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Abstract 

Electronic prescribing (EP) is widely adopted in healthcare to enhance medication safety and 

efficiency. Evidence suggests that EP reduces medication errors and adverse drug events, 

though the extent of benefits can be influenced by several factors, including how the EP 

system was designed, implemented, customised, and adopted. The researcher considered 

these different challenges in Chapter 1 and highlighted the importance of optimising EP 

systems to maximise their benefits.  

A systematic review of the literature was conducted to explore tools that have been 

previously used to evaluate the safety of EP systems.  Thirteen papers were identified that 

described tools that were implemented in USA, Canada, Austria, Denmark, France and Korea. 

(Chapter 2). No equivalent UK tool was found. To address this knowledge gap, the researcher 

described the development of the e-Prescribing Risk and Safety Evaluation (ePRaSE) tool in 

the UK and its different component parts (Chapter 3). The researcher then conducted an 

eDelphi study to obtain expert consensus on the level of risk associated with preventable EP 

events (Chapter 4). The usability and acceptability of the ePRaSE assessment was then 

explored using different qualitative methods (Chapter 5). Thirty-two healthcare professionals 

across 22 different NHS hospitals participated in semi-structured interviews (n=25) and 

thirteen think-aloud observations (n=20) involving 11 different EP systems. The tool was 

found to be useful and acceptable, with some areas for further improvement identified 

(Chapters 6-8). The researcher also presented quantitative results obtained from the national 

rollout of ePRaSE in 45 hospitals (Chapter 9). Variation in scores was observed, independent 

of EP system vendor and scope for improvement in EP system configuration was apparent. An 

overarching discussion and conclusion drawing on both qualitative and quantitative findings 

was presented in Chapter 10, and key recommendations made to further refine the ePRaSE 

assessment and help inform future research in this area. 
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Chapter 1.  Background 

This chapter examines the evolution of digital healthcare, focusing on the English and United 

Kingdom (UK) experience within the context of global digital health transformation. It 

explores key policy drivers including National Health Service (NHS) initiatives like the Wachter 

Review, Long Term Plan and the Lord Darzi Report, alongside international frameworks such 

as the World Health Organisation (WHO) Global Strategy on Digital Health 2020-2025. The 

discussion addresses both the demonstrated benefits of electronic prescribing (EP) systems 

and their emerging risks, particularly new error types and user-interface design challenges. 

The chapter explores approaches to assessing EP systems, from comprehensive frameworks 

like the Health Information and Management Systems Society (HIMSS) Electronic Medical 

Record Adoption Model (EMRAM), which measures digital maturity through staged 

implementation, to simulation tools such as the Leapfrog CPOE evaluation. Analysis of existing 

evaluation methodologies provides the foundation for understanding the need for, and 

development of, the ePrescribing Risk and Safety Evaluation (ePRaSE) assessment that forms 

the focus of this PhD research programme. 

1.1 Digitisation of Healthcare 

The digitisation of healthcare is a global strategy that aims to improve the effectiveness, 

safety and quality of healthcare delivery.(1) The transition from paper-based systems to 

digital health technologies began in the late 20th century, driven by developments in 

information technology (IT) and increased awareness of the limitations of conventional 

healthcare documentation such as fragmented records, illegibility and inefficient data 

retrieval, limiting care coordination and decision-making.(2) 

The United States (US) was an early adopter, with the introduction of the Health Information 

Technology for Economic and Clinical Health (HITECH) Act of 2009 being a landmark policy.(3) 

It incentivised the adoption and meaningful use of Electronic Health Records (EHR) to improve 

patient safety, care coordination, and reduce errors.(4) Other countries, particularly in 

Europe, such as Denmark and Sweden, also achieved early success with the introduction of 
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comprehensive EHR systems and EP systems integrated into their national healthcare 

frameworks.(5)    

In 2015, the WHO Global Strategy on People-Centred and Integrated Health Services 

advocated for the use of digital health solutions to enhance care coordination, improve access 

to services and support the continuum of care from prevention to treatment and 

rehabilitation.(6) The strategy emphasised the importance of robust digital infrastructure and 

governance models to ensure data security, interoperability, and equitable access to digital 

health innovations. Following this, in March 2017, WHO launched The Third Global Patient 

Safety Challenge, titled Medication Without Harm, which focused on reducing severe, 

avoidable harm related to medications by 50% over five years, globally.(7) This challenge 

recognised the role that digital health technologies could play, particularly EHRs and EP 

systems, to reduce medication related harm by strengthening medication systems at each 

stage of the medication process, including prescribing, ordering, dispensing, administering, 

and monitoring. It acknowledged that human errors often occur due to dysfunctional or 

flawed systems or processes, and by improving these systems and processes medication 

errors and preventable medication related harm could be reduced.(7) 

 Building on this, the more recent WHO Global Digital Health Strategy 2020–2025 provided a 

comprehensive framework for leveraging digital technologies to achieve universal health 

coverage and health-related Sustainable Development Goals (SDGs).(1) The SDGs included 17 

global goals established by the United Nations in 2015 to address a range of social, economic, 

and environmental challenges by 2030.(8) For instance, SDG 3 (Good Health and Well-Being) 

is directly supported by EHRs and EP through reduced medication errors, enhanced care 

coordination, and better management of chronic diseases, ultimately improving patient 

outcomes. Additionally, SDG 9 (Industry, Innovation, and Infrastructure) is furthered by digital 

health technologies, which modernise healthcare infrastructure, promote interoperability, 

and enable scalable solutions for underserved populations. By integrating digital tools, 

healthcare systems can also contribute to SDG 10 (Reduced Inequalities) by bridging gaps in 

care access for remote or marginalised communities through telemedicine and centralised 

health data. By integrating technology with sustainability efforts, the SDGs aimed to create a 
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healthier, more inclusive and resilient world where innovation drives progress.(9)  

1.2 Digitisation of Healthcare in England and the United Kingdom (UK) 

The digitisation of the NHS in England has evolved over several decades and has been 

associated with many challenges and setbacks, particularly in secondary care.  Early initiatives 

were fragmented, with systems largely bespoke and focused on individual hospitals. Attempts 

were made to create a cohesive national strategy with the launch of the National Programme 

for Information Technology (NPfIT) in 2002; this was the largest public-sector IT project ever 

initiated in the UK, which aimed to deliver integrated EHR, EP and digital imaging.(10) 

However, this programme faced significant challenges, including technical complexities, 

contractor failures, and a lack of engagement with healthcare professionals. It was eventually 

dismantled in 2012, with some elements salvaged and integrated into local IT initiatives.(11) 

1.2.1 The Wachter Review  

NHS England commissioned The Wachter Review ‘Making IT Work: Harnessing the Power of 

Health Information Technology to Improve Care in England’ in 2016 to assess the progress of 

digitisation in the NHS.(12) The review recommended a more measured and pragmatic 

approach to digitisation be adopted, especially within secondary care settings. Wachter 

warned against ‘rushing to digitise’ without sufficient infrastructure and workforce training, 

and advocated for prioritising digital investment in those hospitals that were most ready for 

adoption.(12) This review emphasised the need for clinical leadership in IT adoption, ensuring 

that clinicians were involved from an early stage in the design, implementation, and 

evaluation of digital systems. The Wachter Review had a major influence on subsequent NHS 

digital transformation policy, particularly in shaping England's approach to health information 

technology adoption, leading to the establishment of the Global Digital Exemplar (GDE) 

programme. 
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1.2.2 Global Digital Exemplars (GDE)  

The GDE programme (2016–2019) was an NHS initiative which operationalised Wachter’s 

recommendation to create ‘beacon’ sites to accelerate digital transformation.  NHS trusts that 

had demonstrated excellence in digital innovation were provided with funding and support 

to become world-leading examples of best practice in digital healthcare.(13) These exemplar 

sites were tasked with implementing advanced EHR and EP systems, while sharing their 

expertise and insights with other NHS trusts (fast followers) to accelerate nationwide 

adoption. In some cases, this included sharing software, care pathways, methodologies 

and/or blueprints. These partnerships have generally been effective in accelerating 

technology adoption, particularly with informal networking opportunities providing inter-

organisational knowledge sharing.(14) The greatest benefits have been reported when 

hospitals employed the same technological platforms (e.g. using the same EP vendor system) 

and when geographical location or established relationships facilitated networking 

opportunities.(15, 16)  

1.2.3 The NHS Long Term Plan (2019) 

Building on the foundational work of the GDE programme, the NHS Long Term Plan (2019) 

marked a strategic shift from localised digital innovation to system-wide transformation, 

embedding the lessons learned from GDEs into national policy. The plan explicitly mandated 

that all NHS trusts achieve core digital capabilities by 2024, including EP system 

implementation, and focused on areas such as interoperability, data-driven decision-making, 

and patient access to health information.(17) The organisation NHS Digital was established to 

oversee and support the development and implementation of various digital systems, 

including NHS Pathways to support the triage of patients and the NHS Spine to enable the 

secure sharing of health information between different care providers.(17) The NHS Long 

Term Plan also emphasised the goal of providing a ‘digital first’ healthcare experience, where 

patients could manage their healthcare needs primarily through digital platforms. Key 

elements included the development of the NHS app, which provided patients with access to 

their medical records, appointment scheduling, repeat prescription requests, and secure 
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messaging with healthcare providers as well as strategies to develop fully interoperable digital 

systems that allow seamless sharing of information across all NHS settings.(17) 

Although the NHS Long Term Plan (2019) set ambitious targets, broader systemic 

fragmentation in digital infrastructure, as highlighted in wider analyses of NHS digital 

transformation efforts, has posed significant implementation challenges.(18) A 2023 BMJ 

survey was conducted to evaluate the persistent reliance of hybrid paper - digital 

workflows.(19) Of the 182 trusts that responded, only 25% (n= 45) were fully electronic and 

the remaining 75% (n=137) used either paper notes (n=7) or a combination of both paper 

notes and an EHR system (n=130). Similar findings were reported when respondents were 

asked specifically about prescribing practices, with only 46 Trusts using an EP system 

exclusively, and most Trusts (n=110) using a mixture of both EP and paper prescribing.(19)  

These findings are corroborated by the findings of the NHS England’s Medicines 

Interoperability Trust and Site Survey which was sent to organisations in June 2022 to 

establish their readiness to adopt and integrate EP and other health-related systems.(20) The 

self-reported responses to this survey are centralised in a live monitoring tool, the Medicines 

Interoperability Dashboard, which tracks EP system functionality across trusts. As of June 

2024, 89 of the 130 (65%) survey responses reported having implemented live EP systems for 

inpatient prescribing.  

According to the Digital Medicines Interoperability Readiness Dashboard, 20 different types 

of EP systems were employed in hospitals in England as of June 2024.(20) These EP systems 

included home-grown and commercial systems, which have been further categorised into 

four different subtypes: standalone systems (e.g. WellSky (formerly JAC), modules within 

integrated systems (e.g. Cerner Millennium’s Power Chart and EPIC’s Willow), functionalities 

spread over several modules (e.g., System C’s Medway), and specialty systems (e.g., 

Chemocare, for chemotherapy management).(21) The diversity of EP systems available in the 

UK has significant implications for hospital decision-making regarding procurement as there 

are differences in the scope, functional capabilities and cost of the different types of EP 

systems.(22) Integrated EP systems provide a single system approach to cover a wide range 
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of core organisational needs and can offer seamless integration and unified data 

management.(23) Standalone systems are generally quicker and cheaper to implement but 

may lead to challenges in integration.(24) A Trust may opt to purchase functionalities spread 

over several modules from different vendors, providing flexibility to select applications based 

on more specific functionality and to optimise performance for specific needs.(25) However, 

these systems can result in data quality issues due to the use of multiple data sources and the 

lack of integrated functionality resulting in challenges in clinical workflow, as system users 

navigate multiple interfaces.(21)  

1.2.4 Lord Darzi Report  

More recently, Lord Darzi was commissioned to undertake an independent investigation of 

the NHS in England to provide a rapid assessment of the state of the NHS, with a focus on the 

problems rather than the solutions at this stage. (26) This would inform the government’s 10-

year plan for reforming the NHS in England, which is expected this year (2025).(27) The review 

highlighted multiple concerns within the NHS, in particular a ‘decade of missed opportunities’ 

in implementing digital-first initiatives.(26) Building on concerns raised in previous reports, 

like Wachter’s, Lord Darzi re-iterated the fragmentation of digital systems and the need for 

national efforts to bring about a more integrated, technology-driven system for improved 

patient care.  

1.2.5 UK Perspectives  

Although the Wachter Review was commissioned for England, key themes about addressing 

system fragmentation, engaging clinicians in implementation, and developing digital maturity 

across trusts and integrated care systems have broader relevance across the UK. In Scotland, 

there has been some fragmentation between Health Boards; however, this was viewed as less 

pronounced than in England.(28) The Digital Health and Care Strategy (2018) aimed to 

establish more integrated healthcare systems in Scotland, with the main goal of increasing 

interoperability between primary, secondary, and social care sectors, including consolidation 

of its IT systems into a national platform.(29) Wales has sought integration through its 
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Informed Health and Care Strategy (2015) placing particular focus on the development of a 

cohesive digital infrastructure through the use of systems such as the Welsh Clinical 

Portal.(30) However, there are still multiple local systems in place, which can contribute to 

service fragmentation in secondary care. The Welsh government have made further pledges 

to expand the digital health and care record, planning a national transformation, to ensure 

every Welsh hospital is able to prescribe and administer medication digitally.(31) In Northern 

Ireland, the Encompass Program was launched in November 2023 with the aim of 

implementing and adopting a single EHR across all care settings; it was hoped that this 

programme would avoid the difficulties with previous roll-outs in other regions of the UK.(32) 

1.2.6 The Challenge of Interoperability 

A lack of interoperability between different digital systems is a critical barrier for the adoption 

and optimisation of digital health technologies.(33, 34) Addressing this barrier is a key priority 

in digitisation strategies, and a prerequisite for many digital innovations both nationally and 

globally. (17, 20, 33, 34) HIMSS, which is a global health IT membership association, defines 

interoperability as “the ability of different information systems, devices and applications 

(systems) to access, exchange, integrate and cooperatively use data in a coordinated manner, 

within and across organisational, regional and national boundaries, to provide timely and 

seamless portability of information and optimise the health of individuals and populations 

globally.” (33) Interoperability can be categorised into four levels: foundational, structural, 

semantic and organisational, which range from basic data exchange (foundational) to fully 

integrated systems (organisational).(34) Health Level Seven International (HL7) is a not-for-

profit organisation accredited by the American National Standards Institute (ANSI), which 

develops standards to support the management, delivery, and evaluation of health 

services.(35) HL7 have developed the Fast Healthcare Interoperability Resources (FHIR) to 

advance data-sharing capabilities across healthcare systems. These standards provide a multi-

level interoperability framework, covering technical, syntactic, semantic, and organisational 

dimensions.(36)  

At the technical level, FHIR employs web technologies to facilitate connectivity and data 



8 

 

exchange between separate healthcare systems. Syntactic interoperability is achieved 

through standardisation of data formats and structures, ensuring that data can be exchanged 

across different platforms. The use of terminologies and coding systems, like the Systemized 

Nomenclature of Medicine - Clinical Terms (SNOMED-CT) is central to semantic 

interoperability by preserving the meaning of exchanged data. At an organisational level, FHIR 

provides a flexible framework which can be adapted to suit various healthcare workflows and 

settings, which in turn promotes coordination and integration of care processes.(37)   

In the UK, the Interoperability Toolkit (ITK) provides a national framework tailored to meet 

NHS requirements, addressing data standards, messaging protocols, and legal considerations 

specific to the NHS.(38) Over time, the ITK has increasingly incorporated FHIR standards to 

modernise and align with global interoperability requirements. NHS Digital has specifically 

integrated FHIR resources in areas where structured data exchange is essential. (38) Achieving 

interoperability goals requires data to be both accessible and consistently interpretable.(39) 

There are concerns about cybersecurity threats and privacy breaches associated with shared 

healthcare data, due to risks of unauthorised access and misuse.(39) Utilising standards and 

technical specifications can also address issues related to the security of data, by 

implementing robust security measures, enabling comprehensive audit and access controls, 

and promoting patient trust through transparency and informed consent.(40)  

1.3 EP systems  

This programme of work relates to the evaluation of EP systems, which are a component of 

digitised healthcare. There is no definitive definition of EP; however, NHS Connecting for 

Health defined it as “the use of electronic systems to facilitate communication of a prescription 

or medicine order, aiding the choice, administration and supply of a medicine through 

knowledge and decision support and providing a robust audit trail for the entire medicines use 

process”.(41) There is a range of terminologies synonymous with EP systems, including 

ePrescribing and Medicines Administration (ePMA) systems and Computerised Provider 

Order Entry (CPOE) systems. These terms are often used interchangeably but may have subtle 

differences depending on the scope of functionality they are referring to. CPOE is a broader 
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category that encompasses the electronic entry of medical instructions, including 

medications, diagnostics, and treatment orders, directly into a computer system by 

healthcare providers,(42) whereas ePMA systems are more focused on the specific processes 

of prescribing, administering, and monitoring medications, which may or may not be 

integrated with the EHR.(43) The Electronic Prescription Service (EPS) refers specifically to the 

digital transmission of prescriptions between primary care practitioners and community 

pharmacies in the UK.(44) The term EP system will be used throughout this thesis to refer to 

all types of electronic prescribing system in all settings.  

Computerised Clinical Decision Support (CDS) Systems are components of software defined 

as “providing clinicians or patients with computer-generated clinical knowledge and patient-

related information, intelligently filtered or presented at appropriate times, to enhance 

patient care”.(42) CDS systems may be standalone or integrated with EHR and EP systems to 

provide specific functionality.(45) CDS is broadly categorised into active (interruptive) and 

passive.(46) Active decision support can often present as an alert or reminder which provides 

information in real-time to alert clinicians about potential concerns, interrupting the clinical 

workflow, and often requiring immediate action or acknowledgment.(47)  In contrast, passive 

decision support offers information or recommendations without disrupting the clinical 

workflow, such as best-practice guidelines, dosing recommendations, or links to relevant 

literature, which can be accessed if needed.(46) While less intrusive, passive alerts can 

sometimes be less effective at preventing errors because they rely on the healthcare 

professional’s initiative to consult the information.(48) Order sets are collections of orders 

that relate to a specific diagnosis or clinical situation. They can include orders for medications, 

laboratory and imaging studies, and help ensure consistency in diagnosing and treating 

patients. They can use a hybrid approach that includes elements of passive information with 

more active decision making.(49) Order sets can save time in ordering, promote adherence 

to best practices by integrating guideline information, reduce variation in care.  

CDS features such as prepopulated fields or default selections for medication doses, units, or 

laboratory orders are frequently characterised as nudges, that is, design elements that 

influence decision-making without restricting choice. (50) Within clinical settings, nudges aim 
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to promote evidence-based behaviours by making the preferred or safest option the path of 

least resistance. (51) Importantly, nudge strategies can also be categorised based on the level 

of cognitive engagement they demand from clinicians.(52) Passive nudges subtly modify the 

decision environment, for example, by adjusting default options, thereby requiring minimal 

active input from the prescriber. Conversely, active nudges involve more direct interaction, 

such as prompting clinicians to reconsider prescriptions or justify their decisions, thus 

engaging them more explicitly in the decision-making process. (52) 

The capabilities of CDS have also been classified based on complexity into basic and advanced 

categories.(53) Basic CDS typically provides simple information such as drug-drug interaction 

alerts, drug-allergy checking, dose-range checking, therapeutic duplication and formulary 

support.(53) They are often based on pre-defined rule sets and guidelines to support routine 

decision-making but lack the flexibility to handle complex or nuanced clinical scenarios. These 

static rule sets offer limited customisation or personalisation based on patient-specific factors 

or evolving clinical evidence.(54)  Advanced CDS employ more sophisticated algorithms and 

personalised decision-making tools which incorporate patient-specific data, such as renal 

dosing and comorbidities (drug-disease contraindications) to provide more tailored 

recommendations.(55)  

1.4 Medication safety 

Medication-related harm is a significant issue in healthcare. The prevalence of preventable 

medication harm across healthcare settings is estimated at 3% of patient incidents.(56) In 

England alone, medication related harm from preventable adverse drug events has been 

estimated to cost the NHS £98.5 million per year, resulting in 181 626 bed-days, and causing 

or contributing to 1708 deaths.(57)  

Medication errors can occur in all healthcare settings at all stages of the medicines use 

process.(58) A medication error is defined as any preventable event that may cause or lead 

to inappropriate medication use or patient harm while the medication is in the control of a 

healthcare professional, patient, or consumer.(59) When such an error results in harm, it is 
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termed a preventable adverse drug event (pADE), indicating that the injury could have been 

avoided through appropriate medication use.(60) Conversely, a non-preventable ADE, also 

known as an adverse drug reaction (ADR) occurs when a patient experiences harm from a 

medication despite its appropriate use, such as an unforeseen allergic reaction in a patient 

without prior history.(58)  A potential ADE refers to a medication error that has the potential 

to cause harm but does not, either because it is intercepted before reaching the patient (often 

referred to as a near-miss) or because the error, by chance, does not result in injury.(58) 

Studies in the field of medication safety face significant challenges due to heterogeneous 

measurement methods and underreporting of errors, which can obscure the true prevalence 

and impact of these events.(60, 61) For instance, studies often employ varying definitions of 

medication errors and ADEs, with some studies measuring processes (did a medication error 

occur) and others focusing on outcomes (did medication related harm occur).(58) 

Additionally, reliance on voluntary reporting systems which are known to be incomplete, 

further complicates data synthesis.(61) 

Improving medication safety is a key driver for implementing EP systems globally.(7)  Multiple 

systematic reviews have consistently demonstrated that EP system implementation, including 

medication related CDS systems, are associated with a reduction in medication errors, 

including prescribing and administration errors.(60, 62-64) However, the magnitude of the 

observed effects varies across studies due, in part, to how errors are defined as discussed 

above, the heterogeneity of study designs, variations in EP system configuration, and 

different approaches to implementation. However, some older studies have demonstrated a 

negative impact, with Spencer et al. reporting an increase in mortality post implementation 

of EP, due to operational difficulties during implementation.(65) In this specific study, the EP 

system and pharmacy stock management systems were not integrated, which meant that 

orders needed to be transcribed between systems. It is possible that this may have 

contributed to higher error rate. Walsh et al. reported an increased medication error rate 

post implementation of EP in the paediatric wards of a district general hospital.(66) This was 

attributed to the design of the EP system and its suboptimal configuration to detect errors in 

paediatric prescribing.  
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The impact of EP systems with CDS on pADE has demonstrated inconsistent findings.(67) 

Nuckols et al. focused on the occurrence of pADE after the implementation of EP systems in 

their systematic review; medication errors resulting in little, or no patient harm were 

excluded from their analysis. Pooled analysis of the six studies that measured pADE suggested 

EP was associated with approximately half as many pADEs as paper orders.(64) Reduction in 

pADE has been demonstrated with both home-grown and commercial systems,(68, 69) with 

greatest benefits demonstrated with more advanced CDS systems.(62) In contrast, 

Roumeliotis et al. demonstrated a significant reduction in the rate of medication errors, 

dosing errors and ADEs; analysis of studies specifically reporting pADEs did not achieve 

statistical significance. (60) Furthermore, EP implementation did not impact other patient 

outcome measures including length of stay or mortality.(60) A range of explanations have 

been suggested for the variation in effectiveness of implemented EP systems with CDS, 

including the usability of systems and their ability to integrate with the EHR.(70)  

1.5 Unintended consequences  

Despite the documented benefits of EP systems, concerns have also been raised about 

unintended consequences of EP systems that could potentially undermine these safety 

benefits.(71) Brown et al. conducted a systematic review which identified eight new error 

categories associated with EP systems.(72) The fragmented display of patient information on 

the computer display screen was one example of how the EP system could have contributed 

to errors occurring, as it prevented a coherent view of the patient's medications.(73) Drop-

down menus may have also contributed to errors occurring, as users mis-selected item(s) that 

may have similar sounding names (74) or mis-selected patients with a similar name.(75) A lack 

of familiarity with the EP system wording, terminology or presentation of data also 

contributed to possible errors, due to misinterpretation of information.(73) For example a 

dose of 20 mg was written in an EP system as 0020.000 mg and misread due to the additional 

zeros presented.(76) Default settings have been found to be overly restrictive, with errors 

occurring when prescribers have chosen to use workarounds to circumnavigate the default 

settings.(77) A lack of user knowledge about what default settings have actually been put in 
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place on the EP system, such as automatic stop-dates for certain medication, have also 

contributed to errors occurring.(73) Ordering processes have been described by some 

prescribers as non-intuitive, resulting in them selecting either free text option or an incorrect 

option and adding additional instructions to the order.(76) Repeat prescriptions have been 

generally easier to process using EP systems; however, errors have also been reported when 

repeat prescriptions have been generated in error, partly due to the absence of clear review 

dates or end dates, leading to unintended continuation of medications. (78) Many of these 

unintended consequences described above relate to the specific design of the EP system; 

however, suboptimal EP system implementation can also contribute to errors occurring, 

particularly when both paper and EP processes are employed concurrently.(71) Furthermore, 

a lack of integration between the EP system and other parts of the EHR can impact the EP 

system functionality and usability.(72) 

Consideration of human factors and user-centred design in EP system development and 

customisation is important.(72) Phansalkar et al. identified key human factor principles when 

designing medication related decision support.(79) Aspects such as visibility, colour and 

placement of the alerts are important when designing alerts. Similarly, high-level alerts should 

be prioritised to avoid habituation and false alarms. Impact on cognitive load is also 

important; wording of alerts should be optimised for clarity and brevity, and interruptions to 

user workflow limited. (80) Overuse of alerts or inappropriate alerting has resulted in alert 

fatigue and a high incidence of alert overrides with rates ranging from 46.2% to 96.2%. (81-

83) Many of these alert overrides are appropriate; however, some alerts will be 

inappropriately overridden which can adversely affect patient safety.[63]  Slight et al. 

concluded that 5.5 million alerts are inappropriately overridden in the USA each year, which 

is associated with a cost related to preventable adverse drug events of  between $871 million 

and $1.8 billion.(54)  

Many factors can influence override decisions including prescribers’ experience, patient 

allergies, and medication renewals.(82) High override rates can also point to the possibility 

that alert thresholds are being set too low.(82, 83) Consequently, improving CDS alert 

appropriateness requires addressing various factors, including technological aspects such as 
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the design and usability of the CDS, human factors like EP system training and consideration 

of clinician workflows, and organisational elements such as legal and regulatory requirements 

and digital leadership.(84) Future efforts should focus on optimising alert types and providing 

clear, rational information to minimise inappropriate overrides.(81)  

1.6 EP system optimisation 

It is clear that EP systems can bring about patient safety benefits; however, these systems 

may not be configured to suit local practices. Ongoing EP system optimisation post 

implementation is key to realising these benefits.(12) EP system optimisation encompasses 

maintenance and local customisation, system evaluation and benefits realisation, as well as 

on-going development of the digital infrastructure within the organisation.(85) Configuration 

changes can involve selecting functionalities from existing options available within the system 

or requesting that changes are implemented by the vendor to reflect the local or national 

processes and practices.(86) Customisation, on the other hand, involves undertaking more 

fundamental coding changes to the software to improve functionality (24) often because the 

vendor does not offer sufficient configurability or when it is more cost-effective to customise 

existing systems in-house than purchase additional software.(87, 88) There are risks 

associated with extensive configuration and customisation: standard updates from the 

vendor may not be implemented effectively and uncertainty is introduced regarding who is 

then responsible for routine maintenance (vendor or purchaser).(87, 88)  

EP systems can be optimised at all stages of the medication management process,(89) with 

most strategies directed towards the prescribing process; these include the deployment or 

refinement of CDS, with a focus on alerts, order sets and data dashboards.(89) Strategies for 

optimising CDS can include better use of basic CDS functionality such as improving drug 

dictionaries, formularies and preference lists, and implementing alternative advanced CDS to 

avoid relying on interruptive alerts such as rule-based pre-populated doses and order 

sets.(90) The use of interruptive alerts can also be optimised by improving alert specificity, 

incorporating patient specific outcomes and consideration of human factors in alert 

design.(84) Artificial intelligence (AI) has been employed to optimise alerts generated by CDS, 
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with some promising findings regarding reduction in alert burden by increasing the specificity 

of alerts.(85) However, currently studies have been limited to single hospital sites and specific 

medication groups, limiting the generalisability of the findings. (86, 87)  

Optimisation of EP systems may also involve enhancing EP systems by utilising more system 

functionality or investing in extensions to EP systems.(91) Examples include implementation 

of robotic dispensing technology to increase efficiency, reduce costs and improve patient 

safety by reducing dispensing errors.(92, 93) Medication administration errors have been 

reduced by barcode medication administration implementation which alerts nursing staff to 

‘near misses’ to prevent medication administration errors.(94, 95) Additionally novel 

approaches have been researched, such as integration of the MedEye medication scanner, 

which has been associated with reduction in non-timing errors, that are more likely to be 

associated with harm.(96) Integration of EP system interfaces between care settings have 

been found to improve the accuracy of medicines reconciliation.(97)  

Multifaceted approaches to EP optimisation have also incorporated strategies, such as 

stakeholder engagement and educational interventions to influence changes in organisational 

culture and increase the impact of interventions.(89) Educational interventions have included 

staff training on how to use a new EP system or software, the use of ‘super-users’ to support 

others to adopt the correct use of EP systems, specialist informatics training provided by EP 

system vendors to facilitate local customisation of CDS, as well as organisation level 

educational strategies that encourage culture change.(86, 89) 

1.7 Evaluation and Monitoring of EP systems  

It is important to note that when changes are made to EP systems during optimisation or 

system upgrades, there is also the potential for errors to occur.(98) For example, an error in 

the configuration of a chemotherapy protocol resulted in the incorrect dose of bleomycin 

being prescribed, which potentially contributed to a patient’s death.(99) Detecting and 

managing safety risks can be difficult due to the complex nature of potential errors, some of 

which not only relate to the system itself but also to the behaviours of users and specific 
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characteristics of organisations.(100, 101) Systems need to be evaluated after these changes 

have been made, using a number of different multifaceted evaluation strategies.(102) Clinical 

risk managements system(s) is an example of a strategy rolled out to ensure safe deployment 

of health IT (HIT) systems. In the UK, the NHS Digital Clinical Safety team have published 

standards outlining the clinical risk management requirements for HIT systems.(103) 

Hospitals have a responsibility to ensure appropriate steps are taken to identify and evaluate 

potential hazards and implement risk control processes. Post-deployment and maintenance 

testing is essential.(103)  

Maturity models can also be employed to assist organisations in tracking progress with 

optimisation of digital systems.  The HIMSS EMRAM is an internationally recognised 

methodology that scores hospitals using an eight-stage (0-7) model to measure the adoption 

and utilisation of electronic medical records (EMRs).(33) Achieving HIMSS Level 7 indicates 

that the EP system is deployed in over 90% of the hospital, with no use of paper charts. NHS 

England introduced the Digital Maturity Assessment in 2015, which was adapted from the 

EMRAM, and included dimensions of interoperability, technological readiness, and 

infrastructure components.(104) Digital maturity data has been collated as a self-reported 

measure of how effectively digital systems are being used to provide paperless healthcare at 

the point of patient contact. The assessment is intended to inform Trusts about their own 

progress and identify any gaps in development. However, a key limitation of these maturity 

models is their focus on technological innovation without considering organisational or 

human factors.(105, 106) Digital maturity models do not specifically evaluate EP safety 

performance. Consequently, a hospital may score high on a digital maturity model for 

implementing specific functionality, such as CDS, without evaluating the impact of this CDS, 

which could be poorly designed or misaligned with clinical workflow.(105)  

A comprehensive approach to evaluation considers not only the design and functionality of 

the EP system itself, but also the interplay between EP system users, the complexity of tasks, 

clinical workflow, and the environmental constraints such as ward procedures and space 

limitations.(107-109) Usability evaluation methods can be categorised as expert evaluation 

methods such as  heuristic evaluation, cognitive walkthrough and evaluation of users 
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perspectives such as usability testing, user questionnaires, interviews and focus groups. (110) 

Frameworks have been developed that address these multiple factors in EP system, such as 

the Fit between Individuals, Tasks, Technology, and Environment (FITTE) framework, which 

includes environmental and workflow compatibility.(107) This framework provides valuable 

insights into EP system performance by evaluating clinician-task alignment, technology 

usability and organisational readiness and identifies areas for improvement. (108)  

The System Usability Scale (SUS) is a widely accepted tool for assessing perceived usability 

across various domains, including healthcare, consumer technology, and enterprise software 

evaluations. (111, 112) Originally described as a ‘quick and dirty usability scale,’ the tool 

contains ten questions that alternate between positive and negative statements covering 

various aspects of usability.(113) Participants respond to each item using a five-point Likert 

scale ranging from ‘Strongly Disagree’ to ‘Strongly Agree’. Scores are adjusted and summed 

to produce a single usability score out of 100, with higher scores indicating better usability. 

The reliability and validity of the SUS have been well-established in multiple studies, 

demonstrating high internal consistency (Cronbach’s alpha typically exceeding 0.85) and 

strong test-retest reliability.(111, 112)  The SUS has been successfully applied in healthcare 

settings, including evaluation of EP systems globally with notable use in EHRs in North 

America.(112) In Europe, SUS has been adapted for NHS digital health tools, demonstrating 

reliability even in translated versions.(111, 114)  

A limitation of the tool itself relates to its generic application across different settings; the 

questionnaire avoids domain-specific language, focusing instead on universal usability 

concepts like ‘ease of use’  and  ‘confidence’.(112) While SUS provides a standardised 

benchmark, it may not always uncover specific usability issues unique to the complex 

workflows in EP systems.(113, 115, 116) Combining the SUS with more detailed qualitative 

methods, such as think-aloud protocols, may address these gaps. 

Incorporating the ‘Think Aloud  Protocol’ methodology  into usability studies provides insight 

into cognitive processes during task completion.(117) While using this method, participants 

are asked to verbalise their thought processes as they navigate the EP system and complete 
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specific tasks. In this way researchers can identify usability issues in real time and gain insight 

into the challenges faced by system users.(111) Think aloud studies have identified challenges 

associated with the EP system screen layout, information density, and use of colour within 

the screen which can affect the prescribing accuracy and workflow.(118-120) Although this 

approach is effective in gathering rich data about usability issues, it is a resource intensive 

methodology which can be a barrier to broader adoption.(121)  

Eye tracking has also emerged as a valuable tool for evaluating the usability of EP systems and 

other health information technologies. Studies have demonstrated its effectiveness in 

identifying visual attention patterns and potential usability issues.(118, 119) Research has 

shown that users tend to focus on key areas such as allergy information, patient details, and 

medication order review screens.(118, 119) Eye tracking can reveal discrepancies between 

visual attention and actual user behaviour, such as the generation of prescribing errors 

despite viewing relevant information.(122) When combined with other methodologies like 

think-aloud protocols and usability scales, eye tracking provides comprehensive insights into 

user experiences and potential safety concerns.(118)  

1.8 Simulation Studies 

Simulation is a valuable method for evaluating EP systems and EHRs, allowing researchers to 

assess usability and safety in a controlled environment.(123) This approach uses realistic 

clinical scenarios to mimic real-world workflows, helping identify errors and system 

vulnerabilities. A key benchmark is the Leapfrog CPOE Evaluation Tool, a U.S.-based EP system 

safety assessment that tests how effective EP systems are in detecting errors using high-risk 

prescribing scenarios.(124) The next chapter will systematically review literature which 

explores these methodologies in detail, including test case design, performance metrics, and 

the role of tools like the Leapfrog CPOE Evaluation Tool in optimising EP safety. 

1.8.1 Developing a Tool to Evaluate EP System Safety in English NHS Settings  

 NHS England commissioned Newcastle Hospitals NHS Foundation Trust to develop and 
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implement an ePrescribing risk and safety evaluation tool (ePRaSE) to assess implemented EP 

systems in hospital inpatient settings across England. It was proposed that the use of this 

simulation tool would provide information regarding the safety of EP systems; use of 

medication related CDS and identify areas to be optimised to improve patient safety. It was 

also envisaged that this evaluation tool could be used national (in a similar way to the US 

Leapfrog tool), which would facilitate the sharing of knowledge to drive optimisation of EP 

systems. 

1.9 Aims and Objectives 

The overall aim of this PhD programme of work is to develop, implement and explore the use 

of a simulation tool (ePRaSE) to evaluate EP system safety in England.  

The key objectives of this PhD include: 

• To identify and synthesise data on tools that have been used to evaluate the safety of 

EP systems in any healthcare setting across the world. 

• To obtain consensus on preventable high-risk prescribing scenarios, amenable to CDS 

that can be incorporated into the ePRaSE assessment in England.  

• To explore the usability and acceptability of ePRaSE amongst a variety of users 

throughout various stages of tool development 

• To describe and summarise the scores obtained from national roll-out of ePRaSE to 

establish strengths and weakness within EP system configuration. 

• To triangulate the findings of the qualitative and quantitative studies to develop key 

recommendations to inform future developments in the ePRaSE assessment.  

1.10 Chapter Summary and Thesis Outline 

In this Chapter, the researcher has provided background information on the digitisation of 
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healthcare, with a particular focus on the adoption of EP systems in English hospitals. The 

benefits of EP system implementation, such as reduction in medication errors, have been 

outlined, as well as the key challenges, such as the introduction of new errors, user-interface 

design and interoperability issues, all of which can hinder benefits realisation. Key NHS 

reports and policies that have influenced healthcare digitisation in England have also been 

discussed. Additionally, this chapter examined the different approaches to evaluating EP 

systems including strategies such as digital maturity assessments and usability 

methodologies.   

In order to meet the key objectives listed above, the researcher conducted a systematic 

review and narrative synthesis (Chapter 2) to identify and describe existing tools that have 

been employed to evaluate EP system safety. The review included tools that had been 

implemented in any clinical setting and any geographical location. By exploring the existing 

literature, this work was important to identify gaps in the current literature and to inform the 

development of the ePRaSE assessment tool.  

The researcher then describes the steps involved in the development of the ePRaSE 

assessment (Chapter 3) which includes an outline of the different parts of the assessment and 

details about how the scoring systems for ePRaSE has been developed. 

Chapter 4 describes an eDelphi study which was conducted to identify and gain expert 

consensus of high-risk prescribing scenarios suitable to be included in the ePRaSE assessment  

The researcher describes the planned methodology and analytical approaches taken to 

explore the newly developed ePRaSE assessment (Chapter 5). The researcher has drawn on 

knowledge gained from the literature explored in Chapter 1 and 2 and adopted a mixed 

methodology involving a large qualitative study conducted over multiple phases, to 

investigate the usability and acceptability of the ePRaSE assessment throughout the various 

stages of its development, followed by a quantitative study to describe the findings of the 

national roll out of ePRaSE.  

The results of the main qualitative study are described in Chapters 6, 7 and 8. Themes 
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generated relate to the usability and acceptability of the ePRaSE tool (Chapter 6), the different 

applications of ePRaSE (Chapter 7), and the challenges of ePRaSE and EP system safety 

evaluation tools, more broadly (Chapter 8).   

Chapter 9 relates to the quantitative study that summarises the findings from the national 

roll out of ePRaSE providing insight into the performance in the assessment.  This chapter 

describes the methods of analysis, summarises the results and discussed the significance of 

the findings in relation to published literature. 

Chapter 10 provides an overarching discussion and conclusion in which the researcher 

collated the high-level findings from this programme of work, including recommendations 

about how the findings from this work can inform future developments in the ePRaSE 

assessment as well as wider application to the evaluation of EP systems. 

An outline of the PhD chapters is provided in Figure 1, to provide a visual overview of the 

structure of the thesis.  

 

Figure 1: Diagram representing overall structure of PhD thesis 
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Chapter 2. Systematic Review to Identify and Describe Tools that have been 

used to Evaluate the Safety of EP systems. 

The previous chapter reviewed the literature around the digitisation of prescribing processes 

in England, the wider UK, and internationally. This transformation aligns with broader goals 

of accessible and interoperable digital healthcare, as outlined in key international initiatives 

such as the WHO Global Strategy on Digital Health (2020–2025) and the Medication Without 

Harm campaign.(1) Within England, strategic frameworks, such as the NHS Long Term Plan 

and guidance from the Wachter Review, underpin digitisation. These efforts collectively aim 

to enhance patient safety, reduce prescribing errors, and advance the adoption of digital-first 

approaches in healthcare delivery. 

This chapter seeks to identify and synthesise the evidence regarding tools that have been 

developed and implemented to evaluate the safety of EP systems. This will provide a 

comprehensive understanding of the tools that are currently available across diverse settings 

and geographical locations, and the specific components or dimensions of EP system safety 

that the tools evaluate.  

2.1. Aim 

The aim of this systematic review and narrative synthesis was to identify and categorise tools 

developed and used to evaluate the safety of EP systems across all healthcare settings, 

without geographical restriction. A systematic review design was selected to address a clearly 

defined research question, requiring a structured and comprehensive synthesis of specific 

types of evidence using predefined eligibility criteria, in line with recognised best 

practice.(125) As the focus was on identifying and characterising specific tools rather than 

broadly mapping the literature, a systematic review was more appropriate than a scoping 

review, particularly given the intention to support practice and policy through detailed 

synthesis. (126) 
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2.2. Objectives 

Key objectives include: 

• To describe the design and methodological approaches employed, including the types 

of methods used (e.g., quantitative, qualitative, mixed methods) and the specific 

components or dimensions of EP system safety that the tools evaluate. 

• To summarise how the tools were developed, including the sources of evidence or 

input used to inform tool development. 

• To identify and categorise the key outcomes the tools were designed to evaluate, such 

as evaluation scores or improvements in patient safety metrics. 

• To compare and contrast the identified tools in terms of their scope, strengths, 

limitations and suitability for different healthcare settings or contexts. 

• To identify gaps in the existing tools and methodologies, and to propose 

recommendations for future research and tool development in the evaluation of EP 

system safety.  

2.3. Method 

2.3.1. Protocol Registration. 

The review was registered with PROSPERO (Registration number CRD42024565636 Appendix 

I) and has been conducted in accordance with the ‘Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA)’ guidelines.(127)  

2.3.2. Search Strategy.  

Five large databases were searched in July 2024 including the Cumulative Index to Nursing 

and Allied Health Literature (CINAHL); Embase (via Ovid); Medline (via Ovid): Scopus and Web 

of Science. Utilising a comprehensive search strategy, appropriate search terms were 
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developed and grouped into the key concepts; specifically relating to “electronic prescribing”; 

“tools” and “patient safety”. The search terms were then combined using the Boolean 

operator “OR” to combine the terms in each set, followed by the “AND” function to combine 

sets; full details of the terms used, and searches conducted have been provided in Tables 1-

4. Additional papers were identified by hand-searching the bibliographies of all included 

studies.  

Table 1: Search Terms in Medline and CINAHL 

Set 1 
(electronic prescribing) 

Set 2 
(tools) 

Set 3 
(patient safety) 

 

Full search = (electronic prescribing) AND (tools) AND (patient safety) 
 

electronic prescribing OR 

electronic order entry OR 

electronic physician order entry OR 

computerized provider order entry 

OR 

computerized prescriber order entry 

OR 

computerized physician order entry 

OR 

computerized order entry OR 

CPOE OR 

clinical decision support system OR 

drug therapy, computerised OR 

CDS 

Tool OR 

scoring system OR 

framework OR 

performance measure OR 

quality assessment OR 

computer simulation  

 

patient safety OR 

medication safety OR 

medication error OR 

prescribing error OR 

prescription error OR 

adverse drug event OR 

 

 

Table 2: Search Terms in Embase 

Set 1 
(electronic prescribing) 

Set 2 
(tools) 

Set 3 
(patient safety) 

 

Full search = (electronic prescribing) AND (tools) AND (patient safety)  
 



25 

 

electronic prescribing OR 

electronic order entry OR 

electronic physician order entry OR 

computerized provider order entry OR 

computerized prescriber order entry 

OR 

computerized physician order entry OR 

computerized order entry OR 

CPOE OR 

clinical decision support system OR 

drug therapy, computerised OR 

CDS 

tool OR 

scoring system OR 

framework OR 

performance measure 

OR 

quality assessment OR 

computer simulation  

 

patient safety OR 

medication safety OR 

medication error OR 

prescribing error OR 

prescription error OR 

adverse drug event 

 

 

Table 3: Search Terms in Scopus 

Set 1 
(electronic prescribing) 

Set 2 
(tools) 

Set 3 
(patient safety) 

 

Full search = (electronic prescribing) AND (tools) AND (patient safety)  
 

electronic prescribing OR 

electronic order entry OR 

electronic physician order entry OR 

computerized provider order entry OR 

computerized prescriber order entry OR 

computerized physician order entry OR 

computerized order entry OR 

CPOE OR 

clinical decision support system OR 

drug therapy, computerised OR 

CDS 

Tool OR 

scoring system OR 

framework OR 

performance measure 

OR 

quality assessment OR 

computer simulation  

 

patient safety OR 

medication safety OR 

medication error OR 

prescribing error OR 

prescription error OR 

adverse drug event 

 

 

Table 4: Search Terms in Web of Science  

Set 1 
(electronic prescribing) 

Set 2 
(tools) 

Set 3 
(patient safety) 

 

Full search = (electronic prescribing) AND (tools) AND (patient safety)  
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electronic prescribing OR 

electronic order entry OR 

electronic physician order entry OR 

computerized provider order entry OR 

computerized prescriber order entry 

OR 

computerized physician order entry OR 

computerized order entry OR 

CPOE OR 

clinical decision support system OR 

drug therapy, computerised OR 

CDS 

Tool OR 

scoring system OR 

framework OR 

performance measure OR 

quality assessment OR 

computer simulation  

 

patient safety OR 

medication safety OR 

medication error OR 

prescribing error OR 

prescription error OR 

adverse drug event 

 

 

2.3.3. Eligibility Criteria 

The eligibility criteria for study selection were guided by the Population, Intervention, 

Comparator, Outcome, and Study type (PICOS) framework developed by the author (JH), as 

outlined in Table 5. Primary studies that involved any healthcare professional, such as doctors, 

nurses or pharmacists, utilising a tool that independently evaluated the safety of an EP system 

were included. Different types of evaluation tools were included provided the assessment 

related to EP system safety and was not limited to evaluation of specific types of CDS only 

(e.g., CDS for a specific health condition, or evaluation of drug-drug interaction alerts only). 

