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Introduction
Patient safety is a global public health issue, with the risk of a patient death caused by a preventable patient safety incident estimated to be 1 in 300 (World Health Organization, 2019, p.1). The Institute of Medicine’s report, ‘To Err is Human’ promoted incident reporting as a key tool to improve safety within healthcare, drawing from experience in other high-risk sectors, such as aviation and the nuclear industry (Institute of Medicine, 2000). The report had a significant impact on healthcare and is described as launching the patient safety movement (Leape, 2021).
Donaldson et al. (2021, p145) highlight the need to develop appropriate incident reporting and learning systems to understand and improve the safety of healthcare. Many healthcare organisations use one incident reporting system to capture incidents which affect both patients and staff. The latter acting as an accident book for the purposes of health and safety legislation. This paper will focus on the patient safety application of an incident reporting system.
There are a number of definitions for a patient safety incident, with one of the most commonly used being from the now-disbanded National Patient Safety Agency. This defines a patient safety incident as “Any unintended or unexpected incident that could have or did lead to harm for one or more patients receiving NHS-funded healthcare”. (National Patient Safety Agency, 2004, p. 97).
A patient’s journey through a healthcare pathway often involves many separate locations, services, and staff. Transfers of information between these introduce areas of risk and prevent seamless patient care. Problems with these information transfers can often lead to patient safety incidents that could or do result in harm. For example, at an organisational level, referrals between hospitals can be lost or not acted on appropriately. Similarly, at an individual staff level, a nurse may mishear a verbal order to give medication, leading to a potentially harmful error.
As with many healthcare processes, early incident reporting systems were paper-based, with incident forms completed by hand and sent to a manager within the area and then later to central patient safety teams for logging.
This paper system involved inherent delays as forms were transported, especially from community services. 
The value of incident reporting systems to the overall safety of healthcare is subject to ongoing debate. McRae (2016) proposes the cause of some of the issues with incident reporting as problems in translation of this system from its original source in high-risk industries, such as aviation. Regardless of the variable perceived value of incident reports to improving safety, the consensus is that incident reporting is required in some form within healthcare.
[bookmark: _Int_Jocsv8Zn]Anonymised incident data is collated nationally for England and Wales by the National Reporting and Learning System (NRLS), although this is shortly due to change with the introduction of its replacement in England, known as the Learn From Patient Safety Events Service (NHS England, 2021). Wales is considering its own national system.
At its simplest, an incident reporting system records details about a patient safety incident and adds this to a database. Further details can be added to the entry at a later time to document the investigation of the incident and any actions taken in response. 
There are three major groups of users who interact with the incident reporting software: Incident reporters, incident managers, and organisational teams. Incident reporters are primarily frontline staff who may be involved in or identify patient safety incidents. Incident managers are staff within an organisation who have a role in responding to and investigating patient safety incidents. Organisational teams are those with oversight of patient safety within a section of, or across an organisation.
Locally, the approach to incident reporting within Cardiff and Vale University Health Board is set out in the Incident Reporting Procedure (Cardiff and Vale University Health Board, 2018). This places a requirement on all employees to report patient safety incidents using the electronic system provided.
In Wales, incident reporting forms part of the Putting Things Right regulations, which is underpinned in law by The National Health Service (Concerns, Complaints and Redress Arrangements) (Wales) Regulations 2011.
Within Cardiff and Vale University Health Board, Datix Web has been used since 2015. Datix Web is a widely used incident reporting and management system, developed by RLDatix. Prior to 2015, an earlier version of the software, called Rich Client, was used. This software was only available to the corporate teams and incidents were transcribed into the system from paper forms completed by staff. 


Methods
Various evaluation frameworks have been developed to assess IT adoption. The framework proposed by Ammenwerth, Iller and Mahler (2006) consider the fit between individuals, tasks, and technology (FITT). The FITT framework was designed with healthcare IT implementations in mind, as demonstrated by the authors’ choice of case study in the journal article. The FITT framework aims to assess the quality of fit between the three aspects of IT adoption. The authors describe the quality of fit as being dependent on the attributes of the task, individual and technology.

