters immediately prior to beam switch on, is the 

final opportunity to detect an error and prevent patient harm. Whilst technology, such as 

record and verify systems, have been introduced to address some of the risk, these do not 

entirely eliminate the risk. Therefore, this thesis will explore the role of the final treatment 

check.  

 

The next chapter will explore this final treatment check in more detail, and through 

application of theoretical error models, begin to build an understanding of why this check 

may fail to detect treatment errors. 
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Table 3.1: Contributory factors effecting safe healthcare (Vincent et al. 1998) 

3.2 Applying error theory to radiotherapy 

The models detailed above are useful to apply within the context of radiotherapy delivery in 

order to understand how the final treatment check could be strengthened to help increase 

the likelihood of error detection. As there is limited existing literature on the final treatment 

check, literature was sought surrounding errors in radiotherapy generally. This is because 

the latent and error producing conditions would be applicable to all errors in this healthcare 

domain. 

 

A search of the existing literature on errors in radiotherapy was conducted using the 

databases EBSCO, Science Direct and SCOPUS, and combinations of the search terms 

This item has been removed due to third party copyright. The unabridged version of this thesis can be viewed 
at the Lanchester library, Coventry University. 
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This review has indicated even less existing research on the potential active failures 

surrounding the final treatment check. Therefore, the following chapter will explore the 

final treatment checking task in more detail, in order to understand how active failures may 

influence the effectiveness of the final check at detecting errors.  Due to the paucity of 

research around treatment checking in radiotherapy, the chapter will review and discuss 

existing literature surrounding double checking within healthcare and factors potentially 

underlying double checking failures. Literature from other industries will also be drawn 

upon to explore how checking may be improved in the radiotherapy context.  
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Dickinson et al. (2010) sought to understand paediatric nurses understanding of double 

checking and both facilitators and barriers to conducting double checks. Three focus groups 

were conducted with a total of 19 paediatric nurses recruited from one hospital in New 

Zealand. The focus groups were analysed using thematic analysis. Four themes were found; 

independent checking is best practice, variability in the process of double-checking, 

environmental influences such as competing priorities and interruptions, and attitudinal 

influences such as a false sense of security when double checking. The research also found 

that there was poor understanding about what double checking is and that more clarity was 

needed on how to double check. This research also identified that workload, distractions, 

automaticity and deference to authority were detrimental to effective double checking.  

 

Armitage (2007) attempted to understand why double checking may be ineffective. Firstly, a 

random sample of 191 drug error reports from a large city based teaching hospital were 

content analysed. This confirmed that double checking was a frequent safety process across 

the hospital, especially in nursing. The analysis also revealed that double checking errors 

occurred, yet the author notes that these were only clear cut in 12 cases. It was found that 

the error reports where a double checking failure occurred were very brief and the error 

reports did not seek to investigate why the double checking failed by examining the 

checking process, instead the authors suggest that individuals were blamed for the error. 

The author therefore asserts that more research is needed to understand why errors may 

occur. Armitage (2007) also conducted semi-structured interviews about double checking 

with 40 multidisciplinary healthcare professionals including doctors, nurses, pharmacists 

and pharmacy technicians from the same hospital. The results of these interviews suggested 

that double checking was an inconsistent process. The authors believe that as double 

checking is used across disciplines, it requires a solution which can be suited to all 

disciplines. Qualitative analysis of the interview revealed four reasons as to why double 

checking may fail. Staff believed deference to authority was a risk as staff may feel staff 

more senior to them must be correct and feel unable to question a senior. Reduction of 

responsibility was also perceived to be a risk, both through over reliance on the other 

checker and the social nature of checking leading to informality and diminished 

responsibility. Auto-processing was cited by participants as a reason for ineffective double 
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checks, with checks repeated regularly but with little active input from both checkers, 

especially if the drugs being checked were routine and frequently administered. The final 

weakness of double checking suggested in this research was lack of time. Even staff who 

spoke of themselves as advocates of double checking felt it was hard to find the time to be 

able to double check effectively. Armitage (2007) therefore concludes that double checking 

may contribute to error as staff trust it to be effective, yet there are many reasons why it 

may fail. Therefore, greater understanding of the risks of double checking are needed 

through increased psychological research into the process, in order to ensure that checking 

is conducted optimally.  