Studies that described the development of an evaluation tool but did not discuss its 

application to an EP system were not eligible for inclusion. There were no restrictions on study 

setting; evaluation tools that have been implemented in any healthcare setting and utilised 

for adult and / or paediatric patients, in any geographical location were eligible for inclusion. 

Any study outcome(s) that has been used to assess the safety of electronic systems were 

considered, such as evaluation scores, changes in medication errors or adverse drug events. 
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All study designs and conference abstracts were included; however, opinion pieces and 

editorial articles were excluded. No limit was applied on the publication date and studies were 

not excluded based on quality. Language restrictions were not applied during the literature 

search; however, due to resource restrictions, studies were excluded at the eligibility 

screening stage if the full text was not available in English. This approach aligns with 

recommended best practices to avoid bias during the search phase while allowing for 

pragmatic limitations during selection. (128)  

Table 5: PICOS inclusion and exclusion criteria 

PCOS 

criteria 

Inclusion criteria Exclusion criteria 

Population • Any healthcare professionals or end user 

of tools that evaluate electronic 

prescribing systems in any healthcare 

settings, in any geographical location. 

• Healthcare professionals 

utilising tools to evaluate 

electronic prescribing systems 

that required patient 

involvement. 

Intervention • Tools developed and implemented to 

independently evaluate the safety of 

electronic prescribing systems. 

Examples include but not restricted to: 

• Simulation-based assessments 

• Usability testing tools 

• Safety assessment frameworks 

• Tools that were not 

amenable to evaluation of 

electronic prescribing 

systems. 

• Tools that do not specifically 

evaluate electronic 

prescribing systems. 

Comparator • Not applicable  • Not applicable 
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Outcome • All study outcomes that explore the 

implementation of an evaluation tool 

including but not restricted to: 

• Feasibility and ease of implementing 

the tool. 

• Effectiveness of the tool in identifying 

safety issues (e.g., evaluation scores, 

changes in medication errors and/or 

adverse drug events). 

• User satisfaction.  

• Cost-effectiveness.  

• Studies that explore the 

development of tools but did 

not include application with 

electronic prescribing 

systems. 

• Studies describing other 

evaluation methodologies 

that do not involve 

application of a tool. (e.g., 

qualitative evaluation using 

interviews). 

2.3.4. Selection Criteria 

Two reviewers (JH) and (CT) screened the articles for eligibility independently, using the 

inclusion/ exclusion criteria described in Table 5. Firstly, the titles and abstracts were 

reviewed; full articles were retrieved for all papers that met the inclusion criteria including 

articles that could not be rejected with certainty following abstract review. Discrepancies 

between reviewers were resolved by discussion at each stage of selection. The involvement 

of a third reviewer was not required as consensus was reached between the two reviewers. 

Reasons for rejecting full articles was documented. A PRISMA flow diagram was used to 

illustrate the selection process. (Figure 2) 
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Figure 2: Prisma Flow Chart

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 
doi: 10.1136/bmj.n71.  
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2.3.5. Data Extraction 

Data extraction was carried out by two reviewers (JH) and (AH) using a customised electronic 

data collection form containing the following headings author and date, title, aim, 

participants, location, study procedure and summary of findings. (Table 6) 

2.3.6. Quality Appraisal 

A critical analysis of the included studies was performed using the Mixed Methods Appraisal 

Tool (MMAT) 2018 which is designed to assess the quality of qualitative, quantitative, and 

mixed methods studies in systematic reviews.(129) The MMAT was selected for this 

systematic review because of the heterogenous study design of included studies, therefore 

offering an efficient method of quality appraisal within a single tool. The MMAT 2018 focuses 

on five methodological criteria for each of the categories of study design, with each criterion 

scored as either met (1) or not met (0). Each study was appraised based on the specific criteria 

which were relevant to its methodology and a narrative summary of their strengths and 

weaknesses produced, along with a percentage score, for ease of reporting. The MMAT 

checklist is provided in Table 7. 

2.3.7. Data Synthesis  

A narrative synthesis was used to accommodate the heterogeneity of the study design and 

the outcome measures which precluded meta-analysis. All included papers were 

independently reviewed by two authors (JH) and (AH) using a narrative synthesis 

framework.(130) Themes were synthesised which summarised the data including (1) the type 

of tools identified and how they were developed, (2) the setting of the evaluation and intended 

user, and (3) the methods of assessing the impact on EP system safety that were reported 

(specific outcomes). The concepts and themes emerging from the included articles were 

discussed by all authors, including the similarities and differences between the tools, in 

relation to their design, implementation and impact in clinical practice.  
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2.4. Results 

Initial searches identified 2159 articles, an additional 2 articles were identified through hand 

searching of references and grey literature. After removal of duplicates (n= 448) and articles 

at the title and abstract screening (n= 1661) and full text (n= 39) stages, 13 studies were 

included in the review. One study published in French was excluded at the full-text stage and 

has been documented among excluded studies to maintain transparency, as recommended 

by the PRISMA 2020 guidelines. (125)  

The study methodology included qualitative studies (n=3), quantitative descriptive studies (n= 

8), and mixed method studies (n=2). The 13 included studies were conducted in six different 

countries, including United States of America (USA) (n=7), (131-137) both USA and Canada 

(n=1), (138) Austria (n=1),(139) Denmark (n=1), (140) France (n=1), (141) and South Korea 

(n=1).(142)  They were published between 2006 and 2022. For a detailed summary of the 

included studies, including key characteristics and extracted data, please refer to the data 

extraction table (Table 6).  

Amongst the 13 papers, eight different EP system safety tools were identified. Eight papers 

related to three tools developed as part of the Leapfrog Group Hospital Survey, a nonprofit 

organisation that focuses on improving healthcare quality and safety in the United States. 

(131-137, 142, 143) Three different tools applied the Leapfrog CPOE Evaluation methodology 

to adult inpatients, adult ambulatory settings and paediatric inpatient settings.(131, 134, 136) 

All tools used a simulated environment using test orders alongside test patient cases to 

evaluate the safety of EP systems.  

Three papers were part of the Patient Safety through Intelligent Procedures in medication 

(PSIP) project which was a project funded by the European Union which aims at preventing 

medication errors.(144) Running from 2008 to 2011, this project focused on identifying the 

causes of medication-related adverse events and developing and evaluating CDS tools. The 

three studies focused on evaluating the quality of the alerts generated by the PSIP CDS,(139) 

the impact on prescriber behaviour and clinical practice,(140) and patient safety orientated 

usability of the PSIP CDS.(141)   

A further two tools were independent EP system evaluations.(138, 145) Nine papers 
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described tools that were designed to be used by organisations (end users) as part of a regular 

EP system evaluation.(131-135, 137, 145) The remaining four papers described tools that 

were used solely for research purposes.(138-141) 

Different methodologies were applied, resulting in heterogenous study designs which 

evaluated different aspects of EP system safety.  For example, while the Leapfrog tool 

identified strengths and weaknesses in CDS functionality, the PSIP project tools provide 

insight into usability and workflow integration. 

2.4.1. Study Quality 

All studies were quality assessed with MMAT scores ranging from 40% to 100%. Based on the 

percentage scores, nine studies were classified as high quality (80-100%), including two 

qualitative studies and seven quantitative studies. Of the remaining four studies, three were 

categorised as moderate quality (60-79%), and one categorised as low quality (<60%). The 

most common methodological limitations included unclear integration of mixed methods, 

underrepresentation of one study component in the data, and a lack of detailed methodology 

or data analysis. Despite these limitations, all studies were included in the review.  
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Table 6: Data extraction table 

Author, Date Title Aim Participants Location Study Procedure Summary of Findings 

Kilbridge et 

al, 2006. 

(131) 

Development of 

the Leapfrog 

methodology for 

evaluating hospital 

implemented 

inpatient 

computerised 

physician order 

entry systems.  

Develop and 

validate Leapfrog 

Computerized 

Physician Order 

Entry (CPOE) 

evaluation 

methodology 

Doctors USA Tool developed 

from literature and 

expert input. 

Validated at 6 

medical centres 

using 6 CPOE 

systems. Time to 

complete tests 

measured, 

methodology 

refined based on 

feedback. 

130 adult, 50 paediatric tests 

developed. Validation revealed 

range of CPOE capabilities. 

Response options refined to 

"Alert/order blocked" or "Order 

accepted, no alert." 

Metzger et 

al, 2010. 

(132) 

Mixed results in 

the safety 

performance of 

computerised 

physician order 

entry 

Evaluate national 

Leapfrog CPOE 

results 

Doctors USA Leapfrog scores 

evaluated at 62 

hospitals evaluated. 

Descriptive 

statistics and 

statistical tests 

performed to 

establish patterns in 

the data. 

Scores ranged from 10-82%. Basic 

decision support scored higher 

(61%) than advanced (25%). 

Variation in performance 

independent of vendor.  
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Ammenwerth 

et al, 2010. 

(139) 

Validation of 

completeness, 

correctness, 

relevance and 

understandability 

of the Patient 

Safety through 

Intelligent 

Procedures in 

medication (PSIP) 

Clinical Decision 

Support (CDS) 

Systems for 

medication safety 

Validate CDSS 

and detect 

incorrect/unclear 

alerts 

Doctors, 

pharmacists 

Austria Test cases 

developed, 

development of 

web-based platform 

management of 

tests. 38 test cases 

reviewed by 9 

experts. 4 validation 

runs, 48 alerts 

generated. 

Assessed 

completeness, 

correctness, 

relevance, 

understandability. 

39.6% alerts correct, 29.2% 

incorrect. 36.9% alerts clinically 

relevant. 42.9% alert texts not 

easily understandable. 

Ammenwerth 

et al, 2012. 

(140) 

Simulation studies 

for the evaluation 

of health 

information 

technologies: 

experiences and 

results  

Evaluate if PSIP-

DK improves 

medication 

safety 

Doctors, 

simulated 

patients 

Denmark 10 doctors, 5 test 

patients, 50 

simulations over 3 

days. 25 runs with 

standard system, 25 

with PSIP-DK. 

PSIP-DK showed tendencies to 

improve safety, but not 

statistically significant. 5 situations 

identified where PSIP-DK 

improved safety. Technical 

difficulties and time-consuming 

process noted. 
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Marcilly et al, 

2012. (141) 

Patient safety-

orientated usability 

testing: a pilot 

study 

Evaluate CDS 

usability for 

medication order 

entry 

Doctors, 

pharmacists 

France 4 real patient cases 

used. Participants 

performed tasks, 

completed System 

Usability 

Questionnaire. 

4/7 usability goals fully achieved. 

Qualitative analysis revealed 9 

negative comments on 

information content. Issues with 

drug entry and removal from 

medication list. 

Leung et al, 

2013. (133) 

Relationship 

between 

medication event 

rates and the 

Leapfrog 

computerised 

physician order 

entry evaluation 

tool  

Determine if 

Leapfrog scores 

correlate with 

adverse drug 

events 

Not 

applicable 

USA 5 hospitals, 1000 

patients reviewed. 

Rate of preventable 

adverse events 

(pADE) compared to 

Leapfrog scores. 

645 pADEs identified. 43% 

reduction in pADEs for every 5% 

increase in Leapfrog score. 

Secondary outcome (potential 

ADEs) not statistically significant. 

Slight et al, 

2015. (138) 

The vulnerabilities 

of computerised 

physician order 

entry systems: a 

qualitative study  

Evaluate if CPOE 

systems prevent 

erroneous 

medication 

orders 

Doctors USA, 

Canada 

Researchers 

observed 

participants 

entering erroneous 

orders and 

recorded ease or 

difficulty of task 

completion. Data 

analysed using 

coding techniques. 

CPOE systems often failed to 

prevent errors. Alert warnings 

varied; workarounds facilitated 

erroneous orders. Alerts were 

confusing, with timing issues. 
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Cho et al, 

2015. (142) 

Acceptability and 

feasibility of the 

Leapfrog 

computerised 

physician order 

entry evaluation 

tool  for hospitals 

outside the United 

States 

Evaluate 

Leapfrog tool in 

Korean hospitals 

Doctors 

(evaluation 

team) 

Korea Leapfrog adapted 

for use in 4 Korean 

hospitals 

Completion rates 

ranged from 67.9-

75.5%. Scores 

compared to 5 US 

hospitals. 

Acceptability and 

feasibility assessed  

Scores ranged from 21.6-36.5%. 

Systems failed to respond to 13-

20 scenarios. Time to complete: 

3.1-4 hours. Scores lower than US 

hospitals. 

Chaparro et 

al, 2016. 

(134) 

National trends in 

safety performance 

of electronic health 

record systems in 

children's hospitals 

Evaluate CPOE 

safety in 

paediatric 

hospitals using 

Leapfrog tool 

Doctors USA 90 Leapfrog scores 

analysed from 48 

paediatric hospitals.  

Linear regression 

analysis performed 

to evaluate scores 

over time and 

trends such as 

academic affiliation, 

hospital, type and 

vendor.  

Scores ranged from 22.7-91.1%. 

Basic decision support scored 

higher (71.6%) than advanced 

(50.4%). Average score: 62%. No 

correlation between scores and 

hospital type/vendor. Upward 

trend in scores over time. 
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Co et al, 

2020. (135) 

The trade-offs 

between safety and 

alert fatigue: Data 

from national 

evaluation of 

hospital 

medication -related 

clinical decision 

support 

Evaluate 

Leapfrog CPOE 

results (2017-

2018) 

Doctors USA 1188 hospitals 

evaluated in 2017 

and 2018.  

Descriptive 

statistics and 

multivariate linear 

regression used to 

explore relationship 

between variables.   

Scores improved from 58.1% 

(2017) to 66.2% (2018). Fatal 

order performance improved, but 

nuisance order performance 

remained unchanged. Strong 

association between nuisance 

order performance and overall 

performance. 

Co et al, 

2021. (136) 

The development 

and piloting of the 

ambulatory 

electronic health 

record evaluation 

tool: lessons 

learned 

Develop and 

pilot ambulatory 

EHR evaluation 

tool 

Doctors USA Tool adapted from 

Leapfrog CPOE tool. 

7 outpatient clinics 

evaluated.  

Mean overall score: 54.6%. 

Highest scores: drug allergy 

(100%), drug-drug interaction 

(89.3%). Lowest scores: drug age 

(39.3%). Average time to 

complete: 2 hours. 3 clinics used 

EHR-based medication 

reconciliation, only 1 

demonstrated it. 

Holmgren et 

al, 2021. 

(137) 

Assessing the 

safety of electronic 

health records: a 

national 

longitudinal study 

of medication 

related decision 

support 

Assess CPOE 

performance 

over time 

Doctors USA Leapfrog scores 

from 2009 to 2016 

evaluated. Changes 

in scores compared 

over time across a 

set of hospital 

characteristics 

1527 hospitals, 5107 CPOE 

evaluations (2009-2016). Scores 

increased from 54.0% (2009) to 

61.6% (2016). Performance 

improved with hospital 

experience. 
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Pruitt et al, 

2022. (145) 

Development and 

pilot evaluation of 

an electronic 

health record (EHR) 

usability and safety 

self-assessment 

tool.  

Design and 

validate a tool to 

identify EHR 

usability and 

safety issues 

Doctors USA Questionnaire tool 

developed, hosted 

on REDCap. 10 

doctors evaluated 

at 2 sites. Observed 

via 

videoconference. 

Analysed for 

response accuracy, 

workflow variability, 

and usability issues. 

80.6% correct responses, 9.3% 

partially correct, 10.1% incorrect. 

96 incorrect/partially correct 

responses. 8 usability issues at 

Site A, 7 at Site B. Issues with 

visual display, data entry, and 

system automation. 

 



 39 

Table 7:Summary of MMAT checklist score 

Author, Date Screening 

questions       

Qualitative Quantitative 

descriptive 

Mixed methods Percentag

e score 

S1 S2 1.1 1.2 1.3 1.4 1.5 4.1 4.2 4.3 4.4 4.5 5.1 5.2 5 5.4 5.5 

Ammenwerth et al, 

2010  
Y Y Y Y Y N 

Can'

t tell 
          60 

Ammenwerth et al, 

2012  
Y Y           Y Y Y 

Can'

t tell 
N 60 

Marcilly et al, 2012 
Y Y           Y Y N N 

Can'

t tell 
40 

Pruitt et al, 2022 Y Y Y Y Y Y N           80 

Slight et al, 2015 Y Y Y Y Y Y Y           100 

Kilbridge et al, 2006 Y Y      Y Y Y Y N      80 

Metzger et al, 2010 Y Y      Y Y Y Y Y      100 

Leung et al, 2013 Y Y      Y Y Y N Y      80 
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Cho et al, 2015 Y Y      Y Y Y N N      60 

Chaparro et al, 2016 Y Y      Y Y Y Y Y      100 

Co et al, 2020 Y Y      Y Y Y Y Y      100 

Co et al, 2021 Y Y      Y Y Y Y Y      100 

Holmgren et al, 

2021 
Y Y      Y Y Y Y Y      100 
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2.4.2. Description of the EP System Safety Tools.  

Three European studies used different tools to evaluate CDS developed as part of the PSIP 

project.(139-141) Studies were conducted in Austria,(139) Denmark,(140) and France.(141) A 

study was conducted in Austria to evaluate the quality of the PSIP CDS alerts by completing 

simulated prescribing exercises utilising the PSIP CDS application and evaluating the CDS that 

presented during the simulation. This simulation involved 22 test cases that generated 48 

alerts, and these alerts were analysed by two experts according to four criteria: completeness, 

correctness, relevance and usability.(139)  

Ammenwerth et al. utilised a simulated ward in which doctors (the participants) were asked 

to perform a ward round, which involved reviewing the clinical data of five simulated patients, 

talk to the patients, and decide on their next steps (e.g., prescribe medication and document 

their treatment plan).(140) The simulation study took place in a fully equipped clinical 

simulation lab, in Denmark, featuring realistic hospital settings including patient rooms and 

observation rooms. Each room was outfitted with multiple cameras for observation and 

recording, and the bedside computers were connected to screen capture systems. The 

environment was carefully staged with clinical equipment and props to create an authentic 

setting for testing, with doctors using both digital and paper records during the simulation. 

The five simulated patients were played by role players, and a research team member acted 

as the nurse, whose role was to answer any questions about the patient case, following 

instructions from a research coordinator from the observation room via an intercom headset. 

Ten participants completed a total of 50 simulations utilising the PSIP-DK CDS for 25 

simulations and a standard EP system for the remaining 25 simulations.  The simulation was 

unstructured therefore participants were able to follow their own process without specific 

direction. Some participants preferred to review the clinical data first before engaging with 

the patient, while others chose to speak with the patient first. Participants were permitted to 

ask additional questions or contact a senior colleague for advice, to simulate a realistic patient 

assessment.   

The evaluation tool provided a gold standard of the expected clinical actions for the five 
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simulated patients, which was established in advance by two experienced doctors.  This 

standard outlined key activities that should be completed for each simulated patient. During 

the simulations, all user actions were recorded, and performance was measured by 

comparing completed actions against the gold standard. The adherence of each participant 

to the gold standard was calculated as a percentage and statistical comparison between the 

intervention (the PSIP-DK) and control groups (a standard EP system) was undertaken. 

Additionally, debriefing interviews were conducted with each doctor to capture their 

subjective views on the system’s impact on patient safety, which were used to support the 

simulation findings, though no formal qualitative analysis was performed. 

Marcilly et al. conducted their study in a hospital environment, evaluating safety aspects of 

the usability of the PSIP application, which was available as a web based CDS system, accessed 

via the hospital intranet.(141) The evaluation tool was developed to evaluate three objectives 

including the accuracy and safety of the PSIP CDS, the information content displayed and the 

usability of the application. Four patient cases (without medication) were uploaded into the 

PSIP CDS prior to the simulation and the medication list was provided on paper for 

transcription by the participants (n=5), including two pharmacists and three doctors. 

Participants then performed tasks which were defined by the four patient scenarios. The 

participants’ computers were connected to a portable usability laboratory, which recorded 

their interactions with the computer interface. In addition, the think-aloud method was 

employed, with a researcher capturing participants verbalisation during the evaluation.  

Following the simulation participants completed the SUS questionnaire.(141) Researchers 

evaluated task completion for each participant during the simulation and documented the 

levels of success in completing the tasks, defined as ‘success’, ‘success with help’ and ‘failure’. 

Further, in-depth analyses of the audio-video protocols were performed where required and 

qualitative analysis was undertaken to evaluate the participants verbalisations and behaviour 

during the tasks.  

A qualitative study conducted by Slight et al. in the USA and Canada, involved instructing 

participants (doctors) to enter 13 orders on test patients available within their EP system, 

which could be in the live EP system or a production domain.(138) Participants were 

instructed to follow their usual prescribing processes and to use any workarounds that they 
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might use to enter such orders, if necessary. Researchers, including a research assistant 

accompanied by a research pharmacist or clinician, observed the participants complete the 

orders and recorded observations regarding the ease or difficulty of the task completed. 

Participants were also asked to reflect on the processes during the simulation.  

Pruitt et al. conducted a mixed methods study to investigate an evaluation tool that used the 

data collection software, REDCap, to host the tool which was developed and pilot-tested at 

two hospitals, in the United States of America (USA), using two different vendor EP 

systems.(145)  The tool was intended to be used by doctors and therefore ten doctors were 

recruited to participate; five at each hospital site. To perform the evaluation, each participant 

was sent a link to the REDCap evaluation tool and details of the test patient ID to be used to 

complete the tests. The participants would then login to the production domain of their EP 

system and complete the evaluation by performing the test case actions and answering the 

corresponding assessment tool questions in REDCap. In this study, participants were not 

observed in person but by an expert researcher via videoconference software.  

Eight quantitative papers related to the Leapfrog CPOE Evaluation Tool, which is a simulation-

based assessment developed to evaluate the effectiveness of EP systems in preventing 

medication-related errors through provision of CDS. The Leapfrog CPOE Evaluation was 

conducted by an evaluation team at each hospital, using a series of test orders alongside test 

patients, to detect the presentation of CDS in response to the test orders. These test patients 

were uploaded into the pre-production EP system in advance of the evaluation; however, the 

test orders were randomly assigned at the time of the assessment. The EP system response 

to the test orders was documented in the Leapfrog questionnaire, by a member of the 

evaluation team. 

The CPOE Evaluation Tool is available in three versions, with the inpatient CPOE tool being 

the most widely used and evaluated. One paper described the development and pilot 

evaluations of the inpatient tool in six US hospitals using six different EP systems.(131)  A 

further three studies summarised the evaluation scores obtained from multiple US hospitals, 

(132, 135, 137) providing longitudinal data summarising how the performance in the Leapfrog 

performance has changed overtime, from 2009 to 2016.(137) The relationship between the 

inpatient Leapfrog CPOE Evaluation scores and ADEs have been investigated in one US study 
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involving 1000 ADEs at four hospitals.(133)   

Cho et al. investigated whether the adult inpatient Leapfrog CPOE Evaluation tool could be 

employed in a setting outside of the USA (South Korea), and to understand the challenges 

associated with international differences.(142) This study was conducted in four hospitals in 

South Korea with well established, self-developed EP systems. Researchers anticipated 

possible differences in drug formularies and prescribing patterns between the U.S. and South 

Korea. Despite these concerns, there was sufficient overlap to proceed with testing, and 

hospitals were able to complete between 67.9% and 75.5% of test scenarios.(142) 

Leapfrog has also developed a version of their tool for use in paediatric inpatient settings, 

using the same evaluation methodology. One study summarised the scores obtained at 

multiple hospitals using the paediatric tool, including scores according to different CDS 

categories.(134)   

A study by Co et al. described the development and pilot evaluation of the Leapfrog 

Ambulatory Care CPOE Evaluation Tool which was adapted from the inpatient version to 

assess the safety performance of EP systems in outpatient settings.(136) This version of 

Leapfrog employs the Leapfrog methodology, but some CDS categories were refined to 

represent CDS categories relevant to outpatient prescribing. Notably, this tool included a 

medication reconciliation module, recognising the importance of accurate medication 

histories in ambulatory care.(136)  

2.4.3. Development of the Tool (scenarios / tests) 

Several approaches were employed to identify prescribing scenarios that would be suitable 

to incorporate into the different tools to evaluate EP system safety. The authors reported 

sourcing these prescribing scenarios from national guidelines,(139) published literature 

related to medication errors and adverse events,(131, 134, 136, 142, 145)  incident reports 

relating to medication errors and patient safety, where EP systems were believed to have 

contributed to the incident,(131, 138) and de-identified real patient cases. (136, 140, 141)  

One of the tools (the Leapfrog Ambulatory Care Tool) was adapted from the existing inpatient 

version of the tool,(131) by using real-world cases and literature relevant to preventable ADEs 
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in the ambulatory setting.(136) The development of the prescribing scenarios was guided by 

experts, including doctors and pharmacists, informatics / human factors specialists, and 

patient safety specialists.  

The number of test scenarios used by tools varied significantly, which was due, in part, to the 

heterogenous evaluation methodologies. The tools developed as part of the PSIP project 

employed a smaller number (i.e., four or five) scenarios.(139-141)  Slight et al. developed 

scenarios to test 13 categories of common erroneous medication orders, utilising all the 

erroneous orders created to evaluate 13 different EP systems.(138)  

The Leapfrog CPOE evaluation tool involved a master order set initially consisting of over 130 

adult and over 50 paediatric test orders at the time of development.(131) Similar order 

categories were used by Slight et al.(138) and the Leapfrog evaluation, including error 

categories relating drug-dose, route of administration, duplicate drug or therapy, drug 

allergies, drug-drug interactions and drug-disease contraindications.  There were some 

notable differences; Slight et al. include drug-omission and adjacency errors, which were not 

represented in the Leapfrog tool. However, additional CDS categories were included in 

Leapfrog since 2010 and covered contraindications based on age and laboratory data as well 

as orders associated with corollary tests and costs of care.  Later versions of the Leapfrog 

evaluation (2020 onwards) introduced additional categories including fatal and nuisance 

order categories.(135)  

The Leapfrog CPOE Evaluation Tools are designed to be employed independently by hospital 

organisations. Consequently, several strategies have been adopted to prevent ‘gaming of the 

system’ and preserve the integrity of the assessment. Firstly, access to the master set of test 

orders is restricted and is regularly updated. Only a subset of test orders is downloaded by 

each hospital undertaking the test, with time restrictions applied to minimise the possibility 

that any site could anticipate the specific orders.(7)  Gaming detection strategies were 

employed to detect irregularities during the test, including multiple false positive responses 

and excessive time limits. Hospital scores were consistently eliminated from the dataset for 

exceeding deception analysis thresholds.(7, 9, 21)    
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2.4.4. Test Patients  

All tools used fictitious or deidentified real patients to facilitate the prescribing tasks. In most 

cases test patients were developed by the research team, to provide fictitious patients with 

the specific characteristics required to undertake the prescribing tasks. These included 

demographic data and the clinical characteristics required to complete the test orders, such 

as patient age, gender, medical history, current diagnoses, prescribed medication as well as 

additional clinical data such as laboratory results relevant to specific test scenarios.(131, 134, 

136, 139) Ammenwerth et al. adopted a different approach by providing simulated patients 

based on comprehensive patient data, including patient demographic data, medical history, 

current diagnosis, plan for treatment, medication list and laboratory results.(140) The number 

of test patients was limited by the practical restrictions of the simulation study, such as access 

to the simulated ward environment and recruitment of participants, which was acknowledged 

as a limitation of the study.  

In two studies, the prescribing tasks were undertaken using standard test patients that were 

already built into the EP system test environment, to simplify the evaluation process.(138, 

145) De-identified real patients were used to provide test patient data, in one study,(141) 

including diagnostic information, demographic data and laboratory test results. The data was 

truncated at certain dates to make them appear as current hospital admissions, however 

other details were not amended. The patients’ medication lists were provided to the 

participants separately, to be inputted in to the EP system as part of the evaluation.(141) The 

criteria for selection of the test patients were not specified. 

2.4.5. Simulation Environment and Participants 

The setting for the evaluation varied between studies and included a simulated ward, a 

portable usability laboratory, hospital inpatient and ambulatory care settings. Ammenwerth 

et al. utilised a simulated ward to provide a realistic environment, to increase the external 

validity of the findings.(140) All other tools involved inputting prescribing tasks into the 

production domain or training environment of the hospital EP system that closely mimicked 

the implemented EP system, but they did not simulate other aspects of the patient 

encounter.(131, 134, 145) Three papers conducted the evaluation at a single study site; (139-
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141) whereas ten papers described evaluations using the same tool across multiple sites.(131-

135, 137, 138, 145)  

Across all studies, doctors were the primary participants responsible for completing the test 

orders and prescribing tasks. However, other roles and responsibilities were usually 

undertaken by a multidisciplinary evaluation team which typically included researchers, other 

healthcare professionals such as pharmacists and nurses as well as informatics specialists. The 

roles and responsibilities of the evaluation team varied depending on the logistics of the 

evaluation. For example, when test patient data was required to be inputted into the EP 

system prior to the prescribing tasks, this was undertaken by other members of the 

evaluation, who typically had expertise in admissions and / or laboratory data entry, rather 

than the prescriber. The role of the researchers was to observe and record the evaluations. 

2.4.6. Tool Outcomes  

All tools evaluated prescribing safety, but their focus related to different aspects of EP system 

safety and different evaluation techniques were employed. One paper evaluated the impact 

of an EP system on prescriber interventions in patient care, for example whether the EP 

system influenced how prescribers responded to specific clinical problems, such as prompting 

a change in prescribed medication or the ordering of additional monitoring tests.(140) Three 

papers focused on prescribing safety from a usability perspective, using test scenarios to 

evaluate the ease with which prescribing tasks were completed and the rate of errors within 

the prescribing process.(139, 141, 145) The other tools focused on whether or not CDS was 

provided in response to placing erroneous orders.(131, 134, 135, 138) . These tools provided 

specific evaluation scores (as percentages) to indicate whether the EP system safety was 

adequate (or not).  

Prescriber Behaviour  

Only one study evaluated prescriber behaviour by directly observing the participants 

completing the ward simulation using the PSIP-DK (test system) and a standard EP system 

(control).(140) Four doctors performed better when using the PSIP-DK, three performed 

equally using both systems, and two performed better with the standard system. Junior 
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doctors performed better overall than senior doctors. Furthermore, different actions were 

noted in response to the same test order. For example, in response to an antibiotic order with 

an alert for renal insufficiency, one participant prescribed an alternative antibiotic drug, 

whereas another participant checked the laboratory values and found that the patient did not 

have impaired renal function, therefore took no further action. Other documented courses of 

action in response to alerts included ordering an INR test when prescribing a drug that 

interacted with warfarin and contacting a senior colleague for advice following receipt of an 

alert about a drug-drug interaction. 

Medication Order Completion 

Only one study evaluated the ease with which medication order was completed which was 

defined as a ‘patient safety-oriented usability goal’.(141) Participants completed a series of 

prescribing tasks for four test patients using the PSIP CDS application. These tasks included 

entering medications, checking for alerts, adjusting alert thresholds, and removing 

medications either individually or all at once. Researchers evaluated the ease of task 

completion, whether participants needed assistance, task accuracy, and how easily errors 

were corrected. Each task was scored based on success, success with help, or failure. Some 

participants required assistance to complete the medication ordering. In addition, one 

participant was unable to remove all drugs from the medication list as a single task and used 

a workaround to remove the medication one by one, resulting in slower task completion.(141) 

Provision of, and Response to CDS  

Both the Leapfrog CPOE Evaluation and the evaluation completed by Slight et al. investigated 

whether a response was provided by the CDS to the prescribing task(s), and what the response 

was.(131, 138) In both cases, variability in CDS provision was reported that was independent 

of EP system vendor and potential for improvement in EP system configuration was identified. 

However, the study outcomes and methodologies differed: Slight et al. used qualitative 

methods to detect vulnerabilities in EP systems and explored whether it was possible to 

complete harmful prescribing tasks, firstly by following usual practices or alternatively, by 

using workarounds. The prescribing tasks were observed and documented by researchers and 

the findings showed that EP systems often failed to prevent medication errors. The 
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workarounds employed by the participants could facilitate erroneous order entry and bypass 

CDS. In comparison, the Leapfrog CPOE Evaluation similarly detected whether EP systems 

provided decision support (or not) in response to harmful test orders across different error 

categories, however users were not specifically instructed to use workarounds if necessary to 

complete the order. The Leapfrog CPOE Evaluation adopted a quantitative methodology by 

providing evaluation scores, presented as percentages of harmful orders that were 

successfully mitigated, across a range of CDS categories. However, if CDS prevented 

prescribing of a harmful prescribing scenario (i.e. utilising a hard stop) this would be scored 

the same as other types of CDS presentation (such as provision of an alert or other forms of 

guidance).  Unlike the Slight et al. study, Leapfrog does not collect qualitative data about the 

usability of the EP system and the experiences of the participants when conducting the 

prescribing tasks.  

Evaluation Scores  

The Leapfrog CPOE Evaluation developed an overall score for the assessment that reflected 

both the severity (defined as life threatening, severe, significant, or not significant) and the 

likely frequency (most frequent, less frequent or least frequent) of each test order.(131) The 

evaluation score was then reported as the percentage of test orders that detected potential 

adverse events.  The Leapfrog Evaluation also specified that EP systems must be used to 

manage at least 85% of medication orders and must correctly alert on at least 60% of the test 

orders.(135)  

Six papers reported overall performance scores including the mean overall score and the 

range of scores obtained at different hospitals.(132, 134-137, 142) Four papers provided 

scores for performance across different CDS categories.(132, 134-136, 142) These evaluation 

scores have been summarised in Table 8. 
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Table 8: Summary of Leapfrog Evaluation Scores 

Author, 

Date 
Country 

Number of 

organisations 

Number of 

evaluations 

Range of 

scores 
Mean score 

Metzger 

et al, 2010 

USA 81 hospitals  62 10 - 82% 44.30% 

Cho et al, 

2015 

South 

Korea 

4 hospitals in 

Korea 

(compared to 5 

USA hospitals)  

4 + 5 21.6 - 

36.5% 

29.38% 

Chaparro 

et al, 2016 

USA 41 hospitals  90 22.7-

91.1% 

62% 

Co et al, 

2020 

USA 1188 hospitals  1188 Not 

available 

58.1% (2017)                                                                                                                     

66.2% (2018)                       

Co et al, 

2020 

USA 7 outpatient 

clinics  

7 37.5 - 

80% 

54.60% 

Holmgren 

et al, 2019 

USA 1527 hospitals  5170 0 - 100% 59.30% 

Longitudinal mean 

scores:  

54% (2009), 57.1% 

(2010), 56.8% 

(2011), 58.1% 

(2012), 58.7 

(2013/14), 60.2% 

(2015), 61.6% 

(2016) 

 

Metzger et al. evaluated data for 81 hospitals who participated in the evaluation between 

April and August 2008.(132)  Wide variability in EP system safety performance was observed, 

with evaluation scores ranging from 10–82%. The mean score of 53% was obtained for 

detection of potentially fatal medication orders, highlighting scope for improvement in CDS 

implementation and optimisation. Chaparro et al. evaluated EP systems used for paediatric 

inpatients in 41 hospitals over a study period of Feb 2008 until December 2010 using the 

paediatric Leapfrog CPOE evaluation tool.(134) The majority of hospitals evaluated (73.2%) 

were paediatric hospitals and the remainder were general hospitals that included paediatric 

patients. Similar to the findings in adult settings, significant variation in the scores was 
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obtained (range 22.7 – 91.1%) with a mean evaluation score of 62.0%. suggesting scope for 

improvement in EP system safety.(134)  

The overall scores obtained when employing the Leapfrog evaluation in South Korea ranged 

from 21.6% to 36.5%, which were lower than the comparative scores obtained for EP systems 

in the USA.(142) However, challenges were encountered that prevented completion of 

between 13 and 20 of the 53 prescribing scenarios tested, resulting in completion rates 

ranging from 67.9% to 75.5%.(142) These challenges related to differences in the EP system 

configuration. For example, one system was configured to provide an alert to document 

medical diagnosis before completion of any prescribing tasks, to ensure the completeness of 

patient record.  However, since three of the Leapfrog patients did not have a medical 

diagnosis provided in the test scenarios, alerts warning that no diagnosis was entered were 

repeatedly triggered, which were unrelated to the prescribing tasks and prevented the task 

from being completed. Another EP system at another site in this study had similar alerts 

implemented, but the test team were able to disable this function before the evaluation.(142) 

Improvement in the Leapfrog scores have been reported over time in two papers.(134, 137) 

Co et al. evaluated scores for hospitals that took the test in both 2017 and 2018 and observed 

an improvement in the mean score from 58.1% to 66.2%.(135) Similarly, Holmgren et al. 

conducted a longitudinal evaluation of 1,527 U.S. hospitals that completed the Leapfrog 

assessment between 2009 and 2016, finding that the mean score improved from 54% in 2009 

to 61.6% in 2016.(137) In terms of CDS category, four studies showed that scores were 

consistently higher for basic decision support categories such as drug-allergy, drug-drug 

interaction and drug-duplication. Lower scores were achieved for advanced decision support 

categories such as drug-laboratory tests and drug-age CDS.  Co et al. also found that hospitals, 

which did not perform well for fatal orders, obtained lower scores in the assessment 

overall.(135) This study also found that hospitals with higher overall scores were more likely 

to inappropriately alert on nuisance orders. The evaluation scores have been summarised in 

Table 9.  
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Table 9: Summary of Leapfrog scores by CDS category 

Category  Metzger et al, 

2010 (132) 

Cho et al, 2015 

(142)  

Chaparro et al, 

2016 (134) 

Co et al, 2021 

(136)  

Drug - Allergy 83.3 64.7 99.2 100 

Drug - Diagnosis 15 41.7 28.9 67.9 

Drug - Dose (daily) 39.1 41.7 70.2 78.6 

Drug - Dose (single) 46.4 43.8 81.1 57.1 

Drug - Drug 52.4 14.6 60.1 89.3 

Therapeutic 

Duplication 

54.5 0 52 39.3 

Drug - Age 14.1 0 Not reported 39.3 

Drug - Renal 20.2 16.7 Not reported  Not reported 

Drug - Labs 26.1 0 56.1 0 

Drug - Route 65.3 37.5 70.8 Not reported 

Drug - Weight 36.7 Not reported Not reported Not reported  

Monitoring 27 6.3 38 0 

Drug - Pregnancy Not reported Not reported Not reported 75 

Fatal Order score Not reported  Not reported  Not reported  67.9 

Nuisance Orders Not reported 83.3 39 64.3 

 

Quality of CDS 

The quality of CDS was evaluated in four of the studies.(138, 139, 141, 145) Ammenwerth et 

al. completed four EP simulation exercises utilising the PSIP CDS application and two experts  

analysed the alerts that were generated, according to four criteria: completeness, 

correctness, relevance and usability.(139) The expected CDS did not present for six out of 22 

test cases, and only 19 of the 48 alerts generated by the EP system were judged to be correct. 

Further analysis of the remaining incorrect alerts revealed that several were related to 

incidents of miscoding within the system’s drug database. One notable example involved the 

coding of low-dose aspirin had been incorrectly classified under the Anatomical Therapeutic 

Chemical (ATC) code relating to its non-steroidal anti-inflammatory (NSAID) properties, which 

are associated with its use at higher doses for pain or inflammation management. Although 

the specific content of the triggered alert was not detailed in the paper, it is likely that the 

misclassification led to the generation of warnings that would have been more appropriate 



 53 

for high-dose NSAID use (e.g., risks of gastrointestinal bleeding, renal impairment, or 

interactions with other NSAIDs) rather than for low-dose antiplatelet therapy. 

Among the 19 clinically correct alerts, seven were thought to have a potential effect on 

patient care. The others, while technically correct, were considered too general in the context 

of the specific patient case, for example, non-targeted warnings like ‘NSAIDs may cause 

anaemia via an immuno-allergic mechanism,’ which lacked immediate clinical relevance. 

The clarity of the alerts was also evaluated, and six of the 48 alerts required improvements in 

the clarity of the wording.(139) Similarly, Marcilly et al. also reported problems with the 

wording of alerts, which was described as ‘not sufficiently elaborated to fit clinicians’ 

language’. In addition, the way the alert was displayed was reported to be unclear and could 

therefore compromise patient safety. However no specific examples were provided within 

the paper.(141) Slight et al. also reported some alerts to be confusing, with multiple alerts 

displaying on the same screen.(138) Timing of alerts was also an issue, with some CDS 

presenting after the test order was placed.(138)  

Pruitt et al. evaluated the accuracy and correctness of EP systems, using a self-administered 

assessment tool, which presented the clinical scenarios alongside corresponding questions 

relating to EP system responses. For example, one scenario asks the participant to place an 

order for prednisone and determine whether the medication name appears using ‘tall man 

lettering’, a safety feature intended to reduce drug name confusion. Across 10 participants, 

the tool generated a total of 493 objective responses; 9.3% (n = 46) were partially correct, 

and 10.1% (n=50) were incorrect, while 80.6% (n=397) were fully accurate. Among the 96 

responses that were either partially correct or incorrect, the primary source of inaccuracy 

(77.1%, n=74) was the misinterpretation of EHR information, such as failing to identify 

essential fields that needed to be populated. An additional 21.9% (n=21) of these errors arose 

from misinterpretation of the tool’s terminology, such as misunderstanding terms like 

‘patient identifier’. 

Several usability issues were identified that impacted the EP system's effectiveness: visual 

display problems that included excessive search results, limited to generic drug names only 

and illogical ordering of search results. Data entry redundancies, such as unnecessary 
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requests for order information (such as medication reason and indication) were also noted. 

Additionally, system automation flaws, such as the search bar failing to auto-populate the 

results as users typed, were reported.  

Medicines Reconciliation 

Only one study, which examined the use of the Leapfrog Ambulatory Electronic Health Record 

Evaluation Tool in U.S. ambulatory care settings, included a medication reconciliation 

module.(136) This module was designed to assess how healthcare facilities electronically 

identify and resolve discrepancies between inpatient and outpatient medication lists. The 

module used test scenarios based on actual cases, reflecting situations where medication 

reconciliation was required, such as patients transitioning from hospital discharge to 

outpatient follow-up care. Each test case involved two medication lists: the most recent 

ambulatory medication list prior to hospital admission and the discharge medication list from 

the hospital. These lists were intentionally designed to contain at least one of the following 

discrepancies: medications no longer on the list, addition of a new medication, or a change in 

the dose of an existing medication. Despite the availability of EHR based medication 

reconciliation functions, only three out of seven clinics (43%) utilised these tools and only one 

clinic was able to demonstrate this functionality effectively.(136)  One clinic reported that 

their EHR system lacked CDS for medication reconciliation, while the remaining clinics relied 

on manual comparison of medication lists despite storing the lists electronically. 

Medication Errors 

Leung et al. investigated the relationship between Leapfrog evaluation scores and 

preventable ADEs at five community hospitals in Massachusetts.(133) Preventable ADEs were 

defined as “any drug related injury that resulted from errors in the medication use process”, 

and potential ADEs were events with the potential to cause injury which were intercepted, 

therefore did not result in injury (also known as ‘near misses’). Prior to data collection, each 

hospital was evaluated using the adult inpatient Leapfrog CPOE evaluation tool and a score 

was obtained for each hospital.  The frequency of preventable ADE and potential ADE in a 

random selection of 1000 patients (200 patients selected from each site using simple random 

sampling) was then determined by reviewing patients’ medical records. Trained research 
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nurses extracted patient data which was independently reviewed by two investigators who 

were blinded to the hospital site and prescriber. The events were classified according to the 

published Leapfrog error categories which facilitated comparison with the Leapfrog scores. In 

total, 70 preventable ADEs and 575 potential ADEs were recorded.  

The most commonly occurring events related to excessive dosing, either by therapeutic 

duplication (56.3%) or by exceeding dosing limits (4.3%). Paracetamol and opioids were 

responsible for the majority of the ADEs recorded. When compared to the hospital 

performance in the Leapfrog evaluation, there was high correlation to the rate of preventable 

ADE.  The study predicted a 45% relative reduction in preventable ADE for every 5% increase 

in Leapfrog evaluation scores and four preventable ADE per 100 admissions were predicted 

for every 5% increase in overall Leapfrog scores. However, it is important to note that almost 

one-quarter of all preventable medication events (146 out of 645) were not captured by the 

existing Leapfrog categories. Most of these uncategorised events were associated with 

ordering errors (72.6%), followed by transcription errors (23.3%) and a smaller proportion 

related to administration errors (4.1%). 