Task
Capturing patient safety incidents is the primary function of an incident reporting system and can be considered the major ‘task’ that is achieved by individuals using the technology. Depending on the role of the individual, that task may be further expanded into recording the outcome of any investigation into, or review of the incident, and any actions taken to mitigate future risks. The task is relatively straightforward, with the required information mainly factual and available to the reporter either directly, or from other sources such as a patient’s notes or from electronic clinical systems.
The minimum mandated dataset required by the NRLS broadly contains:
- An automatically generated incident identifier
- The care setting where the incident occurred
- NHS organisation code
- Incident location
- Incident categorisation
- Incident description
- Clinical specialty caring for the patient affected
- Level of harm
- Details of involved medication or medical device where applicable
(Mainey, 2019).
While the NRLS dataset can be considered a required minimum, the Datix Web software is configurable to local requirements and additions made to the dataset. This is demonstrated in publicly available training materials from various NHS organisations (Warwickshire North Clinical Commissioning Group, 2020; Black Country Partnership NHS Foundation Trust, 2019).
[bookmark: _Int_WbI0lRuE]Incident reports capture some, but not all areas of patient safety information. Considering the concepts identified within the framework developed by the World Health Organization, incident reports contain as a minimum information on patient characteristics, incident characteristics and incident type (Sherman et al. 2009). The value of incidents reports are improved when contributing factors are also included, although these may not be known at the time of the incident and often require further investigation. For example, an incident may be reported where an incorrect medication is administered to a patient. It might not be until an investigation is completed that it is known that the error was caused by both medications having a very similar packaging and being stored together.
A broad assessment of the task of incident reporting can be gained by considering incident reporting rates within an organisation or department. These rates however cannot be considered solely a measure of the task, as this is influenced by other factors, both individual and technological. For example, if individuals do not see the value in reporting patient safety incidents, or if the system is complicated or unreliable, this is likely to negatively affect the overall incident reporting rate. 
As with other healthcare statistics, caution must be taken when making comparisons between healthcare organisation, or even different departments within a hospital. Different patient groups have differing likelihoods of experiencing a patient safety incident while receiving healthcare. The types of incidents also vary between different patient groups and clinical specialities. For example, medication errors occur more frequently in paediatrics as the doses of medications often vary depending on a child’s age and/or weight, whereas in adult patients the dose is standard. This difference creates a latent cause of error within paediatrics. Variation in medication error rates between hospitals may be influenced by the number of paediatric patients cared for in each setting.
Data from the National Reporting and Learning Service provides a breakdown of incident reporting rates per 10,000 population (Welsh Government, 2021). Taking into account the caveats on variation in patient populations and on the technological and organisational influences, reporting rates can be considered a broadly suitable assessment of how frequently the task of incident reporting is completed.

Individual
The majority of incident reporting within the NHS relies on individual staff to identify and record patient safety incidents. It is known that this voluntary system significantly underreports incidents when compared to incidents identified on retrospective review of patient notes (Christiaans-Dingelhoff et al., 2011). 
Influences on incident reporting are complex and multifactorial, including large concepts such as an organisation’s safety culture and varying attitudes towards incident reporting by different staff groups. In a study undertaken early in the development of incident reporting within healthcare, Kingston et al. (2004) found that only 2% of incidents reported to the Australian national system were submitted by medical staff, compared to 88% by nursing staff. An organisation’s culture affects incident reporting, with a fear of punishment for errors highlighted as a dissuading factor for staff reporting an incident (Wiele and Rantanen, 2015). While many other IT evaluation frameworks consider organisational factors as a discrete section, the FITT framework includes these as part of the ‘individual’ as staff member’s actions are shaped by organisational values and structures. 
As set out in the Health Board’s policy, incident reporting is a task that may be required of any employee. Within healthcare staff, as with the wider population there are varying levels of IT literacy. Not all staff within the organisation have a computer or email account, which can be a barrier to reporting. 
An overview of an organisation’s approach to patient safety can be gained through a safety culture survey. A recent survey of staff within Cardiff and Vale UHB was used to understand the safety culture within the organisation and attitudes towards incident reporting (Cardiff and Vale University Health Board, 2021a).