 

A recent literature review into double checking in healthcare has concluded that there is 

insufficient evidence on which the use of double checking can be justified. Alsulami, Conroy 

and Choonara (2012) conducted a search for literature search for articles related to double 

checking in healthcare. Some 16 articles were found to meet the inclusion criteria of 

assessing or discussing double checking of drug calculation, dispensing or administration. Of 

the 16 articles, two articles were literature reviews, and nine were qualitative-assessing 

views and perceptions of healthcare staff. These have been reviewed in this chapter. Only 

three articles employed quantitative methods to compare the effectiveness of single and 

double checking. However, one of these was a retrospective analysis (Ross, Wallace and 

Paton 2000) and therefore not a direct comparison. Another revealed very small numbers of 

errors when single or double checking (Kruse et al. 1992). Only one study, described below, 

directly compares methods of checking (Evley et al. 2010). Therefore, Alsulami, Conroy and 

Choonara (2012) concluded that clinical trials are required in order to provide evidence that 

double checking prevents errors. 

 

A small number of studies have compared the difference between single and double 

checking. Evley et al. (2010) has conducted one of the only comparative studies on methods 

of checking. Following a review into adverse incidents which suggested 58% of errors in 

anaesthesia could be prevented with double checking, the authors suggested that there was 

a lack of evidence on the efficacy of double checking. Therefore, Evley et al. (2010) 

conducted a feasibility study which compared two methods of confirming drugs; barcodes 

and double checking. No error or near error rates were recorded, rather this study sought to 
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evaluate the feasibility of introducing double checking or barcode confirmation into 

practice. Seven NHS trusts participated in a study period of three months. Five trusts 

employed a second person check and two employed barcode technology to confirm drugs 

administered during anaesthesia. Independent observers visited each site to observe both 

methodologies. For those sites with barcode technology, barcodes were attached to each 

drug vial. When drawn up the vial could be scanned with a hand held scanner by the 

anaesthetist and an electronic system provided a visual and audible drug confirmation. For 

those sites using two people confirmation the authors created a double checking flowchart 

which made the role of each checker explicit (see figure 4.1). The flowchart ensures both 

people checking have an active involvement in the checking process. The checking process 

follows a challenge-response format which will be described in more detail in the section 

4.5, when discussing checking methods in aviation. 

 

Figure 4.1: Anaesthesia drug double checking process flowchart (Evley et al. 2010) 

After the study period four focus groups were conducted with participants and observers 

from the seven sites. Qualitative analysis revealed benefits, disadvantages and practicalities 

This item has been removed due to third party copyright. The unabridged version of 
this thesis can be viewed at the Lanchester library, Coventry University. 
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complexity, diversity and changing nature of healthcare and the NHS. Another reason may 

be the prevailing person-centred approach to error which removes responsibility for error 

from the system design (Runciman et al. 2008).  

 

Standardisation within healthcare is currently the subject of a body of research by the WHO.  

This body of research focuses on three standardised operating procedures (SOP): correct 

surgery, medication reconciliation and concentrated inject-able medicines. Implementing 

these SOPs into practice in five hospitals around the world, followed by evaluation of 

adherence to the SOPs, will provide insight into the feasibility of standardisation and 

associated behaviour management needs in healthcare (Leotsakos et al. 2014). The results 

are expected over the next few years. 

 

What is currently clear is that radiotherapy currently lags behind other healthcare domains 

in terms of standardisation, and that standardisation of error-prone processes, such as the 

final treatment check, may reduce risk. 

4.7 Implementation science 

In order to achieve standardisation of the final treatment check, new ways of working would 

need to be introduced, yet implementing change is challenging. Implementation science, 

sometimes referred to as improvement science, is the term given to the relatively new 

multidisciplinary field concerned with evaluating the best methods of closing the gap 

between what is consider best practice and what is done in practice (May 2013). 