2.5. Discussion 

This was the first systematic review to identify and describe tools that evaluate the safety of 

EP systems. Findings were synthesised from 13 studies, across six countries highlighting 

different approaches to EP safety evaluation. Different methodologies were used in these 

studies to evaluate specific aspects of EP system safety; however, the heterogeneous design 

of these tools made direct comparisons challenging. For example, while the Leapfrog tool 

identified strengths and weaknesses in CDS functionality, the PSIP project tools provide 

insight into usability and workflow integration. This multiplicity of perspectives can enrich 

understanding of EP system safety and inform the development of more comprehensive 

evaluation frameworks.  

Four studies evaluated the quality and usability of EP systems and CDS, including the 

correctness, accuracy, clinical relevance and clarity of alerts, as well as the ease of prescribing 

processes and the impact of workarounds.(138, 139, 141, 145) All studies identified potential 

for improvement in EP systems, with inconsistencies in the quality and the usability of alerts 
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detected and use of workarounds that were able to bypass implemented CDS and facilitated 

erroneous order entry.  

These findings were consistent with broader literature on usability of EP systems, beyond the 

scope of this review. For example, studies employing diverse research methods have 

evaluated the effectiveness, usability, and clinical impact of alerts using both quantitative and 

qualitative approaches.(54, 55, 146-148). Studies employing quantitative metrics evaluate 

clinician adherence and alert relevance have consistently demonstrated high override rates 

for medication-related alerts,(146, 149, 150) due to perceived irrelevance or alert fatigue.(55) 

Qualitative data from interviews with prescribers reiterated the need for alerts to be tailored 

to specific clinical contexts and integrated seamlessly into workflows.(151) Usability testing 

and heuristic evaluations have also identified design flaws and potential improvements in 

alert interfaces.(148, 152)  

These challenges are not unique to EP systems and associated CDS; other areas of HIT are also 

hindered by usability issues and poor integration into clinical workflows.(153, 154) Poorly 

designed clinical documentation interfaces in EHRs often contributed to excessive clicking, 

scrolling, and redundant data entry, which increased clinician burden.(155) Patient portals, 

designed to enhance patient engagement, also revealed usability barriers due to complex 

navigation and unclear instructions, which limited patient engagement.(156) These 

challenges mirror the usability issues identified in this review, such as the need for clearer 

alert wording and better timing of decision support alerts in EP systems.  

The Leapfrog CPOE Evaluation was the most extensively researched EP system evaluation 

tool; it focused on the provision of CDS in response to harmful test orders and provided 

hospitals with an evaluation score. Versions of this tool have evaluated EP systems used in 

adult and paediatric inpatient settings, and ambulatory care settings. Some hospitals 

completed multiple Leapfrog evaluations and demonstrated an improvement in their 

individual scores over time. 

 Differences in evaluation scores were consistently observed for different types of CDS, with 

basic CDS functionality such as drug-allergy and drug-drug interactions achieving higher 

scores than the advanced CDS categories that require patient specific data such as drug - age 
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or drug - laboratory CDS. This is an expected finding since advanced CDS requires integration 

of patient-specific data, often requiring multiple data sources such as clinical documentation, 

laboratory data and prescribed medication.(157) This complexity makes effective 

implementation more challenging compared to basic CDS, which typically offers generic alerts 

or reminders.(53) Poorly designed CDS can lead to alert fatigue, resulting in frequent 

overrides.(149, 150, 158) Furthermore, analysis of alert overrides suggested that advanced 

CDS alerts were more frequently inappropriately overridden, which could compromise 

patient care.(149, 159) It is clear that challenges persist in the safe and effective 

implementation of advanced CDS, which require improved data interoperability, workflow 

alignment, and consideration of user-centred design principles.(157, 160)   

Only one study explored the relationship between EP safety tool outcomes and real-world 

patient safety outcomes.(133) Conducted across five hospitals in the USA, Leung et al. (133) 

demonstrated correlation between evaluation scores and medication errors, providing 

empirical evidence to support the validity of the Leapfrog CPOE Evaluation. However, since 

the study was limited to five hospitals in Massachusetts, utilising only two different EP 

systems, further research is required to fully assess the impact on patient safety outcomes. 

Only one tool identified in this review included a module for medicines reconciliation, which 

was implemented in an ambulatory care setting in the USA. Medicines reconciliation is a well-

recognised patient safety concern, particularly during transitions of care, where medication 

discrepancies are common and can lead to ADEs.(161, 162) EP systems integrated with 

medicines reconciliation functionality, can support safer and more efficient processes by 

enabling access to up-to-date medication histories and reducing manual errors.(163)  

However, their effectiveness often depends on factors such as system design, integration into 

workflow, and user engagement. (163)  

It remains unclear whether medicines reconciliation functionality should be evaluated as a 

standalone component, given its specific functionality or integrated as part of a broader, 

holistic EP system safety evaluation framework. Clarifying this distinction may be a focus for 

future research. 

This systematic review and narrative synthesis is subject to some limitations. Firstly, the 
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review included only studies published in English, which may have excluded relevant tools 

developed in non-English-speaking countries. The included studies varied significantly in 

terms of design, methodology and outcomes, making it challenging to draw direct 

comparisons. The narrative synthesis approach, while appropriate given the heterogeneity of 

the studies included, may have introduced an element of subjectivity in the interpretation of 

findings. To mitigate this, data extraction was conducted independently by two reviewers, 

with experience in research, clinical pharmacy and clinical informatics, enhancing the 

reliability and consistency of the analysis. The tools were evaluated in simulated or controlled 

environments, and only one study explored the relationship between evaluation scores and 

real-world patient safety outcomes. More studies are needed to explore the impact of these 

tools on real-world patient outcomes, such as the reduction of medication errors and ADEs.  

It is notable that there are very few tools available that facilitate evaluation of EP system 

safety by end users outside research settings. Only the Leapfrog CPOE Evaluation tools and 

the tool developed by Pruitt et al. were explicitly designed to be used independently by 

healthcare organisations without the need for researcher involvement. This limits the ability 

of healthcare providers to routinely assess and improve the safety of their EP systems in real-

world settings. The reliance on research-driven tools, which often require specialised 

expertise and resources, creates a barrier to widespread adoption and continuous quality 

improvement.  

This review has highlighted a lack of standardisation in the approach to EP system safety 

evaluation.  The concept of EP system safety is multifaceted, encompassing different 

dimensions such as the technical reliability of the EP system, effectiveness of CDS in 

preventing erroneous prescriptions as well consideration of user-interface design factors and 

the quality of decision support. This variability is represented by the different tools identified 

in this review.  Further research is required to establish the optimal approach which 

incorporates the strengths of different approaches while addressing their limitations. 

International collaboration may be desirable to facilitate adaptation and validation of these 

tools in different healthcare systems, ensuring their relevance and applicability across diverse 

settings. 

In addition, there is a notable gap in the literature concerning the evaluation of the EP safety 
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evaluation tools themselves. Few studies have appraised the usability, practicality, and 

resource requirements of the tools used to assess EP system safety. As a result, there is limited 

insight into which tools are user-friendly, feasible for routine implementation, or adaptable 

to different healthcare contexts. 

The Leapfrog CPOE Evaluation is the most established evaluation methodology; it has mainly 

been investigated in the USA with only one small study conducted outside of the USA (South 

Korea). Although this study positively reported adaptation of the Leapfrog tool, further 

research is required to fully explore the feasibility and validity of Leapfrog outside of the USA. 

Differences in healthcare systems, prescribing practices, and regulatory frameworks may limit 

the generalisability of tools outside of their original setting.  

Importantly, no EP system safety evaluation tools were identified that have been developed 

or validated specifically within English healthcare settings. This represents a significant gap in 

the literature, given the distinct structural, regulatory, and clinical workflows of the NHS 

compared to other international systems. Addressing this gap presents an opportunity for 

further research to develop an EP system evaluation tool that is specifically designed to meet 

the needs, constraints and priorities of the English healthcare context. 

2.6. Chapter Summary 

This chapter synthesised the existing literature on tools used to evaluate the safety of EP 

systems. A range of study types were identified, each focusing on different aspects of EP 

system safety such as the provision of CDS to prevent prescribing errors, quality and usability 

of EP systems including CDS and impact on prescriber behaviour and patient outcomes. The 

majority of studies were conducted in the USA, with the Leapfrog CPOE Evaluation Tool 

emerging as the most well-established and extensively researched assessment method.  

The next chapter (Chapter 3) will describe the development of the ePrescribing Risk and 

Safety Evaluation (ePRaSE), a novel EP system safety evaluation tool designed specifically for 

use in England. Drawing on the findings of this review, ePRaSE has been developed to be 

accessible to healthcare organisations, facilitating routine evaluation and continuous quality 

improvement. Chapter 3 will outline the development process, which was directed by the 
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ePRaSE Board, and involving a multidisciplinary team of clinicians, researchers, and health 

informatics experts, ensuring that ePRaSE meets the specific needs and challenges of the UK 

healthcare system.  
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Chapter 3. Development of the ePRaSE Assessment 

Chapter 1 discussed the benefits and challenges of using EP systems nationally and 

internationally and highlighted the importance of optimising these systems to maximise their 

benefits. Chapter 2 identified and described previous tools that have been implemented to 

evaluate the safety of these systems, highlighting a gap in the current literature with regards 

to the UK. 

This chapter describes the development of the ePRaSE tool in England. The steps involved in 

carrying out each part of the assessment will be described in detail, including outlining key 

differences that were implemented throughout development; from proof of concept (version 

1) to national roll out (version 2). 

As part of the ePRaSE development, an eDelphi study was carried out to gain expert consensus 

on the high-risk prescribing scenarios that were used to develop the ePRaSE assessment. This 

study will be outlined in Chapter 4, including the findings obtained. 

In this chapter, the researcher will describe how these high-risk prescribing scenarios were 

incorporated into the ePRaSE assessment, including how the scenarios were selected for 

inclusion. Finally, the researcher will describe the development of the scoring system that 

underpins the ePRaSE assessment results; exploring how this scoring system feeds into the 

assessment outcomes which are presented to the user as an assessment report.  

3.1. Steps Involved in Developing the ePRaSE tool 

The development of the ePRaSE tool followed a structured, multi-phase process designed to 

ensure clinical relevance, expert validation, and practical usability. Initially, a dedicated 

ePRaSE Project Board was established to provide oversight and strategic direction. The first 

step involved defining the key components of the assessment and mapping out its structure, 

including the development of a basic prototype to communicate requirements from the 

ePRaSe Board to the software engineers. This was followed by the identification of high-risk 

prescribing scenarios, which formed the core content of the tool. These scenarios were then 

reviewed and refined through expert consensus using the eDelphi method (Chapter 4). 
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Following the validation of the content, the technical development of the tool, including the 

digital interface and scoring functionality, was undertaken by a team of software engineers, 

with support from a clinical informatics pharmacist with 15 years’ experience in the design, 

build, implementation and maintenance of EP systems. Although the researcher was not 

directly involved in the software build, an understanding of these processes is included to 

provide a comprehensive account of the tool’s development. 

3.1.1. The ePRaSE Project Board  

An ePRaSE Project Board was set up and included eight members including the researcher 

(PhD student).  Most members were pharmacists however there was also one consultant 

physician and one research software engineer. Some members of the Board also held national 

roles as experts in patient safety, experts in EP and digital systems, as well as locally appointed 

Board members from Newcastle upon Tyne Hospitals NHS Trust and Newcastle University. 

The ePRaSE Project Board defined the scope of the assessment tool, including the areas to be 

assessed / not assessed, which was outlined in Table 10 below. The researcher’s PhD 

supervisors were not members of this Board; they chose to remain independent of decisions 

made. 

Table 10: Inclusion Criteria for the ePRaSE Assessment 

Included Excluded 

Hospital inpatients  Community settings and hospital outpatients  

Adult and paediatric patients*  Chemotherapy prescribed for cancer 

Medication prescribed for regular 

administration, once only and when 

required use.  

Total parenteral nutrition 

 Immunoglobulins  

* Paediatric patients were included in ePRaSE version 1 only 

3.2. Development of ePRaSE: From Proof of Concept to National Roll Out 

ePRaSE is a web-based assessment that is designed to test the safety of EP systems using 
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simulation to evaluate whether EP systems provide decision support to prescribers in relation 

to potentially harmful prescribing scenarios. The assessment tool underwent two major 

stages of development, which will be referred to throughout this thesis as ePRaSE version 1 

and ePRaSE version 2. 

ePRaSE version 1 served as the proof-of-concept tool which was made available to hospitals 

with EP systems between May 2019 and December 2019. During this period, hospitals were 

able to access and complete the assessment and view their results. However, this initial 

version did not support the automated extraction or systematic analysis of quantitative data, 

which limited its utility for broader evaluation or comparison across sites. 

ePRaSE version 2 was developed based on experiences with the version 1 assessment, 

including feedback from users, which will be explored as part of this programme of work.  

Version 2 was made available for use between October 2022 and January 2023 and the results 

of this national roll out were evaluated to provide quantitative analysis of assessment scores, 

including comparisons across hospital sites and EP vendor systems. 

3.3. Assessment Design and Structure  

There were several steps involved in carrying out the ePRaSE assessment, which are 

summarised in Table 11. 

Table 11: Summary of the Components of the ePRaSE Assessment 

Component of ePRaSE Description 

Part 1: Registration  Users must register and create an ePRaSE account before 

conducting the assessment. This involved entering an NHS email 

address, selecting their institution, and creating an account 

password.  

Part 2: EP system information  Users were asked a series of questions to collect background 

information about their institution and use of EP systems within 

their organisation. This included information on the extent of 

deployment within the hospital and degree of integration with 

other EHRs 

Part 3: Patient demographic Users were required to input basic demographic information for a 
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data number of fictitious patients (e.g., patient name, gender, date of 

birth) into the hospital’s Patient Administration System (PAS) 

Part 4: Patient clinical data Users were required to input clinical data for each of these 

fictitious patients (e.g., diagnosed medical conditions, allergies, 

current medication, laboratory data) into the relevant part of the 

EP system 

Part 5: Assessment scenarios  Users were asked to complete a number of prescribing tasks for 

each patient (e.g., prescribe methotrexate orally once a day) 

Part 6: Assessment report Users were provided with a tabulated summary of results and 

accompanying charts with more detailed analysis of how their 

system performed  

 

The researcher will explore each of these components below in the next sections, to provide 

a clearer understanding of their role within the overall assessment framework.  

3.3.1. Registration and EP System Information (Parts 1 and 2) 

The ePRaSE Assessment was only available to NHS organisations and could be completed once 

only by each organisation. To register for the assessment, a valid NHS email was required. 

When ePRaSE version 1 was first launched, there were no restrictions made on the number 

of registrations at each organisation. Consequently, challenges arose when different users 

attempted to complete the assessment at different times.  In version 2 of the assessment, a 

maximum of four NHS email addresses could be registered for each organisation, multiple 

users were permitted to facilitate completion of different parts of the assessment, by the 

most appropriate member of the team. 

The initial questions (Part 2) collected background information about use of the EP system 

being evaluated.  This step provided contextual information about the EP system vendor and 

the extent of deployment within the organisation.  In version 1, the answers provided in this 

section determined which type of ePRaSE assessment was assigned to the organisation. The 

options included evaluation of inpatient prescribing for adult and paediatric patients or adults 

only.    
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The level of detail collected in this part of the assessment was expanded for version 2 to add 

clarity and depth of understanding of the system deployment within each organisation. Most 

of the information collected in the initial questions, provided relevant background 

information but did not contribute to the assessment score. 

3.3.2. The Assessment Scenarios (Parts 3, 4 and 5) 

Developing and Selecting the Scenarios 

The development of the assessment scenarios was informed by the findings of an eDelphi 

study which will be described in detail in Chapter 4. This study obtained consensus on a set of 

136 prescribing scenarios associated with potential medication related harms and amenable 

to CDS. The eDelphi study provided consensus on the category of harm, which was defined as 

extreme risk, high risk and low/ medium risk scenarios.   

Following completion of the eDelphi study, the next stage in the development of the ePRaSE 

assessment involved evaluating the full master set of prescribing scenarios for compatibility 

with the tool’s design and functionality. As ePRaSE was intended to assess the presence (or 

absence) of CDS at the point of prescribing, each scenario was reviewed to determine whether 

it could plausibly be prevented by CDS and implemented within the structure of the tool. The 

majority of scenarios (n=133) were found to be eligible for inclusion. However, a small number 

(n=3) were excluded because they related to longer-term prescribing patterns that could not 

be adequately assessed at a single time point. For example, the scenario “Intravenous 

vancomycin prescribed for a patient for more than 4 doses without levels having been taken 

(risk of subtherapeutic or excessive treatment)” was excluded due to the difficulty of building 

in an assessment that required evaluation across multiple prescription events. These 

scenarios were considered incompatible with the real-time assessment model underpinning 

ePRaSE. 

Therefore, a master set of 133 high-risk prescribing scenarios were eligible for inclusion in the 

tool. However, not all scenarios were incorporated into the tool at each stage of its 

development. For the proof-of-concept (version 1), a subset of 35 scenarios was selected at 

random to demonstrate the feasibility of the assessment approach. This selection was 
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pragmatic, influenced by time constraints and resource limitations during the early phases of 

development, rather than by any prioritisation or ranking of clinical importance.  

In the subsequent iteration (version 2) an additional 42 scenarios from the original set were 

incorporated to expand the tool’s clinical coverage. Moreover, 15 new prescribing scenarios 

were developed based on NRLS reports and expert opinion and ensuring the tool remained 

responsive to current prescribing concerns and was not solely reliant on the original dataset. 

A decision was made to limit version 2 of the assessment to adult inpatient prescribing only, 

therefore the two paediatric specific scenarios were removed from the dataset. Further work 

is required to develop paediatric specific scenarios which will inform the development of a 

paediatric specific assessment tool.  

Configuration questions 

Version 2 also included two additional questions designed to evaluate EP system safety 

features that did not involve direct CDS interventions in response to harmful prescribing 

scenarios. These were categorised within ePRaSE as ‘configuration questions’ and were 

randomly distributed throughout the assessment. The questions were informed by widely 

recommended EP system safety practices described in the literature and national safety 

guidance.(85)  

One example asked whether users were able to access the records of two patients 

simultaneously within the EP system, without automatic closure of one of the records. This 

reflects a commonly recommended safety configuration based on human factors principles, 

specifically with the aim of reducing cognitive load, preventing task-switching errors, and 

minimising the risk of wrong-patient orders by maintaining user focus on a single patient 

context at a time.(164, 165) The empirical evidence supporting the effectiveness of this 

recommendation remains inconclusive. For instance, a large randomised controlled trial 

found no significant reduction in wrong-patient order errors when access to multiple patient 

charts was restricted, compared to systems allowing multiple open records.(166) Inclusion of 

this question provided an opportunity to evaluate whether this commonly recommended 

configuration is routinely implemented across EP systems.  
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Developing the Test Patients  

To complete the ePRaSE assessment, simulated test patients were required to facilitate 

prescribing of the assessment scenarios. These test patients were specifically designed to 

align with the clinical parameters necessary for testing each scenario. For version 1 of ePRaSE, 

a team of three clinical pharmacists developed 23 test patients using a standardised template 

(Appendix II), which included demographic and clinical data tailored to the scenarios being 

assessed. To reduce the overall number of test patients needed and thereby minimise the 

time required for both setup and completion, it was desirable for each patient to support 

more than one prescribing scenario. In version 1, each test patient was associated with one 

or two assessment scenarios. 

However, this variability in the number of scenarios per test patient introduced 

inconsistencies in the user experience. Some users were required to enter more test patients 

without a proportional increase in assessment value. In response, version 2 of ePRaSE 

standardised the structure by assigning three assessment scenarios to each test patient. This 

approach allowed for more efficient testing while ensuring each scenario remained clinically 

appropriate. As a result, version 2 included an expanded set of 38 test patients was developed 

by members of the ePRaSE Project Board (the researcher and consultant physician) enabling 

a larger pool of prescribing tasks to be drawn from. 

To maintain test patient integrity and ensure balance across the scenarios, control prescribing 

tasks, representing low or no clinical risk, were also introduced in version 2. These served two 

purposes: first, they maintained clinical relevance to be preserved in test patients where three 

suitable high-risk scenarios could not be matched; second, they discouraged users from 

assuming that every prescribing task would trigger a CDS alert, thereby reducing the risk of 

gaming the assessment. This use of control items is consistent with other EP system 

evaluations, where a high rate of false positives can undermine the credibility of results.(132, 

134) While ePRaSE does not penalise users for false positives, a high score for over-alerting is 

recorded in the final report. 

The final scenario master set for version 2 included 114 prescribing scenarios, comprising 92 

high or extreme risk scenarios (77 from the eDelphi study and 15 new expert-derived 
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scenarios) and 22 control scenarios. 

The breakdown of the final ePRaSE scenarios according to CDS categories is provided in Table 

12. 

Table 12: ePRaSE assessment scenarios by CDS category in version 1 and version 2 

CDS category 
Number of prescribing 

scenarios version 1 

Number of prescribing 
scenarios version 2 

Drug-allergy  2 3 

Drug-age  3 5 

Drug-brand  2 3 

Drug-lab  3 10 

Drug-drug interactions  13 23 

Drug-disease  14 15 

Drug-dose  7 15 

Drug-omissions  2 2 

Drug-route 0 1 

Drug - frequency 0 3 

Drug-duplication 0 4 

Therapeutic duplication 2 8 

Control 0 22 

Total 45 114 

 

Inputting the test patients and completing the assessment scenarios 

During the ePRaSE version 1 assessment users were asked to input between 8 and 10 test 

patients, to complete a total of 20 prescribing tasks within the assessment. When users 

selected adults and paediatric patients, the two paediatric test patients were included in the 

assessment.  

Version 2 of ePRaSE involved allocation of 15 test patients (all adults) and 45 prescribing tasks 
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per assessment. Five of these tasks were mandatory for all users, while the remaining tasks 

were selected randomly from the full pool of 38 test patients. A summary of the key structural 

differences between the version 1 and version 2 assessment are provided in Figure 3. 

 

Figure 3: Summary of ePRaSE version 1 and version 2 structural differences. 

Mandatory questions 

The ePRaSE version 2 assessment included five mandatory extreme or high-risk prescribing 

scenarios, which are detailed in Table 13. These prescribing scenarios were mandated due to 

their level of risk and were considered to be national priorities by the ePRaSE Project Board. 

Two prescribing scenarios were listed as NHS Never Events (considered events that should 

never occur) due to the potential for severe patient harm;(167) the first related to the 

prescribing of insulin preparations in millilitres instead of units,(168) and the second related 

to the prescribing of methotrexate at a frequency other than once weekly (in a non-cancer 

treatment).(169) Both prescribing scenarios could lead to potentially fatal overdose. The third 

mandatory question related to the prescribing of sodium valproate in people who could 

become pregnant; this is contraindicated, unless the conditions of the pregnancy prevention 

programme are met due to the potential teratogenic effects.(170) Hospitals in England must 

have strategies in place to reduce the use of valproate in people who can become pregnant, 

Version 1

23 Test patients developed

Paediatric and Adults

8 - 10 patients allocated

20 prescribing tasks

Version 2

38 Test Patients developed

Adults only 

15 patients allocated

45 prescribing tasks including 
5 mandatory scenarios

Rationale

Expanded to provide more 
robust and reliable 

assessment 

Development of a separate 
paediatric module agreed 

Consistent number of test 
patients to provide 

consistent user experience.

Refined for scalability and 
improved scenario diversity
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including initiatives to stop the initiation of valproate to this patient group and deprescribing 

where alternatives are available. The fourth mandatory question related to the prescribing of 

Toujeo® (insulin glargine 300 units / ml), which is a high strength, ultra long-acting basal 

insulin that may be prescribed under specialist supervision in patients with diabetes.  High 

strength insulin is associated with increased risk of medication errors and Medicines and 

Healthcare products Regulatory Agency (MHRA) guidance specifies that they should be 

prescribed by brand and the strength of the preparation must be specified in the 

prescription.(171) This prescribing scenario has been developed following nationally reported 

incidents where patients have been erroneously prescribed Toujeo® 300 units (in the dose 

field) instead of Toujeo® 300 units/ml  specified as the strength of the insulin in the 

prescription heading. This error can result in patients receiving an incorrect and dangerously 

high dose, increasing the risk of severe hypoglycaemia.(171) Consequently, EP systems should 

incorporate safety measures to prevent this prescribing error.  Finally, the fifth mandatory 

questions involved the drug-drug interaction between methotrexate and trimethoprim, 

which is associated with increased risk of life-threatening pancytopenia.(172) It is 

recommended that co-prescribing of methotrexate and trimethoprim should be avoided 

wherever possible and if co-prescribing is unavoidable, patients should be monitored for 

symptoms of bone marrow suppression. 

Table 13: Five Mandatory Scenarios with Expected EP System Responses 

Prescribing scenario Risk category Expected EP system response 

Insulin prescribed as ml instead of 

units. 

Extreme  Prescribing prevented  

Insulin glargine (Toujeo®) 

prescribed as the strength (300 

units /ml) rather than actual dose 

Extreme Prescribing prevented  

Methotrexate (oral or 

subcutaneous) prescribed for a 

patient with an inappropriate 

frequency (increased risk of 

toxicity) 

Extreme Prescribing prevented 

Trimethoprim prescribed High  Provision of guidance  
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concomitantly with methotrexate 

Valproate prescribed for a person 

of childbearing potential (increased 

risk of foetal abnormalities)  

High  Provision of guidance  

3.3.3. Documenting and Scoring EP System Responses in ePRaSE 

During the assessment, users were required to document how their EP system responded to 

each scenario. This was using drop-down response options to record if prescribing was 

prevented, if the prescriber could complete the order but the EP system provided an 

intervention to guide the prescriber such as an alert, order set or any other EP system 

intervention, or whether the prescribing task could be completed without any EP system 

response. These captured responses formed the basis for generating a standardised ePRaSE 

assessment score.  

The scoring framework was developed by a subgroup of the ePRaSE Project Board, led by a 

senior clinical informatics pharmacist and a software engineer. The scoring system aligned EP 

system responses with the clinical risk categories derived from the eDelphi study. Based on 

these categories, a scoring matrix was designed to relate the level of EP system intervention 

to the underlying clinical risk. Each scenario from the eDelphi study was assigned a numerical 

risk score (1–5), and EP system responses were likewise scored to reflect their risk mitigation 

potential. For instance, no response from the EP system received a mitigation score of zero, 

whereas complete prevention of a prescription (e.g., via a hard stop) received the maximum 

score. The prototype scoring system was initially trialled using a small selection of scenarios 

and piloted with the ePRaSE project board, serving as key stakeholders, prior to the full 

development of the assessment. This relationship between scenario risk and EP system 

intervention is illustrated in Figure 4. In the initial prototype, an equal match between risk 

and mitigation was labelled as ‘maximum mitigation’, as distinct from both ‘not mitigated’ 

and over mitigation, which was categorised as ‘alert fatigue’. 
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Figure 4: ePRaSE Score Risk and Mitigation Matrix 

The scoring framework underwent several iterations during the proof-of-concept phase, with 

refinements made to both content and terminology. The finalised ePRaSE scoring system, 

shown in Table 5, enables mapping of actual EP system responses to the ideal response for 

each scenario. Based on this mapping, scenarios were categorised as ‘good mitigation’, ‘no 

mitigation’, ‘over mitigation’, or having ‘some mitigation’. The latter indicates that while CDS 

was provided, it may not be commensurate with the level of clinical risk. ‘Over mitigation’ 

reflects excessive or inappropriate CDS, for example, if a prescription for a high-risk (rather 

than extreme-risk) scenario was prevented entirely, or if any CDS was triggered for a no-risk 

control scenario. Table 14 summarises these final scoring categories and illustrates their 

application across the range of prescribing scenarios assessed. It is important to acknowledge 

that this scoring algorithm has not undergone formal validation, including assessments of 

reliability or consistency, which represents an area for future refinement. 
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Table 14: The ePRaSE Assessment Scoring System for Individual Prescribing Scenarios 

Prescribing 

scenario risk 

category 

ePRaSE desirable 

EP system 

response 

Actual EP system response 
ePRaSE scenario 

outcome 

Extreme Prescribing 

prevented  

Prescribing prevented Good mitigation 

Prescription completed with 

system /user intervention 

Some mitigation 

Prescription completed without 

user or system intervention 

No mitigation 

High Intervention 

 

Prescribing prevented Over mitigation 

Prescription completed with 

system /user intervention 

Good Mitigation 

Prescription completed without 

user or system intervention 

No mitigation 

Low / No No Intervention Prescribing prevented Over mitigation 

Prescription completed with 

system /user intervention 

Over mitigation 

Prescription completed without 

user or system intervention  

Mitigation 

 

3.1.1. The Assessment Report (Part 6) 

The data collected in response to the assessment scenarios was used to provide an 

assessment score which included an overall score for the assessment and a breakdown 

according to the CDS categories. The assessment report was available immediately on 

completion of the ePRaSE assessment. The results were presented as percentages of the 

scenarios that have been assigned each category of scenario outcome. A traffic light system 

was employed to indicate good mitigation (green) some mitigation (amber / yellow) and no 

mitigation (red). The ePRaSE version 2 assessment also reported over mitigation (blue). The 

assessment report included percentage scores for the overall assessment and according to 

CDS categories.  
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3.4. Chapter Summary  

This chapter describes the development of the ePRaSE assessment and outlines the key steps 

involved in its design and implementation. An iterative approach was adopted, and as a result, 

key differences between version 1 and version 2 of the assessment scenarios are clearly 

defined. The chapter details how the assessment scenarios were selected, how appropriate 

test patients were developed to support the prescribing tasks, and how these elements were 

incorporated into the ePRaSE tool. 

It also outlines how the ePRaSE scoring system evolved from an initial concept and risk matrix 

to the implemented ePRaSE assessment.  This process resulted in a colour-coded assessment 

score designed to reflect the suitability of risk mitigation and safety of the EP system. 

The following chapter will describe the eDelphi study, undertaken to achieve expert 

consensus on the clinical risk associated with high-risk prescribing scenarios suitable for CDS 

interventions, which underpinned the ePRaSE assessment. In addition to detailing the eDelphi 

methodology, the chapter will compare the identified scenarios with existing literature on 

high-risk medicines in hospital inpatients.  
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Chapter 4. Determining the ePRaSE Assessment Scenarios Utilising an 

eDelphi Study 

The previous chapter described the components of the ePRaSE assessment in detail, including 

how the assessment scenarios were selected and combined with suitable test patients to 

facilitate the ePRaSE assessment. The development of the scoring system underpinning the 

outcomes of the assessment was also explained. This chapter will focus on how the master 

set of prescribing scenarios was developed, by identifying high-risk prescribing scenarios from 

the literature which were then taken to an expert panel (eDelphi study) to gain expert 

consensus on the level of risk associated with each scenario, including different categories of 

drug errors. This chapter will explore the findings from this eDelphi study which was 

undertaken in October – December 2018 prior to the launch of ePRaSE version 1.  

This article has been published in the British Journal of Clinical Pharmacology (which has been 

cited 9 times, correct at the time of thesis submission. 

Heed J, Klein S, Slee A, Watson N, Husband A, Slight SP. An e-Delphi study to obtain expert 

consensus on the level of risk associated with preventable e-prescribing events. British 

Journal of Clinical Pharmacology. 2022.DOI: 10.1111/bcp.15284 

4.1. Identifying High-risk Prescribing Scenarios  

The researcher conducted a literature search to identify high-risk prescribing scenarios 

relating to adult or paediatric patients that were applicable to UK settings. These high-risk 

prescribing scenarios needed to be amenable to CDS, meaning that the risk associated with 

prescribing these medicines could be potentially mitigated by CDS. Many of the scenarios 

identified in the literature review were based on the STOPP/START (173, 174) and Beers 

criteria.(175-178) The STOPP (Screening Tool of Older Persons' Prescriptions) and START 

(Screening Tool to Alert doctors to Right Treatment) criteria were originally developed in 

Ireland in 2008 to identify ‘potentially inappropriate medications’ (PIMs) and prescribing 

omissions specifically in older adults,(173) and updated  in 2015.(174)  The Beers criteria were 

first developed in 1991 in the USA and have since been regularly updated (1997, 2003, 2012, 

2015) and aimed to alert healthcare providers to potential medication-related harms in 
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patients over 65.(175-178)   More recently, further updated versions of both tools have been 

published; however, these were released after the eDelphi study and therefore could not be 

considered during its completion.(179-181) 

Both of these tools were originally developed to support primary care prescribing practices 

and have been expanded to be applicable across care settings, however some of their 

scenarios were less suitable for inpatients. For example, the prolonged use of 

benzodiazepines for more than 4 weeks is discouraged for older adults because of risks such 

as sedation, falls, and cognitive impairment. This scenario may be less suitable for hospital 

inpatient use.(174, 182) Thomas et al. identified 80 high-risk prescribing errors agreed by 

experts to result in possible patient harm.(183)  A related study by Fox et al. identified 41 

prescribing indicators relevant to the paediatric inpatient setting.(184) Both studies were 

conducted in the UK and were tailored for hospital environments, to facilitate the prospective 

collection of high-severity and/or high-frequency prescribing errors that are also amenable to 

electronic CDS.(183, 184) As such, they were highly relevant to this study.  

Other sources were utilised to identify relevant clinical scenarios including National Reporting 

and Learning System (NRLS) reports (n=7), National Patient Safety Agency (NPSA) alerts (n=6) 

and Medicines and Healthcare products Regulatory Agency (MHRA) guidance (n=3). It was 

common to see similar scenarios presented in different publications. As a starting point, the 

researcher combined all scenarios found into one useful source, removed duplicates, and 

extracted a final list of 170 that was presented to the ePRaSE Board. After review, the final 

list remained unchanged, and the researcher chose to obtain expert consensus using the 

eDelphi process.  

4.2. Development of the ePRaSE Assessment Scenarios 

The eDelphi technique was employed to obtain expert consensus on the risk associated with 

170 prescribing scenarios, which were then used in the development of the ePRaSE 

assessment.  The eDelphi technique is a structured process for assembling knowledge from a 

group of experts to achieve consensus on a specific theme.(185) Where there is a lack of 

empirical evidence, the Delphi technique provides an opportunity to gather opinion from 

experts who may be located in geographically different regions and settings.(186) The eDelphi 
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technique has been commonly adopted in healthcare research including similar clinical 

informatics research.(186, 187) For example, Sweidan et al. utilised a modified Delphi 

technique to establish consensus on the features of EP systems that are expected to support 

the safety and quality of prescribing practices and use of medicines in general practice.(188) 

4.3. The e-Delphi Survey 

The eDelphi survey included the 170 prescribing scenarios which were presented to 

participants as a statement alongside the potential risk associated with the scenario provided 

in brackets as indicated in Figure 5. 

1. Low molecular weight omitted to be prescribed for prophylaxis when indicated (risk 
of venous thromboembolism) 

2. Atazanavir prescribed concomitantly with proton pump inhibitor (risk of atazanavir 
treatment failure) 

Figure 5: Examples of the prescribing scenarios as presented in the eDelphi survey 

Participants were asked to assign two risk scores to each prescribing scenario based upon the 

National Reporting and Learning System (NRLS) risk matrix, which utilises a numerical rating 

scale to relate the likelihood of an event occurring (1 (very unlikely)- 5 (very likely)) and the 

level of the harm if it was to occur (1 (insignificant) – 5 (catastrophic)).(189) 

4.4. The e-Delphi Process 

The  e-Delphi survey was first piloted with a small group (n=7) of clinical pharmacists,  before 

asking our Expert Panel to complete a two-round e-Delphi survey.  The eDelphi process has 

been summarised in an accompanying flow chart (Figure 6). Forty-five experts were identified 

and invited to participate in the e-Delphi study based on their expertise in medication safety 

and clinical informatics. The experts were known to the ePRaSE Project Board and included a 

range of UK healthcare professionals such as doctors (n=10), nurses (n=3), pharmacists (n=31) 

and pharmacy technicians (n=1), employed in a variety of health care settings and academic 

institutions and across a breadth of UK geographical locations.  
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Figure 6: eDelphi Flow Chart 
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4.5. e-Delphi Pilot 

Seven senior clinical pharmacists representing a range of clinical specialities were invited to 

pilot the e-Delphi survey. These pharmacists were not invited to be on the Expert Panel. The 

eDelphi was available as an online survey, and a link to the survey was emailed to the 

pharmacists. All seven participants completed the survey and attended a group meeting at 

which they provided useful feedback on the suitability and readability of the prescribing 

scenarios. Overall, the pilot e-Delphi participants reported the scenarios were appropriate 

and clearly presented. Changes to the wording of two of the scenarios were made to improve 

clarity. Pilot participants raised concerns about the potential for external factors to influence 

the level of harm, such as a patient’s renal function which may in turn influence the 

presentation of the disease (whether acute or chronic) and the age of the patient. These 

concerns were fed back to the ePRaSE Project Board who acknowledged this. The e-Delphi 

was presented as one continuous document, however the pilot participants suggested 

separating the scenarios by error category and allowing the reviewer to save their answers 

after each section. Three additional scenarios were suggested by the pilot participants for 

inclusion, resulting in a total of 173 scenarios in the final survey. The participants also 

recommended the addition of a ‘don’t know’ option for each risk score, as they felt that this 

would allow participants to provide answers related only to their expertise. Finally, 

participants reported a lack of clarity in assigning risk categories based on the NRLS matrix 

and suggested amendments to improve the clarity of the survey.  

4.6. Defining the ePRaSE Risk Score  

The National Reporting and Learning System (NRLS) risk matrix, developed by the former 

National Patient Safety Agency (NPSA), quantifies the level of risk associated with patient 

safety incidents by combining assessments of the potential severity of harm and the likelihood 

of recurrence.(189) Each dimension is scored on a scale from 1 to 5, with 1 representing the 

lowest level (e.g., ‘no harm’ or ‘rare’) and 5 the highest (e.g., ‘death’ or ‘almost certain’). The 

overall risk score is calculated by multiplying the consequence and likelihood scores, providing 
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a total between 1 and 25. This numerical value is then interpreted using a risk grading scale, 

categorising scores of 1–3 as low risk, 4–6 as moderate, 8–12 as high, and 15–25 as extreme. 

During the pilot, the participants reported a lack of clarity in assigning a risk score, based on 

the NRLS matrix, as they considered the likelihood of harm occurring to be subject to 

interpretation. For example, participants reported that the likelihood of the prescribing event 

described in prescribing scenario 1 (Figure 5) to occur was ‘very likely’ and the level of harm 

(if it was to occur) could be major. However, the likelihood of this harm occurring was ‘unlikely 

to occur’. For scenario 2 (Figure 5), the likelihood of the prescribing event occurring was 

‘unlikely to occur’ but the level of harm could be major. In this instance, the pilot participants 

felt that if the event occurred, the likelihood of harm occurring was ‘likely to occur’. Both 

clinical scenarios are significant for different reasons. Consequently, participants for the main 

e-Delphi study were asked to use a revised scoring system, adapted from the NRLS, with three 

dimensions as described in Error! Reference source not found.. 

Table 15: Risk scoring system adapted from NRLS risk score matrix.  (189)  

Likelihood of the 

prescribing event 

occurring 

Level of harm associated with 

the prescribing event 

 

Likelihood of the harm 

occurring following the 

event 

5. Very likely to occur on 

many occasions (e.g. at 

least once per month). 

4. Likely to occur but not 

every day (e.g. quarterly)  

3. May occur occasionally 

(e.g. at least annually.)  

2. Unlikely to occur, but 

possible (e.g. once every 5 

years). 

1. Very unlikely to occur 

(once in a decade / not at 

all).  

 

5. Catastrophic – incident 

causing death. 

4. Major – incident that 

contributed to, but not the 

direct cause of death. 

3. Moderate –semi-permanent 

harm taking 1 month to 1 year to 

resolve or requires a hospital 

stay. 

2. Minor – short term harm, less 

than 1 month or requiring 

additional monitoring. 

1. Insignificant – near miss or no 

harm to the patient. 

5. Very likely to occur on 

many occasions (e.g. at 

least once per month). 

4. Likely to occur but not 

every day (e.g. quarterly).  

3. May occur occasionally 

(e.g. at least annually).  

2. Unlikely to occur but 

possible (e.g. once every 

5 years). 

1. Very unlikely to occur 

(once in a decade / not at 

all).  

 

Risk scores: 
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Potential risk = likelihood of the prescription event occurring (column 1) x level of harm 

associated with the prescribing event (column 2) 

Actual risk = level of harm associated with the prescribing event (column 2) 

x likelihood of the harm occurring following the event (column 3)  

 

4.7. Round One (exploratory) 

The e-Delphi survey was presented to the expert panel via an online survey platform on 1St 

October 2018; background information was provided followed by a consent statement 

(Appendix III), which required completion prior to access to the e-Delphi survey. Participants 

were asked to provide three scores for each scenario: the likelihood of the prescribing event 

occurring; the level of harm associated with the prescribing event and the likelihood of the 

harm occurring following the event. Participants could also suggest additional scenarios for 

inclusion and were kindly requested to complete the survey within two weeks.  

On completion of the e-Delphi, two scores were calculated from the participant responses, 

which were adapted from the NRLS matrix scoring system.(189) The first score was calculated 

by multiplying the likelihood of the prescription event occurring and the level of harm 

associated with the prescribing event. The second score multiplied the level of harm 

associated with the prescribing event and the likelihood of the harm occurring following the 

event. The researcher referred to these as the potential risk score and the actual risk score 

respectively as illustrated in Error! Reference source not found..  The potential risk and actual r

isk scores were calculated for each participant response and median scores were calculated 

for each scenario. The percentage of participant consensus with the median risk score was 

calculated. These risk scores were then categorised as low (1-3), moderate (4-6), high (8-12), 

and extreme (15-25) in line with the NRLS risk score. (189) 

4.8. Round Two 

The second round was sent to the expert panel 26th October 2018. This contained a modified 

survey that excluded the scenarios where consensus had been achieved (defined as ≥ 70  
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participant consensus,(190)  for actual or potential harm risk score), and scenarios with no 

consensus (defined as less than 50% participant consensus). Participants were provided with 

their own individual risk scores from the first round and the median scores for each scenario. 

This provided the participants with an opportunity to modify their responses, considering the 

judgements made by the rest of the expert panel, or to retain their original risk scores if 

deemed appropriate. The researcher also included five new scenarios for consideration, 

which were suggested by the expert participants in the first round.  

4.9. eDelphi Results Over the Two Rounds 

Of the 45 experts who were invited to participate, 24 experts consented to participate. Fifteen 

participants completed Round 1 of the e-Delphi and 13 participants completed Round 2. The 

professional groups of the experts who completed each round are outlined in Table 16. 

Participants had additional roles, which included EP / informatics leads within their 

organisations and both national and regional roles in medication safety.  

Table 16: Professional groups of expert participants 

Profession Round 1 (n=15) Round 2 (n=13) 

Doctor 2 1 

Nurse (Informatics)  1 1 

Pharmacist  11  10 

Pharmacy Technician 

(Informatics) 

   1 1 

 

During the first round, all fifteen experts agreed on the category of risk for 51 of the 173 

scenarios presented. Thirty-seven scenarios achieved low levels of consensus. Of the 11 

scenarios that participants suggested should be added, five were included in Round 2. The 

remaining six scenarios were not included as they represented drug categories that were 

already well represented including anticoagulants, opioids and antimicrobials. In total, 90 
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scenarios were taken forward to Round 2. 

In Round 2, thirteen participants completed the survey, and consensus was achieved for a 

further 85 out of 90 scenarios; it was therefore not considered necessary to proceed to Round 

3. Consensus was not achieved for both actual and potential harm for five scenarios, which 

included a range of scenario categories: drug-drug interactions (n=1), drug-dose (n=1), drug-

laboratory test (n=1) and drug-brand (n=2).  

In total, expert consensus was reached on the risk category of 136 out of 178 scenarios across 

both e-Delphi rounds. Of these, four scenarios were classed as extreme risk with a median 

potential or actual risk score between 15 and 25, 126 scenarios were classed as high risk with 

a median risk score of between 8 and 12, and five scenarios were classed as low or moderate 

risk with a median risk score less than 8. An example of a scenario classed as extreme, high, 

and low or moderate risk have been provided in Table 17.  

Table 17: Example scenarios with risk category and consensus scores 

Scenario 

category 

Scenario description  Median risk 

score 

Risk 

category 

Percentage 

consensus with 

median 

Drug-allergy Any medication 

prescribed for a patient 

with a documented 

allergy to the medication 

(risk of severe adverse 

drug reaction)  

16.0 Extreme 90 

Drug-drug 

interaction  

Potassium-sparing 

diuretic (excluding 

aldosterone antagonists) 

prescribed 

concomitantly with 

angiotensin-converting 

enzyme inhibitor or 

angiotensin II receptor 

antagonist (increased 

risk of severe 

12.0 High 100 
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hyperkalaemia)  

Drug-age 

contraindication 

Tetracycline prescribed 

to a child under 12 years 

(may result in deposition 

in growing bone and 

teeth causing staining / 

dental hypoplasia)   

6.0 Low/ 

Moderate 

88 

 

The most common categories represented include drug-disease scenarios (n=37), drug-drug 

interactions (n=25), and drug-laboratory tests (n=24) as shown in Table 18. 