Technology
The design of electronic incident reporting systems is cited as a factor in staff members’ willingness to report patient safety incidents. In a study by Birkeli, Jacobsen and Ballangrud (2021), staff members highlighted unnecessary input of the same information more than once. This was noted to be a particular problem when incidents occurred during busy shifts, limiting the available time to report.
The Datix software is locally hosted, and access is only available from within the Health Board’s network. This limits the devices which can be used to report patient safety incidents to those owned and managed by the Health Board. This presents challenges as in a busy ward environment, there may not be a computer available as these are often shared between multiple staff and are used for many clinical and non-clinical tasks. The Health Board also provides community-based services, which presents access problems to staff who are visiting patients at home and rely on portable devices. Network access can be difficult, especially in the Western Vale locality where mobile voice and data services are limited.
As with many healthcare IT systems, confidential and sensitive patient information is held within the Datix software, so appropriate safeguards are required to prevent unauthorised access and breaches of data protection. 
Usability is a crucial factor in the success or failure of an IT system implementation. The System Usability Scale (SUS) is one of the most frequently applied methods for establishing the usability of software (Lewis, 2018). SUS was first set out in Brooke (1996) and has been adapted and translated widely since its development (AlGhannam et al. 2017).
SUS is well suited to measuring perceived usability across a range of software products, however as noted in Lewis (2018), a particular question or questions may not be applicable where a system is used infrequently, such as in a system for registering complaints.
Considering incident reporting systems are only used when a harmful, or potentially harmful patient incident occurs, the standard statement “I think that I would like to use this system frequently” may be confusing as by extension this would mean that more patient safety incidents occurred. Lewis and Sauro (2017) investigated the effect of removing a statement from the SUS and found that this could be done without having a significant impact on the overall usability scores. In view of this, a 9-statement version of the original SUS was used. The wording was adjusted to ensure the statements were clear and relevant. The underlying meaning of each statement was unchanged. 
Whilst using a modified version of the SUS affects direct comparability with other studies, a literature search found no relevant studies assessing usability of incident reporting systems for comparison. Therefore, it was considered preferable to focus on ensuring that the wording of the statements was clear and relevant to incident reporting, rather than using an unmodified version to allow direct comparison. The modified SUS is shown in Table 1.
	Table 1 – System usability score statements

	
	Strongly disagree
	
	
	
	Strongly agree

	Statement
	1
	2
	3
	4
	5

	I find E-Datix unnecessarily complex
	
	
	
	
	

	I think that E-Datix is easy to use
	
	
	
	
	

	I need the support of a technical person to use E-Datix
	
	
	
	
	

	I find the various functions of E-Datix are well integrated
	
	
	
	
	

	I think that there is too much inconsistency in E-Datix
	
	
	
	
	

	I learnt to use E-Datix very quickly
	
	
	
	
	

	I find E-Datix very awkward to use
	
	
	
	
	

	I feel very confident using E-Datix
	
	
	
	
	

	I needed to learn a lot of things before I could get going with E-Datix
	
	
	
	
	

	Adapted from Brooke (1996)



In addition to the 9 statements used to establish the SUS, respondents were asked how they primarily used the system to identify which of the 3 major user groups they belonged to. Responses were collected anonymously using Microsoft Forms. Participant information was provided within the introduction to the survey explaining how their responses would be stored and analysed. 

Results

Task
Patient safety incident reporting rates were analysed for the period April 2020 – March 2021, which were the most recently published full-year data. These data are shown in Table 2. 

	Table 2 – NHS Wales patient safety incident reporting data

	Organisation
	Number of incidents occurring
	Population
	Rate per 10,000 population

	Aneurin Bevan University Local Health Board
	17,131
	598,194
	286.4

	Betsi Cadwaladr University Local Health Board
	24,326
	703,361
	345.9

	Cardiff and Vale University Local Health Board*
	16,554
	504,497
	328.1

	Cwm Taf Morgannwg University Local Health Board
	13,620
	449,836
	302.8

	Hywel Dda University Local Health Board
	8,070
	389,719
	207.1

	Powys Teaching Local Health Board
	1,825
	133,030
	137.2

	Swansea Bay University Local Health Board
	11,923
	390,949
	305.0

	[bookmark: _Int_gfk338AP]Adapted from Welsh Government, 2021

*Cardiff and Vale University Health Board is the operational name of Cardiff and Vale University Local Health Board