 

In healthcare, the evidence based practice approach is the underlying approach to quality 

standards. Yet, gaps often exist between what healthcare professionals know they should 

be doing to deliver quality healthcare and what is actually done (Haines 1998). In fact it has 

been estimated that successful implementation rates for quality improvement projects (QI) 

are under 50% (Alexander 2008). The gaps between knowledge and practice, and low 

implementation rates, could be attributed to the challenges associated with implementation 

of QI initiatives. QI innovations include clinical breakthroughs, protocols or interventions 

which are developed but then may not realise the patient benefit they were designed for 

due to failed implementation attempts. There are numerous documented reasons for 
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implementation failure: the intervention not being of proven effectiveness in practice, lack 

of evidence of cost or resource benefits, resistance, and culture in the target setting (Ham, 

Kipping and McLeod 2003). It could be said therefore, that change in healthcare is an 

iterative process between science and practice- one needs to inform the other reciprocally 

to produce effective change. 

 

A QI initiative failing to be integrated into practice may be because of the way it was 

introduced. There are many theories surrounding the best way to implement quality 

improvement initiatives successfully, to describe these all is beyond the scope of this thesis.  

These theories draw upon multiple discipline fields, such as: psychology, health behaviour 

change, economics and management.  It is clear there is a need for reviewing and refining 

the many theories of implementation into a single, complete and simplified general theory 

of implementation (May 2013). The main components that each current theory draws upon 

are presented in table 3.2. Each theory of implementation is likely to feature one or more of 

these components, which are taken from Grohl, Wensing and Eccles (2013).   
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Table 4.1: Approaches aimed at implementation (Grohl et al. 2013) 

There is currently little evidence of which theoretical approach to implementation is more 

successful. A systematic review of 235 studies which had reported to have used theory to 

inform evaluations of implementation concluded that there is often little, or poor quality, 

justification for the use of a chosen theory (Davies, Walker and Grimshaw 2010). Therefore, 

the authors argued that there needs to be greater and more explicit use of theory in 

implementation in order to increase understanding of what works, and what does not work, 

in healthcare implementation. 

 

This item has been removed due to third party copyright. The unabridged version of this thesis can be viewed at 
the Lanchester library, Coventry University. 
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Not only is there poor use of theory in implementation approaches, but each local specific 

improvement intervention may require a different balance of the components described 

above to ensure successful implementation. There is little guidance on how to determine 

the best match for each local situation (Proctor, Powell and McMillen 2013). Furthermore, 

with each local situation there are specific determinants of change, or barriers and enablers, 

which can influence the effectiveness of change in a negative or positive way respectively. 

These determinants of change can either be; related to the innovation that is implemented, 

the motivations or beliefs of the individuals expected to adopt it, the setting in which they 

act, or the structure of the healthcare organisation. To avoid unexpected challenges in 

implementation users must be considered and placed at the centre of the QI initiative 

design, process of implementation and continued evaluation of the innovation (Proctor, 

Powell and McMillen 2013). Therefore, any design of a QI initiative must involve a detailed 

analysis of barriers, enablers and the situation into which it is intended to be deployed, in 

order to optimise the design and determine the best method of implementation to ensure 

every chance of success. 

 

The engagement and involvement of health care professionals in the design of improvement 

interventions can be crucial to success. In order for an intervention to be implemented, it 

requires behaviour change from the healthcare staff. Behaviour change can be challenging, 

but is more effective if based on psychological theories of behaviour change (Cane, 

O'Connor and Michie 2012). A review of 235 implementation studies showed that only a 

small minority explicitly used behaviour change principles in the design of the 

implementation (Davies, Walker and Grimshaw 2010). There are a plethora of behaviour 

change theories and, as such, the Theoretical Domains Framework (TDF) was designed to 

simplify and improve accessibility to behaviour change theory for healthcare researchers 

when designing interventions (Michie et al. 2005). This framework was developed with 

input from health service researchers, psychologists and health psychologists. Some 33 

theories and 128 key theoretical constructs related to behaviour change were simplified 

into one single framework to assess behavioural problems and inform intervention design. 