Table 18: Prescribing scenario categories for extreme or high-risk scenarios 

Prescribing scenario 

category 

Number of extreme 

or high-risk 

scenarios 

Drug class Number of extreme 

or high-risk 

scenarios 

Drug-allergy  2 Analgesics (including 

opioids) 

12 

Drug-age  11 Anticoagulants 11 

Drug-brand  3 Antimicrobial  28 

Drug-lab  24 Cardiovascular 

system 

17 

Drug-drug 

interactions  

27 Central nervous 

system  

13 

Drug-disease  37   

Drug-dose  18   

Drug-omissions  4   

Total 126   

 

4.10. Suitability of the Prescribing Scenarios  

This e-Delphi study established expert consensus on the level of risk associated with 136 out 

of a total of 178 prescribing scenarios, with the majority of scenarios categorised as high-risk. 

These scenarios were then used in the ePRaSE assessment along with fictitious test patient 
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data to evaluate whether EP systems offered support to prescribers. Expert consensus was 

achieved for prescribing scenarios which covered a wide range of clinical events which were 

amenable to CDS. This includes both basic CDS such as drug–drug interactions, drug–allergy 

identification, therapeutic duplication and basic dosage recommendations as well as 

advanced CDS such as renal and age-related dosing advice; drug-disease contraindications 

and advice relating to corollary tests.(53) The most common categories included drug-disease 

contraindications, drug-drug interactions, and scenarios involving drug-laboratory tests 

interventions, which represented the categories of CDS with the greatest volume of evidence 

related to change in prescriber behaviour and improved patient safety. (69, 191)  

The drug-drug interactions identified as high-risk in this study show some similarities and 

differences with previous published high priority drug-drug interactions.(192) Some of the 

drug–drug interactions reflected themes identified in a systematic review and meta-analysis 

of drug–drug interactions associated with hospital admission/visits, such as interactions 

resulting in increased risk of bleeding complications and interactions associated with 

prolongation of the QT interval, but a similarity in the specific drug–drug interactions was not 

observed.(193) This lack of consistency reflects the subjective nature of drug–drug interaction 

categorisation.  

A systematic review of the incidence, causes and consequences of pADEs occurring in  

reported cardiovascular drugs, analgesics, anticoagulants, opioids and antibiotics/anti-

infective agents to be the drug classes most frequently associated with pADEs.(194) 

Medications from all of these classes were represented in the final list of scenarios, with 

antimicrobial therapies being most commonly represented. This is also consistent with other 

studies that identify prescribing scenarios amenable to CDS.(183) Many of the scenarios 

involve high-risk medicines, which, by definition, are more likely to cause significant patient 

harm.(195) A recent systematic review concluded that CDS can improve the safe use of high-

risk medicines like anticoagulants with both improved adherence to guidelines, and increased 

therapeutic drug monitoring reported.(196) In addition, EP with CDS is perceived to be a key 

enabler of the implementation of antimicrobial stewardship initiatives to reduce global 

antimicrobial resistance.(197) 
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4.11. Limitations  

There are some limitations of the eDelphi study. Firstly, the number of expert participants 

who completed both rounds of the eDelphi was lower than anticipated. Although the number 

of participants recruited to a Delphi study in the literature can be anywhere between 10 and 

50, a response rate of ≥ 70  should be maintained.(198) Fifteen participants completed 

Round 1 and 13 completed Round 2, which equates to a response rate of 60% and 52%, 

respectively. The low overall response rate may have been associated with the number of 

included scenarios, which represented a considerable time commitment for participants. This 

hypothesis is supported by research that suggests Delphi studies with higher numbers of 

items are associated with significantly lower response rates.(199) Although the response rate 

was lower than expected, retention of participants between Round 1 and Round 2 was 87%, 

which strengthened the reliability of the findings. Secondly, 42 of the scenarios presented to 

the expert participants did not achieve a consensus. This included scenarios that were 

classified as high-risk by some participants. These scenarios were not incorporated into the 

ePRaSE tool; however, they still represent significant prescribing safety concerns. Thirdly, the 

experts invited to participate in the e-Delphi included a range of healthcare professionals 

from across England; however, pharmacists were over-represented in the final sample with 

pharmacists representing 59% and 69% of participants in Round 1 and 2, respectively. While 

pharmacists bring essential expertise in medication safety and optimisation, their dominance 

in the panel may have introduced professional bias, potentially influencing the consensus 

disproportionally and reducing the generalisability of the findings.(200) Further research 

involving a diverse range of prescribers may be desirable, to strengthen the findings. In Round 

2, participants were provided their individual risk scores from Round 1 along with median 

scores for each prescribing scenario. This could potentially bias their responses in Round 2.  

The risk score that was developed for the eDelphi study underpins the ePRaSE scoring system; 

the scoring system was based on the likelihood of the prescribing event, the level of harm and 

the likelihood of harm. Variability in interpretation is likely, based upon participants’ personal 

characteristics and experiences. It is important to acknowledge that there are no international 

or national standards that mandate the level or type of CDS that is implemented to prevent 
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harm from extreme or high-risk prescribing scenarios.   

Finally, the study was carried out in England to inform the development of ePRaSE which was 

intended to be used to evaluate EP system safety within hospitals in England and so the 

findings may not be generalisable beyond England.  

4.12. Chapter Summary  

This chapter describes how the e-Delphi technique has been used to reach consensus on a set 

of extreme and high-risk prescribing scenarios. These scenarios have, in turn, been used in 

the development of the ePRaSE assessment. The scenarios represent prescribing events 

frequently associated with patient harm, including high-alert medication and antimicrobial 

therapies, and address key concepts in EP system optimisation such as improving patient 

specificity and promoting system interoperability. Regular review of these scenarios will be 

required to ensure continuing clinical relevance and to identify new emerging prescribing 

risks.  

The following chapter outlines the methodologies employed to evaluate the ePRaSE 

assessment, which involved a sequential mixed methods study. A multiple - phase qualitative 

study, incorporating multiple qualitative methods explored the user experiences of the 

ePRaSE assessment throughout the development of the tool.  A quantitative study 

summarised the findings of the national roll out of ePRaSE version 2.  The next chapter will 

explore the rationale for the chosen methods and explain how these multiple components 

were integrated to provide deep insights into the ePRaSE assessment. 
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Chapter 5.  Methodological Approach, Choice of Methods and Study 

Overview  

The previous chapters described the development of the ePRaSE assessment tool (Chapter 3), 

and an eDelphi study that achieved expert consensus on high-risk prescribing scenarios 

(Chapter 4), which were subsequently incorporated into the ePRaSE tool. The next four 

chapters will evaluate the ePRaSE assessment tool using both qualitative and quantitative 

methodologies. Several qualitative methods have been selected to explore the experiences 

of users as they carried out the ePRaSE assessment as well as their reflections on the potential 

of ePRaSE to influence the safety of EP systems. The quantitative study (Chapter 10) described 

and summarised the national performance of the ePRaSE assessment (version 2) after rollout 

October 2022 – January 2023.   

5.1. Methodological Approach  

All research is guided by research paradigms, which are the philosophical framework 

underpinning the research.(201) The components include ontology (the beliefs about reality), 

epistemology (the idea of the nature of knowledge), axiology (the principles supporting the 

research), and methodology (the actions required to acquire knowledge).(202)  In ‘The 

Structure of Scientific Revolutions’ (1970), Thomas Kuhns introduced the notion of research 

paradigms, defining them as “the set of common beliefs and agreements shared between 

scientists about how problems should be understood and addressed.”(203) Although there are 

several different paradigms described in the literature, they are broadly categorised into four 

major types: positivism, interpretivism, critical theory, and pragmatism.(204)  

Healthcare research is traditionally rooted in positivism, which emphasises the objectivity of 

reality and employs scientific methods to test hypotheses and uncover universal truths about 

the world.(205) Whilst post-positivism represents an amendment to the positivist paradigm 

as it retains the concept of an objective world, it also accepts the limitations of objective 

knowledge; it can be impacted by a variety of circumstances and hence cannot be entirely 

objective.(206) Due to their requirement for a degree of separation between the researcher 
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and the subject of investigation, positivism and post-positivism are frequently linked to 

quantitative research methodologies. Since a key objective of this PhD programme of work 

relates to investigating participants’ perspectives regarding the acceptability and usability of 

the ePRaSE tool (see section 1.7), it is not possible to adopt a positive paradigm.  

Interpretivism presents an alternative viewpoint that highlights the subjectivity of reality. 

Advocates of interpretivism contend that reality is shaped by society and that understanding 

is formed through engagements between the researcher and the subjects.(207)  

Constructivism falls under the umbrella of interpretivist approaches and asserts that social 

and cultural contexts actively shape knowledge.(208) Both interpretivism and constructivism 

employ qualitative methods to understand the meanings and experiences of individuals 

within their specific contexts.(209) This PhD programme of work explores the interactions of 

humans with electronic systems, therefore participants’ responses will vary. The researcher 

seeks to explore the complexity of participants’ views and experiences, and to consider 

influencing factors such as the working environment, user-computer interactions as well as 

interactions with others. Although a constructivist paradigm would be a good fit for these 

goals, the researcher was also interested in assessing the numerical scores obtained from the 

national rollout of the ePRaSE assessment that would run counter to this paradigm. 

Critical theory seeks to challenge and transform societal structures, focusing on issues of 

power, inequality, and social justice.(210, 211) This paradigm emphasises that knowledge is 

never neutral, but is always produced within networks of power.(210, 212) It is often applied 

in healthcare research to examine health disparities, access to care, and the impact of social 

determinants on health. It is particularly effective for exploring how social factors like race, 

gender and socioeconomic status influence health outcomes;(210) however, it feels less 

relevant to this research as it does not focus on these concepts.  

Pragmatism was favoured for this research as it offers a flexible paradigm that bridges the 

gap between positivism and interpretivism,(213) emphasising practical solutions to real-

world problems over strict adherence to any particular philosophical stance.(213, 214) 

Pragmatists focus on what works in practice, combining methods from different paradigms to 
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address the research question effectively.  As such, this paradigm supports the use of mixed 

methods research, which integrates both quantitative and qualitative approaches to provide 

a comprehensive understanding of complex healthcare issues.(204) Furthermore, 

pragmatism often involves iterative cycles of data collection and analysis, with emerging 

findings informing subsequent phases of the study as used in this research.(215)  

5.2. Study design. 

A mixed methods approach was chosen for this PhD programme of work to evaluate the 

ePRaSE assessment from different users’ perspectives and integrate the findings from the 

national rollout of the tool. Both quantitative and qualitative data were collected to create a 

cohesive analysis.(216) A sequential exploratory study design was adopted, which allows one 

principal method, in this case a multi-phase qualitative study involving several qualitative 

methods to investigate users’ experiences when interacting with ePRaSE throughout the 

stages of tool development. Preliminary findings from the early stages of data collection were 

analysed iteratively and informed refinements in the ePRaSE tool in later stages. A 

quantitative study of the ePRaSE version 2 assessment scores was also conducted. The 

sequential study design is illustrated in Figure 7; the larger qualitative component is indicated 

using capital letters (QUAL), whereas the secondary quantitative component is indicated 

using lowercase (quant). Adapted from Creswell & Plano. (216) 
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Figure 7: Diagram representing the phases of research and study design 

5.3. Timeline and Points of Integration 

In this mixed methods study, 'points of integration', refers to the specific stages in the 

research process, including data collection, analysis and interpretation, where the qualitative 

and quantitative strands are intentionally brought together to produce more comprehensive 

and nuanced findings.(216, 217) Figure 8 represents a timeline of these studies and highlights 

the points where data integration occurred. 
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Figure 8: Timeline and points of integration of the mixed methods study.(216)   

Initially, detailed qualitative data was required to gain insights into the usability and 

acceptability of the newly developed ePRaSE assessment (version 1). The ePRaSE Board 

selected clinical informatics pharmacy professionals as the intended users, due to their roles 

in the implementation, optimisation, and maintenance of EP systems. Consequently, the first 

phase of the qualitative study focused on exploring the usability of ePRaSE with this group. 

Findings from this study informed the development of ePRaSE (version 2). This marked the 

first point of integration, where the qualitative findings from Phase 1 influenced the design of 

the tool, thereby impacting the subsequent quantitative study. Additionally, the Phase 1 

findings raised questions about how the characteristics of the ePRaSE user, as well as 

individual versus collaborative completion of the assessment, might affect the assessment 

outcomes. 

Following the national launch, a second phase of qualitative data collection was conducted to 

explore the use of ePRaSE amongst interprofessional groups including varied healthcare 

professionals, such as doctors and non-medical prescribers, thus gaining a deeper 

understanding of the perspectives and a range of healthcare professionals whilst interacting 
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December 
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QUALitative 
Phase 3

November 
2022 -
January 
2023

Quantitative 
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October 2022 -
January 2023

Final data 
analysis 
February -
December 
2023

    Points of integration 
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with ePRaSE as well as the impact of adopting a collaborative approach to the assessment.   

A third phase of data collection was undertaken by those who had engaged with the ePRaSE 

assessment, who were invited to participate in a semi-structured interview. The aim was to 

gather broader perspectives from ePRaSE users, including their reflections on their 

experiences of the assessment and the impact of the ePRaSE assessment within their 

organisations.  

After the national rollout of version 2, a quantitative study was conducted to summarise and 

analyse the ePRaSE results. The aim was to describe the uptake and completion of the ePRaSE 

assessment and summarise the assessment scores, highlighting any variations in performance 

between different EP systems and different categories of CDS. 

Finally, data from all three phases of the qualitative study were triangulated with the 

quantitative findings to provide a comprehensive understanding of the ePRaSE assessment. 

These findings will be discussed in Chapter 10 (Discussion).  

5.4. Qualitative Methods 

A range of methods were considered to address the study objectives which are described in 

Chapter 1 Section 1.7. Some usability study methods were discounted due to the lack of 

involvement of end-users in the evaluation, which was felt to be an essential component of 

this research. For example, heuristic evaluation compares systems to accepted usability 

standards, such Nielsen's heuristics,(218) and cognitive walkthroughs allow researchers to 

simulate user interactions with a system to predict potential usability issues.(219) Both 

approaches may be useful for spotting significant usability problems, but they could miss 

more nuanced, context-specific difficulties that actual users encounter, particularly in 

complex healthcare settings.(220, 221)   

Usability testing involves observing real users as they attempt to complete tasks within the 

digital system, so as to gather insights into errors, task efficiency, and user satisfaction.(222) 

The researcher selected Think Aloud (TA) Protocol Observations as the primary method to 
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evaluate users’ perspectives on the ePRaSE assessment. The TA technique involves 

participants verbalising their thoughts while attempting to complete the study tasks,(223) 

thus allowing researchers to gain a deeper understanding of the user’s perspective and the 

challenges they face during system interaction.(224) The Co-Participation TA approach was 

selected in phase 2 of the study, as the researcher wanted to  explore the experiences of 

participants in interprofessional groups, as they collaboratively engaged with the ePRaSE 

assessment. This method, distinct from traditional TA protocol observations, supports shared 

reflection and real-time insight into cognitive processes by encouraging dialogue between 

participants.(225) 

Triangulation of findings with other research methods is recommended when using the TA 

technique to enhance the robustness of the findings.(223, 226) Consequently, the researcher 

also conducted semi-structured interviews at different stages of the study to cross-verify 

results and capture both the reflective and real-time dimensions of participants' experiences. 

The qualitative methods used in each phase of study is summarised in Table 19; a detailed 

account of each method is provided below. 

Table 19: Summary of methods employed in the multi-phase qualitative study 

Phase of 

qualitative study 

Qualitative methods Participants 

Phase 1 • Think Aloud Protocol 

Observations 

• Semi-structured interviews 

(in-person) 

• Clinical informatics pharmacists and 

pharmacy technicians  

Phase 2 • Co-Participation Think 

Aloud Method 

• Interprofessional groups including 

clinical informatics pharmacy 

professionals, doctors and non-

medical prescribers 

Phase 3 • Semi-structured interviews 

(via videoconferencing 

software)  

• ePRaSE assessment users (any 

healthcare professional who had 

completed the ePRaSE assessment)  
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5.4.1. TA Protocol Observations. 

TA protocol observations capture participants' real-time cognitive processes as they articulate 

their thoughts during task performance, providing unique insights into their behaviour and 

decision-making.(224) The theoretical framework for the TA method relates to the 

differentiation between working memory and long-term memory.(117, 227) This theory 

suggests that concurrent reasoning takes place within working memory, which is a cognitive 

system with limited capacity that temporarily retains information for immediate 

processing.(117, 228) However, direct access to complex thinking processes, such as 

evaluating, judging and solving problems, requires more than working memory.(229) Utilising 

the TA method helps researchers to capture the reasoning of participants in real-time and 

design tasks that are better suited to the user’s cognitive load without overloading working 

memory.(230, 231)  

Concurrent TA protocol observations were selected for this study to provide rich verbal data 

about the reasoning processes utilised during the ePRaSE simulation and to allow the 

researcher to capture their observations of participants’ interactions with the ePRaSE 

assessment. Participants were asked to verbalise their thoughts, whilst completing each 

assessment task while the researcher observed, took notes, and screenshots throughout. The 

observation was recorded with the consent of the participants to allow the researcher to refer 

back (multiple times, if necessary) to the recording for accuracy.(232)  

There are some challenges associated with the TA method; participants may find the 

experience difficult to perform and natural behaviour may be altered.(233) The researcher 

provided clear and simple guidance about verbalising their thoughts before and during the 

task performance.(117) Furthermore, the researcher was conscious that they needed to limit 

their own participation, such as avoiding to correct or assist participants, as this can disturb 

the TA processes and reduces data validity.(234) The researcher also reminded participants 

to ‘keep talking’ if they became less engaged with verbalising their thoughts during the task 

performance. Prior to data collection, the researcher practised these techniques with 

volunteer EP system users with similar characteristics to the study participants. During data 
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collection, the researcher reflected on the process and findings with the supervisory team.  

5.4.2. Semi-structured interviews 

Semi-structured interviews were conducted in two different points in the Qualitative study 

(Phase 1 and Phase 3). During phase 1, semi-structured interviews were conducted 

immediately after the TA observations to further explore participants’ experiences of the 

ePRaSE tool and cross-verify data collected during the observations. Semi-structured 

interviews were chosen to complement the TA protocol observations to pursue a deep 

exploration of the topic, whilst providing sufficient structure to ensure key aspects are 

covered during the interview.(234) The flexible nature of the interviews allowed for points of 

enquiry that were identified during the observations to be examined in more detail, whilst 

ensuring some consistency between participants. The researcher conducted the Phase 1 

interviews in person immediately after completion of the ePRaSE assessment, which was both 

convenient and complemented the TA data by allowing the researcher to further explore their 

observations and access participants’ reflections and views on their experience of engaging 

with the ePRaSE assessment.(235) Furthermore, conducting these interviews in person 

capitalised on the benefits of face-to-face interaction, which can enhance rapport and provide 

non-verbal cues that contribute to the data quality.(236, 237)  

Phase 3 of the Qualitative study took place following national roll out of the ePRaSE version 

2 assessment, where participants who had recently completed their ePRaSE assessment were 

invited to participate in a semi-structured interview, to capture their reflections on the 

experience. These semi-structured interviews were scheduled at a time convenient for each 

participant and were conducted online using videoconferencing software.  This approach 

facilitated the inclusion of geographically dispersed participants. While there is a potential 

risk that participants may forget specific details of the ePRaSE assessment due to the passage 

of time,(238) this risk was mitigated by the researcher using the ePRaSE user guide (Appendix 

IV) as a prompt during the interviews, which has been shown to aid recall and encourage 

detailed responses.(239)  Completing the interview separate from the assessment may have 

facilitated more reflection as the participants had time to process their experiences.(240) 
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Furthermore, this approach allowed the researcher to gather information about actions taken 

by participants following completion of ePRaSE, such as optimisation of EP system 

configuration. Consequently, the timing of these interviews provided a balance between the 

potential for memory loss and the benefit of reflective thinking, which are both recognised 

considerations in qualitative research.(216) 

Interview guide. 

The researcher utilised an interview guide (Appendix V) to facilitate the semi-structured 

interviews. This ensured consistency in the themes explored across Phase 1 and Phase 3 of 

data collection, whilst permitting some degree of flexibility to cater to the focus of each 

phase.(239) Phase 3 interviews were carried out with participants who had already  

completed the ePRaSE assessment,  without being observed by the researcher, therefore 

more detailed questions about ePRaSE's usability were included to retrospectively gather 

their experiences. 

The researcher employed a combination of open-ended, non-leading questions to encourage 

broad discussion, and more direct (closed) questions when specific details required 

clarification.(235) The interview guide was informed by the existing literature, including the 

usability of digital health tools and EP system safety, as well as established usability themes 

such as ease of use, perceived usefulness and integration into practice.(241)  

5.4.3. Co-Participation TA Method.  

During Phase 1 data collection, the researcher observed participants making transcription 

errors when entering patient data and completing the prescribing scenarios. During Phase 2 

data collection, the researcher decided to employ a co-participation TA approach, which 

involved participants verbalising their thoughts and reasoning as they collaboratively engaged 

with the task. Interprofessional groups, including clinical informatics pharmacy professionals, 

doctors, and non-medical prescribers, were recruited to complete the ePRaSE assessment at 

three Trusts.  In each group, one designated participant (the clinical informatics pharmacy 

professional) completed the ePRaSE assessment on behalf of the group, while the remaining 
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participants observed, verbalised their thoughts, and contributed to the group’s decision-

making process throughout the task.  This allowed the researcher to observe how various 

healthcare professionals interpret and engage with the ePRaSE assessment and their EP 

system, and how their combined input could lead to the stimulation of more ideas, solutions, 

and discussions that may not have been raised by an individual.(242) Consequently, this 

approach can enhance the quantity and variety of issues identified.(225, 242) 

5.5. Sampling Technique 

Initially, purposeful sampling was used to include a heterogenous sample of clinical 

informatics pharmacy professionals utilising different EP systems, at varying stages of EP 

system implementation and in different geographical locations throughout England. This 

sampling strategy allowed the researcher to gain broad insights into the usability of the 

ePRaSE assessment tool, when used by participants with detailed knowledge of their EP 

system configuration, including capabilities and limitations. The expertise of the participants 

increased the likelihood that the ePRaSE assessment would be completed with fewer explicit 

errors.(148)  In this way, the ePRaSE assessment findings would be more likely to accurately 

reflect the EP system capabilities, with fewer basic user errors.  

As the research progressed, and key themes and concepts emerged from the TA protocol 

observations, adaptations in methods and sampling strategy were deemed appropriate.  A 

theoretical sampling approach was employed, as it allowed the researcher to iteratively select 

participants based on emerging findings rather than pre-established criteria.(243) A broader 

range of healthcare professionals, including doctors and non-medical prescribers, were 

included as these users could face different challenges when interacting with ePRaSE 

assessment tasks, such as user interface issues or interpretation of  CDS.(47) The final phase 

of the study extended participation to any healthcare professional who had utilised the 

ePRaSE assessment. Clinical informatics specialists from other professional groups (e.g., 

clinical informatics nurses) were also included. In summary, the researcher valued the 

opportunity to gain insights from both clinical informatics professionals with deep knowledge 

of EP system configuration, and EP system users who were used to navigating these systems 
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under real-world conditions. 

5.6. Data Saturation 

In addition to adopting a suitable sampling strategy, it was essential to ensure that sufficient 

data was collected to achieve theoretical data saturation; this refers to the point at which no 

new information or insights emerge from additional data collection.(244) Various approaches 

to data saturation exist, and it is important to select an approach that aligns with the research 

methods and overall objectives. For researchers using theoretical sampling, the goal is often 

to reach ‘theoretical sufficiency,’ which occurs when further data collection no longer 

provides meaningful insights into the emerging theory or research question.(208) 

However, other forms of saturation were also considered, including thematic saturation, 

where no new themes emerge from the data,(245) and code saturation, where no new codes 

are identified during analysis.(246) Researchers may also observe data saturation during data 

collection when the same comments begin to repeat, revealing no new insights.(245) 

Conversely, some researchers question whether true saturation can ever be fully achieved, as 

new data might always provide fresh perspectives.(247) Additionally, the criteria for declaring 

saturation can be subjective, varying across studies and researchers, raising concerns about 

the reliability of saturation as a definitive endpoint.(248)  

Instead of viewing data saturation as a singular event, it may be more practical to adopt an 

incremental approach, where additional data yields diminishing returns. This approach 

emphasises that, once a certain level of understanding is achieved, new data may not 

necessarily contribute to the overall theory.(249) This incremental approach was particularly 

relevant for this study; each phase contributed to an increasing depth of understanding, 

allowing the researcher to iteratively refine sampling strategies and data collection methods.  

In Phase 1, TA Protocol Observations were combined with semi-structured interviews, 

enabling the researcher to gather detailed, rich data that explored complex and nuanced 

participant experiences. TA studies typically require smaller sample sizes to achieve data 

saturation due to the richness of the data, with estimates suggesting that meaningful results 
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can be achieved with as few as five participants,(250) whilst other studies recommend 10-20 

participants.(251) In total, thirteen TA Protocol Observations were conducted: ten individual 

participants in Phase 1 and 12 participants in Phase 2, the latter involved in three Co-

Participation TA Protocol Observations.  

For semi-structured interviews, the recommended sample size varies depending on the scope 

of the study and the heterogeneity of the population. Data saturation for semi-structured 

interviews can often be achieved with between 15-30 participants.(252) A total of 23 semi-

structured interviews were conducted across both Phase 1 (n= 10) and Phase 3 (n=13). Due 

to the iterative nature of data collection and analysis, the Phase 3 interviews were informed 

by the findings from earlier phases, progressively achieving saturation.  

5.7. Participant Recruitment 

5.7.1. Phase 1 

The first phase of the study commenced before the launch of the ePRaSE version 1 

assessment. Three GDE) hospitals, recognised as leaders in digital technology implementation 

were invited to complete the ePRaSE assessment via their clinical informatics teams. The 

selected study sites were among the 16 advanced acute trusts supported by NHS England to 

become GDEs.(13) These hospitals were already live with EP systems, high digital maturity 

scores related to their readiness and capability in digital healthcare and were involved in 

innovative initiatives. Following the national roll-out, all hospitals using live EP systems were 

invited to participate through an email sent to the Chief Pharmacist, who was asked to share 

the invitation with their pharmacy clinical informatics teams. No additional inclusion criteria 

were applied. The researcher purposively sampled respondents as outlined in Section 5.5.  

5.7.2. Phase 2 

The second phase of the study sought to explore the use of ePRaSE with different healthcare 

professionals with experience of using EP systems, particularly doctors and non-medical 
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prescribers. Participants were recruited from three hospitals in the North East of England to 

participate in a collaborative ePRaSE assessment, using the co-participation TA method. 

Firstly, the researcher contacted the clinical informatics pharmacy professional at each site 

with an email invitation. Convenience sampling was then used to invite additional participants 

from each site, including members of medicine safety groups within the organisation and 

healthcare professionals working in medical education.  

5.7.3. Phase 3 

The final phase of the study involved semi-structured interviews conducted with professionals 

who had already completed the ePRaSE assessment.  An email invitation was sent to all 

ePRaSE users, on completion of the assessment, inviting them to participate in a semi-

structured interview to explore their experiences of the ePRaSE assessment. All respondents 

were included in the study; interviews were conducted using videoconferencing software, at 

a time convenient for each participant.  

5.8. Informed Consent 

All participants were emailed a study pack, which included a participant information sheet 

containing contact details of the researcher (Appendix VI), and a consent form (Appendix VII). 

Written consent was obtained from all participants prior to commencing data collection. 

Participants were informed that participation in the study was entirely voluntary and that 

their consent to participate could be withdrawn at any time. On completion, participants were 

provided with a debriefing pack (Appendix VIII), which provided contact details of the 

researcher and supervisory team, should the participant have any concerns about the study, 

information regarding how the data would be utilised, and methods of accessing information 

regarding study outcomes. 

5.9. Validity and Reliability 

Assessing the quality of qualitative research presents a significant challenge due to the diverse 
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paradigms and methodologies that characterise qualitative research.(253) Traditional 

concepts, such as internal validity and replicability, do not easily transfer to qualitative 

research.(254) Furthermore, the use of standardised quality assessment criteria may be less 

suitable when applied to all qualitative methodological approaches indiscriminately.(255) 

Checklists such as the Consolidated Criteria for Reporting Qualitative Research (COREQ),(256) 

and the Standards for Reporting Qualitative Research (SRQR),(257) provide structured 

approaches to ensure comprehensive and transparent reporting in qualitative studies. These 

tools list essential elements that should be included in qualitative research reports, such as 

details on study design, participant recruitment and data analysis. However, while checklists 

can enhance rigour, they have also been criticised for potentially stifling the flexibility and 

creativity that are integral to qualitative studies.(258) For example, the rigid application of 

checklists might reduce aspects of the research process to box ticking exercises rather than 

engaging deeply with the research process. The COREQ guidelines have been used to guide 

this study (see Appendix IX); however, the approaches to validity and reliability that have 

been adopted in this programme of work, are fully described below.  

5.9.1. Reflexivity  

The practice of reflexivity requires the researcher to be self-aware and reflect critically on the 

potential impact of her background, assumptions and interactions with participants in shaping 

the data interpretation.(259) This practice enhances the transparency of the research 

process; however, it is inherently subjective and difficult to standardise, making it challenging 

to assess or compare across studies.(260) 

The researcher is a qualified pharmacist with experience using EP systems and over ten years’ 

experience as a clinical pharmacist.  She has also been involved in the development of the 

ePRaSE assessment, which could introduce potential bias in the interpretation of the findings. 

Most of the participants in this study were pharmacy professionals and some of the 

participants were known to the participant prior to enrolment in the study. Familiarity with 

participants may be beneficial in building rapport and result in richer data;(261) however, 
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there may be increased risk of bias as pre-existing relationships could potentially influence 

participants' responses or the researcher's interpretations, creating disparities in the 

dynamics between known and unknown participants.(262) To minimise researcher bias, the 

researcher recorded her own thoughts and interpretations in a research journal to allow 

reflection on the influence of her preconceptions and bias on the generation of themes.(263)  

5.9.2. Triangulation 

Triangulation is a process that combines multiple data sources, methods, or researchers to 

reduce the likelihood of bias and enhance the robustness of the study.(259) The researcher 

employed several types of triangulation: firstly, different qualitative methods were combined 

to allow a deeper understanding of the data. Secondly, the researcher sought to recruit a 

range of participants with different professional backgrounds who worked at different levels 

and used a range of EP systems located in different types of hospitals Trusts across England. 

This allowed the researcher to gain a broad perspective on the performance of the ePRaSE 

tool. Furthermore, the qualitative data was triangulated with the findings from the 

quantitative study, providing additional context and user perspectives to the ePRaSE 

assessment scores.  

Involvement of multiple researchers in data collection and analysis can also enhance the 

credibility and reliability of the findings.(215) However, in this study, all data was collected 

and analysed by a single researcher. This approach can be advantageous, particularly in the 

context of a PhD programme of work, due to the sustained engagement with the data, which 

can achieve a more nuanced understanding as well as a consistent analytical approach.(260) 

However, the themes generated from the data were also discussed with the PhD supervisory 

team to increase analytical rigour. These discussions facilitated critical reflection, challenging 

some of the initial interpretations.(264) Furthermore, the researcher sought out 

disconfirming evidence that was inconsistent with the main themes and also discussed this 

with the supervisory team. For example, most participants reported direct benefits from 

taking part in the ePRaSE assessment and could reflect on changes implemented in response 

to ePRaSE. However, one participant reported no benefits and perceived the assessment to 



2 

 

only provide useful national data on EP system use. This represented an outlier from the data 

and was included and discussed in the final analysis and write up, enhancing the credibility of 

the findings.(265) 

5.9.3. Member Checking  

Member checking also known as participant or respondent validation, is a technique where 

data or results are returned to participants to check for accuracy and resonance with their 

experiences.(266) It is often carried out during the research process to confirm the validity of 

the researcher’s interpretations,(267) and to ensure that the analysis reflects what 

participants themselves experienced.(266) However, this can lead to differences between the 

researcher’s insights and the participant's own evaluation of the presented findings, and 

undermine the robustness of analysis.(260) Critics of member checking argue that themes in 

qualitative analysis are actively constructed by the researcher (or research team). Member 

checking may suggest that there can be only one singular ‘correct’ interpretation of the data, 

when in fact qualitative research is inherently interpretive.(260) Also, participants may be less 

capable of evaluating the analysis as a whole, whereas a researcher who needs to consider 

the entire dataset (not just parts of it) is in a better position to do so.(268) Given these 

considerations, and the complexity of the study (multiple types of data were collected over 

multiple phases), the researcher decided against the use of member checking as a strategy to 

increase the reliability of the findings.  

5.10. Qualitative Data Analysis 

Several methods are available for analysing qualitative research and selecting the most 

appropriate one depends on the research question, methodological approach used and type 

of data collected.(269) The researcher selected the Framework Method due to its suitability 

for applied healthcare research.(270) An important benefit of this method is that it allows for 

the incorporation of various qualitative data sources, therefore is not limited to interview 

transcripts, and offers the flexibility to utilise both inductive and deductive approaches.(271) 

A key objective of this work is to explore the usability of the ePRaSE assessment tool; 
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therefore, deductive themes generated as part of the analysis and relating to different parts 

of the assessment were important considerations. Additionally, inductive coding was 

desirable to generate new themes related to this novel evaluation tool. This study involves 

multiple data sources, including TA transcripts, observation notes, and interview transcripts, 

therefore it was important to integrate these sources into the framework.  

5.10.1. Alternative Methods  

Alternative approaches to data analysis were considered, but ultimately discounted as less 

suitable for this work. Firstly, the researcher considered alternative approaches to thematic 

analysis. Reflexive thematic analysis, as proposed by Braun and Clarke is one of the most easily 

accessible and commonly employed methods of analysing qualitative data to identify and 

analyse the patterns (or themes) in a data set.(272)  This method emphasises the subjectivity 

of the researcher in shaping themes through iterative data analysis.(260, 273) Although the 

iterative nature of this analysis and the depth of interpretation is desirable, this approach was 

considered less reproducible and lacks the structured outputs necessary to present data to 

stakeholders in a clear, actionable manner.  

Alternative approaches, such as coding reliability approaches, were also considered. These 

methods use predefined codes and inter-coder agreement to ensure consistency and rigour 

in collaborative research.(274, 275)  These methods were less applicable because the study 

involved a single researcher and demanded a flexible approach to thoroughly explore users’ 

experiences with the newly developed ePRaSE assessment. 

Grounded theory was also discounted for several reasons. Firstly, the researcher’s 

involvement in the development of the ePRaSE assessment prevented her from generating 

themes from a ‘ground’ level as she already had significant knowledge about use of the 

tool.(243) Secondly, the primary goal of this research was not theory generation, but rather 

the evaluation of the ePRaSE assessment.(208)  

Similarly, quasi-statistical methods, which quantify qualitative data to identify patterns and 

frequencies,(276) were not deemed appropriate given the focus on interpreting the 
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experiences of participants when interacting with ePRaSE. Although methods like discourse 

analysis (which investigates language and communication patterns),(277) and 

phenomenological approaches (which explore lived experiences),(278) were contemplated, 

they were ruled out as these approaches do not align with the primary focus of this research.  

5.10.2. Framework Analysis 

There are seven steps involved in framework analysis which have been described below. (270)  

Transcription: The interviews and TA audio recordings were transcribed verbatim, allowing 

the researcher to become immersed in the data prior to more detailed analysis. The 

transcripts were loaded into NVivo Pro, Version 12 (QSR International Pty Ltd, 2018), followed 

by more recent versions NVivo Version 13 and 14, as the study progressed. The transition to 

newer versions allowed for the use of updated software features, without affecting the 

established coding framework.  

Familiarisation: The researcher read the transcripts several times to get familiar with the 

content and documented initial thoughts, combining the transcripts with observation notes 

and screenshots. 

Coding:  Following familiarisation, the researcher applied both deductive and inductive 

coding. The deductive codes related to different parts of the ePRaSE assessment and 

capturing the different perspectives shared on the usability of these parts. Specifically, the 

codes outlined in part 1 of the thematic framework (Figure 9) were derived using a deductive 

framework. An inductive approach was applied concurrently using open coding to identify any 

additional themes. The researcher looked for unexpected or contradictory viewpoints; in this 

way, anomalies in the data contributed to the development of suitable codes increasing the 

depth of the analysis. 

Developing a working analytical framework: Once the initial coding was completed, the 

researcher discussed emerging themes with her supervisors. Codes were grouped together 

into suitable categories that formed the basis for the thematic framework. This involved 
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identifying patterns within the data to help understand the meaning of the data. An iterative 

approach was adopted, applying the thematic framework to the data until no new themes 

emerged. 

Applying the analytical framework: At this stage, the thematic framework Figure 9) was 

applied to all the data and each transcript was carefully and systematically coded, with single 

or multiple themes applied as relevant. Researcher notes were generated to identify patterns 

and important interconnections for further analysis. The thematic framework was refined 

continuously throughout the indexing process, with input from supervisors. As a result, some 

subthemes (e.g., 2.4 and 5.1) were incorporated into the framework in later phases of the 

qualitative study. Theme 1 (1.1 -1.5) relates to the user perspectives on completing the 

ePRaSE assessment, these codes were applied to the data using a deductive approach. 

Themes 2 – 5 were generated using an inductive coding approach.  

Charting the Data: Matrices were created using a spreadsheet to group the coded data 

according to the relevant parts of the thematic framework. Each chart corresponded to a main 

theme, with subthemes assigned to individual rows and participants' quotes or observations 

organised by column. An additional column was added to document any researcher 

observations or interpretations at this stage. In total, five charts were produced, each relating 

to a main theme in the framework 
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Table 20). As the data was collected and analysed iteratively, these charts were iteratively 

revised and new rows added to reflect additional subthemes. This method of charting refined 

the data into manageable sections while preserving the connection to raw participant data 

through the inclusion of direct quotes. 

Interpreting the Data: The five charts were analysed to explore associations between the 

generated themes. The researcher compared data across participants to identify differences 

and similarities, considering participant characteristics, such as the specific EP system used, 

the role of collaboration in their experiences, and differences among healthcare professional 

groups. At this stage, the researcher aimed to move beyond simple description to seek 

explanations and explore the significance of observed phenomena. A series of thematic maps 

were created to explore the connections between themes (Figures 10-12). The charts helped 

highlight differences, such as how clinical informatics specialists reported CDS features, while 

doctors and non-medical prescribers focused more on the complexity of the prescribing 

process (see Chapter 7). The researcher also used maps to uncover connections not 

immediately apparent during the initial analysis. For example, participants frequently 

mentioned the complexity of EP system safety, therefore the researcher initially generated 

the code “complexity of EP system safety” which was not associated with a specific theme. As 

analysis progressed, the researcher reconsidered this taking into consideration other factors, 

such as the ePRaSE design and the role of the ePRaSE assessment in evaluating EP system 

safety. These connections led to the emergence of a broader theme: challenges of ePRaSE, 

which incorporated (a) the design features that may affect its reliability and usability, and (b) 

broader challenges of using simulation tools like ePRaSE to evaluate the safety of EP system. 
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Thematic Framework 

 

1. Perspectives on completing the ePRaSE assessment 

1.1. EP system information (initial questions) 

1.2. Creating test patients  

1.3. Inputting clinical data 

1.4. Assessment scenarios 

1.5. Assessment report 

 

2. Applications / aspirations 

2.1. System optimisation 

2.2. Standard setting 

2.3. Shared learning 

2.4. Educational tool 

 

3. Reliability 

3.1. Test environment.  

3.2. Design features. 

3.3. User factors  

 

4. Scope of ePRaSE 

4.1. Suitability of tests 

4.2. Clinical decision support not recorded in ePRaSE 

4.3. Risks of implementing clinical decision support 

4.4. Extensions to ePRaSE 

 

5. Improving reliability  

5.1. Validation 

5.2. Transparency 

5.3. Collaboration 

5.4. Design updates 

 

Figure 9: Thematic Framework including deductive themes (1) and inductive themes (2-5) 
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Table 20: Example of data charting (extract from Chart 2) 

Chart 2: Applications of ePRaSE 

Sub-theme Participant 4  Participant 6 Participant 9 Participant 10 Researcher comments 

2.2 Standard 

setting 

  You’ve got systems that 

can do some things that 

other systems just can’t 

do; so the system we use 

is a full patient record and 

you get a lot of 

information, whereas 

some systems are just 

primarily for prescribing  

If there's some national 

standards around 

ePRaSE, that you should 

or shouldn't do in any EP 

system. For example, if 

there's a national 

decision that prescribing 

systems shouldn't be able 

to let you prescribe 

methotrexate daily, then 

ePRaSE can be used to 

evaluate that. And, if it's 

expanded, so that you 

can look for some certain 

safety issues, and check 

that you've got 

everything in place to 

meet the standards, 

that’s very helpful 

• Utilising ePRaSE to 

implement national 

standards for CDS 

• Acknowledging EP system 

limitations, some EP systems 

may not be able to meet the 

agreed standards 

Link to 2.3 shared learning to 

extend to vendors to develop 

standards EP system 

capabilities 

2.3 Shared 

Learning 

You could feedback to 

users when you are an 

If you’ve got somebody 

else with the same 

It is about shared 

learning because we 

Instead of saying this is 

poor, it (the ePRaSE 

• Demand for opportunities 

for shared learning between 
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outlier compared to all 

of the others 

(hospitals with same 

system). Ask if you can 

tell us how are you 

mitigating that?  

Imagine if I'm doing 

my assessment and it 

says you answered yes 

to this but all other 

[name of system] 

users on that version 

have said no, could 

you give me a 

mitigation of how you 

done that?  

system, it is useful to 

compare yourself to 

that.  Because you may 

not be doing exactly the 

same thing and they 

may be doing 

something better.  But 

equally, a completely 

different system could 

have something that 

you could learn from 

and could be 

implementable in your 

system So, just because 

it’s a different system 

doesn’t mean you 

couldn’t do something 

similar. 

build things into systems 

ourselves to prevent 

some of these errors.  

But I think it’s about also 

being able to apply 

pressure to the software 

suppliers and the 

vendors about what they 

should be doing within 

their own systems.  

Because if we’ve got an 

alert that should always 

trigger you know for 

valproate for example for 

pregnancy.  Should the 

software suppliers be 

putting things like that in 

across the board so that 

everybody is working to 

the same level? 

assessment) might say, 

you need to improve this 

part, but here is an 

example of good practice 

in that area, you can look 

at how that was done 

users of same EP system and 

with other types of systems. 

• Acknowledgement of EP 

system limitations and role 

of EP system vendors 

• Participant 4 links shared 

learning to potential for 

gaming the system (link to 

subtheme 5.2 transparency) 
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Figure 10: Example of theme mapping (creating test patients) 
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Figure 11: Example of theme mapping (assessment report) 

 

Figure 12: Example of theme mapping (challenges) 
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5.11. Participant Quotes 

The results chapters include direct quotes from the semi-structured interviews and TA 

observations, as well as observations made by the researcher, indicated using quotation 

marks. The participant identification code is compromised of the letter ‘P’ representing 

participant and the unique number assigned to that participant. The researcher observation 

code is represented by the letter ‘O’ and the unique number assigned to the participant being 

observed. For example, ‘P06’ corresponds to a quote from participant 6 and ‘O06’ 

corresponds to an observation made by the researcher during the ePRaSE assessment 

completed by participant 6. The data was transcribed verbatim by the researcher and 

included quotations to reflect the actual words used by the participant(s). Transcript 

annotations have been included to reflect any divergences from the raw data as indicated in 

Table 21. 

Table 21: Transcript annotations 

Transcript 

annotation 

Purpose Example 

Square 

brackets  

[ ] 

To anonymise the transcript where a 

name is used, such as the name of a 

person, a hospital or an EP system. 

 

To provide additional details to 

increase the clarity of the sentence. 

 

 

 

 

To provide full text where 

abbreviations have been used  

“to record height and weight, we 

use [system name]” 

 

 

“So, looking at putting 

improvements in [to the EP 

system] I think we need to have a 

little bit of context behind where 

it’s not gone so well” 

 

“if somebody's got an AKI [acute 

kidney injury]” 

Ellipsis  

… 

To indicate where some of the quote 

has been removed to increase 

brevity and clarity 

“Some of that wasn’t clear in 

terms of ... was it a presenting 

complaint? Was it like a long-

standing condition ” 
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5.12. Ethical Approval 

The study was approved by Newcastle University Ethics Committee [Ref: 13114/2018]. 

(Appendix X) It was classed by the committee as low risk due to the absence of patient data 

and the low level of sensitivity of the subject matter. The ePRaSE assessment is based on 

specifically designed fictitious patient data, which is entered into either the live EP system or 

pre-production domain dependent on local preferences. In addition, the study explores the 

experiences and perspectives of participants (NHS employees) when interacting with the 

ePRaSE assessment.   

Utilising the Health Research Authority (HRA) decision tool,(279) it was established that this 

study does not require HRA or NHS Research Ethics Committee approval. In addition, the 

study documentation was reviewed by the Chairman of Tyne and Wear South Research Ethics 

Committee and categorised as service evaluation. (Appendix XI) 

Local approval from the Research and Development department and / or Clinical Governance 

department of the participating organisations was also granted in line with their local 

procedures prior to any data collection, where the researcher was required to attend the 

research site in person.  