Comparing Cardiff and Vale UHB to other Health Boards in Wales shows an above average incident reporting rate per 10,000 population. The mean incident reporting rate is 273.2 per 10,000 population, although it can be argued that this is artificially reduced by the inclusion of Powys Teaching Local Health Board, which does not have any district general hospitals and complex care for the Powys population is provided by either other Health Boards in Wales or neighbouring English NHS Trusts. Excluding Powys, the mean rate is 295.9 which remains lower that the rate in Cardiff and Vale UHB. There is no adjustment within the reported data for healthcare activity, therefore the reporting rate per 10,000 population could be affected by the proportion of the population that requires contact with healthcare services, and therefore are potentially at risk of a patient safety incident.

Individual
Minutes of the Health Board’s Quality, Safety and Patient Experience Committee were accessed to review the discussion on the results of the safety culture survey which was carried out (Cardiff and Vale, 2021a). 998 staff started the survey, but an unspecified number did not go on to complete the whole survey. No quantitative results were included in the meeting papers or minutes, however the broad themes from the survey identified were a lack of feedback to incident reporters following incidents, the need for improvement in the ‘just culture,’ workload and time for training, communication between departments and near-miss reporting. To better understand the aspects of the survey relating to incident reporting, the original data were obtained.

Technology
The SUS survey was completed by 13 respondents. 4 respondents identified their primary role as corporate users and 9 as incident managers within the Datix system. No respondents identified their primary role as incident reporters.
The mean SUS was 55.13, with a range of 19.44 - 86.11. The median SUS was 58.33. The difference in SUS between the corporate users and incident managers was not significant (p = 0.34).

Discussion
All healthcare organisations aim to provide care that is as safe and as seamless as possible, but inevitably things go wrong. Organisations must have systems in place to capture, analyse and learn from these incidents. Reviewing the implementation of these systems provides valuable information on aspects which can be improved in current or future implementations.
The level of review and analysis of the E-Datix incident reporting system was limited by the time available. This paper focused primarily on existing data, although a SUS was obtained from a questionnaire of a small number of users. In order to gain a deeper understanding of the E-Datix system, much more time would be needed to collect data from a wider group of users and to consider their familiarity with the system. 
As the current E-Datix system has been in use within the Health Board for more than 7 years, direct comparison with the previous paper-based system is difficult. A truer assessment of the E-Datix system would have been gained if structured user feedback, such as with the SUS, was obtained alongside the system’s introduction in 2015. This approach was demonstrated by Ammenwerth, Iller and Mahler (2006), where the evaluations reanalysed by the authors spanned several years.

Fit between individuals and task

Staff members’ interaction with the task of incident reporting is complex and influenced by many internal and external factors. Most recently the COVID-19 pandemic has been identified as a cause of reduced reporting, even when the reduction in admissions has been considered. (Pauletti et al. 2021). 
It is known from literature that there is variation in attitudes towards incident reporting between differing staff groups. While some of this variation can be explained by the differences in the nature of the services provided to patients by particular specialities, there are underlying cultural differences that are much harder to alleviate (Archer et al. 2020; Sarvadikar, Prescott and Williams, 2010).
Although partially a task-technology and individual-technology factor, time is often cited as a barrier to incident reporting (Archer et al. 2020). While the time taken to complete the incident reporting form affects this, the staff member’s overall workload has a significant impact on incident reporting. This is especially important during periods of high activity and acuity within a healthcare setting as above optimal workload is known to be associated with patient safety incidents and mortality (Fagerström, Kinnunen and Saarela, 2017).
The results of the safety culture survey highlighted some of the individual factors affecting incident reporting. Question 19 asked whether the respondents agreed with the statement “Staff feel like their mistakes are held against them” (Cardiff and Vale UHB, 2021b). Of the 648 respondents completing the question, 24% (n=157) agreed and 12% (n=78) strongly agreed with the statement. This view is likely to dissuade open and honest incident reporting.
While prone to many influencing factors, voluntary incident reporting by staff is the most effective way to capture and learn from incidents. It is known that this approach is imperfect, however with appropriate processes for review and learning in place, incident reporting can contribute to addressing the large and complicated issue of safety in healthcare (Vincent, 2007).