This synthesis also resulted in exemplar questions for use in interviews or focus groups to 

allow assessment of theoretical implementation problems. TDF has been successfully 

employed by researchers to explain implementation problems and inform implementation 
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Table 4.2: Factors likely to contribute to initiative sustainability 

Domain Factor 
Process Benefits beyond helping patients 
Process Credibility of the benefits 
Process Adaptability of improved process 
Process Effectiveness of the system to monitor progress 
Staff Staff involvement and training to sustain the process 
Staff Staff attitudes towards sustaining the change 
Staff Senior leadership engagement 
Staff Clinical lead engagement 
Organisation Fit with the organisations strategic aims and culture 
Organisation Infrastructure for sustainability 
 

These items were derived from a review of healthcare management literature alongside 

consultation with clinicians and health care experts. Each factor can be scored by staff and 

the scores for each domain amalgamated in order to assess which areas require focus in 

order to increase the likelihood of sustainability (Maher, Gustafson and Evans 2010). 

Therefore, because these concepts can be measured, future research could use these as 

tools before and during patient safety QI implementation.  

 

In response to the recognised need for theory to inform implementation to a greater extent, 

Normalisation Process Theory (NPT) was developed (May et al. 2009). NPT focuses on the 

process of an intervention becoming normal practice through three stages; implementation 

(bringing a new process into practice), to embedding (the new process becomes routinely 

incorporated into practice) to integration (the new process is reproduced and sustained) 

(May et al. 2009). This theory helps researchers and clinicians to evaluate implementation 

of, and continued adherence to, new interventions or technologies by analysing the factors 

which inhibit and facilitate success. There has been a recent growing interest in applying 

NPT to healthcare interventions, and it is recognised that the theory is flexible and its use in 

shaping implementation processes is continually evolving (McEvoy et al. 2014). Alongside 

the theoretical application to help guide intervention design and process implementation, 

the NPT provides a toolkit to be used with clinicians to further understand likely barriers and 

facilitators (May et al. 2010). 

 









 

90 
 

5.1.1 Patient safety approach 

Patient safety is an applied science, which combines theory with improvement initiatives, 

yet there is no single unified research framework within the field (Pronovost et al. 2009). 

The purpose of patient safety research is to reduce the risks and hazards within healthcare 

which could lead to clinical harm. Battles and Lilford (2003) attempted to provide an 

overview and conceptual framework for patient safety research, and note that the aim of 

the discipline is achieved with a three step process: 

1. Identification of risks and hazards 

2. Design, implementation and evaluation 

3. Ensuring safe practice and a safe environment continue 

 

It is recognised that each stage requires different research methods. Each healthcare 

domain demands the utilisation of different research methods, therefore no single research 

method can be used for all patient safety research (Battles and Lilford 2003). Three main 

research methods are typically used within patient safety to identity risks and hazards; 

archival data analysis, observation and process mapping. The most commonly used method 

in patient safety research is retrospective analysis of error from incident reports, and other 

archival data, or through root cause analysis (Pronovost et al. 2009). This method is inherent 

to the issues surrounding reporting, as well as being time intensive due to the necessity of 

incident data collection (Battles and Lilford 2003). 

 

Due to the reactive nature of archival error analysis, Pronovost et al. (2009) advocate 

prospective analysis of the weaknesses in the system.  This can be conducted through 

observation of the systems in action, in order to understand the associated social and 

operational factors. Yet, as Battles and Lilford (2003) note, a patient safety incident may not 

occur during this period of observation. Process mapping is also increasingly being used to 

understand the weak points in a system, after being used successfully in other high risk 

industries. A further method which is gaining popularity, but not commonly used due to 

limited resources, is that of simulation studies (Pronovost et al. 2009). These are considered 

effective as they can map a process and observe errors, in a safe environment, whilst 

allowing manipulation of factors and analysis of the resulting outcome.  
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Figure 5.1: Overview of thesis  
























































































































































































































































































































































































