5.13. Data Management  

The study was categorised as low risk and there was minimal personal data collected. The 

researcher adhered to the Data Protection Act, 1998. Audio recorded data was collected (with 

participants' consent) using a password-protected digital recorder. The recordings were 

deleted from the recording device once they had been successfully transferred to a password-

protected computer (Newcastle University Data Storage). Interviews and TA commentary 

were transcribed verbatim in Word 2010 and a unique participant identification number 

placed on each electronic file. Any personal data was destroyed as soon as practical.  
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5.14. Chapter Summary 

This chapter has provided an overview of the methodological approach, utilising a pragmatic 

paradigm and employing several research methods to meet the needs of the research 

objectives. This chapter also discussed the processes of ethical approval, patient recruitment 

and data collection and analysis undertaken for this project. The primary study involved a 

multi-phase qualitative study, including individual and co-participation TA observations and 

semi-structured interviews, which were analysed using the Framework Method. 

The next three chapters present the principal themes that have been generated from this 

research. Chapter 6 will explore the usability and acceptability of the ePRaSE assessment, 

examining each component of the assessment sequentially. Chapter 7 will discuss the 

applications of ePRaSE, articulating how participants have integrated the assessment findings 

into clinical practice; it will also discuss participants’ perspectives on how the ePRaSE 

assessment could be further improved. Chapter 8 will address the challenges of ePRaSE, both 

in its current iteration and in a broader context, considering the inherent challenges of 

employing evaluation tools like ePRaSE to evaluate the safety of EP systems. Finally, the 

findings from the qualitative studies will be triangulated with those from the quantitative 

study (Chapter 9) to provide comprehensive insights into the ePRaSE assessment; these 

insights will subsequently form part of the discussion (Chapter 10). 
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Chapter 6. The Usability of the ePRaSE Assessment from Proof of Concept to 

National Roll Out. 

The previous chapters have described the different parts of the ePRaSE assessment (Chapter 

3) and different qualitative methods that were selected to explore the experiences of users 

(Chapter 5) as they carried out the ePRaSE assessment. This chapter starts by describing the 

characteristics of the individuals who participated in this study, before exploring participants’ 

experiences of completing each part of the assessment alongside data gathered from the 

observations. The chapter concludes by providing recommendations for the future 

development of the ePRaSE tool, including specific key updates that were implemented prior 

to the launch of ePRaSE version 2.   

This qualitative study has been published in the Journal of Patient Safety: Heed J, Heed A, 

Klein S, Slee A, Watson N, Husband A, & Slight SP. A Qualitative Study Exploring the 

Acceptability and Usability of the e-Prescribing Risk and Safety Evaluation (ePRaSE) 

Assessment Within English Hospitals. J Patient Saf. 2025;00:000. Published 2025 Feb 11. 

doi:10.1097/PTS.0000000000001322. 

6.1. Participant Characteristics  

Thirty-two participants working in 22 different NHS organisations participated in the study. 

Ten TA observations and ten interviews took place in the Phase 1 study involving clinical 

informatics pharmacy professionals from different geographical locations across England as 

shown in Table 22. In Phase 2, three co-participation TA observations took place, involving a 

total of 12 participants including clinical informatics pharmacy professionals (n=4), doctors 

(n=4) and non-medical prescribers (n=4).  Phase 3 of the study involved 15 semi-structured 

interviews with ePRaSE users, who were clinical informatics specialists.  

All observations were conducted in person by the researcher (JH). Interviews took place either 

in person immediately after the observations or using videoconferencing software at a time 

convenient for the participant. Over the three phases of the study, 32 individuals agreed to 
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participate in either the observation only (n=7), the semi-structured interview only (n=12), or 

both (n=13). Five participants took part in more than one phase of the study. In total, 

approximately 32 hours of observations were conducted. For ePRaSE version 1, the average 

time taken by users (n=10) to set up the test patients (which consisted of 8-10 test patients), 

was 72 minutes (range 32 - 102 minutes). For ePRaSE version 2, the average time taken by 

users (n=3) to set up the test patients (which consisted of 15 patients), was 91 minutes (range 

81 – 98 minutes). The time taken to complete 20 prescribing tasks was 55 minutes (range 25 

- 81 minutes) in ePRaSE version 1 and 90 minutes (range 77 to 105 minutes) to complete 47 

prescribing tasks for ePRaSE version 2. Interviews lasted between 24 and 74 minutes. Full 

details of the participants involved in each phase are provided in Table 23.  
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Table 24 and Table 25. To ensure clarity and coherence, the researcher has presented the 

findings in alignment with the sequential structure of the ePRaSE assessment itself. This 

structure includes: the EP system information (Part 2) designed to gather self-reported data 

about EP system use within the participating organisation, the process of creating test patient 

profiles (parts 3 and 4), engagement with the clinical assessment scenarios (Part 5) and finally, 

interaction with the assessment report (Part 6). By mirroring the assessment’s user journey, 

this structure allows for an exploration of how participants experienced and interpreted each 

part of the assessment.  

Figure 13 presents a mind map of the themes, offering a visual overview of the key usability 

and acceptability issues raised by participants across the different parts of the assessment.  

 

 

 

 

 

 

Table 22: Characteristics of study sites and EP systems 

Study site characteristics n (%) EP system characteristics n (%) 
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Hospital location  

North East and Yorkshire  

North West  

Midlands 

London  

South West  

 

Hospital size  

Large teaching hospital (1000 + beds) 

Smaller teaching hospital (400-850 beds) 

District hospitals (250 – 850 beds) 

 

5 (23%) 

3 (14%) 

5 (23%) 

5 (23%) 

4 (18%) 

 

 

8 (36%) 

6 (27%) 

8 (36%) 

Distribution of EP 

systems  

Homegrown 

Vendor 1 

Vendor 2 

Vendor 3 

Vendor 4 

Vendor 5 

Vendor 6 

Vendor 7 

Vendor 8 

Vendor 9 

Vendor 10 

 

Years of EP system use 

0–4   

5-9  

10+  

 

 

  1 (5%) 

4 (18%) 

1 (5%) 

3 (14%) 

1 (5%) 

1 (5%) 

3 (14%) 

4 (18%) 

1 (5%) 

2 (9 %) 

1 (5%) 

 

 

9 (41%) 

7 (32%) 

6 (27%) 
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Table 23:Participant characteristics Phase 1 study  

Study 

site 

code 

 

 

Participant 

code 

Job title Duration of TA observations (minutes) Duration of 

interview 

(mins) 

EP system 

code 

Duration 

of EP 

system 

use 

(years) 

EP 

information 

Creating 

patients 

Assessment 

scenarios 

Total 

1 P01 Clinical Informatics 

Pharmacist 
5 32 25 62 

24 1 > 10 

2 P02 Clinical Informatics 

Pharmacist 
8 102 65 175 

23 2 5 – 9 

3 P03 Clinical Informatics 

Pharmacist 
6 52 44 102 

30 3 5 – 9 

4 P04 Clinical Informatics 

Pharmacist 
12 68 50 130 

24 4 > 10 

5 P05 Clinical Informatics 

Pharmacist 
5 81 58 144 

24 5 0 – 4 

6 P06 Clinical Informatics 

Pharmacist 
6 86 62 154 

30 6 5 – 9 

7 P07 Clinical Informatics 

Pharmacist 
5 92 81 178 

28 7 > 10 

8 P08 Clinical Informatics 

Pharmacist 
5 70 54 129 

32 8 5 – 9 

9 P09 Clinical Informatics 

Technician 
5 58 49 112 

28 2 >10 

10 P10 Clinical Informatics 

Pharmacist 
5 76 66 147 

28 4 5 – 9 
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Table 24: Participant characteristics Phase 2 study  

Study 

site code 

Participant 
code 

Job title Duration of TA observations / hybrid focus groups 
(minutes) 

EP system 
code 

Duration of 
EP system 

use 
(years) 

EP 
information 

Creating 
patients 

Assessment 
scenarios  

Total  

10 P10 Clinical Informatics 

Pharmacist 

5 94 77 176 4 5-9 P11 Non-medical prescriber 

(pharmacist) 

P12 Doctor (junior) 

8 P13 Clinical Informatics 

Technician 

7 98 105 210 8 5-9 

P14 Non-medical prescriber 

(pharmacist) 

P15 Non-medical prescriber 

(pharmacist) 

P16 Doctor (junior) 

9 P09 Clinical Informatics 

Technician 

5 81 87 173 2 >10 

P17 
Clinical Informatics 
Pharmacist 

P18 
Non-medical prescriber  
(nurse) 

P19 
Doctor (senior) 

P20 
Doctor (senior) 
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Table 25: Participant characteristics Phase 3 study  

Study site 
code 

Participant 
code 

Job title Duration of interview 
(mins) 
 

EP system 
code 

Duration of EP system 
use (years) 
 

10 P10 Clinical Informatics 
Pharmacist 

29 4 5 – 9 

8 P13 Clinical Informatics 
Technician 

40 8 5 – 9 

9 P17 Clinical Informatics 
Pharmacist 

20 2 >10 

11 P21 Clinical Informatics 
Pharmacist 

64 8 >10 

12 P22 Clinical Informatics 
Pharmacist 

28 7 >10 

13 P23 Clinical Informatics 
Pharmacist 

45 8 0 – 4 

14 P24 Clinical Informatics 
Pharmacist 

45 9 0 – 4 

15 P25 Clinical Informatics 
Pharmacist 

40 2 0 – 4 

16 P26 Clinical Informatics 
Pharmacist 

47 10 0 – 4 

17 P27 Clinical Informatics 
Pharmacist 

58 10 0 – 4 

18 P28 Clinical Informatics 
Pharmacist 

53 11 5 – 9 

19 P29 Clinical Informatics 
Pharmacist 

48 7 0 – 4 
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20 P30 Clinical Informatics 
Pharmacist 

43 2 5 – 9 

21 P31 Clinical Informatics  
Nurse 

33 4 0 – 4 

22 P32 Clinical Informatics 
Pharmacist 

74 8 0 – 4 
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Figure 13: Usability and Acceptability Themes 
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6.2. Completing the ePRaSE Assessment.  

The ePRaSE assessment can only be completed once for each hospital, which was considered 

to be a limitation by some participants. They explained how their hospitals had implemented 

a variety of EP systems and would like to test these different systems: “I guess I would also 

like to do it again for different prescribing systems, that would be useful because we have 

seven systems that involve prescribing in the trust.” (P28) Some users saw the value in 

evaluating their system “from a third person, with scenarios that test elements of the system 

that maybe we have potentially overlooked” (P08). In general, the tool was reported to be 

easy to use and a worthwhile time investment  “It's testing quite a lot of things so I think it 

might have taken an hour and a half, two hours, maybe, but it’s definitely time worth 

investing” (P30). Some participants explained how they had chosen to complete the 

assessment as a clinical informatics team, rather than by one participant and found the 

experience to be beneficial as a team exercise. “It wasn't difficult at all, and it was quite fun 

to do as a team” (P21). Many participants expressed an interest in completing the ePRaSE 

assessment again in the future: “I would definitely want to do it again, whenever its available, 

like as a yearly test, with different scenarios” (P27). 

6.3. The ePRaSE User Guide 

The ePRaSE user guide was emailed to participants beforehand and provided details about 

each part of the assessment, including estimated completion times. Participants described 

this user guide as “clear and accurate” (P29) and the timeframes realistic: “I would say that 

the timings are about right actually, I would agree with that.” (P21) Some participants did not 

consult the user guide either before or during the assessment, explaining how: “It was 
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intuitive, it wasn’t necessary to look at the user guide” (P01) 

6.4. Technical Difficulties  

There were some technical difficulties experienced by some users, which related to inputting 

incorrect or incomplete patient data as part of the assessment, and some difficulties accessing 

the results at the end. The ePRaSE assessment did not allow users from revisit earlier parts of 

the assessment, which was an intentional design feature to prevent users potentially altering 

their responses to improve or game the assessment. Consequently, when some participants 

realised that they had made an input error, they were unable to go back and change it, which 

was considered to be a limitation of the assessment that could impact the results of the 

assessment.  Some participants adopted a different approach, by contacting the ePRaSE 

assessment team to request to restart the assessment: “I had a few issues with it, and I had 

to get assistance on a few occasions to wipe the whole thing so we could start again because 

you can't go backwards on it” (P29). Some participants reflected on how they might not be 

able to complete the ePRaSE assessment in one sitting, and they were required to deal with 

a separate, unrelated issue: “I'd be halfway through the assessment and have to go and do 

something else then I might accidentally hit a button or something and it's entered half the 

data” (P29). 

Another technical difficulty was seen when one participant was unable to access their results 

at the end of the assessment. It was unclear why this occurred, with the ePRaSE software 

engineer postulating that this may be linked with users accidently closing the assessment 

down or loss of internet connection (mid-assessment). During one observation, the 

participant completed the ePRaSE assessment three times before being able to access to the 
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results (O11), which could potentially discourage future participation in the assessment: “I 

am happy to do it as part of your study but in real life, I might have given up after the second 

attempt” (P11). 

6.5. EP System Information (Part 2)  

Part 2 of the ePRaSE assessment included questions about EP system usage within the 

organisation, including the specific EP system (only one could be selected), version (year 

released) and extent of deployment, as outlined in  Figure 14. 

Figure 14: EP System Information (Part 2)  

The ePRaSE assessment also requested information about the percentage of prescription 

orders using the EP system, which was interpreted by some participants to be ambiguous. 

One participant commented on how “the percentage of patient orders prescribed through the 
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system” was different to the “percentage of patients prescribed through the system” (P04). 

The participant also explained how the questions relating to usage would need to be more 

specific as “in lots of places they don’t have warfarin or insulin on there, they don’t have fluids 

etc.” (P04). Another participant felt that capturing the extent of usage was almost more 

important, so as to ascertain how well EP systems were being utilised in organisations:  

“I think some understanding of how embedded it is across various departments of the 

trust would be useful. I know a lot of trusts have got different systems for prescribing, 

some have got a different system for critical care and a different system for general 

hospital, a different system for chemo. And I think some understanding of how that’s 

split up is important because the more disparate systems you have, the harder it is 

for users within the hospital to move between systems” (P07). 

In ePRaSE version 2, more specific details about the extent of EP deployment (clinical areas 

where it was used) and types of medication prescribed were captured, as shown in Figure 15. 
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Figure 15: Additional questions of deployment of EP systems 

6.5.1. Deciding on the Type of Assessment 

Answers provided by users in part one of the assessment (version 1) influenced what test 

patients they could be asked to enter e.g., if an EP system was used by an organisation to 

prescribe for both adult and paediatric patients, the user could be provided with both adult 

and paediatric test patients. Some participants reported that it was not clear that the answer 

to the former question was linked to ePRaSE test patient allocation: “I didn’t realise that 
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choosing paediatrics would bring up paediatrics, being silly I didn’t think that far ahead” (P01).  

One user did not consider the inclusion of paediatric patients helpful, as they only prescribed 

for a small number of paediatric patients in the hospital and there was a lack of bespoke 

paediatric CDS in their EP system: “We are mostly an adult hospital, so most of the clinical 

decision support has been set up for adults” (P07). Other participants would have preferred 

to be able to select the type of assessment undertaken: “There are only a couple of drugs that 

we’ve set up for paediatrics, but in hindsight, it would have been more useful if I had just stuck 

to adults” (P01). In addition, some of the paediatric prescribing tasks involved medication that 

was unlicensed for paediatric patients and were felt to be more likely encountered in a 

specialist paediatric centre. Challenges were encountered in prescribing paediatric doses due 

to configuration of the medication catalogue.  Consequently, participants questioned the 

relevance of these tests outside specialist paediatrics settings: “The way the system is set up, 

it will not allow us to prescribe a dose of 1 mg [captopril] against the 12.5 mg [tablets] and 

that would be the same for the 25 and 50mg tablets. We don’t tend to use captopril in 

paediatrics here“ (P10). The ePRaSE version 2 did not include paediatric test patient scenarios, 

as this was an element of the ePRaSE assessment requiring further development and 

specialist input. Some participants expressed an interest in the development of a bespoke 

paediatric ePRaSE assessment: “If there is a version for paediatrics, I would like to test it” 

(P19), with their “biggest issues are with dose, so weight-based dose prescribing would be 

important to test” (P19). 
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6.6. Creating Test Patients. 

6.6.1. Inputting Patient Demographic Data (Part 3) 

Part 3 of the ePRaSE assessment required demographic data for the test patient (including 

the patient’s name, date of birth and gender (as shown in Figure 16), to be entered into the 

hospital PAS and admitted on to a test ward. The same five test patients (including the 

mandatory scenarios) were given to all users and the other ten test patients were randomly 

generated from a pool of test patients. 

 

Figure 16:Patient Demographic Details (Part 3)  

The ePRaSE user guide provided advice to populate any other mandatory fields with self-

generated data. The number of mandatory fields was variable between participants with 

some systems requiring minimal data, such as patient name and date of birth, whereas others 

required information about the patient’s address, their registered GP, and details about the 

hospital medical team responsible for the patient’s care. In some instances, further 
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information was needed for paediatric patients such as the patient’s school and whether 

social services were involved in their care. 

The patient data was entered into the live system or a pre-production domain that mirrored 

the live system. Only one participant chose to conduct the ePRaSE assessment in the live 

domain as most participants reported that their hospital information governance policies 

prohibited this.  

Participants described varying levels of difficulty associated with entering the test patients 

into the system, which may have related to their familiarity with the prescribing process, the 

amount of patient data required as mandatory fields, and whether the individual user had the 

necessary permissions to enter these data into their PAS. One participant described the 

process as easy, “I think admitting the patients for me was fine because I’ve got access to do 

that, that wasn’t an issue“ (P09), whereas another participant described how they would 

“rarely admit new patients, we would use the patients already available to us” (P02). The 

participant went on to explain that the mandatory data entry requirements were “not 

immediately obvious” (P02) and that locating test wards within the EP system was also 

difficult. Inputting test patient data was particularly difficult for participants who used stand-

alone or ‘best-of-breed’ EP systems, as many were made up of multiple, different software 

applications designed for individual specialties (e.g., PAS, EP systems, laboratory information 

management systems (LIMS). Participants utilising ‘best of breed’ systems described how 

they first needed to enter patients’ details into the PAS, which was separate to the EP system; 

most pharmacy staff were unlikely to have the required authority to enter the test patients 

into their hospital PAS: “My patients come from a xxx system [patient administration system] 

so you need to have the ability to add a patient to your specific needs to the xxx system, but 
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most staff would never have that access within pharmacy” (P04). One participant explained 

how “the IT testing team” set up the patients, but when it came “to actually documenting the 

details around the patients, so like the clinical details, that wasn't something that IT testing 

team did, that was something we had to do” (P26) 

Some participants entered the ePRaSE test patients directly into the EP system; however, it 

was acknowledged that this would not reflect usual prescribing practices: “We [system users] 

work using the doctor’s handover list, which gives you all of the information about the patient, 

about the history and everything like that. So, we wouldn’t enter that information into our EP 

system, that isn’t how we work here” (P04). 

 However, this workaround might not have captured aspects of CDS that were separate to the 

EP system such as CDS linked to problems and diagnosis or laboratory data. “It’s assuming 

that the EP bit is the only point of information, but it's not for anyone who goes through a 

portal process with other information around it “(P04). 

An alternative workaround involved using an existing test patient on the system and updating 

their demographic details so that their characteristics matched those of the ePRaSE test 

patients: “I can’t create my own test patients, but I can use existing test patients. I can't 

change the names; I can change their date of birth and things like that” (P06). In this case, the 

participant was observed noting down the particular patient’s name, alongside the 

corresponding ePRaSE name, updating the existing details, and continuing with the 

prescribing tasks.  

Another difficulty with the ePRaSE test patients related to the naming convention used. The 

ePRaSE test patients were presented in the format ‘forename zzzsurname’ e.g., Perry zzzCox, 
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which was considered an unacceptable format by one participant who specified that the word 

‘test’ must be included in test patient names, to prevent other system users mistaking test 

patients and real patient names. The participant provided some suggestions as to how the 

ePRaSE naming convention could be improved. “You need to have test in, you can call 

itBazirTest, or you can call it ePRaSEhollytest, but we certainly couldn’t put something in that 

looks like a real patient.” (P04). This issue was not raised by any other participants, but data 

governance processes are likely to vary between hospitals. This finding was also considered 

in future versions of the assessment.  

6.6.2. Inputting Clinical Data (Part 4) 

Inputting the test patients and adding the clinical and demographic data were the most time-

consuming parts of the ePRaSE assessment, with time to enter this information for ten test 

patients ranging from 33 to 76 minutes; this did not include inputting the laboratory clinical 

data in many cases. Some participants suggested that the process could be streamlined so 

only data essential for completion of the tests was included: “Some patients have got an awful 

lot of medical history and results, and it’s whether some of those could be trimmed down a 

little bit. “(P09) 

Some participants reported challenges with entering the clinical data for test patients, as they 

were unsure if the data related to “a presenting complaint? [or] was it like a long-standing 

condition?” (P09). Many EP systems use different terminology to distinguish between the 

‘presenting complaint’, ‘active medical problems’ and ‘past medical history’. Another 

participant was observed questioning where they should enter the ePRaSE data: “I am just 

trying to determine if that would be classed as previous [problem] because it’s more of a 
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chronic problem” (O02). Another participant also questioned the terminology that was used 

in the test patient, explaining how they thought ‘diagnosis’ was inaccurate: “Diagnosis is what 

you’ve come in with, co-morbidity, is what else he’s got wrong with him. So previous duodenal 

ulcer that’s not a diagnosis, is it? That’s a co-morbidity” (P04). However, how the patients’ 

medical conditions were documented in the system could directly impact the outcome of the 

assessment. For example, if a prescribing scenario was designed to detect a drug-disease 

contraindication and the disease has not been entered into the correct part of the patient’s 

record, the ePRaSE result may have been inaccurate.  

A second challenge related to the wording of medical terms e.g., ‘cardiac catheter procedure’. 

The ePRaSE version 1 assessment did not use systematically organised, computer 

processable, medical terms such as Systematized Nomenclature of Medicine Clinical Terms® 

(SNOMED – CT) or the International Classification of Diseases (ICD- 10) which are commonly 

used in clinical documentation. One participant was observed deliberating on how to enter 

‘cardiac catheter procedure’: “So that’s not the SNOMED term, I can put cardiac catheter 

procedure, but that is free text” (O02). Another participant commented on how they could 

not “put sepsis? But I can put suspected sepsis” (O07). This may have also impacted the 

assessment outcome, if the information being inputted formed part of the test. For example, 

if the CDS related to the diagnosis of sepsis and the data was not uploaded accurately.  

Clinical data was streamlined in ePRaSE version 2 to reduce the amount of information 

unrelated to the prescribing tasks and the diagnosed medical conditions was separated into 

‘presenting complaint’ and ‘co-morbidities’ using SNOMED-CT terminology, as shown in 

Figure 17. 
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Figure 17: Patient Clinical Data (Part 4) 

The researcher also noticed some unintentional spelling mistakes within the ePRaSE test 

patient information, which some participants interpreted as intentional errors and entered 

the information (error) exactly. For example, one participant was observed debating whether 

to enter the incorrect spelling for ‘apendicitis’: “Appendicitis is not spelt that way; appendicitis 

is double p. I am not sure if you want me to try and enter it this way?” (O06). The ePRaSE 

version 2 assessment was updated to consistently use SNOMED-CT and all unintentional 

spelling mistakes were corrected; consequently, difficulties entering patient data were less 

commonly reported in Phases 2 and 3 of the qualitative study. Another participant who added 
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the patient’s weight and height to the EP system as part of the test case, reflected on how 

this was not usual practice since these parameters were recorded in a different system: “So, 

we use a different system in the trust to record height and weight, we use [system name] so 

it's not as visible because it’s not in the EP system, you would have to look for elsewhere” 

(P11). 

Some participants (pharmacy staff) found inputting the ePRaSE test patient laboratory data 

into the LIMS challenging because they did not have the necessary permissions. At two sites, 

the participants were able to create a template to enter test data but experienced some 

technical difficulties inputting data into the correct training domain. Some participants 

explained that advance notice (e.g., 4 weeks) was desirable as they needed to liaise with other 

departments/personnel to input the relevant test patient data: “So, it might be possible for 

an IT department to set that level of data up in advance. So, it would be more usable, more 

useful, if you’re going to do a test with it to have more notice of specific scenarios that you 

had to set up” (P06). If technical difficulties prevented the data from being inputted in the 

correct location or system, then it is likely that the CDS would not have triggered during the 

ePRaSE assessment.  

Another participant proposed that integrated decision support between EP systems and LIMS 

was desirable, but unlikely to be in operation across many hospital sites, therefore questioned 

whether this would be a beneficial component of the ePRaSE assessment at this stage: “I think 

you know we should ideally, in a utopia, we should have things triggering if patients have got 

you know high potassiums etc., but it’s going to be difficult, I think, for people to get those 

results into their system and is it worth having those at this moment in time?” (P09).  

The ePRaSE version 2 assessment did not provide patient information in advance of the 
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assessment; however, the assessment was configured to allow participants to complete 

separate parts of the assessment in multiple stages. For example, ePRaSE users were able to 

input the patient demographic data (Part 3) and then return to the assessment at a later date 

to input the clinical data (Part 4) and again to complete the assessment scenarios (Part 5).  

6.7. Assessment Scenarios (Part 5) 

Most participants considered the number of scenarios (version 1 (n=20) version 2 n=45) to be 

acceptable. One participant commented “once we started with the prescribing part, we have 

just flown through the whole tests; it was so easy to do” (P01). During data collection phase 1 

(ePRaSE version 1), many participants suggested increasing the number of prescribing tasks 

to facilitate a more comprehensive assessment of their EP system configuration: “There 

needed to be 40 or 50 questions because it was only looking at certain things that I felt 

anyway, and to get a better set of results you could look to have more questions in the 

prescribing part” (P08).  In contrast, one participant considered the current number of 

prescribing tasks to be optimal as “it’s all got to be done in one big lump sum, so I don’t think 

you really want more than 20 tasks” (P10).  The number of prescribing tasks was increased 

from 20 to 45 in ePRaSE version 2, and participants considered the number and overall time 

commitment to be acceptable in both cases. 

6.7.1. Suitability of the Scenarios 

In general, participants considered the prescribing tasks to be suitable and clinically relevant: 

“I think it’s really good, it’s testing the system and there is a fair range of tests included” (P08). 

One participant valued the breadth of scenarios, including those that occur less frequently, 

but can result in patient harm: “It’s good that you have the common interactions in there, but 
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also some that maybe are not seen quite as often as they used to be but are still serious 

interactions” (P10). However, the similarity between some ePRaSE prescribing tasks was 

noted as a limitation of the assessment, with one participant reporting a duplication: “I think 

we were presented with that scenario twice, so when it came to our results, it appeared as 

though the system couldn't mitigate several high-risk scenarios when actually two of them 

were the same” (P26). Other participants also reported over-representation of certain 

medication, with one participant commenting: “I think there was a lot of tinzaparin questions 

in there” (P09). Furthermore, issues arose relating to formulary considerations, particularly 

relating to tasks involving low molecular weight heparins. Multiple participants described how 

they had comprehensive decision support to facilitate safe prescribing of the low molecular 

weight heparins; however, this decision support was not configured for non-formulary low 

molecular weight heparins.  “With all the tinzaparin tests, for example, its non-formulary and 

we use enoxaparin, so we didn't manage to show any of our decision support, our order 

sentences, so we kind of missed that opportunity” (P21). Some participants suggested that 

more accurate results would be obtained if the ePRaSE assessment allowed formulary 

substitutions.  

6.8. Capturing CDS 

Following each prescribing task, the ePRaSE assessment required users to document any CDS 

that presented within the EP system. For ePRaSE version 1, a drop-down menu was provided 

with the option to select either ‘no intervention’, ‘intervention’, or ‘unable to initiate the 

order’, and a free text box provided for further comments (Figure 18).  Participants reported 

a lack of clarity related to the term ‘intervention’, with one asking: “What is really meant by 

the term intervention? I mean, you’ve got guided decision support through the order 
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sentences, but are they classed as an intervention?” (P05). Another participant perceived the 

term to relate to active alerting: “It was obviously looking for a very active form of system 

support and not necessarily so much of the less active, all of the passive, the cognitive triggers 

on the screen” (P03). For another participant, the intervention needed to stop “somebody 

from doing something” (P05). The researcher observed participants recording ‘no 

intervention’ when the decision support provided was non-interruptive. For example, one 

participant was observed completing a prescribing task and coming to the decision that their 

system had made ‘no intervention’  “To prescribe that dose of levothyroxine, it’s not going to 

let me, [because] micrograms is set up as the default dosing, which you can’t change, but if I 

try and prescribe a dose of 100mg as 100,000 micrograms it technically would let me prescribe 

1000 tablets. So technically, there is no intervention” (O10). When the researcher was later 

questioned the participant on their decision in the semi-structured interview, the participant 

appeared to be unsure: “I suppose it is, in a way isn’t it, we’ve limited it. Although there isn’t 

a warning popping up saying, do you really want to do this?” (P10).  

 

Figure 18: Response options for capturing CDS in ePRaSE version 1 

When ‘intervention’ was selected, a second drop-down menu was provided to record the 
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subsequent EP system response (Figure 19) and ascertain if the system intervention could be 

overridden by the user to complete the prescribing task. Options included ‘override with 

change to order’, ‘override with a reason’ and ‘unable to override’. These options did not 

encompass all responses and some participants noted that an exact description of their 

system response was not available; they therefore had to use a workaround to document the 

system response observed: “The option I want is not there. I want to be able to override with 

no change to order. So, I’ll put override with reason, but actually the override was without a 

reason or change to order, so I will document that in the free text box” (P09).  

 

Figure 19: Categorisations of system interventions in ePRaSE version 1  

Changes to the wording of capturing CDS page were proposed by participants, including to 

avoid using the term ‘intervention’ and include specific reference to different types of 

decision support to improve clarity. One participant suggested “you could include questions 

like do you have an order set that allows you to prescribe this drug” (P07) whereas another 
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participant suggested replacing the term ‘intervention’ with ‘decision support’  “You might 

have something where it asks you if you were presented with any decision support to guide 

you to the correct selection” (P09). For ePRaSE version 2, these changes were made as shown 

in Figure 20. In addition. Information icons were added to provide further information on the 

meaning of the response options.    

 

Figure 20: Response options for capturing CDS ePRaSE version 2 

During phase two of data collection (ePRaSE version 2), the researcher also observed 

hesitation amongst participants as to which response option to select. During the phase 3 

interviews, participants re-iterated a lack of clarity regarding the appropriate response option 

to be selected: “I could have picked one or two options for a lot of the questions” (P26). One 

participant explained how collaborating with their team members was useful to decide upon 
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the response options: “It was good having both of us there doing it, rather than one person 

because we were able to agree if this kind of situation comes up again in the test, this is how 

we're going to approach it, so we had a standard approach to a particular scenario type” 

(P30). 

Interpreting the term ‘override the order sentence’ was found to be particularly subjective 

and participants were unsure how literally this should be interpreted.  

“We've been quite pedantic about it, so if there was something with even the 

slightest difference between the available order sentence and what was 

actually on the scenario, we would count that as something that was being 

overridden, but I don't know if that was the standard expected” (P28). 

Another participant provided an example of this interpretation of an ePRaSE scenario with 

the dose interval specified in hours rather than number of times per day: “If the test stipulates 

you have to prescribe three times a day, but you have [an order sentence stating] every 8 hours 

then we basically said no, it wasn't an option, so we had to change it, to override components 

of the order sentence, so it depends on how literal you want your test to be” (P21). These 

examples of subjective interpretation of the ePRaSE response have potential to impact the 

outcome of the tests, resulting in false positive results.    

Another incidence of false positive results related to how the participant interacted with the 

assessment. One participant described selecting a particular response option or most of the 

tests resulting in high ePRaSE scores. The rationale in this instance did not relate to the 

participant’s interpretation of the instructions but due to their preferences; the option 

selected (i.e., option 3: you were able to complete the prescription with system or user 

intervention) was the only option that went on to record further details such as the type of 



 145 

intervention, with a free text box available. The participant user selected this response option 

as they would “not be able to record all our reasoning if we selected the other options” (P32).  

6.8.1. Categorising CDS 

When an intervention was recorded in the ePRaSE assessment (response option 3 in Figure 

20, further information was requested from the user so as to categorise the system response 

according to CDS categories (as shown in Figure 21). One participant felt that some of these 

categories were unclear, asking what specific categories meant: “So, what is that supposed to 

mean, drug-age? The drug is inappropriate for that age, is that what it’s trying, to tell me? It’s 

not clear and these terms need to be clearly defined” (P04). Other participants reported that 

none of these categories were suitable and the ‘other’ option was selected. For example, a 

task associated with prescribing sodium valproate in people of childbearing potential 

generated an alert at some sites. Some participants described how they would have selected 

a category of ‘drug-gender’ (which was not available) but selected ‘drug-age’ as an 

alternative. The researcher also observed differences between what participants selected for 

the same prescribing task. For example, one participant selected both drug-contraindication 

and drug-age (O09) when the system recommended advice on cefuroxime prescribing in 

older patients, whereas another participant selected other please specify (antimicrobial 

advice) (O6). Such differences may have impacted the results obtained for the assessment.  

Consequently, the researcher recommended additional categories be included in future 

iterations of ePRaSE e.g., ‘pregnancy prevention’ and antimicrobial stewardship’  
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Figure 21: Categorisation of system interventions in ePRaSE version 2 

6.9. Assessment report (Part 6) 

On completion of the prescribing tasks, participants were able to view their ePRaSE 

assessment report immediately. However, once they logged out, this report was no longer 

available and participants requested the ability to download and/or retain a copy to share 

with their organisation. Some participants decided to take screenshots to allow them to 

review them later and share. The results were reported using a colour-coded traffic light 

system to report good mitigation (green), some mitigation (yellow/amber) and no mitigation 

(red). Many participants felt familiar with the use of traffic-lights for data presentation. 



 147 

“That’s quite good, we’re quite used to that because all our projects are red, amber or green” 

(P07). The ePRaSE version 1 assessment results were represented simply as faces ranging 

from smiling to frowning across the range of clinical decision report categories that were 

linked to the categories of prescribing tasks as shown in Figure 22. 

 

Figure 22: ePRaSE version 1 assessment results 

There were mixed responses about the presentation of results in this way with some 

participants liking “the smiley faces, it’s a nice visual prompt” (P10) whilst others would have 
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preferred numerical values. For example, one participant commented “I work in percentages” 

(P04) and asked if the results could be presented using a numerical scale “something a bit like 

a pain score would probably be better, a numerical value and a smiley face” (P08).   

In terms of the level of detail provided (ePRaSE version 1), all participants considered this to 

be insufficient and would have preferred more “context behind where it’s not gone so well” 

(P09) and “in-depth information” (P06). The ePRaSE assessment (version 2) was updated to 

provide more detailed information in a variety of formats, including a summary report 

outlining the number of extreme  and high risk scenarios mitigated along with details of the 

specific scenarios, when extreme- risk scenarios were not mitigated (Figure 23), as well as pie 

and bar charts. Figure 24 below shows a pie chart that provided an assessment summary, with 

more detailed numerical data provided for each decision support category (shown in Figure 

25 and Figure 26). The colour coded traffic light presentation was maintained; however, an 

additional category was added to report over mitigation (blue), which represented the 

overuse of interruptive decision support (alerts) particularly in response to low/no-risk 

prescribing tasks.   

 

Figure 23: Assessment report summary table (taken from user guide) 
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Figure 24: ePRaSE version 2 overall assessment score 

 

Figure 25: Bar chart of ePRaSE assessment scores according to error category 

 



 150 

 

Figure 26: ePRaSE version 2 assessment numerical data according to error category 

During Phase 3 of the data collection (ePRaSE version 2), there was a mixed response to the 

updated presentation of results. Some participants described the presentation as useful to 

report to senior colleagues: “I think certainly for feeding back to the chief, I think this is the 

level of detail they want, they don't want the sort of in-depth thing” (P22) whereas others felt 

that senior colleagues might have a different response: “If I send this to my chief pharmacist 

or even the CIO and they said, why is that like that? I would have to say, I don't know, I can't 

tell you, I haven’t got the data”.(P13) Consequently, this participant felt unable to share the 

results: “So, this is obviously not going to be shared internally” (P13). Another participant 

questioned the point of completing the assessment if the results were not shareable: “So, you 

might have a trust saying if they're not going to be getting information from this, they might 

not spend the time to complete it […] I think it's a shame not to share that” (P21). 
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One participant felt that the current presentation of results did not “tell me [him] 

anything”(P23).  Many participants described the need to be able “go back and look at your 

[their] answers to try and figure it out” (P22) or as another participant explained  “understand 

what has happened” (P28). It was also not clear to some participants what ‘good mitigation’ 

actually meant  “We need some definitions, so when you say this is good mitigation, some 

mitigation, what does that mean? Where does it come from?” (P25). Some participants 

struggled to understand their ePRaSE findings and felt it should be directly linked to the 

individual prescribing task  “I don’t know what this means, I am guessing it might relate to 

some of the non-formulary stuff” (P22), with another participant describing how: “I would like 

to know which scenarios we didn't mitigate” (P21). Some participants also questioned the 

results  “The system should pick that up because we have got maximum doses in place, so I 

am not sure about that” (P27) and what the evidence was to underpin some of the prescribing 

recommendations  “you could also include the evidence that the scenario was based on”(P27). 

Other participants suggested that ePRaSE tool should also provide information on how to 

improve their system configuration in areas with low scores: “Provide some advice about why 

it failed, what needed to be in place to make it less of a clinical risk” (P08). Examples of good 

practice from other organisations would also be a useful resource to include with the ePRaSE 

results: “If there’s examples from other centres that use the same software or other centres 

that use different software as to how they’ve got much better results, that would be really 

helpful” (P10).  

6.10. Recommendations  

A series of recommended changes were made to the ePRaSE version 1 (after phase 1 of data 

collection) prior to launch of ePRaSE version 2, which are summarised in Table 26.  Further 
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recommendations were made following ePRaSE version 2 (after phase 2 and 3 data collection) 

which are outlined in Table 27. 

Table 26: Summary of ePRaSE version 1 recommendations 

Component of 

the ePRaSE 

assessment 

Recommendations Outcome 

Part 1: 

Information 

about EP 

system  

• Expand questions relating to extent of 

deployment of EP system throughout the 

organisation  

• Additional data collected 

regarding EP system deployment  

Part 2 & 3: 

Inputting 

patient 

demographic 

& clinical data 

• Provide patient demographic and clinical 

data in advance to facilitate patient entry 

into the patient administration data 

system.  

• Use SNOMED-CT in ePRaSE test patient 

information.  

• Streamline patient data to include the 

essential information to complete the 

prescribing tasks 

• ePRaSE updated to allow the 

assessment to be completed in 

stages. The data inputted is saved 

after each part of the assessment. 

• SNOMED-CT throughout the 

ePRaSE assessment. 

• Quantity of data required to be 

inputted reduces to include 

information essential for tasks 

Part 4: 

Prescribing 

tasks  

• Increase number of prescribing tasks 

included in the assessment. 

• Include assessments related to EP system 

processes and configuration.  

• Revise the terminology used, including use 

of the term ‘intervention’ to describe EP 

system response 

• Number of prescribing tasks 

increased from 20 to 47 tasks.  

• No changes to the types of 

assessments included in ePRaSE.  

• Categorisation of EP system 

responses revised and expanded 

to capture different types of CDS  

Visualisation 

of Results  
• Provide more detailed information about 

EP system performance. 

• Link the results reported directly to the 

prescribing tasks and EP system responses. 

• Provide examples of good practice to 

facilitate learning and inform EP system 

improvements 

• Visualisation of results developed 

to include numerical data in a 

variety of formats.  

• Results linked to prescribing tasks 

for mandatory extreme risk 

scenarios only.  

• Examples of good practice not yet 

provided in ePRaSE report  
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Table 27: Summary of ePRaSE version 2 recommendations 

Component of the 

ePRaSE assessment 

Recommendations 

Part 1: Information 

about EP system  
• Expand list of EP systems available in the drop-down menu  

• Allow ePRaSE users to complete multiple ePRaSE assessments when there are 

multiple different EP systems being used in the organisation. 

• Link the ePRaSE user response to the question about the EP system’s 

capability to integrate with laboratory data to the selection of prescribing 

tasks to prioritise prescribing tasks which relate to implemented CDS 

categories 

Part 4: Assessment 

scenarios   
• Allow the substitution of formulary alternatives to the prescribing scenarios, 

especially for prescribing scenarios related to low molecular weight heparins.  

• Increase the range of prescribing scenarios to avoid repetition. 

• Revise the terminology used to capture EP system responses to prescribing 

scenarios to collect information about different types of decision support and 

focus less on use of alerts. 

• Review the use intervention categories to more accurately record system 

responses. For example, include pregnancy prevention and antimicrobial 

stewardship categories 

Visualisation of 

Results  
• Provide more detailed information about EP system performance linked 

directly to the prescribing scenarios for all categories of decision support.  

• Provide definitions for ePRaSE scoring system to explain what is defined as 

good mitigation, some mitigation, over mitigation.  

• Provide examples of good practice to facilitate learning and inform EP system 

improvements 

Reliability of results  
• Ensure there is a link between the expected type of decision support for the 

prescribing scenario and the documented EP system response  

 

6.11. Chapter Summary   

The ePRaSE assessment tool was the first simulation tool used to evaluate the safety of EP 

systems in England. The tool has been well received by participants, who included clinical 

informatics pharmacists and other EP system users. The time taken to complete the 

assessment was acceptable to participants, although there were some difficulties 
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encountered during the assessment. Inputting the clinical data was challenging for many, 

particularly around inputting laboratory data, and investing time to input test patient 

laboratory data may not be worthwhile whether system integration was lacking.  

Several words or phrases, such as ‘intervention’ and ‘response from the system’, which were 

used in the ePRaSE assessment appeared to be open to misinterpretation. There was also a 

need to capture EP system configuration and safety features more accurately in future 

iterations of the assessment. Overall, the prescribing scenarios were considered to be 

appropriate, and participants recognised potentially harmful medication related risks that 

could be prevented by implemented CDS. Some adaptations were suggested by participants 

to avoid repetition and to facilitate assessment of formulary alternatives, specifically with 

reference to low molecular heparins, which was mentioned by multiple participants 

specifically. The recording of EP system responses was also subjective and appeared to be 

open to misinterpretation.   

Despite significant changes to the presentation of the ePRaSE assessment results between 

version 1 and version 2, the usability of the results was questioned by many participants who 

suggested more detail be provided.  In particular, the results would be more useful to the 

participants, if they were linked to the individual prescribing scenarios and the corresponding 

EP system responses. These limitations of the ePRaSE assessment will be explored in detail in 

a later chapter. 

The following chapter will discuss the applications of ePRaSE, beyond the experience of 

completing the assessment. The various ways in which participants have used the ePRaSE 

assessment will be explored, along with the aspirations of the participants regarding future 

developments and the potential role of ePRaSE in EP system optimisation in England.  
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Chapter 7. Beyond Usability: Applications of ePRaSE from System 

Optimisation to Shared Learning 

The previous chapter provided details on each part of the ePRaSE assessment, including the 

perceptions of users when interacting with the ePRaSE assessment and recommendations on 

how to improve future iterations of the tool. This results chapter focuses more on the changes 

participants made to their EP system after completion of the assessment as well as further 

developments proposed by the participants, to maximise the impact of ePRaSE. The chapter 

is orientated around four themes developed throughout all phases of the qualitative study. A 

visual representation of the themes is provided in Figure 27. 

 

Figure 27: Applications of ePRaSE Themes 

This chapter explores the opportunities for shared learning from the ePRaSE assessment 

across EP system networks and proposes strategies to promote EP system optimisation, 

including additional modules for specialist clinical settings such as paediatrics and critical care. 

The discussion draws on themes emerging specifically from the findings presented in this 

chapter, with a final section that situates these insights within the broader literature on EP 

systems safety evaluation.  

Applications 
of ePRaSE

Setting 
standards

System 
Optimisation
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ePRaSE 
extensions
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7.1. Application of the ePRaSE assessment 

The ePRaSE tool was considered novel and welcomed by participants, as a useful innovation 

to assess digital maturity within NHS hospitals. “I think it’s great, we don’t have anything like 

this.” (P05).  Some participants viewed the ePRaSE assessment as an external validation of 

their EP system configuration: “I carry a lot of value, to be able to evaluate it [the EP system] 

from a third person who has never seen the system, with scenarios that test elements of the 

system that maybe we have potentially overlooked” (P08). Another participant highlighted 

how the testing of EP systems should be repeated every year, as their system evolves: “I think 

it's definitely a way forward and I think every year this kind of tool is going to become more 

and more useful with more use of electronic systems” (P21). This was shared by another 

participant who saw value in comparing their scores every year: “I will do it every time it comes 

out, I don't see a reason why I wouldn't. If only that I can compare my scores year on year and 

see any improvements” (P22). 

7.2. Standard Setting  

Many different EP systems across England were evaluated in NHS hospitals; these systems 

had variable functionality and configuration of CDS. Many participants felt the ePRaSE 

assessment could play a role in standardising EP system configuration across NHS hospitals: 

“It will try and standardise things nationally and hopefully improve not just our system but all 

the prescribing systems” (P10), with another participant highlighting how it provided “a 

minimum standard of clinical decision support” (P05) that should be implemented by 

hospitals, nationally. The desire for this standardisation was related, in part, to participants 

concerns about the impact of variation in EP system configuration on system users, who may 

be required to work in different NHS organisations. One participant explained how: “All of 

these systems can be configured in different ways to deliver completely different results, so 

the choices we make at a Trust level can greatly affect the user experience” (P03). This 

participant raised further concerns that some system users, particularly prescribers employed 

in training roles across different organisations, may assume that CDS such as allergy checking 

or drug-drug interactions is operational, based on their previous experiences.   
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“We require junior doctors to work in 6 different places during their F1 and F2 

training and use 6 different systems all providing 6 different levels of support. 