Educating healthcare staff on the importance of incident reporting is key to achieving the desired improvements in safety. As well as encouraging staff to appropriately use the incident reporting system, education can help reduce staff concerns about being blamed for errors. Interventions such as the use of a trigger tool to set out types of incidents that are expected to be reported can increase reporting rates. This was demonstrated within Cardiff and Vale UHB by the neonatology department which successfully implemented a trigger tool and saw a significant and sustained increase in the department’s incident reporting rate.

Fit between individuals and technology

Individual’s own confidence with technology varies widely and this can impact IT implementations such as E-Datix where a large number of potential users exist. With the Health Board’s E-Datix system having more potential users than the population of Carmarthen, it is expected that this will include users with little to no IT skills (Cardiff and Vale University Health Board, 2022; Carmarthenshire Council, 2013).
Using a web-based design, the E-Datix system captures incident report information without the need to download or install any specific software. This allows the system to be accessed widely within the organisation and is not dependent on the specifications of individual computers. 
Perceived usefulness is frequently highlighted as a key factor in successful IT adoption in healthcare (Gagnon et al. 2010). This is closely related to aspects of the individual – task fit, such as education and communication with staff. An IT system can be well designed and efficient in achieving a task but without users understanding the benefits, adoption of the system is often limited.
The mean SUS of 55.13 is low when compared to other frequently used non-healthcare systems, such as Microsoft Word (76.2), Google search (93.4) or Amazon (81.8) (Kortum and Bangor, 2013). This score is potentially influenced by the small number of respondents to the survey and the skew towards incident managers and corporate users. This score is however similar to the average SUS of a range of electronic health record systems used in emergency departments, which was 53 (Bloom et al. 2021).
A SUS of 55.3 is considered to be within the marginal-low acceptability range and ‘OK’ on an adjective rating scale, demonstrating a room for improvement in usability (Bangor, Kortum and Miller, 2009).
A true assessment of usability for an incident reporting system is difficult as different users have differing primary tasks and interact with the system in varying ways. For example, an incident reporter wants to be able to report an incident as quickly as possible, filling out the minimum amount of information. This is sometimes in opposition to an incident manager requires sufficient incident detail to enable investigation and management of the incident.
Care must be taken when attempting to improve usability of this type of system as intervening to reduce the amount of information collected on the reporting form to improve speed and usability for reporters would reduce usability for the incident managers. Providing optimum usability is likely to be a compromise between the needs of the differing user roles. 

Fit between task and technology
While the incident reporting rates shown in Table 2 indicate a good overall task-technology fit, this varies between specialities within the organisation. 
Informal discussions with the Health Board’s Datix Helpdesk team identified areas where the task-technology fit could be improved, based on common requests for help from staff using the system or interventions required by the team. This included difficulty in finding suitable ‘incident type’ codes for some incidents, incorrectly recorded information, or incident descriptions without sufficient detail to allow investigation.
Staff state that availability of computers on which to complete an incident form can sometimes be difficult. Network access has been noted as an issue, particularly with staff undertaking home visits in the Western Vale area due to the lack of mobile data coverage. 
E-Datix is not integrated with the Health Board’s patient management system or electronic staff record, so these details must be manually entered each time an incident form is submitted.

In many cases information regarding a patient safety incident may already exist in other systems and is then duplicated in E-Datix by a member of staff. For example, if a patient fall occurs there will be documentation regarding this in the medical record which is not linked to the incident reporting system.

Interventions to improve fit

Using the FITT framework to consider the fit between individual, technology, and task highlights areas for intervention where the fit could be improved. A table of potential intervention areas identified during the application of the FITT framework are set out in Table 3.
	Table 3 – Potential interventions

	FITT framework area
	Identified issue(s)
	Potential intervention(s)

	Individual-task fit
	Confusion on which incidents should be reporting
	Expanding the use of trigger lists from Maternity and Neonatal to other areas.

	Individual-task fit
	Staff reluctance to report incidents
	Education on the reasons for reporting incidents and reassurance that staff are not blamed for incidents. 

	Individual-technology fit
	Poor usability 
	Expand user involvement in testing and development of system improvements. 