It’s a very difficult ask to convey any level of confidence in using the system. If 

one [EP system] tells them about allergies and one doesn't, if one [EP system] 

tells them about age and one doesn’t, it's hard to know how to be a doctor 

basically and that’s true of all professions” (P03).   

Some participants described the need for nationally agreed standards relating to the 

(minimum) requirements for CDS and perceived the ePRaSE assessment to be a possible 

enabler of this:  

“If there's some national standards around ePRaSE, that you should or 

shouldn't do in any EP system. For example, if there's a national decision that 

prescribing systems shouldn't be able to let you prescribe methotrexate daily, 

then ePRaSE can be used to evaluate that. And, if it's expanded, so that you 

can look for some certain safety issues, and check that you've got everything 

in place to meet the standards, that’s very helpful” (P10). 

7.3. System Optimisation  

Most participants explained how the ePRaSE assessment had identified areas of their EP 

system configuration that required improvement: “In terms of identifying weaknesses in the 

system, it has definitely done that for us today” (P02). Another participant described how the 

ePRaSE assessment identified particular patient safety concerns that required immediate 

action, explaining how: “I can’t go home tonight until we’ve created that rule” (P08). For 

example, another participant described implementing changes in their EP system to ensure 

that insulin could only be prescribed in units (rather than millilitres): “Changing the insulin to 

prevent prescribing in mls, that's something that everyone's on board with, so we are 

implementing that”. (P28).  

Some participants described being unable to make the changes that they wanted to make. 

For example, one participant described how their commercial EP system could not be 

configured to prevent prescribing methotrexate daily and had raised this issue with the EP 
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system vendor: “That's not locked down because we can't lock it down. This is something we 

do know about the system and has been fed back at a national level because this is a never 

event, and the controls are not strong enough to prevent it ever happening” (P10) 

Other participants described how the ePRaSE assessment had prompted prescribing safety 

discussions within their local teams. One participant described how their EP system did not 

prevent the prescribing of insulin glargine (Toujeo®) using the strength of 300 units/ml in the 

dosing field, instead of the actual dose. This prescribing task was included in ePRaSE in 

response to nationally reported incidents where patients have received dangerously high 

doses, increasing their risk of severe hypoglycaemia. The participant described how the risks 

of inadvertent prescribing a high dose of insulin had already been considered in his hospital 

and the maximum dose configured in the system to be 300 units. However, the risk of 

prescribing the strength of the insulin rather than the actual dose had not been considered: 

“We've got highly resistant patients so have set the dose range up to 300 units. You can put 

in there from one unit to 300 units, but if you try to put 301 units, the system won't let you do 

it” (P27). The participant explained how the ePRaSE assessment would now prompt further 

discussion within local teams. “We had looked at our insulin dose ranges, but I will go back to 

them to suggest we could change it so that you can't prescribe the actual strength as mls of 

insulin” (P27). 

Another participant described implementing other EP system changes, beyond the ePRaSE 

scenarios, to optimise their system’s configuration: “we locked down the units for insulin and 

levothyroxine, but I would say more than that, we sat down as a team to think about other 

places these errors occur. I think it’s important to be proactive” (P13) A second participant 

planned to use the ePRaSE results to provide evidence that the level of alerting in their EP 

system was considered low. She described how the clinical governance team at their hospital 

had restricted the use of alerts as they were concerned about over-alerting; however, the 

ePRaSE score would be shared with the team to show it was quite low:      

“To me, ePRaSE provides really good evidence that our alerting is low. So, 

when they [hospital clinical governance] come to us and say alerting with 

interactions is high, we could say actually it's not high, we scored quite low in 

terms of benchmarking EPR systems across the country” (P21). 
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In contrast, other participants did not make any changes based on the findings of the ePRaSE 

assessment, but felt the assessment was “contributing to national learning about EP systems, 

which I think is worthwhile” (P22).  

7.4. Shared Learning Across Hospitals  

Participants described how they would value the opportunity to compare their ePRaSE results 

with other hospitals, in particular those hospitals with the same EP system. They could help 

them identify areas of good practice that could help improve their system: “if you’ve got 

somebody else with the same system, it is useful to compare yourself to that, because you may 

not be doing exactly the same thing and they may be doing something better” (P06). However, 

participants also recognised the benefits in also learning from organisations with different EP 

systems and whether CDS implemented in one system could also be implemented in another 

EP system: “A completely different system could have something that you could learn from, 

which could be implementable in your system” (P03). One participant was interested in 

knowing how insulin prescribing was “done elsewhere, with other systems” (P08) and whether 

“systems have specific functionality that we don’t have” (P08). Participants also appeared 

interested in ranking the performance of their system against different EP systems nationally: 

“A comparison of how our system did against different systems would be useful” (P06), or as 

another participant explained: “The ability to benchmark different systems” (P05). One 

participant suggested “a bar chart with all of the hospitals results would be good, but you 

would want to see yourself towards the top of that chart, of course, you wouldn’t want to see 

yourself at the bottom end” (P10). There was also the possibility that a lower comparative 

score may prompt action to improve, whereas a high comparative score may introduce 

complacency.  

By comparing scores across hospital sites, one participant described how it might be possible 

to identify hospitals with high scores in specific categories, such as the drug-drug interactions 

or the drug-laboratory tests, and information on this functionality could benefit other 

organisations:  “We have got quite a lot of basic functionality that supports prescribers across 

the whole of the footprint, so we could share that, whereas we could benefit from looking at 

places that have got interactions with lab results and be doing clever calculations” (P07).  
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Other participants suggested more detailed information relating to the specific prescribing 

scenarios such as methotrexate and learn from other systems: “let’s say your system had a 

problem with methotrexate and somehow allowed multiple administrations of methotrexate 

a week, whereas another system down the road doesn’t do that” (P01). Participants wanted 

actual examples of “good practice in that area, [so] you can look at how that was done” (P10) 

rather than say “you need to improve this part” (P10).   

One participant suggested identifying areas of weakness in systems and providing a “channel 

of information” (P01) from those organisations who have performed well in that specific 

aspect of the ePRaSE assessment. One participant described how this information could be 

made available from those who conducted the ePRaSE assessment: “maybe we could come 

back to you and say which systems can do this better, who can I speak to about it?” (P08) or 

provide this information as part of the ePRaSE results. Another participant suggested that the 

ePRaSE team could “send out newsletters or videos” (P10) describing how improvements 

could be made.  

7.4.1. Vendor Engagement 

Some participants perceived that EP system vendors would be interested in the ePRaSE 

assessment results for their systems: “The companies are obviously going to be very interested 

in what the results are and where the flaws or potential flaws in their system are” (P10). One 

participant described how vendors might like to access the specific tests that were conducted 

in order to inform future developments: “Once system suppliers get wind of it and they know 

sort of what’s happening and the type of questions that they [ePRaSE] are doing, they [the 

vendors] are going to want to access the tests” (P09). This participant felt that the ePRaSE 

assessment might be able “to apply pressure to the software suppliers and the vendors” (P09) 

to encourage them to make changes “within their own systems” (P09). Another participant 

described their frustration at the limitations of their specific commercial systems and 

explained how: “We’d love bells and whistles, we’d love blood pressure to be linked in with 

prescribing of antihypertensive and various other things” (P08). This participant also felt that 

the performance of different systems in the ePRaSE assessment might be able: “To persuade 

suppliers in terms of the things they need to be able to provide for their systems”(P08).  
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7.5. Extensions to the ePRaSE Assessment  

A variety of extension to the ePRaSE assessment were proposed by participants. Firstly, the 

ability to capture a greater range of decision support was considered important to enable 

participants to demonstrate their EP system functionality, including decision support that 

does not present at the point of prescribing:   

“Obviously you have the screen that you see, and this is what you're trying to 

capture in the assessment, but there were other types of support, going round 

in the background that are not captured by ePRaSE and I think it’s important 

to be able to account for that somehow” (P27). 

A future version of ePRaSE that was designed to evaluate paediatric EP systems was suggested 

by one participant  “Do you have plans to develop a paediatric version? We would certainly 

be interested in participating in that” (P19). Another participant felt that “critical care specific 

version of the ePRaSE assessment and an outpatient specific version” (P23) would be very 

interesting and useful. The evaluation of EP systems in other specialist settings such as 

oncology and mental health settings was also suggested. One participant explained how 

“there is also quite a lot of risks relating to clozapine and other antipsychotics, lithium and 

elements like that” (P31) and proposed that these be included in a future version of the 

ePRaSE assessment. However, when asked if a bespoke mental health ePRaSE assessment 

would be desirable, the participant appeared unsure explaining how patients with mental 

health conditions can get admitted to general hospitals, and so incorporating these additional 

prescribing tasks related to mental health might be sufficient:  

“I think it would be good just to have extra tests in ePRaSE because those risks 

should be picked up from a general side anyway because obviously if someone 

is on those medication and goes to a general hospital, you would want that to 

be picked up there. So, I don't know if it would need to be bespoke or if it just 

small amount of mental health tasks added in” (P31). 

7.5.1. An Educational Tool  

Some participants perceived that ePRaSE could potentially be used as an educational tool 



 162 

where a new prescriber would be asked to complete the different prescribing tasks and gain 

experience of how the EP system with CDS operates: “This could be quite a good training aid 

if you have a new prescriber or doctor. They could work through a certain number of 

prescribing tasks and when they get to the end, then hopefully they'll know how to 

prescribe”(P20). Another participant elaborated on how ePRaSE could be adapted to provide 

learners with greater understanding of decision support configuration and highlight risks 

associated with bypassing decision support:  

“So, they might get something that pops up, and with a bit of time to go and read it, 

it will teach them a bit about interactions, it will teach them about what they want to 

see in digital systems, it might give them a bit of help about how they should interact 

with the systems” (P16) 

7.6. Discussion of Findings  

EP system implementation and functionality has varied widely both within England and 

internationally.(25, 280) Different approaches to EP system implementation have presented 

several challenges; at a local level, there are risks to patient safety and potential challenges 

facing staff who are required to work with multiple systems across different 

organisations.(25) In England, there are no national standards to determine how EP systems 

are configured or expected ‘levels’ of CDS that should be implemented. Participants in this 

study reported a need for more guidance and standardisation of practice, which echoed EP 

system users perspectives in previous studies.(281)   

There is a diverse range of EP systems available, including standalone, integrated, and 

specialty systems with variable capabilities and functionality.(21) It is widely acknowledged 

that the benefits of EP systems are realised when EP systems are customised and configured 

to capture local workflows and policies.(86) One of the drawbacks of local customisation is a 

subsequent need to ensure that healthcare professionals are able to navigate these different 

systems safely.(86)  Participants described how the implementation of different EP systems 

in and between hospitals in the same region, created challenges for healthcare professionals 

and a barrier to them working effectively. The development of a framework of national 
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standards is urgently needed, and ePRaSE was seen as a tool that could support hospitals to 

measure the effectiveness of their EP system optimisation; this included feedback about 

whether implemented CDS provides advice to prescribers about medication risks. In the USA, 

improvements in the Leapfrog score have been observed for hospitals who have completed 

at least two iterations of the EP system assessment.(135) This UK study showed an appetite 

amongst users and/or hospitals to improve their systems, and it is anticipated that they will 

also be able to improve their ePRaSE evaluation score, by utilising the assessment feedback 

to improve system configuration.  

Some participants described how they used their ePRaSE assessment report to prompt a 

broader review of their CDS. In some instances, participants reported that they were unable 

to reduce the risk of medication-related harm and/or required the system vendor to make 

the necessary changes. It is widely acknowledged that EP systems vary notably in their user 

interfaces, CDS capabilities and interoperability features.(21)  The sophistication of CDS tools, 

including basic decision support such as drug-drug interaction alerts and dosage checks, 

differs among vendors.(21, 282) Interoperability also varies with some vendors offering a fully 

integrated EHR, whereas others are standalone EP systems that do not easily integrate with 

other parts of the EHR.(282) EP safety evaluations have consistently demonstrated variability 

in scores that are also independent of EP vendor.(132, 134, 136) Consequently, it is probable 

that shared learning about good practice between hospitals, particularly when the same EP 

system is employed, could facilitate improvements in CDS configuration.   

Opportunities for shared learning within England are currently facilitated by user engagement 

with vendor specific groups, where more experienced users can share their knowledge with 

others.(283) The GDE Programme has also facilitated learning between digitally mature 

hospitals and less advanced sites, promoting both formal partnerships and informal 

networking.(14)   

A UK ePrescribing Toolkit has been developed to support implementation and optimisation 

efforts.(284) The Toolkit, which includes case studies and guidance, has been widely accessed 

and valued by implementers.(284, 285) However, there is a need for more information 

particularly in relation to EP system optimisation.(86, 284) There was a desire for the ePRaSE 

assessment to enable shared learning in this study. Currently, shared learning is not formally 
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facilitated by the ePRaSE assessment, but rather informal sharing of ePRaSE assessment 

results has been encouraged by the ePRaSE team. Participants were hopeful that ePRaSE 

could actively facilitate shared learning and multiple suggestions were proposed above, with 

some participants proposing a more detailed assessment report.  

Participants discussed the role of vendors from different perspectives, including a potential 

interest from vendors to engage with ePRaSE as well as a desire from EP system users to hold 

vendors accountable for delivering a specific standard of CDS. Involvement of vendors in EP 

system evaluation is not well researched. EP system vendors have deep, technical knowledge 

of their EP systems, but the potential for conflicts of interest and a lack of objectivity requires 

careful consideration. Although vendor perspectives are valuable, maintaining independent 

evaluations of EP systems should be prioritised to ensure unbiased assessments of system 

performance.(282) The ePRaSE assessment does not identify specific vendors by name, data 

is anonymised as well as the names of the hospitals participating in the assessment. Despite 

concerns about a lack of transparency with this approach, there are several benefits of 

anonymisation, including mitigating potential legal risks and encouraging candid participation 

from healthcare providers.(286) In this way, the ePRaSE assessment promotes honest 

participation (minimising the potential for hospitals to manipulate their data to achieve better 

scores) and genuine quality improvement, without fear of legal repercussions or reputational 

harm.  

Various extensions to the ePRaSE assessment were suggested by participants, including 

broader assessment of the medication management process and introduction of specialist 

modules to evaluate specialist clinical settings. Currently, the ePRaSE assessment evaluates 

the provision of CDS as the point of prescribing only; however, medication errors can occur 

throughout all stages of the medication management process however most errors occur in 

administration (54%), prescribing (21%) and dispensing (16%).(57) These errors often result 

from factors such as interruptions during medication rounds, miscommunication, and the 

complexity of dosing schedules.(95) The most prevalent administration errors consistently 

reported are inappropriate timing of administration, incorrect dose administrations and drug 

omissions.(287) Intravenously administered drugs are associated with the highest medication 

error frequencies and more serious consequences to the patient than any other 

administration route.(288)  
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Implementation of EP systems has the potential to reduce medication administration errors 

by improving clarity, standardising processes, and use of CDS.(57) However, the effectiveness 

of such systems depends on their integration into clinical workflows and the quality of 

implementation. Recent research has demonstrated that while EP can reduce certain types 

of administration errors, such as omission and timing errors, it may introduce new challenges, 

including alert fatigue and over-reliance on automation.(289, 290)  

Therefore, future work to explore the potential of ePRaSE to evaluate not only prescribing 

but also the administration of medication would be beneficial. Implementation of EP systems 

has the potential to reduce administration errors,(291) therefore future work to explore the 

potential of ePRaSE to evaluate administration of medication would be beneficial.   

Medication safety challenges at other stages of medication management could also be 

considered for inclusion in future iterations of ePRaSE. Transitions of care, which are defined 

as ‘changes in the level, location, or providers of care as patients move within the healthcare 

system’(292) are associated with increased risk of medication errors and adverse events.(293) 

Medicines reconciliation is as an important process in reducing these errors.(294) However, 

a pilot evaluation of an EP medication reconciliation module suggested this functionality was 

operational in only one out of seven pilot sites.(136) 

The Leapfrog CPOE Evaluation, originally developed and piloted in 2010 has since been 

extended to include a paediatric version,(134) and an outpatient version, both of which have 

been effective in evaluating the safety of EP systems in these settings. Participants also 

showed interest in the development of ePRaSE for specialist EP system evaluation, such as 

critical care units (CCU) or chemotherapy specific systems. These specialist EP systems are 

designed to meet the complex and specific needs of the clinical environment, therefore may 

have benefits over general EP systems.(21)  For example, in chemotherapy prescribing, 

specialist systems allow for the automatic calculation of body surface, renal-based doses and 

cumulative toxicity tracking, which are essential for preventing dose-related 

complications.(295-297) Similarly, in CCUs, advanced CDS integrates with real-time 

physiological data enabling precise dose adjustments.(298) Moreover, managing intravenous 

infusions requires precise dose calculations, accurate titration, and real-time adjustments. 

Specialist systems integrate seamlessly with devices such as smart pumps, enabling 
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automated infusion rate calculations and continuous monitoring of drug delivery.(298) These 

tailored features enhance patient safety by reducing errors, particularly for high-risk drugs. 

Currently there are no specific tools that evaluate specialist systems. Further research is 

required to investigate the effects of EP system implementation, including how the addition 

of advanced CDS can be used to provide greater benefits in delivering safe and effective 

patient care.  

7.7. Chapter Summary 

This chapter has described the ways in which the participants have applied the findings of the 

ePRaSE assessment to optimisation their EP systems. Participants have expressed concerns 

about a lack of standardisation in CDS and a need for guidance in EP system optimisation. 

Participants envisaged the ePRaSE tool as having potential to be a key enabler of these 

developments and would like to see future versions of ePRaSE evaluate more specialist 

prescribing.  

Participants also identified many limitations of the ePRaSE assessment, in its current format. 

The following chapter will explore these limitations to the ePRaSE design and the limitations 

of simulation tools more broadly to evaluate system safety, which is complex and 

multifactorial. Finally, recommendations will be provided to inform future iterations of the 

ePRaSE assessment tool and to improve the reliability of the findings.    
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Chapter 8. Challenges of the ePRaSE Assessment 

The previous chapter focused on the changes participants made to their EP systems after 

completion of the assessment. The chapter also provided more detail on the opportunities 

for shared learning across EP system networks and proposed strategies to promote EP system 

optimisation, including additional modules for specialist clinical settings such paediatrics and 

critical care. This chapter explores the challenges of the ePRaSE assessment in more detail. 

The researcher highlights factors that could have impacted on the reliability of the ePRaSE 

results, specifically focusing on tool design and human factors. In particular, the chapter 

explores how aspects of the tool’s wording and structure interacted with user interpretation 

and professional judgment, contributing to variability in scoring. It also considers the 

influence of contextual factors, including the evaluation environment and role-based access, 

which may have further shaped how the tool was applied in practice. 

Beyond the ePRaSE assessment, this chapter will also discuss the challenges in evaluating EP 

system safety more broadly, addressing the limitations of CDS functionality such as alert 

fatigue, system interoperability, and interface design, which shape the actual safety 

performance of EP systems in ways not currently captured by ePRaSE.  The researcher will 

present examples where implementation of CDS has potential to introduce new risks, rather 

than improve system safety. Together, these themes highlight the importance of recognising 

that EP safety is not solely determined by the presence or absence of specific system features. 

Rather, safety emerges through a complex interaction between system design, user 

behaviour, and local workflow adaptations. By highlighting these nuances, this chapter argues 

for a more contextualised understanding of ePRaSE scores, that acknowledges both the 

strengths of the tool and the limitations inherent in any standardised evaluation framework 

when applied to diverse real-world settings. The themes explored within this chapter are 

presented visually in Figure 28. 
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Figure 28: Challenges in EP System Evaluation Themes 
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8.1. Reliability of the ePRaSE Assessment Tool 

8.1.1. The Test Environment  

As highlighted in the ePRaSE user guide, the ePRaSE assessment should be carried out in the 

live domain or a pre-production environment that exactly mimics the live environment. 

Almost all participants conducted the assessment in the pre-production environment, due to 

testing restrictions in place in their organisations on the live environment. Many participants 

commented on how the responses of their EP system could be different in live and pre-

production environments, and this in turn would impact the results obtained. For example, 

one participant commented:  

“So, in our live domain we would expect an alert to pop up with the MHRA 

details telling us that it’s [sodium valproate] is contraindicated in pregnancy, 

and it has a link to guidance, but currently because we’ve got this new 

primary [in the pre-production domain] it’s not linking to any of our rules” 

(P02).  

Participants suggested workarounds during the ePRaSE assessment to allow them to capture 

responses that would reflect the live system. One participant suggested making an exception 

to allow the specific prescribing task to be carried out in the live system using their own test 

patient: “Shall we just go into ztestpatient [in the live system] and see if you can prescribe 

tinzaparin twice? Because I don’t understand why substance duplication wouldn’t come up for 

that “(P08). Another participant wanted to prescribe an alternative anticonvulsant, brand 

name ‘Depakote’ (generic name ‘divalproex sodium’) instead of the anticonvulsant sodium 

valproate that was included in the test scenario: “So, we could prescribe, it’s not strictly the 

same, but we could prescribe Depakote®” (P02) to demonstrate the presence of specific types 

of CDS.  

8.1.2. Role Based Access Control 

Role-based access control (RBAC), also referred to as position-based security settings, was a 

feature of EP systems that restricted access to system functionalities and patient data based 
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on the professional roles of users. (299, 300)  Consultants tended to have broad permissions 

reflecting their higher level of expertise and responsibility, whereas junior medical staff may 

be only able to prescribe certain types of medication, with restricted access to non-formulary, 

high-risk or controlled medications. Similar restrictions existed for nurses and pharmacists in 

different professional roles, and dependent on whether they had prescriber status. Clinical 

informatics professionals, who were the intended users of the ePRaSE assessment, tend to 

have high-level access to facilitate EP system management. RBAC can result in different screen 

views and discrepancies in the information available to different users. One participant 

explained how: “I will see different things if I’m logged on as a doctor compared to if I’m 

logged on as a pharmacist or my EP role” (P06). Another participant, who was a clinical 

informatics pharmacist, also explained how their EP system would provide different options, 

dependent on the type of user, which, in turn, could generate different system responses.   

“We could run into some problems with certain drugs so, for example, if the 

drug was non-formulary, a junior doctor who doesn’t have consultant 

privileges may not be able to prescribe it, it would just say “no you need to 

use this [formulary alternative medicine]”, whereas the consultant would be 

given options” (P01).  

Consequently, the outcome of the ePRaSE assessment may differ, depending on the role 

allocated to the ePRaSE user. Some participants queried how they should log in to their 

system, when completing the ePRaSE assessment: “So I am logged in on my informatics 

password, but do you want me to log in as a prescriber as that will impact on how I view the 

information on the screen?” (P02) acknowledging their access as a clinical informatics 

pharmacist may not reflect usual prescribing practices.  Participants suggested that the 

specific role of the ePRaSE user should be specified within the ePRaSE assessment tool to 

ensure consistency.  

Consequently, the ePRaSE version 2 user guide specified that the ePRaSE test should be 

conducted using the user role with the least restrictions (e.g., consultant role) as ePRaSE is 

not designed to evaluate role-based access settings.  
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8.1.3. ePRaSE Design Factors 

Unintentional Errors and incomplete information  

The researcher observed some unintentional mistakes within the ePRaSE test patient 

information, such as spelling mistakes and incorrect units. Participants who noticed these 

mistakes were unsure how to interpret them; some entered the information (error) exactly 

as typed in the test scenario and consequently were unable to complete the data entry, 

whereas other participants corrected the spelling mistakes without comment. For example, 

one participant was observed debating whether to enter the incorrect spelling for 

‘apendicitis’. “Appendicitis is not spelt that way; appendicitis is double p. I am not sure if you 

want me to try and enter it this way?” (O04). Another participant noted that the medication 

route for ‘Atorvastatin’ was specified as ‘tablet’ which could be interpreted to mean the oral 

route or could have been an intentional error, designed to test the configuration of the EP 

system. The significance of this unintentional error was confounded by the fact that the 

ePRaSE assessment contained intentional errors and therefore ePRaSE users were instructed 

to follow the prescribing tasks precisely. Consequently, one participant was unsure how to 

conduct the assessment: “Now, I don’t know, should I try to do route as tablet, (tablet is a 

drug form not a drug route) to show that I can’t do tablet as a route?” (O06). Other 

participants did not comment on this type of error and were observed by the researcher 

completing prescribing tasks without any comment replacing the route (tablet) with oral 

administration. When questioned about this, one participant reported “I did not even notice 

that if I am honest” (P10) 

There were other examples of where participants queried the information that was provided 

in the ePRaSE assessment tasks. One example related to the prescribing of antimicrobial 

therapies, which often require completion of mandatory fields on the EP system such as 

duration and indication. One participant explained how this specific information was not 

provided in the ePRaSE assessment task: “The tool doesn’t give me an indication, it doesn’t 

tell me that there’s a stop date, because it doesn’t have a course length” (P06). Participants 

were observed entering different information in these mandatory fields in order to facilitate 

responses: “There is no indication documented so I am just going to put ‘ePRaSE’ because it’s 

a mandatory field, I have to put something in there” (P09).  Other participants interpreted the 
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instructions differently and asked whether these omissions meant that no information should 

be entered: “Do you want me to say unable to initiate order, because I don’t know the 

indication, or do you want me to make one up and proceed? It’s not clear.” (P05).  

Subjective interpretation of ePRaSE terminology   

Challenges were encountered which related to how the terminology used in the ePRaSE 

assessment was interpreted by participants, which resulted in hesitancy when completing 

tasks, variability in approaches by participants and, in some instances, led to inaccurate 

documentation of the EP systems responses to the prescribing tasks.  

One example related to how the information about dosage intervals was presented. The test 

patient shown in Figure 29 illustrates how the dosage instructions were presented (once daily) 

in ePRaSE version 1, which required participants to make their own prescribing decision in 

relation to the timing of the once daily administration.   

 

Figure 29: Screenshot of a prescribing task in ePRaSE version 1 

Participants commented on how these prescription details were incomplete: “the prescription 

states once a day, but we don’t have any time specified on the [ePRaSE] tool, so I am not sure 

which time to select” (P05). Participants went on to explain that they were unsure whether 

this meant that they should not complete the task, because they needed a specific time to be 

provided, or whether they should make a prescribing decision and continue with the 

assessment. Other participants did not mention the lack of specific timings and proceeded by 

selecting a suitable option from the available order sentences in their EP system. Although 

the lack of provision of specific timings may have resulted in different timings being selected, 

the outcome of the assessment was unaffected. However, if participants were to select the 

option ‘unable to initiate the order’ because the time was not provided, this would have 
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impacted the ePRaSE assessment outcome. To address this ambiguity, more precise 

prescribing information was provided in ePRaSE version 2, such as ‘once a day, each morning’ 

or ‘three times a day (every 8 hours)’ as shown in Figure 30. 

 

Figure 30: Screenshot of a prescribing task in ePRaSE version 2 

However, this revised wording provided difficulties for some participants, particularly when 

these timings did not specifically match with their EP system. Using the example in Figure 30 

if the order sentence available in the EP system specified three times a day, but did not state 

every 8 hours, participants debated whether this should be categorised as ‘overriding 

components of the order sentence’ in the ePRaSE response options.  

“If the test stipulates to prescribe every 8 hours, then we basically said it 

wasn't an option and we had to change it. So, it depends on how literal you 

want your test to be because in some circumstances you might want to leave 

it at three times a day to allow some flexibility around ward times” (P21). 

This was not the intention of the prescribing task, however participants who categorised their 

EP system response in this way, would receive a score for system mitigation in the ePRaSE 

assessment which would impact the assessment results. Using the example in, the Figure 30, 

the prescribing task evaluates prescribing of a medication by the incorrect route (cefuroxime 

must be administered intravenously and not subcutaneously). However, if the EP system does 

not provide CDS that relates to the incorrect route, but the ePRaSE user documents that they 

have to override components of the order sentence, the ePRaSE assessment will assume good 

mitigation for drug-route CDS.  

This example also highlights the challenges encountered interpreting the ePRaSE categories 

which were used to document EP system responses to the prescribing tasks. In ePRaSE version 

1, the use of the term ‘system intervention’ led to under-reporting of implemented CDS (false 
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negative results) as participants interpreted this term to relate specifically to active decision 

support, therefore did not document the presence of other types of support such as pre-

populated fields, fixed dose units or structured templates to guide clinicians in prescribing 

safely. Whereas in version 2, participants struggled to understand what was classified as 

‘overriding components of the order sentence’ resulting in over-reporting the presence of CDS 

(false positive results). 

Documentation of unrelated CDS 

False positive results were also observed due to documentation of CDS which was unrelated 

to the ePRaSE prescribing task. The scoring system for the ePRaSE assessment was outlined 

in detail in Chapter 3. Briefly, the optimum system response for each prescribing task is 

predetermined dependent on the scenario risk category. For example, a system intervention 

which provides CDS, may be considered good mitigation for a high-risk scenario. However, a 

key limitation in the ePRaSE scoring system is that this score is not linked to specific types of 

intervention or category of CDS. Consequently, any CDS that presents during the prescribing 

tasks will be assumed to be relevant to the prescribing task and therefore could potentially 

be scored as good mitigation.   An example of this was observed by the researcher when an 

ePRaSE user was required to prescribe clarithromycin for a patient who was also prescribed 

simvastatin (drug-drug interaction), the user accurately documented that a system 

intervention had presented. However, the system intervention in this case related to 

antimicrobial stewardship CDS as the alert requested information about the specific 

indication and duration of clarithromycin and did provide any guidance about concurrent use 

of simvastatin (O06). The consequence of this was that the ePRaSE assessment recorded good 

mitigation for drug-drug interaction when this advice was not actually provided.  

This phenomenon was observed by the researcher on multiple occasions and was also 

reported by some participants who recognised a difference between the ePRaSE assessment 

scores and their EP system capabilities. At the end of the ePRaSE assessment, one participant 

reflected on their ePRaSE score and questioned why their system had done quite well in the 

drug-lab assessment when their system had no built in CDS in this area: “I'm wondering where 

this comes from, for example, the drug-lab category, where we have done quite well [in the 

ePRaSE assessment], there really isn’t any decision support related to laboratory data”. (P28) 
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This participant went on to speculate about how the unexpected assessment outcomes could 

have been generated due to the documentation of a non-formulary alert, when completing 

an assessment task which may have been intended to assess drug-laboratory CDS: 

 “I noticed that when you record a non-formulary alert under the non-

formulary bit on ePRaSE, it seems to consider that as some sort of mitigation. 

So, it said that we're mitigating issues that we're definitely not mitigating” 

(P28).  

This section has discussed different ways in which the subjective interpretation of the ePRaSE 

terminology, resulted in documented responses that were inconsistent with the intention of 

the prescribing task and therefore could significantly impact the outcomes of the evaluation, 

potentially introducing inaccuracies into the results. Recommendations have been made to 

minimise the risk that unrelated CDS may influence the outcome of the assessment. For 

example, if the prescribing task is designed to evaluate drug-drug interaction CDS, only 

responses categorised as drug-drug interactions should be scored as good mitigation.   

Adopting a transparent approach to the evaluation 

The subjective interpretation of the ePRaSE terminology is exacerbated by the design of the 

ePRaSE assessment, which ensures users are not informed of the purpose of the prescribing 

tasks. The rationale for this approach is to maintain the integrity of the ePRaSE assessment 

and to prevent ‘gaming’ the system. However, some participants suggested adopting a more 

transparent approach to ePRaSE would reduce the subjectivity in the interpretation of the 

tool and increase the reliability of the findings. “I would recommend being quite open about 

what is being tested at the forefront. I don’t think it is really necessary to blind participants as 

to what the study is looking for” (P03). Other participants raised concerns that knowing the 

rationale for each prescribing scenario may result in inaccurate responses from users.  “I don’t 

think we should be told the reason for the test because it would allow us to guess” (P08) 

whereas others did not perceive any benefit to the user with this approach. “There’s 

absolutely no point in cheating the tests because you want to improve your systems, you want 

to make them better” (P09). Most participants perceived EP system users to be open and 

honest about the capabilities and limitations of their EP systems “everyone is kind of open 
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about things, no one is looking to promote one system over another. We don’t really benefit 

directly from that sort of thing” (P05).  

8.2. Professional Characteristics of the ePRaSE User 

The ePRaSE assessment could only be completed within NHS hospitals in England and 

required an NHS email address to register for the ePRaSE assessment. There were no specific 

restrictions relating to the professional characteristics of the ePRaSE user and the professional 

characteristics of users was not specified in the ePRaSE user guide. However clinical 

informatics pharmacy professionals were the intended users, due to their knowledge of EP 

system configuration and access the EP systems, which made them well suited for facilitating 

the assessment. The ePRaSE assessment could only be completed once for each organisation, 

however up to four people could register with ePRaSE at each organisation, which facilitated 

different aspects of the assessment being completed by different staff with specific expertise. 

The assessment was completed in separate parts, which could be completed at different 

times, to increase the assessment flexibility. For example, four different users could register 

with ePRaSE, then each user, in turn could be allocated to complete different parts of the 

assessment including completing the initial questions about EP system deployment in the 

organisation (Part 2), inputting test patient demographic data (Part 3), inputting the test 

patient clinical data (Part 4) and a final user could then complete the prescribing tasks (Part 

5).  

8.2.1. Adopting a Collaborative Approach 

The ePRaSE assessment was completed by one individual in most instances, usually a clinical 

informatics pharmacist or pharmacy technician.  However, three participants independently 

decided to adopt a collaborative approach, which had several advantages. Firstly, many 

clinical informatics pharmacists were not able to enter all the ePRaSE data without assistance 

and those that were able to collaborate with other team members, appeared to have an 

advantage as they were able to involve members of the healthcare team who had the 

expertise and system access required to enter the data.  “There were four or five patients who 

required lab results to be inputted so I screenshotted the information and sent it to the lab 
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team to put it in for us” (P32).  Another participant described how collaborating with other 

members of the pharmacy informatics team was beneficial due to the ability to discuss the 

ePRaSE responses and reach a consensus decision  “We completed the assessment together, 

which was useful because we were able to discuss the scenarios and agree responses 

together” (P30). Another participant enjoyed working with others to complete the ePRaSE 

assessment, explaining how: “It was like pub quiz for the four of us, trying to predict what the 

tool was testing and selecting the options. It was quite fun” (P21). 

During the phase 2 of the qualitative study, which involved co-participation TA observations, 

the researcher observed multiple examples of teamwork to select the most appropriate 

responses and participants supporting each to minimise the risk of errors during completion 

of the assessment. “Did you see that paracetamol as 500 grams or 500 milligrams?” (P17). 

“Well done for spotting the change in patient, I almost missed that” (P14). 

8.2.2. Predicting the Purpose of the Prescribing Tasks   

Many clinical informatics pharmacists tried to predict the purpose of each prescribing task 

and the likely response of their EP system  “I know what the tool is trying to do, I am pretty 

sure this one is going to work” (P02). In some instances, participants also explained the 

limitations of their own EP system to the researcher when they perceived the optimal 

configuration was not possible. One participant provided an example around the way their EP 

system was set up to prescribe methotrexate and the default was to prescribe on a Friday:  

“I think in an ideal world we wouldn’t be able to prescribe methotrexate daily, 

but I think the way the system is set up at the minute it’s difficult to pin that 

down to particular drugs. So, the way we do it is, to set it up so that it comes 

up as a default [to be taken] on a Friday” (P10). 

The researcher observed hesitance from one participant when completing a certain 

prescribing task, as they did not expect any response from their EP system: “I’m just 

wondering if I have missed a trick, because I am not expecting anything here” (P02).  Another 

participant also assumed that the ePRaSE tool was looking for a specific system response (high 

severity alert) to a prescribing task, which was inconsistent with their system response: “So, 
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one of the examples that we went through, there was an expectation that you would have a 

high severity alert. But in our system, although it flagged as an interaction, it didn't flag as 

high severity” (P05)  

8.2.3. Who Should Complete the Prescribing Tasks? 

The clinical informatics pharmacy professionals often demonstrated deep knowledge of their 

EP systems when completing the ePRaSE assessment.  Some of these participants raised 

concerns that their use of the EP system, as system experts, may not represent real-life 

experiences of EP system users. Consequently, they suggested the ePRaSE assessment would 

be more authentic if completed by system users, such as doctors and non-medical prescribers: 

“I would say the better thing of ePRaSE would be to go out there and actually put it in front of 

a clinician to do” (P04) suggesting this would facilitate a better understanding of the 

effectiveness of the EP system CDS, rather than assessing the system configuration, 

independent of the user experience.  

“It’s all well and good me sitting here saying, you know this is how it’s supposed 

to work, like in a laboratory setting.  But what you need to see is how it’s being 

used out on the wards in you know day-to-day.  On admission, on discharge, by 

the pharmacists, by the junior and senior medical staff” (P07). 

Another participant also reflected on the day-to-day use of their EP system and how “a 

prescriber” may put things in different places to where they would put them. Consequently, 

the system may have different responses:  

“I would get a prescriber that uses the system regularly, to do a run through of a 

full [ePRaSE] scenario. When they get the alerts, we want to see what they do, 

because we are putting things [clinical decision support] in place presuming they 

are preventing [unsafe prescribing] but when it comes down to it, are they? Will 

they just bypass it? Do they even read it?” (P08).  

A third participant appeared to echo this and described how system users may complete the 

ePRaSE prescribing tasks in different ways as they develop work arounds and favourite folders 

which can influence how they prescribe:  
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“You might see some variance in the way that people interact with the 

system, because people have work arounds, people create favourites folders.  

So, people might prescribe from a favourite’s folder, which might have an old 

dose in there” (P09).  

Consequently, who was selected to complete the ePRaSE assessment was an important 

decision as there may be variation between different staff groups:  

“I wonder if you have ten prescribers whether they would all come up with the same 

answer? Or is there some variation, which influences the [ePRaSE] assessment? It might also 

be useful to see what the variation is with different staff groups as well” (P20). 

Reliability testing was recommended, by one participant, to confirm the consistency in the 

ePRaSE assessment outcome, when undertaken by different system users at one hospital, 

using one EP system. The participant explained that the lack of validity testing to ensure the 

reliability of the ePRaSE assessment outcome was considered to be a significant limitation to 

the reliability of the ePRaSE assessment results and therefore a key recommendation prior to 

further roll out of the assessment. 

“I don’t think you can roll this [ePRaSE assessment] out into one hundred 

different hospitals unless you roll it out in one hospital and then invite 

different participants, junior doctors, senior doctors and nurse prescribers and 

then you can see if there is variation. If they are all saying the same thing, 

then you can roll it out, but if there is a huge difference even in one system in 

one hospital then when you do roll it out to other hospitals you can’t be sure if 

it’s a variation in the system or in the user responses” (P20). 

8.3. Transcription Errors  

The researcher observed multiple transcription errors when participants copied test patient 

data from the ePRaSE assessment into the EP system, and during the prescribing tasks. An 

example included a test patient scenario with a documented allergy; the researcher observed 

one participant recording this test patient in their EP system as having ‘no known allergies’ 

(O01) which could have impacted on how their system responded to prescribing tasks at a 
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later stage in the assessment. Following completion of the assessment, the participant 

commented that they were unaware that they had missed recording the allergy information 

and proposed the addition of checkboxes to confirm data input:  “I must have just missed 

that, it does let you skip parts and carry on, so perhaps the addition of a checkbox might have 

helped to confirm the data has been inputted” (P01). During the ePRaSE version 2 assessment, 

one participant explained how they had missed the entry of some test patient information 

but were unable to change this as the ePRaSE assessment does not allow you to go back once 

you have proceeded to the next step: “Well, I did notice that I had missed the diagnostic 

information, but you couldn’t go back, so I couldn’t change it” (P22). Another participant 

echoed this, highlighting how they had missed the entry of the patient’s weight but were 

again unable to change it: “I realised I had not added the patient’s weight, which was a shame 

because I couldn’t go back and fix it. Which would have affected some of those tests” (P11). A 

third participant requested to restart the assessment again as they had missed the entry of 

certain patient data and worried that this may influence the EP system response  “So, I had 

to start again on two occasions and they [ePRaSE support] wiped everything and gave me new 

patients so I could go through the assessment again. So, it was very time consuming” (P26) 

Transcription errors were also observed during the prescribing phase when participants 

subconsciously corrected the error incorporated into the prescribing tasks. For example, 

when asked to prescribe methotrexate once daily (incorrect dose frequency), the researcher 

observed one participant prescribe methotrexate once weekly (correct dosage frequency) 

(O10). When asked to reflect on this transcription error after completion of the assessment, 

the participant explained “that’s the pharmacist in me, automatically to me, that’s a weekly 

dose. I’ve read it as weekly initially, sort of autocorrected it“ (P10). To improve the visibility of 

the information presented in ePRaSE, some participants suggested using capital letters to 

highlight the incorrect information or presenting the information in bold. However, it was 

acknowledged that it was difficult to prevent this type of error happening due to the expertise 

of the ePRaSE users. 
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8.4. Challenges in Evaluating EP system Safety 

8.4.1. Limitations in CDS Functionality 

Participants described limitations in their EP system capabilities that compromised the 

effectiveness of recommended safety features, where participants raised concerns that 

implementation of CDS may introduce new risks. In particular, participants described how a 

lack of interoperability of digital systems impacted the effectiveness and suitability of CDS. 

One participant discussed how they had opted to provide weight-based guidance instead of 

implementing more active weight-based CDS because the patient’s weight was routinely 

recorded in a different system, which is not integrated with the EP system.  

“We use a different system to record weight, so it's not as visible in the EP 

system. We have guidance to act as a visual prompt, but if I could glance up 

and see the weight within this system that I'd be much more likely to use it at 

the point of prescribing.  It’s a problem that we have with having multiple 

different systems, not all talking to each other appropriately” (P11).  

A lack of interoperability was also identified as a barrier to implementing advanced CDS such 

as drug-disease contraindications and drug-laboratory support.  

“If we had a system where everything talks to each other and was fully 

integrated, and you didn't have to be jumping out of screens, then if 

somebody's got an AKI [acute kidney injury] and you're trying to prescribe a 

nephrotoxic drug then it would flash that up as a warning. You could 

potentially link that with patient disease states, but we just don’t have that 

interoperability (P25). 

Participants also commented that in some instances it is possible to implement CDS, but the 

complexity involved in maintaining some types of CDS must also be considered. An example 

of this related to the implementation of drug-dose CDS when managing a drug catalogue 

utilised by adults, paediatrics and neonates. 
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“We were asked, why does it [the EP system] allow you to overdose the 

patient? Why doesn't it have dose weight banding or maximum dose banding 

information? But we explained to them that yes the system has that 

functionality, but in terms of setting that up in the catalogue and the 

maintenance involved so it is safe, it is a huge project because our catalogue 

is shared with adult and paediatrics and neonates” (P21) 

The participant went on to describe how CDS can be associated with risks, particularly in 

relation to paediatrics and neonates, explaining that CDS had been removed and the hospital 

reverted to blank electronic prescriptions, to avoid the incorrect application of CDS.  

“We found it was safer to start in the simplest way, rather than putting in 

very complex prescribing rules or power plans, we went down to basics and 

said, use your guidelines as your support tool and then everyone can prescribe 

whatever they need to” (P21). 

EP System Usability  

A second limitation of CDS that was not captured in the ePRaSE assessment related to the 

usability of the CDS, which impacted the prescriber experience.  Participants who were 

observed interacting with the EP system commented on the prescribing experience on 

multiple occasions. One participant explained how: “The prescribing process for tinzaparin, 

well there is a lot clicks. I wouldn't want to be doing it” (P19) Another participant commented 

“so theoretically I can prescribe it without additional user or system input, but it's fairly 

circuitous to get to that point. But that's not one of the options that's capturable in 

ePRaSE”(P16). Participants also commented on the layout of their EP system view. “One thing 

I hate about this system is the close function being on the left-hand side” (P15). A participant 

who evaluated their EP system in the pre-production domain, rather than the live EP system, 

commented that some of the alerts that presented were not active in the live system because 

they were difficult to read and might negatively impact the usability of the system  “You get 

this pop up which is going to take some reading, like some kind of understanding, it's obviously 

fairly verbose” (P12). The participant went on to explain that the ePRaSE score might be higher 

due to the presence of additional alerts, but expressed concerns that this would not 
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necessarily translate to a safer system.  

“Alert design almost always does not take into account the users experience, 

time pressures, ability to interpret and act and they might make like a wrong 

decision or choice. But in ePRaSE, we might get a gold star” (P12). 

This was reiterated by another participant who described the focus of the ePRaSE assessment 

being too narrow, explaining how it also needs “to consider the way the things are presented, 

the order presented, how clearly they are written, human factors, they are as much a part of 

whether the system is safe.“ (P03). 

Challenges of Alert fatigue 

All participants discussed the benefits and risks of utilising interruptive alerts to improve the 

safety of EP systems. Participants were aware of the risks associated with the overuse of 

alerts, with one participant commenting: “we hear a lot about alert fatigue, and we know it 

is an issue here” (P28). Another participant perceived that your hospital could score high in 

the ePRaSE assessment if your EP system had all the CDS functionality turned on. However, 

they also explained how “if you turned everything on, everyone would hate it, it would be 

almost unusable” (P03). A third participant highlighted how a higher quantity of alerts also 

contributes to alert fatigue, which in turn can contribute to errors occurring: “We know that 

mistakes do get made, because people just don't read the screens sufficiently enough” (P10). 

Participants described different approaches to minimising alert fatigue within their 

organisation. Some participants described a balanced approach of carefully considering the 

risks and benefits of implementing alerts. “When we put an alert in place, we have to 

understand the benefit and review the benefits so if we put that in place, we need to measure 

how it's impacting safety” (P13).  Another participant described initiatives to reduce the use 

of alerts within their organisation  “We are looking to see how we can reduce those 

significantly because there are thousands of alerts coming up each month. We've gradually 

been going through and switching some of them off” (P26). For another participant, the use 

of alerts was not routinely permitted within their organisation: “We say no to pop-ups pretty 

much 99.9% of the time when requested, so we have very few pop-ups in the system” (P21). 
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8.4.2. Capturing Innovative CDS 

The ePRaSE assessment was designed to evaluate whether EP systems provide CDS to 

prescribers, at the point of prescribing, when presented with high-risk prescribing scenarios. 

One participant felt that the focus of ePRaSE was on detecting the presence or absence of 

interruptive decision support in the form of alerts and that passive forms of decision support 

have not been accounted for: “It [ePRaSE] was obviously looking for a very active form of 

system support and not necessarily so much of the less active, all of the passive, the cognitive 

triggers on the screen” (P05). One participant described how there were specific safety 

features that had been incorporated into the design of their EP system design that were not 

being captured in the ePRaSE assessment  “I didn't see any configuration and implementation 

stuff. I’m thinking about selection errors, Tall Man lettering, that sort of thing” (P04). Another 

participant echoed this, referring to several prescribing safety features that they had 

incorporated, such as “order sentence filtering by weight or age, order sentence defaults, 

power plans” (P21) that again had not been captured during the assessment. 

 A third participant commented on how the ePRaSE assessment tasks were not reflected of 

normal processes within their hospital. This participant described how indication-based 

prescribing was standard practice for the treatment of infection and so when asked to 

prescribe an antibiotic by drug name (rather than indication), the ePRaSE assessment did not 

capture the safety features incorporated in their system: “So, what I am struggling with is 

that what I am being asked to prescribe doesn’t fit with our normal processes“(P07). This 

participant appeared to be disappointed when they could not demonstrate these safety 

features:  

“We’ve worked quite hard at [implementing] antibiotic order sets to make 

sure that people don’t just free search antibiotics.  So, they always go to an 

order set and search for the right thing, which will direct them to the right 

dose and frequency“ (P07).  

This was echoed by another participant who stated, “the whole way through, we were 

thinking it was such a shame, because we could see what you're trying to ask and we've got 

all this support in place, but it is different to what the question is asking for” (P21). 
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A second aspect that was not captured in the ePRaSE assessment was the range of local 

initiatives implemented to enhance prescribing safety without disrupting clinician workflow. 

These innovations reflect a growing awareness among staff of the need to reduce alert fatigue 

while still promoting safer prescribing practices. One participant described an initiative aimed 

at reducing interruptive alerts by consolidating them into a single, reviewable interface:  

“We can group all the alerts for one patient in one section and review those at 

the same time, rather than being bombarded with pop-ups when you're in the 

middle of a task, but currently ePRaSE won’t pick that up” (P28). 

This reflects a shift towards allowing clinicians to engage with decision support at a time that 

fits better with their clinical workflow, rather than during the prescribing task itself.  Another 

participant described how visibility of high-risk prescribing was improved across teams: 

“Using the system to raise the visibility of certain things to specialist groups within the 

hospital, I think it's one of the biggest risk mitigations you can get” (P26). In this case, the 

participant referred to the introduction of a “SMART list,” which was designed to notify the 

diabetes specialist team when insulin had been prescribed. This included information about 

the product type, timing, and any relevant monitoring. Rather than issuing interruptive alerts 

at the point of prescribing, this approach supported safety by engaging the relevant specialist 

team in a timely and context-specific way.  

“We have implemented a smart list so that every time somebody is prescribed 

insulin in the hospital, the diabetes team get an update to say that somebody 

has been prescribed it. So, they can monitor not only what's being prescribed, 

but also the dosage against the blood sugars and the ketones” (P26).  

Other participants described similar forms of non-disruptive support, including systems that 

highlighted key risks in patient dashboards or flagged relevant information in summary views, 

offering safer care without interrupting clinical tasks. Building on these experiences, several 

participants reflected on how future iterations of the ePRaSE assessment could better capture 

such innovations. They proposed the addition of new questions to assess EP system 

configuration and the use of non-alert-based support mechanisms. For instance, suggestions 

included asking how the drop-down menu for drug selection is constructed, whether colour 
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coding is used within the prescribing screen to indicate drug classes or risk levels, and if 

password prompts are required to enforce key safety steps, such as acknowledging receipt of 

high-risk alerts, before progressing to the next screen. 

Some participants also suggested specific questions to capture data on the incorporation of 

guidance and order sets. “Was there any other types of support such as guidance through 

order sets? [sic]” (P07). Another participant suggested adding the following: “If it's not via alert 

or a pop up, do you have information by other means? (P21) to help capture passive or 

integrated forms of CDS. These suggestions highlight a recognition among participants that 

alternative approaches to EP system are increasingly preferred over traditional alert-based 

mechanisms. As such, participants advocated for future versions of ePRaSE to reflect the 

broader spectrum of CDS tools in use, particularly those that enhance safety without 

contributing to alert fatigue. 

8.5. Chapter Summary 

This chapter has identified several challenges in the ePRaSE assessment that may affect its 

reliability, as well as challenges in EP system evaluation more broadly; these findings will be 

explored in detail in Chapter 10 (Discussion).  Key issues have been identified, including the 

risk of false results, omission of innovative CDS strategies, and misalignment with clinical 

workflows. Although version 2 addressed some earlier design issues, such as spelling and 

vocabulary errors, further refinements are recommended to improve the tool’s overall 

reliability.  

Human–system interaction also remains a significant factor influencing assessment 

outcomes. Importantly, these findings suggest that system performance is not simply a 

matter of technological capability, but also of how tools are used, interpreted, and integrated 

into practice. 

These insights underscore the need for continuous refinement of ePRaSE to capture emerging 

forms of CDS and to reduce risks such as alert fatigue or gaming. They also raise broader 

questions about how to evaluate complex sociotechnical systems reliably, a theme returned 

to in the final discussion (Chapter 10).  
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The next chapter (Chapter 9) presents the findings of the quantitative study which 

summarised the scores obtained following national roll out of the ePRaSE version 2 

assessment to hospitals in England with live EP systems.  The self-reported data about EP 

system deployment will be summarised and the relationship between the deployment and 

the ePRaSE scores explored. The ePRaSE performance scores will be reported as percentages 

of good mitigation, some mitigation, no mitigation or over mitigation. These scores will be 

analysed to explore similarities and differences in EP system performance, including overall 

scores as well as scores according to EP system vendor and CDS category.  
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Chapter 9. A Quantitative Study to Summarise the Main Findings from the 

ePRaSE Version 2 Assessment. 

The development of the ePRaSE assessment, from proof of concept (version 1) to national roll 

out (version 2) has been described in detail in Chapter 3. The experiences of users as they 

carried out the ePRaSE assessment, as well as their reflections on the potential of ePRaSE to 

influence the safety of EP systems, were described in Chapters 6-8, more specifically the 

usability and acceptability of the ePRaSE assessment (Chapter 6), the applications of the 

ePRaSE assessment in supporting EP system optimisation (Chapter 7) and the challenges 

associated with ePRaSE and EP system safety tools more generally (Chapter 8). Several 

limitations relating to the use of the ePRaSE assessment were identified, including the 

subjectivity of participant responses to the prescribing scenarios, and aspects of the ePRaSE 

design features that may have compromised the reliability of findings from the national roll 

out.  

This chapter will present a summary of the ePRaSE results obtained by hospitals following the 

national roll out (ePRaSE version 2) between October 2022 and January 2023. The aim and 

objectives of this study will be presented followed by the methods employed to extract and 

analyse the data. The analysis of the results will provide information about the extent of EP 

system deployment in participating hospitals as well as their performance in the assessment 

scenarios for different CDS categories. The researcher will explore the relationship between 

‘good’ mitigation and ‘over’ mitigation. The significance of the findings will also be discussed 

and related to the published literature. 

9.1. Aim and Objectives 

The aim of this study was to evaluate the results of the national roll-out of ePRaSE to 

understand uptake, outcomes, and areas for improvement. The study is primarily descriptive, 

using summary statistics to explore patterns across participating hospitals, with limited use 

of statistical testing. 
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The four main objectives were to: 

• Describe the uptake and completion of the ePRaSE assessment, including both the 

self-reported EP system characteristics provided by participants and the measured 

system performance based on the assessment scenario scores. 

• Summarise the ePRaSE assessment scores for hospitals that completed the full 

assessment, highlighting any variations in performance between different EP systems 

and different categories of CDS  

• Compare and contrast the results of the five mandatory tests across participating 

hospitals to identify common gaps or differences and highlight potential areas for 

optimisation within specific EP systems. 

• Provide recommendations to support the design and implementation of future 

ePRaSE assessments, informed by the findings of this evaluation. 

9.2. Method 

9.2.1. Study Design. 

The 2022 Digital Medicines Interoperability Trust and Site Survey reported 90 English Trusts 

to be live with EP systems and an estimated 30 preparing for implementation.(20) An email 

invitation was sent to all Chief Pharmacists across England, which included the ePRaSE web 

address (https://eprase.info/about.html) and information about the assessment. Those who 

were interested in taking part were asked to nominate members of their pharmacy clinical 

informatics teams to conduct the ePRaSE assessment, which was available to users with an 

NHS email account between October 2022 and January 2023.  The ePRaSE assessment was 

also promoted via national forums such as the NHS e-Prescribing Masterclass and through 

routine NHS England Digital Engagement sessions. 

The ePRaSE assessment (version 2) was accessible to all NHS Hospital Trusts however each 

NHS organisation was permitted to complete the assessment only once during this period. 

https://eprase.info/about.html
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9.2.2. Data Extraction and Analysis 

The researcher was provided with anonymised data, in which each participating hospital was 

represented by a randomly generated numerical code. The data were extracted from the 

database tables underpinning ePRaSE and compiled into a Microsoft Excel spreadsheet by a 

software engineer, who was a member of the ePRaSE Board. The file was then sent to the 

researcher via email. 

Initial data cleaning involved identifying and resolving inconsistencies or missing values to 

maintain data integrity. For example, there were variations in the naming of EP systems, 

including the use of outdated or superseded terminology. In addition, some EP systems were 

not listed in ePRaSE therefore users selected the option ‘other’ and specified their EP system 

using a free text box. To standardise this, the researcher created EP system aliases, each 

represented by an alphabetical code (e.g., EP System A), with support from a senior clinical 

informatics pharmacist with expert knowledge of EP vendors. 

The dataset comprised participant-entered information about EP system deployment (Part 2 

of the ePRaSE assessment), and scenario-based responses (Part 5), which evaluated the EP 

system behaviour in the simulated high-risk prescribing scenarios. The scoring framework (see 

Chapter 3, Section 3.4.3) automatically categorised each EP system response based on how 

well it matched the predefined desirable outcome, referred to as ‘good mitigation’, that is, 

the presence of CDS that proportionately addresses the level of prescribing risk. 

Each scenario was scored as one of four categories: good mitigation, some mitigation, not 

mitigated, or over-mitigated. For example, a score of 80% good mitigation indicated that 80% 

of the 45 assessment scenarios were managed with an appropriate CDS response. In contrast, 

over-mitigation refers to situations where the CDS response exceeds the level of risk, 

potentially contributing to alert fatigue. Some scenarios were left unanswered by 

participants, resulting in a small proportion of null or invalid tests. These invalid tests were 

accounted for in the percentage calculations of mitigation categories. The proportion of null 

results was generally low (typically <5%) and showed no consistent pattern across sites. 

Assessment results were reported both as an overall performance score and as sub-scores by 

CDS category (e.g., drug–drug interaction, drug–allergy etc) as shown in Chapter 6, Figure 24 
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to Figure 26. Hospitals also received feedback on their performance across the five mandatory 

scenarios to support benchmarking and local optimisation of EP systems. 

Descriptive statistics included the mean and standard deviation for approximately normally 

distributed variables, and the median with interquartile range for skewed variables.(301) 

Statistical tests were completed using STATA Now/MP 18.5 software. A scatter plot was 

created to investigate the relationship between good mitigation and over mitigation. The data 

were also examined visually to identify any potential outliers that could disproportionately 

influence the correlation analysis. The Shapiro-Wilk test was selected to assess the normality 

of the data, due to the small sample sizes.(302) Given that some variables did not conform to 

a normal distribution, and given the small sample size, the Spearman rank correlation 

coefficient was used to evaluate the relationships between these variables.(303, 304) This 

non-parametric method is well-suited to assessing the strength and direction of associations 

in non-normally distributed data, providing robust insights into potential correlations within 

the dataset.(304)  

9.3. Results 

9.3.1. Participant Information 

Fifty-nine respondents (representing 59 hospitals) registered for the ePRaSE assessment and 

entered data regarding the extent of deployment of their EP systems (part 2). However, 27% 

(n=16) of the 59 respondents did not proceed any further with the assessment. These 

respondents were sent a follow-up email to explore reasons for non-completion. Only seven 

participants responded, limiting insight into the reasons for non-completion. Reported 

reasons included time pressures (n = 3), a perception that the assessment was not suitable 

for their hospital context (n = 2), and technical difficulties accessing the assessment due to IT 

security restrictions (n = 2). 

A total of 45 (76% of registered participants) completed all required parts of the assessment. 

Data for all 45 completed assessments have been included in the analysis. There were 16 

different EP systems represented (15 different EP vendor systems and one homegrown 

system).  Eleven hospitals used the same EP system (System G) and seven different EP systems 
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were used by one organisation only. Figure 31 illustrates the representation of EP systems 

within the ePRaSE assessment along with the proportion of respondents who completed the 

assessment.  

 

Figure 31: ePRaSE completion according to EP system  

*System E and System F are marked as not completed in the dataset, because respondents did 

not access their assessment results. Complete assessment data has been generated and 

included in the analysis. 

9.3.2. EP system Deployment 

The data for all 59 respondents, who completed Part 1 and Part 2 of the ePRaSE assessment, 

have been included in the analysis of EP system deployment. EP deployment was recorded as 

the percentage EP system use for inpatient prescribing across the organisation. The EP system 

was being used for 76-100% of inpatient prescribing in most hospitals (n=47), 51-75% (n=3), 

26-50% (n=2) and less than 25% (n=7). The extent of EP system deployment within the NHS 

organisation was higher for those respondents who completed the ePRaSE in its entirety. 

Almost half of the respondents with 0-25% EP deployment did not complete the ePRaSE 

assessment. Figure 32 shows the relationship between ePRaSE completion rate and extent of 

EP system deployment.   
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Figure 32: ePRaSE completion rate according to EP system deployment 

Further detail about EP deployment in specific settings and departments was collected. One 

hospital utilising their EP system in all departments, including adult intensive care, paediatric 

intensive care, accident and emergency, outpatients, day cases, chemotherapy units, 

intermediate care, community beds and clinical trials units, whereas some hospitals (n=3) did 

not use their EP system in any of these departments. However, it is important to note that 

hospitals may be still in the process of deploying their EP system across all departments, or 

these departments / services may not be present within the hospital. 

Over 50% (n=31) of the respondents utilised their EP systems for adult critical care, but only 

15% (n=9) deployed their EP system, for chemotherapy prescribing as indicated in Figure 33. 
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Figure 33: EP system deployment by wards and departments 

The extent of EP system deployment was recorded for complex medication, which in this 

context were defined as medication that can be more difficult to configure in EP systems. The 

list of complex medication includes medical devices (oxygen), which must be prescribed in 

accordance with BTS guidelines.(305) Nutritional supplements do not need to be prescribed 

for legal purposes, but are often included to ensure consistent documentation and adherence 

to guidelines.(306) Most respondents reported using their EP system to prescribe insulin (n= 

53), nutritional supplements (n=52), oxygen therapy (n=49) and warfarin (n= 46). Fewer 

respondents prescribed intravenous fluids (n=39), infusions (n=37), enteral feeds (n=37), 

patient-controlled analgesia (PCA) (n=31), and parenteral nutrition (n=22) as illustrated in 

Figure 34.  
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Figure 34: EP deployment for complex medication 

9.3.3. Integration of Systems  

As part of the ePRaSE assessment, respondents were asked if their EP system was integrated 

with their hospital LIMS and whether they could enter test patient laboratory data and clinical 

data into the EP test environment. EP system – LIMS integration was in place in 27% (n=16) 

of hospitals with a clear differentiation observed between EP systems (See Figure 35). 

Integration was in place for all hospitals employing System C (n=8), whereas none of the 

hospitals utilising System G (n=17) had integrated systems; this may imply differences in EP 

system capabilities. At least one hospital had achieved EP system integration with LIMS using 

EP systems A, M, R and S, whereas other hospitals that used these systems had not.  
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Figure 35: EP system integration with lab system 

9.3.4. ePRaSE Assessment Scores 

Of the 45 hospitals who completed the assessment, the scores for good mitigation ranged 

from 20% to 73%. Good mitigation scores were approximately normally distributed, with a 

mean of 49.9% (SD = 11.7). The highest score (73%) was achieved using EP Vendor System D, 

while the lowest (20%) was recorded for System P, in which 69% of scenarios were not 

mitigated. System K also demonstrated poor performance, with a lower score for good 

mitigation (33%) than for not mitigated (41%), and a relatively high over-mitigation rate 

(26%). 

As shown in Figure 37, differences in ‘good’ mitigation scores were observed even among 

hospitals using the same system, indicating that factors beyond the vendor may influence 

system performance in the ePRaSE assessment.
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Figure 36: Scatter plot of ePRaSE good mitigation scores according EP system vendor.

Each EP system vendor listed on the x-axis (1-16) and each data point representing the good mitigation score for each NHS 

organisation. 
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Relationship between good mitigation and over mitigation  

A correlation was observed between good and over-mitigation scores across the EP systems 

evaluated, as shown in Figure 37. To assess the distribution of the data, a Shapiro–Wilk test 

was conducted. Results indicated that good mitigation was approximately normally 

distributed (W = 0.98876, p = 0.950), whereas over-mitigation showed a weaker fit to 

normality (W = 0.90525, p = 0.492), consistent with histogram plots suggesting some 

skewness in the over-mitigation data. 

To investigate the relationship between the two variables, both Pearson’s and Spearman’s 

correlations were computed. Pearson’s correlation assumes continuous, normally distributed 

data,(307) while Spearman’s is a non-parametric alternative suitable for ordinal or non-

normal data, or when Pearson’s assumptions may not be fully met.(303) Although the 

Shapiro–Wilk test suggested approximate normality, visual inspection revealed skewness in 

the over-mitigation data and the sample size was relatively small. Therefore, Spearman’s 

correlation was chosen as the primary measure, with Pearson’s correlation included to assess 

the linear relationship under parametric assumptions. 

Spearman’s rank correlation indicated a statistically significant moderate positive relationship 

(rₛ = 0.5602, p = 0.0001), suggesting that systems with better performance in good mitigation 

also tend to exhibit higher levels of over-mitigation CDS. Pearson’s correlation (r   0.407, p   

0.0055) supported the presence of a meaningful linear association, indicating that higher 

scores for appropriate may be associated with increased alerting overall. 

However, one data point was identified as a clear outlier in the scatter plot (Figure 37) not 

fitting the overall pattern. Outliers can disproportionately influence correlation estimates, 

potentially masking the true strength of the relationship.(308) After removing the outlier, the 

strength of the association increased, with Spearman’s correlation indicating a stronger 

positive correlation (rs   0.661, p   0.0001) and Pearson’s correlation also rising (r   0.606, p 

< 0.001). This suggests that the observed relationship between good and over-mitigation 

scores is robust and strengthened when the influence of extreme values is minimised. The 

consistency of these results across both correlation methods supports the conclusion that EP 

systems with higher good mitigation scores tend to have higher levels of over-mitigation. 



 199 

 

 

Figure 37: Scatter plot showing the relationship between good mitigation and over scores.  

 

Mandatory scenarios 

Five mandatory scenarios were included in the ePRaSE assessment which related to extreme 

or high-risk prescribing scenarios. Table 28 outlines the scores for the mandatory scenarios 

for all respondents (n=45), represented as percentages and the number of organisations 

achieving each score. Scenarios 1 – 3 were categorised as extreme risk, therefore the 

desirable EP system response was to prevent prescribing. Consequently, over-mitigation was 

not possible for these scenarios. Although the data shows high rates of good or some 

mitigation for these scenarios, some hospitals did not provide CDS to mitigate these risks. 

Scores were lower for scenario 2, which required a maximum dose to be specified in the EP 

system to avoid inadvertent prescribing of 300 units/ml instead of the actual dose (For 

example, a patient taking 125 units of insulin glargine being prescribed Toujeo® 300 units with 

breakfast instead of Toujeo® 300 units /ml 125 units with breakfast). Scenarios 4-5 were 

categorised as high risk therefore the desirable response was a provision of guidance (such 

as an alert) therefore prevention of prescribing was classed as over-mitigation.  
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Table 28: Mitigation scores for the five mandatory questions  

 

CDS categories 

Drug-allergy and drug-duplication had the highest level of good mitigation, whereas there was 

an absence of mitigation found for drug-lab, drug-disease, drug-omission and therapeutic 

duplication (see Table 29 below). The low levels of drug-lab mitigation correlate with the low 

level of EP system integration with LIMS, as mentioned above. Drug-disease contra-

indications and drug-omission CDS both rely on having access to the patient’s diagnosed 

medical conditions, therefore low levels of risk mitigation may be linked to a lack of system 

interoperability. Therapeutic duplication is a form of drug-drug interaction CDS that identifies 

when medication with the same or similar therapeutic effect are co-prescribed. It is possible 

Mandatory prescribing 
scenario 

Good 
mitigation 

(%) 

Some 
mitigation 

(%) 

No 
mitigation 

(%) 

Over 
mitigation 

(%) 
Null tests 

1 Insulin (Novorapid) 
prescribed as 60 mls 
instead of 60 units. 

57.8 
(n=26) 

26.7 
(n=12) 

11.1 

(n=5) 

Not 
applicable 

4.4 

(n=2) 

2 Insulin glargine 
(Toujeo®) prescribed as 
the strength (300 units 
/ml) rather than actual 
dose 

13.4 

(n=6) 

64.4 
(n=29) 

22.2 
(n=10) 

Not 
applicable 

0 

3 Methotrexate (oral or 
subcutaneous) 
prescribed for a patient 
with an inappropriate 
daily frequency 

48.9 

(n=22) 

42 .2 
(n=19) 

8.9 

(n=4) 

Not 
applicable 

0 

4 Trimethoprim 
prescribed 
concomitantly with 
methotrexate 

4.4 

(n=2) 

69 

(n=31) 

24.4 
(n=11) 

0 
2.2 

(n=1) 

5 Valproate prescribed 
for a person of 
childbearing potential  

68.9 

(n=31) 
0 

26.7 

(n=12) 

2.2 

(n=1) 

2.2 

(n=1) 
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that low levels of therapeutic duplication CDS may be an intentional strategy to reduce alert 

fatigue.  

Table 29: Mean mitigation scores according to CDS categories across all organisations  

Decision 
support 
category 

Basic or 
advanced 

CDS 

Good 
mitigation 

(%) 

Some 
mitigation 

(%) 

No 
mitigation 

(%) 

Over 

mitigation 
(%) 

Null 
tests (%) 

Drug Allergy Basic 74 0 20 1 4 

Drug Brand Basic 54 0 27 10 8 

Drug Dose Basic 45 5 44 4 2 

Drug 
Duplication Basic 70 0 24 2 4 

Drug Interaction Basic 47 9 41 1 1 

Drug Overdose Basic 13 64 22 0 0 

Drug Route Basic 32 0 29 6 32 

Therapeutic 
Duplication Basic 47 0 53 1 0 

Drug Age Advanced 48 11 30 7 4 

Drug Disease Advanced 38 0 53 4 4 

Drug Lab Advanced 30 0 66 1 2 

Drug Omissions Advanced 28 0 67 3 3 

 

Basic versus advanced decision support 

Different types of CDS can been categorised as basic and advanced.(53) Mean mitigation 

scores were calculated for basic and advanced CDS, as shown in Figure 38. A higher mean 

score was obtained for basic CDS good mitigation (48%) versus advanced CDS (36%) and a 

mean score of 52% was obtained for no mitigation for the advanced CDS category compared 

to 32.5% for basic CDS   This is to be expected given that basic CDS is easier to implement.  
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Figure 38: Mean scores for mitigation (as percentages) according to basic and advanced CDS 

categories. 

9.4. Discussion 

The data suggest that EP system implementation within English hospitals is variable. While 

most respondents reported high levels of deployment in inpatient settings, adoption across 

departments and for complex medication management varied. This variability may affect 

internal validity, as differences in system maturity or coverage could influence reported 

outcomes. Additionally, such heterogeneity introduces the potential for residual 

confounding, where unmeasured factors linked to the extent of EP deployment may bias 

associations observed in the analysis. 

There are multiple challenges associated with limited deployment.  Firstly, the persistence of 

paper-based prescribing alongside EP implementation can lead to increased medication 

errors and inconsistencies in patient care.(309) Furthermore, the benefits of EP system 

implementation as previously mentioned in Chapter 1 (section 3) may not be fully realised 

where deployment is limited or inconsistent.(63) The ePRaSE assessment did not capture 
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factors influencing the extent of EP system deployment across hospital departments. As a 

result, it was unclear whether certain departments (e.g., outpatient clinics or paediatric 

wards) had not yet received EP system deployment, or whether these departments did not 

exist within the hospital. For instance, it was not possible to determine whether the absence 

of paediatric prescribing reflected a lack of EP system implementation in paediatric services, 

or the absence of paediatric wards altogether. 

The ePRaSE assessment reported percentages of ‘good mitigation’ in response to the 

prescribing tasks; the mean score was 49.9% (ranging from 73% to 20%), across hospitals, 

suggesting many hospitals have significant scope for improvement in EP system configuration. 

Variation in the assessment scores was independent of EP system vendor. This finding is 

consistent with similar EP system evaluations conducted in the USA, (132, 134) highlighting 

the impact of local implementation and optimisation of EP systems in obtaining the reported 

safety benefits. (310)  

There is some evidence from these results that high levels of good mitigation were associated 

with higher levels of over-mitigation, which raises concern regarding the risks of over-alerting 

and the associated alert fatigue that is well documented in the literature.(83, 311, 312) 

However, it is important to acknowledge that this relationship may not be strictly linear. It is 

possible that the observed association reflects a real-world trade-off, where systems designed 

to capture a high number of clinically relevant events may also generate more false positives. 

Alternatively, the pattern could be a statistical artifact or indicate a threshold effect. where 

beyond a certain level of alerting, the benefit of good mitigation plateaus or diminishes. 

Further investigation would be needed to determine whether this reflects a meaningful trade-

off in system design or underlying confounding factors. 

Similar findings have been observed with other EP system evaluation tools, where high scores 

in the Leapfrog assessment were associated with a higher incidence of nuisance alerts (135, 

136). The challenges of optimising EP system configuration to obtain patient safety benefits 

whilst minimising risks of over alerting are also well documented.(313-316) Strategies to 

reduce the risk of alert fatigue include optimising drug-drug interaction databases, improving 

alert presentation,(313, 317) and tailoring CDS to specific healthcare professional roles or to 

patient specific clinical criteria.(318) Further work is recommended to ensure these 
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innovative approaches to CDS are captured in future iterations of ePRaSE.  

CDS is categorised as basic and advanced, with basic CDS being suggested as a good starting 

place for EP system implementation.(53) As outlined in Table 29, higher percentages of good 

mitigation were observed with drug-allergy and drug duplication decision support in this 

study. Lower scores were obtained for drug-laboratory and drug-disease contraindications 

(including drug-omissions). This finding is consistent with earlier findings from the qualitative 

study where respondents reported variable levels of interoperability and EP system 

capabilities. These variations likely reflect a key difference between integrated EHR systems 

and standalone EP systems, which are not necessarily integrated with other components of 

the EHR.   

The ePRaSE assessment included five mandatory questions, which related to extreme or very 

high-risk prescribing scenarios, identified as national prescribing safety concerns. Although 

the percentage of good mitigation (or at least some mitigation) was generally high for these 

scenarios, there were some hospitals that appeared to provide no CDS to mitigate these risks. 

The researcher’s findings from the qualitative study can help provide relevant context on this. 

Firstly, EP system implementers report limitations in their individual vendor EP systems, which 

prevented them from optimising their systems (see Chapter 7, section 7.2). User may also 

have been unaware of their EP system capabilities and sought shared learning from other 

hospitals with the same EP system (see Chapter 7, Section 7.4).  

Managing risks associated with high (over) doses of medication remains a challenge, with 

potential for improvement in ePRaSE scores in the drug-dose category in particular as well as 

those related to the prescribing of insulin. CDS has been shown to be effective in reducing 

medication dosing errors, particularly in paediatrics,(319, 320) but challenges can emerge 

around using the same EP system and CDS to manage diverse patient groups, including adults, 

paediatrics and neonates. Advanced dosing models are desirable, which incorporate factors 

such as age, weight, and renal function to provide tailored dosing recommendation:(321) 

further research is required to optimise their usability and effectiveness.(319)   

Previous studies have found implementation and customisation of CDS for drug-drug 

interactions to vary greatly between hospitals. (314, 322, 323) One study evaluated 19 EP 
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systems including 14 different vendors and found that 69% of high-priority drug-drug 

interactions triggered CDS, with variation observed between the same systems 

observed.(322) Concerns about over-alerting and risk of alert fatigue can limit the use of drug-

drug interaction CDS.(314, 323)  Furthermore, discrepancies exist between the ranking drug-

drug interactions severity by standard CDS software and pharmacists' clinical judgments.(324)  

Whilst this study provides valuable insights into EP system implementation in England, it is 

difficult to draw definitive conclusions regarding the significance of these findings. The study 

relied on self-reported data, introducing the potential for measurement bias. Variation in how 

participants interpreted and completed the assessment may have affected the reliability of 

the scores. 

Recruitment was via an email invitation sent to all Chief Pharmacists across England, directing 

them to the ePRaSE assessment website. This method may have introduced selection bias, as 

hospitals more engaged with EP systems or better resourced might have been more likely to 

participate, potentially skewing uptake and performance results toward more advanced 

adopters. 

The ePRaSE assessment version 2, as the second iteration of the tool, still requires further 

development. The ePRaSE scoring system employed in this analysis has not been formally 

validated. As such, interpretations of score values should be made with caution, 

acknowledging potential limitations in measurement precision. In addition, only 45 of an 

estimated 90 English NHS hospitals live with EP completed this version, representing 

approximately a 50% response rate. This raises concerns about external validity and the 

potential for non-response bias, limiting generalisability to all English hospitals. 

Although a good range of EP systems was represented (n=16), the distribution was uneven; 

for example, one system was used by 11 hospitals, while several others were used by only a 

single hospital. Furthermore, variation in levels of EP system deployment was observed across 

sites, with some hospitals having limited use of their systems in relation to overall EP 

prescribing rates, deployment across wards and departments, and use with complex 

medication, factors not accounted for in the assessment scores. 

Finally, the ePRaSE assessment did not collect key organisational data such as hospital type, 
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size, or duration of EP system use. This absence is a major limitation, restricting the ability to 

adjust for these potentially important confounders. Future iterations should prioritise 

collecting this information to enhance data interpretability and robustness. 

9.5. Chapter Summary 

This chapter has presented the key findings from the ePRaSE version 2 assessment, revealing 

considerable variation in EP system performance across participating organisations. Notably, 

this variation appears to be independent of EP system vendor, suggesting that local 

configuration and implementation can also influence the effectiveness of CDS.  While some 

hospitals achieved relatively high levels of good mitigation, others scored poorly, with some 

extreme-risk scenarios not mitigated, which highlights substantial scope for improvement. 

Basic CDS generally performed better than advanced CDS, an expected finding which reflects 

both the complexity of implementing more sophisticated CDS and interoperability challenges. 

These findings help identify areas for improvement in CDS design, implementation, and safety 

assurance. 

The final chapter of this thesis will synthesise these results with qualitative insights to provide 

a more nuanced appreciation of the ePRaSE assessment’s potential role in supporting the 

evaluation and optimisation of EP systems. It will also examine how these findings align with 

existing literature on digital system safety and usability, considering broader issues such as 

interoperability and CDS innovation. Finally, the discussion will reflect on the limitations of 

the overall programme of work.  Recommendations will be provided for future ePRaSE 

refinement and opportunities for further research.   
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Chapter 10. Discussion 

The ePRaSE assessment represents the first EP system safety evaluation tool specifically 

designed and implemented in English hospitals. This research programme adopted a multi-

phase, mixed-methods approach to develop, implement, and evaluate the tool. It began with 

a systematic review that identified and categorised existing tools used to assess the safety of 

EP systems (Chapter 2). Chapter 3 introduced the design and development of the ePRaSE tool, 

including the incorporation of a master set of prescribing scenarios. Chapter 4 detailed how 

the master set of prescribing scenarios was developed, utilising the eDelphi method to gain 

expert consensus on the level of risk associated with these scenarios. Chapter 5 described the 

iterative methodology that was used in the qualitative studies, with Chapters 6,7 and 8 

describing the findings from these studies and how they directly informed further iterations 

of the tool. A quantitative analysis was conducted to summarise high-level findings from the 

national roll out of ePRaSE (Chapter 9). 

This final chapter integrates findings from the systematic review, eDelphi process, qualitative 

research, and national quantitative evaluation. It offers a synthesis of insights across all 

components of the research programme, examines the aspirations and experiences of users 

who engaged with ePRaSE, and presents key recommendations for further development and 

future research. Finally, it reflects on the overall strengths and limitations of this programme 

of work.  

10.1. Summary of Findings  

10.1.1. ePRaSE national roll out 

Forty-five hospitals completed the ePRaSE assessment (version 2) between October 2022 and 

January 2023. Variation in performance was evident across the participating hospitals with 

scores for good mitigation ranging from 20% - 73%. The high scores obtained for some 

hospitals suggested that EP systems could mitigate the prescribing risks, although the mean 

score was 49.9% and no hospital scored the theoretical maximum score of 100%. Similarly, 

variability was observed in the scores for the mandatory scenarios, which represented 

extreme or very high-risk scenarios that were included in all assessments, including some 
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potentially fatal prescribing scenarios.  

The variability in scores was found to be independent of the EP system vendor, suggesting 

individual EP system configuration and customisation was more relevant to obtaining 

benefits. This phenomenon has been observed with the Leapfrog CPOE Evaluation Tool,(132, 

134)  and other EP system evaluations.(138) The highest scores obtained related to basic CDS 

categories drug-allergy and drug-dose, which was an expected finding since these types of 

CDS are easy to implement and do not require integration with other parts of the EHR and/or 

with other orders within the EP system. Again, this finding mirrors those of other EP system 

evaluations.(132, 134-136) However, it is worth noting that although the mean score for drug-

allergy was high (74% good mitigation), there was scope for improvement, even within the 

basic CDS functionality. 

The lowest scores related to advanced CDS categories, drug-disease and drug-lab including 

contraindications and prescribing omissions. These types of CDS require integration with the 

EHR and LIMS, which has been identified as a challenge in both the quantitative and 

qualitative studies. As highlighted in Chapter 6 Section 6.6, most participants were unable to 

input laboratory test data due to lack of access to the system. Many participants also reported 

that drug-lab CDS was not implemented in their hospitals. These types of CDS were identified 

as ‘aspirational’ by some participants. As reported in the literature, interoperability 

challenges are common due to fragmented HIT systems that do not communicate 

effectively.(24, 86) Strategies to address interoperability challenges include adoption of 

interoperability standards, design of useable interfaces, educational strategies for healthcare 

providers and adequate policies for privacy and security.(325)  It is important that EP system 

evaluations, such as ePRaSE, continue to include scenarios that evaluate advanced CDS so as 

to drive EP system optimisation.  

The scores reported for good mitigation and over mitigation in Chapter 9 were correlated, 

suggesting that EP systems with a high score in the ePRaSE assessment could also have a high 

overuse of alerts. This concept has been observed with the Leapfrog CPOE Evaluation Tool, 

where hospitals with high scores for reducing risk of fatal errors also demonstrated a higher 

rate of nuisance alerts (135, 136)  Concerns about alert fatigue were expressed by participants 

in all phases of the qualitative study, with some participants suggesting that ePRaSE may 
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encourage over reliance on interruptive alerts and therefore increase the potential for alert 

fatigue (see Chapter 8 section 8.4). The overuse of interruptive alerts and associated alert 

override is well documented in the literature.(73, 83, 323) Drug-drug interaction alerts appear 

to be most often ignored with potential override rates as high as 95%.(326, 327) Studies have 

also suggested that advanced CDS such as drug-lab CDS has been associated with a high 

incidence of inappropriate override rates.(149, 159) A lack of relevance and specificity of 

alerts is often cited as the reason that alerts are overridden.(327, 328)  Additionally, the 

effective integration of CDS into the clinical workflow is key to ensuring that alerts provide 

meaningful and actionable guidance at the right time without contributing to alert 

fatigue.(329) Hospitals have implemented different strategies to optimise CDS, including 

increasing alert specificity and sensitivity, tailoring alerts to specific users, and tiering alerts 

based on severity.(328, 330) Consequently, it is important that ePRaSE evolves to evaluate 

innovate approaches to CDS. 

10.1.2. Usability and Acceptability 

The ePRaSE assessment was well received by participants, who reported that the tool was 

easy to use within an acceptable timeframe. The prescribing tasks were generally considered 

appropriate, with many participants making changes to their EP system configuration 

following completion of the assessment. Expert consensus was obtained regarding the level 

of risk associated with these prescribing scenarios (as described in Chapter 4). Some 

participants commented on the duplication of themes, with prescribing scenarios related to 

paracetamol and anticoagulants overrepresented. However, both these medications are 

frequently prescribed in hospital settings and implicated in medication-related adverse 

events.(331-334)  It is worth noting that the ePRaSE assessment was reported  according to 

CDS categories, however some of these categories were represented more than others. For 

example, there were 23 drug-drug interaction scenarios available in the ePRaSE tool whereas 

there were only three drug-allergy scenarios. Apart from the mandatory scenarios (which 

were national priorities included in all assessments due to their level of risk), each ePRaSE 

assessment included a selection of test patients, which were randomly allocated from the full 

pool of 38 test patients. Consequently, the number of prescribing scenarios related to each 

drug (e.g., paracetamol) or each CDS category (e.g., drug-drug interactions) was variable. 



 210 

Future versions could employ strategies to avoid assigning multiple cases involving the same 

medication and ensure broad representation across CDS categories. 

Errors 

Participants experienced difficulties navigating the assessment, which resulted in errors. 

Some of these difficulties were reported by participants, while others were observed by the 

researcher during the TA study. For example, the researcher observed a participant failing to 

document the test patient’s drug allergy to penicillin when inputting the test patient data, 

which in turn meant that the drug allergy alert would not have been triggered during the 

prescribing task. Errors were also observed during completion of the prescribing tasks where 

participants unintentionally corrected some of the harmful prescribing scenarios. These 

errors impacted the ePRaSE assessment results. Introducing an option for automated data 

entry for test patients could be a potential solution to reduce variability, enhance accuracy, 

and streamline the assessment process. However, implementing such functionality would 

require further research and close collaboration with EP system vendors to ensure 

compatibility, data integrity, and adherence to safety standards.  

Subjectivity   

One of the key usability challenges with the ePRaSE assessment was the accurate and 

consistent documentation of EP system responses to the prescribing scenarios. Participant 

interpretation of the response options were varied and subjective. To address this 

subjectivity, significant changes were made to the ePRaSE tool between version 1 and version 

2 to expand the options available and increase the clarity as described in Chapter 6 Section 

6.8. In summary, use of the term ‘intervention’ was limited and further response options 

added to record different types of CDS, such as provision of order sets and pre-populated 

fields. Despite these tool refinements, participants interpretation of the response options 

continued to vary. The Leapfrog CPOE Evaluation Tool used a simplified approach by recording 

whether ‘decision support received or not’ and did not differentiate between types of CDS. A 

drawback of this approach might be that presentation of restrictive CDS such as a ‘hard stop’ 

could be considered equally to other types of CDS such as alerts or provision of guidance. As 

increased innovation in CDS provision emerges, there may be challenges in evaluating EP 
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system safety with simple metrics. On the other hand, the simplicity of the instructions might 

reduce the variable interpretation observed with the ePRaSE assessment.  

10.2. Improving the reliability of ePRaSE 

Findings from the qualitative study highlighted a need to ensure that the documentation of 

the EP system response accurately maps to the intended prescribing task. For example, if an 

angiotensin-converting enzyme (ACE) inhibitor is prescribed to a patient with an elevated 

potassium level, a drug-laboratory alert warning of hyperkalaemia would be appropriate. In 

contrast, if the system displays an unrelated alert, such as one about non-formulary status, 

that should not be scored as good mitigation for the drug-laboratory scenario.  

The principles of user centred design are also relevant to minimise user errors, with the 

careful use of colour, consistent language, and a minimalist layout.(73) The use of larger font 

or bold text can increase the visibility of important data within the tool.(118)  

Beyond user-centred design, sociotechnical perspectives, which describe the relationship 

between the users, the technology, and the environment,(335) can be applied to the ePRaSE 

assessment. Environmental factors such as distractions, interruptions and the physical 

workspace can significantly influence user performance. For example, frequent interruptions 

in busy healthcare settings can lead to errors.(336, 337) Additionally, poor ergonomics can 

hinder usability.(338) Users should therefore be advised to consider the impact of their 

environment when undertaking the ePRaSE assessment and wherever possible, select an 

environment that minimises the risk of interruptions and distractions during the assessment.  

The EP system evaluations identified in the systematic review (Chapter 2) utilised a 

multidisciplinary evaluation team approach to the assessment.(131, 134, 136, 139, 140) All 

included studies recruiting doctors to carry out the prescribing tasks, whilst some involved 

other team members such as pharmacists, IT specialists and administrators to oversee other 

aspects of the evaluation. There are multiple advantages to adopting a collaborative approach 

to the assessment, including recruitment of personnel with the authority and expertise to 

complete each aspect of the task. For example, IT specialists and administrators are more 

likely to have expertise and experience of creating test patients, including entering test 
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laboratory data. Asking doctors (or non-medical prescribers) who routinely prescribe to 

complete the EP assessment may provide a more realistic reflection of user-system 

interactions, when completing the prescribing tasks. The ePRaSE assessment is an outlier in 

EP system evaluation as it is completed by clinical informatics pharmacy personnel, due to 

their expertise in EP system implementation and optimisation. There are advantages to this 

approach as clinical informatics pharmacists have deep knowledge of their systems, therefore 

will be more likely to interact with the EP system using standard operating procedures. 

Consequently, the ePRaSE assessment outcome is more likely to accurately reflect EP system 

capabilities but may provide a less realistic simulation of real prescribing activities. 

10.2.1. Validity and Reliability Testing 

While the qualitative study provided a deep exploration of the usability of the ePRaSE 

assessment, the process was not explicitly designed to validate its content. A more focused 

validation process, involving structured and specific content analysis, would be recommended 

to establish robust content validity.(339, 340) Several types of validity testing could be 

considered for future research. For example, criterion validity, which evaluates how well the 

tool correlates with an external benchmark, such as prescribing error rates, was not 

assessed.(339)  Further studies to evaluate whether ePRaSE assessment scores correlate with 

medication error rates would be useful to enhance the credibility of ePRaSE.  Comparisons 

with other similar EP system evaluations, such as Leapfrog, would also provide a valuable 

assessment of concurrent validity (defined as the extent to which the results of a new test 

correlate with those of an established test measuring the same construct, when both are 

administered simultaneously).(341) It would also be beneficial to confirm the utility of ePRaSE 

over time to establish whether completing the ePRaSE assessment annually actually supports 

hospitals to improve the safety of their EP system.(342)  

Reliability testing would also be desirable to establish reproducibility of the ePRaSE 

assessment. The test-retest method can be used to evaluate stability by completing the 

ePRaSE assessment at different times, using the same user in the same environment.(343) 

Using this method, it would be desirable for ePRaSE to produce similar scores, however the 

time between the two assessments should be short, to reduce the likelihood that other 
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changes in the test environment are responsible for any differences in outcome.(341) The 

reproducibility of ePRaSE could also be assessed by asking different users to complete the 

ePRaSE assessment, using the same EP system in the same test environment. Equivalence is 

established as the degree of concordance between two or more users.(341) It is important to 

note that differences between scores could potentially relate to other user factors, such as 

amount of training and familiarity with both the EP system and ePRaSE assessment.(343) 

Construct validity, which refers to how well a tool measures the theoretical concept it is 

intended to assess, was also not explicitly evaluated.(344) Statistical techniques, like 

Confirmatory Factor Analysis require expertise in statistical and psychometric techniques as 

well as a deep understanding of the constructs being tested, to ensure the outputs are 

interpreted correctly and valid conclusions are drawn.(345) Incorporating these advanced 

validity tests in future research would strengthen the psychometric profile of the ePRaSE 

assessment, ensuring it is robust, reliable, and applicable across diverse contexts. 