	Task-technology fit
	Lack of integration, causing repetition of data entry
	Integrate the incident reporting system with the Health Board’s patient management and electronic staff record systems.

	Task-technology fit
	Availability of computers with access to the Health Board network
	Consider options to allow secure access to the incident reporting system from a wider range of devices, such as through the use of an app proxy. 



The advantages of an electronic system for incident reporting are clear, such as instantaneous alerting of serious incidents to senior staff and corporate teams. Many of those advantages are simply impossible for a paper-based system. However, it must be remembered that a system is not necessarily better purely because of its electronic format. Advantages of paper-based systems must be maintained, such as accessibility and speed of recording information.
The relatively low SUS highlights the need to focus on usability of incident reporting systems so that the overall aim of improving the safety of the care provided to patients is achieved. As outlined by the FITT framework, the technology is only one part of a system and the individual and the task are integral to achieving the overall aim. 

The task of incident reporting is ultimately straightforward but requires a background understanding of patient safety to maximise engagement with the process. Electronic incident reporting can allow a faster response to emerging patient safety issues.
The increasing digitisation of care records allows a level of automation to be applied to detection of patient safety incidents, which has been shown to perform better than traditional incident reporting, even with the use of trigger tools. Lee et al (2015) demonstrated this in the context of medication errors. These types of incidents are easy for an algorithm to detect when both prescribing and administration of medication is recorded electronically, as the intended and given doses, medications and routes can be simply compared. 
It is likely that automated detection of other incident types would be more difficult. For example, an incorrectly performed surgery may not become apparent until the patient re-attends later. Automated review of the patient’s medical notes covering the admission for surgery may not identify the surgical error.
As healthcare services become more digitally enabled, this gives rise to the possibility of more automation of patient safety incident detection. While this has been shown to be technically possible, there is currently limited evidence of healthcare staff’s perception of being ‘watched’ by algorithms designed to detect mistakes. Careful consideration of the implications of automated incident detection must take place, and the focus must remain on improving patient safety rather than any move towards looking at individuals error rates.
Greater automation of detection will likely improve incident data quality, and in turn allow a more meaningful analysis of themes, trends, and causative factors.
It is easy to overemphasise the role of incident reporting in patient safety. It is a useful tool, but is often limited to recording what happened, rather than why an incident happened. Much more knowledge can be gained from combining incident data with other sources, such as staffing levels or admission rates. Incident reporting systems can be designed to include questions which help determine incident causes, such as the Yorkshire contributory factors framework (Lawton et al, 2012).
While an electronic system for incident reporting has clear advantages over paper forms, the system must be carefully designed to ensure that these advantages are not outweighed by increased complexity, reduced access to easy reporting and poor usability. 
Many of these challenges are again occurring at a national level with the introduction of a ‘Once for Wales’ concerns management system which incorporates incident reporting. While there are technical challenges, as can be expected with any IT implementation, almost equal difficulty is found in standardising organisational processes for incident reporting and management across all Health Boards and Trusts in Wales, where the individual-task fit varies greatly between, and within organisations.
Patient safety is at the heart of any incident reporting system, and it is imperative that this remains the focus. Those working in the NHS have a duty to the public to provide care that is as safe as possible. While it is inevitable that things will go wrong, especially in an industry as large and complex as healthcare, organisations must have systems in place to record, understand and ultimately learn from these incidents to improve safety for future patients. Electronic incident reporting brings advantages over paper-based methods, but care must be taken to ensure that the design of these systems do not introduce additional barriers to reporting and learning.

The FITT framework clearly demonstrates that focussing on the technology alone is likely to contribute to implementation failure and the equally crucial factors of individual and task should not be forgotten.

The E-Datix product used in Cardiff and Vale UHB provides a reasonable incident reporting system to the Health Board, which has been adapted and improved by the responsible team over its lifetime. The all-Wales move to a newer version of RL Datix’s incident reporting system presents opportunities for improved comparability of data, understanding of contributory incident factors and data-linkage with other healthcare IT systems. Those involved in the all-Wales project must retain a focus on the patient at the heart of the system and ensure the best fit between the task, the individual, and the technology to achieve the desired outcome of supporting safe and seamless care.
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