10.2.2. Maintaining the integrity of ePRaSE 

The ePRaSE assessment contained specific features designed to maintain the integrity of the 

assessment. Firstly, the users were blinded to the purpose of each prescribing scenario and 

were therefore not specifically aware of the desirable EP system response. Secondly, some of 

the prescribing tasks were purposefully designed as low/no risk or control scenarios. Finally, 

participants were unable to go back to correct previous parts of the ePRaSE assessment. This 

caused problems for some participants who recognised that they had genuinely made an 

error when inputting patient data and wished to have the opportunity to correct this error 

(prior to moving to the next stage of the ePRaSE assessment. Consequently, some participants 

restarted their assessment, with the support of the ePRaSE assessment team.  

The concept of gaming of healthcare performance measurement has been well documented 

in the literature,(346-348) and represents a significant challenge to the integrity of hospital 

evaluations, with the potential to distort results to meet externally imposed targets. This can 

result in the masking of substandard practices and pose a risk to patient safety.(346) The 

practice is primarily driven by financial incentives or reputational gains.(348) Gaming 

behaviours reported in the literature can range from minor adjustments, such as employing 
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temporary staff during assessment periods, to more serious manipulations, such as 

misrepresenting waiting list data.(348) These actions exploit the system reliance on 

measurable indicators, often at the expense of unmeasured domains of care, leading to what 

Bevan and Hood (2006) described as ‘hitting the target and missing the point.’(348) Cognitive 

dissonance, where healthcare staff reconcile their professional values and judgements with 

systemic pressures, is a driver of these gaming behaviours, as well as perceived unfairness or 

irrelevance of certain metrics.(346)  

The Leapfrog CPOE Evaluation Tool has employed several strategies to ensure the integrity 

and reliability of its assessments. Some of these strategies were also implemented in the 

ePRaSE assessment, such as imposing time restrictions for test completion and blinding users 

to the purpose of the tests. Leapfrog also included deception analysis, which aimed to identify 

false positive results. For instance, if an EP system generates an alert for the concurrent use 

of hydrochlorothiazide and captopril, a combination generally considered low-risk and not 

warranting an alert, this would be flagged as a false positive.(143) Hospitals who reported 

receiving alerts for such low-risk prescribing scenarios are marked with ‘Incomplete 

Evaluation’ and are restricted from retaking the test for a set time period, to discourage 

gaming behaviour. ePRaSE does not currently employ a deception analysis strategy that 

directly impacts how the findings are interpreted and this could be considered for future 

iterations of ePRaSE. 

10.3. Aspirations for ePRaSE  

Participants expressed aspirations for ePRaSE future developments. The assessment was 

considered to be focused on the presence or absence of prescribing advice in the form of 

(interruptive) alerts and participants suggested ePRaSE should capture a broader range of 

CDS. This included a greater variation in approaches to prescribing, such as indication-based 

prescribing and prescribing care bundles. Indication-based prescribing is gaining attention as 

a method to improve medication safety.(349) This approach involves selecting an indication 

before choosing a medication, which can lead to more appropriate drug selections and 

improved documentation of the indication, which is not routinely recorded for most 

medication.(349) Studies have shown that indication-based prescribing can reduce 
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medication errors and improve prescribing efficiency.(349, 350) Standardised order sets 

implemented in the acute setting have been shown to reduce hospital length of stay, reduced 

mortality, and reduced medication errors.(351) However, there are challenges in 

implementation, including workflow integration and the need for user-friendly interfaces, as 

misaligned or poorly designed order sets can contribute to medication errors.(350, 352) At 

present, the ePRaSE tool does not evaluate whether such advanced CDS features, like 

indication-based prescribing or structured care bundles, are in place. As a result, systems 

employing these innovations may not necessarily score higher if the tool does not account for 

them. This highlights a potential limitation of the current ePRaSE framework and points to an 

opportunity for future versions of the tool to more comprehensively assess the breadth and 

quality of CDS strategies in use. 

10.3.1. Standardisation versus customisation 

During all phases of the qualitative study, participants provided their thoughts on how the 

ePRaSE assessment could be further optimised. Firstly, participants sought more detailed 

results to help inform decisions about EP system configuration. Shared learning between 

hospitals was also considered important, with an expectation that the ePRaSE team might be 

able to facilitate this exchange. There was an emphasis placed on shared learning, similar to 

NHS England’s GDE programme, where sites disseminated best practices and guided other 

organisations to enhance their digital maturity.(16) This initiative extended to the Fast 

Followers programme, where less digitally mature organisations were paired with GDEs to 

adopt proven innovations more efficiently.(13, 353)  

Some participants also anticipated that the national roll out of ePRaSE might facilitate the 

development of a set of national minimum standards for CDS provision. Although there are 

legislative and governance frameworks to ensure that EP systems in England maintain high 

standards of safety, usability, and efficiency,(35, 103)  implementation of these frameworks 

is not mandatory and does not specifically address the structure or functionality of CDS. 

Guidance on effective CDS implementation have been published,(42, 354) which recommend 

that all CDS interventions, such as alerts, reminders, and order sets, must be based on up-to-

date clinical evidence or guidelines. For example, CDS systems should alert prescribers to the 
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presence of ‘critical drug interactions’ but the individual drug-drug interactions that meet 

these criteria are not specified. Core features of CDS include drug-allergy alerts, drug-drug 

interaction checks, dose range checks based on patient-specific parameters like age, weight, 

and renal function, as well as duplicate therapy warnings.(53) However, the details of exactly 

how this functionality should be implemented or which medication must be prioritised for 

inclusion has not been defined.  

This programme of work revealed a persistent tension between trying to standardise EP 

systems and the need for local customisation. Whilst there are several benefits of 

standardisation, including the provision of a consistent, reliable prescribing process across 

healthcare organisations,(24) excessive reliance on rigid standards may inadvertently reduce 

the system's usability in local contexts. Different healthcare organisations, departments and 

individual practitioners may have different workflows, prescribing patterns, and patient 

needs.(86) In Chapter 7 Section 7.6, the researcher highlighted how an oncology clinic may 

require highly tailored order sets and protocols that differ substantially from those of a 

general outpatient clinic. Consequently, the ability to customise EP systems, to adapt to local 

practices and clinical workflow is central to benefit realisation.(355, 356)  

To support EP implementation and optimisation whilst maintaining the flexibility for 

customisation, several guides and frameworks have been developed.(42, 85, 357, 358) For 

example, the ePrescribing Toolkit, led by University of Edinburgh, provides a practical 

resource to guide healthcare providers through the adoption, implementation, and 

optimisation of EP systems.(85) It includes best practices, case studies, and strategies to 

address challenges such as stakeholder engagement and integration with existing EHR 

systems, while also highlighting the importance of customisation to fit local workflows.(38, 

284) Despite the availability of these resources, a need for further guidance was evident 

amongst participants. Further research may be warranted to explore the role of the ePRaSE 

assessment as an educational resource.  

10.3.2. Extensions to ePRaSE 

Participants in the different phases of the qualitative study proposed expanding the 

assessment to other clinical areas such as paediatrics, critical care, mental health and 
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chemotherapy systems. Further research would be required to establish whether specialist 

versions of ePRaSE in these different clinical areas would be appropriate or whether 

prescribing scenarios relevant to these clinical settings should be incorporated into the 

standard ePRaSE assessment. The Leapfrog CPOE Evaluation Tool, which was originally 

designed to evaluate adult inpatients, has been expanded to include a paediatric 

version,(134) and an ambulatory care version. (136) To develop these tools, a set of paediatric 

test patients and orders were developed based on the relevant literature.(359) The adult test 

orders were reviewed to determine their suitability for inclusion in the ambulatory care 

evaluation and additional test orders derived from expert consensus.(136) 

The findings of the systematic review conducted as part of this programme (Chapter 2) 

revealed that no specific tools had been developed for other settings, such as critical care or 

chemotherapy. The results from the quantitative study (Chapter 9, Section 9.3) suggested 31 

out of 59 hospitals have utilised their general EP system for critical care. Further research 

would need to be conducted to establish a set of scenarios to assess critical care, and whether 

a specialist stand-alone ePRaSE module would be necessary. Fewer hospitals (n=9) used the 

general EP system for chemotherapy prescribing and further research would be needed to 

explore high-risk prescribing scenarios in these specialist settings. 

10.4. Usability versus safety  

Usability and safety are two key requirements of EP systems that are intrinsically linked.(360) 

The safety of an EP system refers specifically to its capacity to prevent patient harm associated 

with medication management. The usability of an EP system as defined by International 

Organisation for Standardisation (ISO) is the ‘extent to which a system, product or service can 

be used by specified users to achieve specified goals with effectiveness, efficiency and 

satisfaction in a specified context of use’.(361) This is a broad definition, which encompasses 

not only the look and feel of the system, but also the effectiveness in relation to clinical 

workflow, how well it meets the needs of the user, and how intuitively users can learn to 

interact with the system.(360)   

EP system usability and safety features can positively and negatively impact upon each other. 

EP system functionality or design can contribute to medication errors occurring (system-level 
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errors).(362) Furthermore, provision of excessive information, although intended to improve 

safety, can be overwhelming to users, increases cognitive load and may lead to higher error 

rates, negatively impacting patient safety.(363)  It is advisable that EP system implementers 

carry out both usability and safety assessments throughout the lifecycle of the system.(360) 

The systematic review (Chapter 2) highlighted different approaches to EP system evaluation; 

however, evidence of tools containing multiple aspects to evaluate safety was limited. Slight 

et al., developed a series of test prescribing scenarios associated with medication errors 

where the EP system had caused or contributed to the error.(138) These scenarios were 

entered into different EP systems using both usual practice and workarounds. However, this 

tool was designed and developed in research setting and is not available to end users.  

Internationally, the Leapfrog CPOE Evaluation Tool is currently the only EP system safety tool 

that is commercially available for hospitals to independently evaluate their EP system and 

receive an evaluation score. Although this assessment evaluates whether (or not) decision 

support is presented in response to test scenarios, it does not consider the usability of the 

decision support or any other aspect of EP system usability. The ePRaSE assessment follows a 

similar design and does not consider the usability of the information presented or the 

prescribing process. In Chapter 8, Section 4, the researcher highlighted how some participants 

commented on the usability of their systems during the ePRaSE assessment and expected the 

ePRaSE assessment to evaluate elements of usability. Other studies have evaluated aspects 

of usability such as the completeness, correctness, relevance and understandability of 

alerts,(364) the ease of the prescribing process(es), and the impact of workarounds.(141, 145)  

Further research is needed to determine the optimal approach for evaluating the multiple 

components of EP system safety.  

10.5. Strengths  

A key strength of this programme of work is its mixed-methods design, which provided a 

comprehensive evaluation of EP system safety by integrating both qualitative and 

quantitative study designs. The qualitative component yielded deep insights into user 

experiences, capturing usability challenges that would not have been identified through 

quantitative metrics alone.(204) In Chapter 8, Sections 8.2 and 8.4,  the researcher revealed 
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how participants had difficulties in interpreting ePRaSE instructions and errors that could 

have influenced the accuracy of the quantitative results. The quantitative component of the 

study provided a national-level summary of ePRaSE results, including evaluation scores and 

self-reported data on EP system implementation and CDS configuration. By triangulating both 

qualitative and quantitative findings, a well-rounded understanding of EP system safety 

evaluation was obtained.  

Secondly, the qualitative study was conducted in three phases at different time points, 

gathering insights into the evolving nature of the tool. This phased approach allowed for 

iterative improvements to be made to the ePRaSE assessment, responding and adapting to 

the real-world experiences of participants. The researcher also included participants from a 

diverse range of geographical locations across England, incorporating both rural locations and 

urban centres, to capture regional variations in healthcare practices, patient demographics, 

and IT infrastructure. A variety of hospital settings were chosen, including smaller district 

hospitals and large teaching hospitals. Participants in smaller district hospitals provided 

insights into the usability of ePRaSE in less complex operational environments, whereas 

participants in large teaching hospitals highlighted how the tool performed in settings with 

more demanding workflows, characterised by specialist services, high patient volumes and 

advanced IT infrastructure.(365, 366)  

Thirdly, 16 different EP systems were evaluated, including home grown, integrated 

commercial and standalone systems. Given the diverse range of EP systems employed in 

English hospitals, the researcher was able to gather insights that reflect the range of EP 

systems in use in England. These EP systems display differences in scope, functional 

capabilities and cost,(22) which may in turn influence participants experiences when using 

ePRaSE, as system-specific attributes may impact the usability and acceptability of the 

assessment. 

10.5.1. Limitations 

Despite these strengths, the programme of work had several limitations. One notable 

limitation is the absence of patient and public involvement (PPIE) in the design and evaluation 

of the ePRaSE assessment. While the primary focus was on healthcare professionals' 
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interactions with the tool, integrating PPIE could have provided valuable insights into patient 

experiences and outcomes related to EP system safety. PPIE is increasingly recognised as an 

essential component of health technology research.(367) Future research should explore 

strategies for meaningful patient involvement, ensuring that EP system evaluation tools not 

only support healthcare providers, but also align with patient and public priorities and 

expectations. 

Secondly, the study was limited to hospital inpatient prescribing, mainly relating to adult 

patients. As highlighted in Section 10.6.3 above, further work could be done to expand the 

ePRaSE assessment beyond this adult setting.  

Thirdly, participants were predominantly clinical informatics pharmacists who were the 

primary intended users of the ePRaSE tool. This could be viewed as both a strength and 

limitation. Their expertise was particularly valuable when conducting the ePRaSE assessment, 

as they were uniquely positioned to respond to its findings and implement necessary system 

customisations. For example, in Chapter 7 Section 7.3, participants described how they had 

implemented changes in their EP system configuration following completion of ePRaSE, in 

some instances, immediately on completion of the assessment. However, their specialised 

involvement in EP development and optimisation may have led to interpretations of CDS that 

differ from those of general EP users. It is important to note, however, that a small number 

of different healthcare professionals including doctors and non-medical prescribers did 

participate in the hybrid focus groups, and shared their thoughts on the ePRaSE assessment, 

however these participants frequently commented on the usability of their EP systems.    

Future research could involve more healthcare professionals to further investigate the 

significance of the ePRaSE user characteristics.  

Semi-structured interviews were conducted immediately after the ePRaSE assessment in 

Phase 1, which allowed the researcher to further explore their observations and access 

participants’ reflections and views on their experience of engaging with the ePRaSE 

assessment. The researcher spent several hours with each participant and was able to build a 

rapport, which facilitated depth of responses.(368) In Phase 3 of the qualitative study, semi-

structured interviews took place after completion of the ePRaSE assessment, at a time 

convenient to the participants. Consequently, this was not immediately after the assessment, 
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and there was a potential risk that some participants may not remember all the relevant 

details related to their assessments. However, the researcher utilised the ePRaSE guide as a 

prompt as well as the assessment report, which also facilitated the discussions.  

There were several limitations in the quantitative study that must be acknowledged. Only 

50% of eligible NHS hospitals completed the ePRaSE version 2 assessment, limiting the 

generalisability of the findings. This response rate introduces potential non-response bias, as 

non-participating sites may differ systematically in their EP system maturity or engagement 

with CDS.(369, 370) The uneven distribution of EP systems (some represented by multiple 

hospitals, others by only one), further constrains external validity.(369) Moreover, the tool 

did not capture essential hospital-level characteristics (e.g., size, type, duration of EP 

deployment), which limits interpretation of the variability in assessment results. It is 

recommended that future versions of the ePRaSE tool incorporate structured data collection 

on these contextual factors to better support meaningful benchmarking and interpretation of 

results.(371)  

10.6. Recommendations: embedding ePRaSE into routine practice and future research 

The ePRaSE assessment is a key tool in EP system safety evaluation. Following this PhD 

programme of work, the recommendations provided can be broadly categorised into three 

main areas, which are summarised in Figure 39. 

• Transitioning ePRaSE from research to use in routine practice 

• Strengthening the reliability and validity of ePRaSE 

• Extending the scope of ePRaSE  

10.6.1. Transitioning ePRaSE from research into routine practice 

The transition of ePRaSE from research into routine practice requires careful consideration 

and intentionality. Large-scale evaluations of digital health tools reveal that many innovations 

fail not because of technical deficiencies but due to inadequate attention to the process of 

normalisation, which ensures new technologies become embedded in routine practice. (371, 

372)  



 222 

Firstly, at the time of the ePRaSE launch in October 2022,  90 hospitals in England were 

reported to have implemented EP systems.(20) Fifty-six hospitals registered and completed 

the initial parts of the ePRaSE assessment, with only 45 hospitals completing all parts and 

obtained results. This suggests some trusts were reluctant to engage with the assessment and 

challenges also emerged in completing the assessment, despite follow up emails and support 

being provided. A lack of time and perceived lack of relevance in some specialist settings (such 

as mental health hospitals) were reported as reasons for non-completion. To strengthen 

hospital buy-in for future iterations, it will be important to demonstrate the practical impact 

of ePRaSE through case studies from early adopters and by highlighting tangible benefits of 

assessment completion.(20, 373) For example, some sites implemented new CDS features, 

such as restricting insulin prescribing to units rather than millilitres, in direct response to 

issues identified by ePRaSE.   

Supporting end users to interpret the findings of their ePRaSE assessment is important going 

forward and to sustain engagement with ePRaSE over time. Creating communities of practice 

would drive innovation by convening users to share ePRaSE scores, best practices, and 

customisation strategies, thereby ensuring that insights are systematically exchanged rather 

than siloed.(374, 375) Continued development of ePRaSE will also be important to maintain 

the relevance of the tool with advances in EP and CDS systems.  For instance, this will include 

integrating patient-specific alerts or interoperability with emerging EP technologies, thus  

ensuring that the tool evolves alongside clinical workflows.(376) 

10.6.2. Strengthening the reliability and validity of ePRaSE 

As highlighted in Chapter 6, Section 6.10; Chapter 8, Sections 8.2 and 8.4; and Chapter 9, 

Section 9.4, several strategies have been recommended to strengthen the reliability and 

validity of the tool. Recommendations include ensuring that unrelated CDS, that is triggered 

in response to a prescribing task, does not contribute to the assessment outcome (e.g., non-

formulary alerts when testing EP system response to a drug-drug interaction). It also includes 

allowing substitution of formulary alternatives to ensure broader applicability of the tasks. 

Sociological aspects of the assessment are also important, such as consideration of the 

assessment environment to minimise distractions and recruitment of an evaluation team.   
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Further research is recommended to evaluate the use of ePRaSE with different healthcare 

professionals, specifically doctors and non-medical prescribers, to establish the most 

appropriate users of ePRaSE and to ensure diverse professional groups are invested in the 

tool’s success.(377) Further reliability and validity testing has also been recommended to 

strengthen the robustness of ePRaSE. For example, future studies to evaluate the correlation 

of ePRaSE scores with medication error rates, the impact of the ePRaSE assessment scores 

over time, and implementation of advanced validity tests to strengthen the psychometric 

profile of the assessment.  

10.6.3. Extending the scope of ePRaSE  

Further research is recommended to investigate potential extensions to the ePRaSE 

assessment, including adaptations for specialised settings such as paediatric hospitals or 

outpatient clinics, as well as high-risk prescribing areas like chemotherapy management 

systems. Such extensions would not only increase the tool’s applicability, but also test its 

normalisation potential across diverse clinical contexts, which is an important factor in 

sustained adoption.(378) The importance of routine evaluation of EP system safety and 

usability has been discussed in Chapter 2 Section 2.6. Adoption of the ePRaSE methodology 

could offer a more comprehensive evaluation of EP system safety, either by incorporating 

usability aspects into the EP system evaluation or by the design and implementation of an 

ePRaSE usability assessment module, allowing end users to select an assessment that is 

tailored to specific safety domains. Further research is necessary to inform the development 

of a bespoke ePRaSE usability tool, drawing on previous studies highlighted in the systematic 

review (Chapter 2) that incorporate usability principles into EP safety evaluation.(138, 141, 

145)  

10.7. Conclusion and final remarks 

The digitisation of healthcare, including EP systems, is a national and global priority, as 

highlighted by the World Health Organization’s Global Strategy on Digital Health 2020-2025 

and national strategies such as the NHS Long Term Plan. EP systems offer significant benefits, 

such as reducing medication errors and improving patient safety. However, challenges 
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remain, including variability in system configuration, interoperability issues, and the 

complexities of CDS optimisation. Ensuring that EP systems deliver their intended benefits 

requires robust evaluation methodologies. 

Several tools were identified that utilised simulation-based methods to assess different 

aspects of EP system safety.  Among these, the Leapfrog CPOE Evaluation Tool emerged as 

the most established methodology, having been extensively investigated in different 

healthcare settings, including longitudinal studies and studies focused on patient outcomes, 

such as reductions in medication errors. This programme of work informed the development 

of the first EP system evaluation tool (ePRaSE) designed specifically for UK healthcare settings. 

This PhD programme contributed to the development of the ePRaSE tool by establishing 

expert consensus on high-risk prescribing scenarios that reflect the breadth of CDS 

functionality. Following this, the multi-phase qualitative study provided valuable insights into 

how users interacted with the tool, informing a user-led optimisation process to enhance its 

usability and effectiveness. Findings from the quantitative study revealed considerable 

variation in EP system configuration and CDS provision across participating hospitals, 

independent of the EP system vendor, underscoring the need for shared learning and 

optimisation strategies. 

Although the ePRaSE tool was well received, with participants reporting high levels of usability 

and acceptability, several challenges were identified. These included subjective interpretation 

of test scenarios and response options, inaccuracies introduced by both tool design and user 

interactions, and errors related to participant omissions or self-correction of intentional 

errors during the assessment. Additionally, a lack of interoperability within hospital digital 

infrastructures posed significant barriers, with many participants experiencing difficulties 

accessing multiple disparate systems required to input test patient demographic and clinical 

data. 

These findings highlight areas where user interaction with the tool may influence the accuracy 

and reliability of the ePRaSE assessment. This study represents the first in-depth exploration 

of user perspectives on any EP system safety evaluation tool, offering extensive insights into 

how such assessments are perceived and utilised. As a result, these findings have broader 

applicability, providing valuable guidance for refining other EP system evaluation 
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methodologies to optimise usability and impact. Future work should focus on further refining 

the ePRaSE assessment, addressing identified limitations, and exploring strategies to improve 

digital system interoperability, ensuring that EP systems continue to evolve to meet the needs 

of healthcare providers and patients alike. 
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• Engagement with 
diverse end users 

• Shared learning through 
communities of practice 
and education

• Continued development 
with innovation in EP 
and CDS design 

•DS design 

Transitioning to 
routine practice

• Developments in tool 
design 

• Evaluation team 
approach incorporating 
diverse end users

• Further reliability and 
validity studies 

Stengthening the 
reliability and validity 

• Healthcare settings and 
specialities

• Incorporation of 
usability safety 
parameters

Extending the scope 

EPRASE (VERSION 2) 

COMMUNITY OF PRACTICE, COLLABORATIVE, EXTENSIVELY 

VALIDATED ASSESSMENT 

Figure 39: Recommendations for ePRaSE development 

Recommendations represented by three areas to progress the ePRaSE version 2 assessment to an extensively validated, collaborative suite 
of ePRaSE assessments 
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Appendices 

APPENDIX I: PROSPERO REGISTRATION 
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APPENDIX II: ePRaSE Standard Patient Template  

 

ePRaSE Test Patient Scenarios 

ePRaSE 
REF: 
 
 

Standardised Patient:  

 

Prescribing Indicators linked to  standardised patient: (see test scripts for details)  

1. 

2. 

3.  

4. 

5. 

6. 

 

Demographics: Diagnosis: 

(In this section provide details regarding presenting complaint if 
relevant and past medical history)  

Age 
(years)  

 

Gender 

• Female 

• Male 

• Unspecifi
ed 

D.O.B.  

 

Weight 
(kg) 

 

Height (m)  

 

 

Medication History: 
(In this section provide details 
regarding the patients 
prescribed medication, prior to 
admission. This will NOT 
include the prescribing 
indicator “test” medication but 
may include interacting 
medication.) 
 

D
o

s
e

 

R
o

u
te

 

F
re

q
u

e
n

c
y
 

 
Name of medicine: 
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APPENDIX III: eDelphi Consent 

  

CONSENT TO PARTICIPATE IN DELPHI STUDY 

Research Question: What are the important patient safety parameters that can be detected 
by electronic prescribing systems to prevent patient harm? 
 
You are being asked to participate in a Delphi Study to establish the important patient safety 
parameters that can be detected by electronic prescribing systems; to inform the 
development of an electronic prescribing systems evaluation tool (ePrASe).  

 
You were selected as a possible participant in this study for one of the following reasons: 

• You are a national or international expert in: 
o patient safety 
o drug-drug interactions  
o electronic prescribing systems 

• You are an experienced user of electronic prescribing systems with specific 
interest in this field. This includes EPMA leads, medical staff, clinical 
pharmacists and nurses 

 
 
Procedures  
If you volunteer to participate in the Delphi Study, we will ask you to do the following: 
 
1. Read the Delphi Study Information Sheet. Consent to participate after reading this 
consent form. You will then be registered as a study particpant and will be allocated a study 
number by the principal investigators.  

2. On receipt of Round 1 invitation email, complete the survey in accordance with the 
instructions provided and submit to the SurveyMonkey web site within two weeks of the 
initial invitation email.  

3. Two weeks later, you will receive the Round 2 invitation email. Complete the survey in 
accordance with the instructions provided and submit this to the SurveyMonkey web site 
within two weeks of receipt. 

4. Two weeks later, you will receive the Round 3 invitation email. Complete the survey in 
accordance with the instructions provided and submit this to the SurveyMonkey web site 
within two weeks of receipt.   
 
Within two weeks, you will receive the final consensus that has been agreed by the Delphi 
expert group and the ePrASe project board.  

 
Time Commitment 
Your participation all three rounds of the Delphi Study is appreciated. This will involve the 
time taken to read the Delphi study information sheet and consent form (approximately 30 
minutes); completion of the Delphi is estimated to take 30 minutes per round for three 
rounds of survey.  Overall participation in the Delphi Study will take approximately two 
hours.  The timeline for the Delphi Study will span a total of two months. 
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APPENDIX IV: ePRaSE User Guide 

 

 

 

 

“Helping us optimise our systems” 

 

User Guide 

For the ePrescribing Risk and Safety Evaluation Tool 

Introduction 

 

ePRaSE is a web based tool intended to help NHS hospital sites assess and evaluate their e-

prescribing systems to support optimisation and reduce harm caused by adverse drug events, 

ultimately improving medication safety. 

The tool provides a set of ‘fictional’ patients which users set up in their live or test prescribing 

environments and then provides a set of randomised prescribing scenarios to challenge their 

system responses to risk. The performance of the prescribing system to the risk scenarios is 

provided in real time with a text based report and accompanying visuals. This is intended to 

guide and assist e-prescribing system users and new implementers in the optimisation of their 

systems. 

Version 2022 is suitable for all sites actively using electronic prescribing systems for adult 

inpatients. 

ePRaSE Tool version 2022 is accessible to registered users with nhs.uk or nhs.net emails 
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accounts. Version 2022 creates an institutional report, against which up to four users from 

the same institution can register. 

The web based ePRaSE application is compatible with all modern browsers: Google Chrome, 

Mozilla Firefox, Opera, Safari and Edge.  

 

 

 

Press the Start button to access the login page and registration button. If you are registering 

for the first time click the Register button, otherwise enter your login details that will take 

you directly to the home page. Up to four users with individual email accounts may register 

with one institution. All institution users will work with the same patient set. 
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Clicking Register opens the full user registration page. 
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Please enter your NHS email address, select your institution and create an account password. 

Please keep a record of your password securely. Click the Register button to confirm. You will 

be directed to the login page where you will be able to login with your email and password. 

Once successfully logged in, you will see the ePRaSE home page. 

 

 

 

 

The home page has a bottom button bar which will produce pop-up windows for About, 

Instructions and Contact. The Reports button will take the user to any existing institutional 

reports. Example of the Contact pop-up below.  
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Click on the ‘Begin 2022 Assessment’ button to start. Any progress you (or another user 

registered with your institution) may have made on the assessment so far, will show in the 

ASSESSMENT STATUS line highlighted above the button. 

 

 

In the case below, progress has already been made on the 2022 assessment and clicking 

Continue 2022 Assessment will take the user to the stage in the assessment where additional 

patient data is entered. 
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At the start of the assessment the first stage is to enter details about your ePrescribing 

system. Some of the questions appear conditionally on the previous question being selected 

as ‘Yes’.  

 

 

 

Below these required questions are checkboxes that ask about the ePrescribing system in 

more general terms.  



 265 

 

 

 

The following section shows your auto-generated patient set. This will consist of 15 adults. 

Only basic information about the patients is supplied at this stage. 

 

 

 

It is important to click the Done button at the bottom of the page, to save this set of patients 
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to your institution’s 2020 assessment. 

In the next stage, more details about each patient must be entered. Ideally, do this a day 

ahead of the actual assessments and enter any system information in the form of alerts or 

difficulties into the text box provided. 

 

 

 

Once you have worked through the 15 patients, the Next button will change to a Done button. 

Make sure you click this to save your progress through the application. 

If possible, you need to add clinical 

information for each patient onto 

your system – you may need 

assistance from other individuals 

in your organisation. 

Please read and enter carefully all 

information exactly as presented. 

Check everything has been 

entered correctly. 

Record any system alerts or 

difficulties you experience when 

completing this stage 
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You are now nearing the scenarios stage of the assessment and will be taken to a page with a 

timer counting down. You can wait with the browser open until the Next button is activated, 

or exit the application. If you leave and log back in later, you will be fast tracked to this page. 

It is important to set aside enough time to work through the scenarios, as once started, the 

section must be completed fully.  

 

 

 

Prescribe test scenarios 

In the final stage of the application you are presented with a series of tests. There are 45 

scenarios to complete, plus 2 free format questions. In each test you are presented with a 

specified patient name from the previously set up group of patients. Select the appropriate 

patient from your test environment and prescribe the medication as detailed in the scenario 
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presented. Record the relevant advice or information that you receive while completing the 

task. Once you have clicked Next, you will not be able to return to this page again. 

To avoid complicating system responses, please discontinue the prescription order before 

proceeding to the next scenario. 

 

 

 

The drug being prescribed may require an antibiotic rationale. If this is the case, this 

information is also given. If a drug is unavailable in the system, please choose the last option. 

 

Always check you have selected the 

correct patient 

Prescribe the medicine 

‘exactly’ as stated, following 

your normal processes 

Select a response from the 

options provided. Click on 

the icon to see further 

information on those 

options 
Choose this option if medication is unavailable 
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Accessing tooltips 

 

 

 

 

 

Use this indicator 
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If the system response option selected is ‘You were able to complete the prescription, with 

system/user intervention’, further form fields will appear on the page as shown below. This 

is to provide the option of giving intervention feedback. It will be necessary to select an 

intervention of type ‘Alert’, ‘Advisory’ or ‘Both’ before proceeding. The checkboxes and input 

box are optional. 

 

 

There will be some free format questions appearing in the assessment sequence. These are 

simple yes or no answered questions. Please respond appropriately before moving onto the 

next patient scenario. 

NOTE: the tool includes some ‘deception analysis’ which checks for false positives. E.g.,orders 

that should not have generated any warning or alerts in the hospital’s EP system. 

Continue to work through the scenarios until all the tests are completed, indicated by the 

Done button appearing.Click  Done to continue to the Assessment Report page 

Choose one of these options 
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Assessment Report 

 

The assessment report consists of a table based summary and accompanying charts that give 

a more detailed analysis of the questions and their results.  

 

 

 

 

Linked from this page are various charts that give a breakdown of EP system responses to the 

scenarios. 

1) Results by category and percentage 

a) The number in brackets next to each category indicates the number of questions 

taken in that category 

b) Mitigation percentages relate to the questions in each category 

c) All category percentages relate to all of the valid tests in all categories 

2) EPMA risk mitigation chart  

3) Percentage response by error category 

 

 

 

 

 

Extreme risk summary 

User/system Interventions summary 
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The overall mitigation results are shown as pie chart sections. 

Mitigation groups 

All category percentages 

Individual categories with 

number of relevant questions 

taken within that group 

Overall mitigation results for all 

categories with valid tests 
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A bar chart shows the mitigation percentage breakdown by category. Empty columns reflect 

where no questions were available in this category. 

 

 

Once a report has been completed, it will be available via the Reports button on the home 
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page. The assessment is designed to be taken once on a yearly basis. You will have access to 

your institution’s test data only. 

Future versions will provide summary charts to allow users to compare their system results 

with those of other anonymised organisations. 

 

Disclaimer: The ePRaSE tool is not intended to provide users with guidance about its 

implementation of electronic prescribing systems. It is not intended nor should it be 

considered by hospitals, other NHS agencies, patients, or any other users of the test results 

as a comprehensive audit or verification of the prescribing system. 

The tool is offered on an as-is basis and the Newcastle upon Tyne Hospitals NHS Foundation 

Trust and Newcastle University do not warrant or guarantee the accuracy or rigor of the 

protocols or implementation of the tool or its use by hospitals and testers. 
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APPENDIX V: Interview Guide 

 

Study Title: An evaluation of the functionality and usability of the ePrescribing risk and 
safety evaluation (ePRaSE) tool.  

 

Interview guide 

 

Introduction paragraph  

I am Jude Heed, interviewing respondent ………. 

Thank you for agreeing to participate in this study. In this interview, as an expert in clinical 

informatics, I would like to gain your impressions of using the ePRaSE simulation tool. I am 

interested in your opinions whether these are positive or negative. 

 If there are any questions you do not feel you can answer, we can easily skip over that I 

would be grateful if you could give me a verbal confirmation that you have seen and read 

the information sheet and that you have read and signed the consent form. 

This interview will take about 45 minutes. All information is confidential. It will not be 

possible to link the information you disclose back to you. Participating in this interview is 

voluntary and your response will not affect you in any other way. 

I may ask you for clarification about what you describe and may ask for examples. In 

addition feel free to stop me if you have a question or need any clarification. 

I would like to tape record our interview so I can go over it later and type it up. I will destroy 

the tape after I have completed this study; would that be okay? So is it OK if we begin? 

 

 
QUESTIONS / THEMES  
 
Questions providing background information about use of electronic prescribing systems within 
the organisation 
 

1. How are electronic prescribing systems managed with your organisation?  
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Prompts: Pharmacy team? Multidisciplinary approach? How many staff? How are roles and 
responsibilities determined?  
 
 
Questions about the concept of ePRaSE tool with a focus specifically on the prescribing tasks 
 

2. Do you think evaluation tools (like ePRaSE) for e-prescribing are desirable?  

• Why do we need to evaluate them? What are the problems / risks?  

• Is the process perceived as supportive or judgemental?  

• What are the best ways of supporting optimisation of e-prescribing systems?  
 
 

 
Questions about user experiences of the ePRaSE tool 
 

3. Can you tell me about your experiences with the ePRaSE assessment?  

• Was it easy to complete? 

• Who was involved? 

• How did you use the user guide? (Before / during / not at all)  

• How long did it take to complete? (Did you complete all at once or in stages?) 

• Did you find the instructions (within the assessment) clear? 
 
Taking each part of the assessment in turn (using the user guide as a prompt) 

 
4. Can you talk me through your experiences of each part of the assessment 

• Registration process 

• EP system deployment section 

• Inputting patient demographic data 

• Inputting clinical data 

• Completing the prescribing tasks  
 

5. Exploring any difficulties encountered when using the ePRaSE tool? 

• How were the difficulties managed / resolved. 
 

6. Exploring tool clarity and accuracy?  

• Is the tool ambiguous in anyway?  

• Did you struggle to interpretate any of the questions, meaning of the response options? 
 
Questions about the relevance of the ePRaSE tool. 
 

7. Do you think the ePRaSE tool evaluates the safety of your e-prescribing system? 

• Are the scenarios relevant / meet your expectations? 

• Any omissions that you think should definitely be included as core tests?  
 

8. How do you think the ePRaSE tool could be improved? 
 
Questions about the results of the ePRaSE assessment 
 

9. What is your impression of the results obtained for your organisation?  

• Do you think they are accurate (in your opinion)?  

• Are the results meaningful to you / your organisation?  
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10. What factors within your organisation may have impacted on the score your obtained?  

Prompts: Local configuration? Vendor limitations / advantages? Staff resources?  
 

 
11. What is your impression about the visualisation of the results?  

• How could they be improved?  
 

12. Can you use these results to optimise your e-prescribing system? 

• What would be helpful to facilitate this? 
 
 

Questions about the broader use of the ePRaSE tool. 
 

13. Benefits outside of individual evaluation?  
 

14. Do you think ePRaSE will increase shared learning and drive optimisation of systems? 
 

15. Do you have any other comments?  
 
Concluding remarks will end the interview:  
 
That was the last question on this interview. As I mentioned earlier, all data are stored anonymously 
and you will not be identifiable from any uses of these data. If you would like any further information 
about the study, please don’t hesitate to contact me. My details have been provided on the 
information sheet. Thank you for taking part in this interview. 
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APPENDIX VI: ePRaSE Participant Information Sheet  

 

Study Title: An evaluation of the functionality and usability of the ePrescribing risk and 
safety evaluation (ePRaSE) tool.  

 

Participant Information Sheet  

 

Names of Investigators:  Professor Sarah Patricia Slight; Professor Neil Watson; Professor 
Andrew Husband; Jude Heed; Stephanie Klein; Rebecca Osselton.  

 

Sponsor: Ann Slee, NHS England. 

 

Invitation paragraph  

You have been invited to take part in a research study. Before you decide whether to take 
part, it is important for you to understand why the study is being done and what it will involve. 
Please take time to read the following information carefully. If there is anything that is unclear 
or if you would like more information, please ask. Thank you for reading this.  

 

Background  

The evidence suggests that electronic prescribing systems can reduce medication errors and 
adverse drug events. However, there is variability in the magnitude of observed effects due, 
in part, to how different systems are configured and implemented. NHS England has 
commissioned Newcastle-Upon-Tyne Hospitals NHS Foundation Trust to develop and 
implement an ePrescribing risk and safety evaluation tool (ePRaSE) to evaluate the 
effectiveness of implemented electronic prescribing systems in hospital inpatient settings 
across the UK. This study aims to investigate the functionality and usability of the ePRaSE 
version 2022 tool and to explore your views and experiences of how well the tool works.  

What does the study involve?  
We would like you to pilot the ePRaSE version 2022 tool on your ePrescribing system and ask 

if you could verbalize your thoughts during the activity. This tool is still under development 

and it is important for us to gain insight into how well (or not so well) the tool works in 

practice. We would also like to explore your overall perceptions of using the ePRaSE 

simulation tool by conducting an interview with you.  

 

Why have I been chosen to take part?  
We have selected your hospital Trust because you are using an implemented ePrescribing 

system 
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What will I be asked to do if I take part?  
You will be asked to use the ePRaSE tool in the live domain of your hospital e-prescribing 

system or if this is not possible, the pre-production domain may be utilised. The accuracy of 

the results obtained will be reduced if the pre-production domain does not mirror the live 

system. ePRaSE is a web-based app and is compatible with all internet browsers.  

 

The ePRaSE simulation involves uploading a number of test patients into your system, which 

will be carried out by the clinical informatics team, before performing a series of prescribing 

tasks, and reporting how your system responds to these tasks. During the prescribing tasks 

you will be asked to verbalise your thoughts and provide feedback as the tasks are being 

carried out. A researcher will also be present to observe how the system responds. The 

process will be videoed and, if you choose to participate in the interview / discussion 

afterwards, this will be audio recorded with permission. Participation involves a time 

commitment of approx. 3-4 hours in total for the simulation (1 -2 hours for completion of the 

prescribing tasks).  

 

Potential Risks and/or Benefits to Participants 
There are no known potential risks to the participant, but a time commitment is required to 
complete the tasks. Participants will not benefit directly but do have the opportunity to gain 
insight into how their electronic prescribing system responds to the tasks and participate in 
further evaluations, if interested.   
 
Payment for Participation  
You will not receive any payment for participating in this study. 
 
Confidentiality 
The findings will be collated anonymously. Any screenshots or direct quotes taken from the 
simulation and/or semi-structured interviews may be used as part of the study report but will 
not allow the participants or Trusts to be identified. 
 
Participants’ Rights 
Your participation in this research study is voluntary. You can decide not to participate or 
withdraw your consent at any time prior to analysis of the data.  
Who is funding the research?  
This research is part of the ePRaSE development which has been commissioned by NHS 
England and will be delivered by Newcastle Hospitals NHS Foundation Trust, in conjunction 
with Newcastle University.  
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Mrs Jude Heed, PhD student, Newcastle University, will conduct the study; she can be 
contacted at:  jude.heed@newcastle.ac.uk 
 
Research ethics  
The study complies with the ethical requirements of Newcastle University and does not 
require approval from the Health Research Authority or Research Ethics Committee. 
  

Questions, Comments or Concerns 
If you have any questions, comments or concerns about the research, you can email the 
following researchers who would be happy to discuss the study further:  

sarah.slight@newcastle.ac.uk 

andy.husband@newcastle.ac.uk 

How to respond? 
Your participation in the study would be greatly appreciated, if you are able to participate, 
please email the researcher providing details relating to availability during May 2022. If you 
would prefer not to participate, please indicate by return of email.  
 

Thank you for reading this information sheet.  

  

file:///C:/Users/judeh/AppData/Local/Temp/jude.heed@newcastle.ac.uk
mailto:sarah.slight@newcastle.ac.uk
mailto:andy.husband@newcastle.ac.uk
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APPENDIX VII: ePRaSE Consent Form 

Study Title: An evaluation of the functionality and usability of the ePrescribing risk and 
safety evaluation (ePRaSE) tool.  

 

Participant Consent form 

 
 

Study Title: An evaluation of the functionality and usability of the 
ePrescribing risk and safety evaluation (ePRaSE) simulation tool.  
  

Name of Researcher: ___________________________  
Name of Participant: ___________________________  
 
  Please 

initial 
box 

1 

  

I confirm that I have read and understand the 
information sheet version number 
…………dated………… for the above study and have 
had the opportunity to ask questions.  

 

2 I understand that my participation is voluntary and 
that I am free to withdraw at any time, without giving 
any reason.  

 

3 I understand that I can withdraw from the study at any 
time, without consequence. Any data collected so far 
will only be used in the project analysis if I consent to 
its use.  

 

4 I understand that the interview will be recorded and 
that anonymous direct quotes from the interview may 
be used in the study reports. 

 

5 All information supplied will be kept confidential. Any 
information reported will not enable you to be 
recognised.  

 

6 I understand that the researcher may need to discuss 
professional issues that arise during data collection. 

 

7 I agree to take part in the above study.  

 

 

 
Name of Participant: _____________ Date: _________  Signature: __________ 
 
Name of Researcher:  _____________Date: _________ Signature :__________ 
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APPENDIX VIII: ePRaSE Debriefing Sheet 

 

Study Title: An evaluation of the functionality and usability of the ePrescribing risk and 
safety evaluation (ePRaSE) tool.  

 

  

Debriefing Sheet 
 
Names of Investigators:  Professor Sarah Patricia Slight; Professor Neil Watson; 
Professor Andrew Husband; Jude Heed; Stephanie Klein; Rebecca Osselton. 
 
Sponsor: Ann Slee, NHS England. 
 
Thank you for part in the ePRaSE study; your participation is much appreciated.  
 
Confidentiality 
The findings will be collated anonymously. Any screenshots or direct quotes taken from 
the simulation and semi-structured interviews may be used as part of the study report 
but will not allow the participants or Trusts to be identified. 
 
Participants’ Rights 
Your participation in this research study is voluntary. You can decide not to participate 
or withdraw your consent at any time. 

Who is funding the research?  

This research is part of the ePRaSE development which has been commissioned by NHS 
England and will be delivered by Newcastle Hospitals NHS Foundation Trust, in conjunction 
with Newcastle University.  

 

Research ethics  

The study complies with the ethical requirements of Newcastle University and does not require 
approval from the Health Research Authority or Research Ethics Committee. 

  

Questions, Comments or Concerns 
If you have any questions, comments or concerns about the research, you can email 
the following researchers who would be happy to discuss the study further:  

sarah.slight@newcastle.ac.uk 

andy.husband@newcastle.ac.uk 

Study Findings 

If you would like information about the overall study findings once data collection and analysis 
has been completed, please email the researcher at 

jude.heed@newcastle.ac.uk. 
 

 

Thank you for reading this debriefing sheet.  
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APPENDIX IX: COnsolidated criteria for REporting Qualitative studies (COREQ): 32-item checklist. 

 

Number Item Guide questions / description Reported on manuscript page 

Domain 1: research team and reflexivity 

 

1 Interviewer Which author(s) conducted the interviews? Methods Chapter  

2 Credentials What were the researcher’s credentials? E.g., PhD, MD Methods Chapter  

3 Occupation What was their occupation at the time of the study? Methods Chapter  

4 Gender Was the researcher male or female?  Methods Chapter  

5 Experience and training What experience or training did the researcher have? Methods Chapter  

Relationship with participants 

6 Relationship established Was a relationship established prior to study commencement? Methods Chapter 

7 Participant knowledge of interviewer What did the participants know about the researcher?  

E.g., reason for doing the research 

Methods Chapter  

8 Interviewer characteristics What characteristics were reported about the interviewer?  

E.g., bias, assumptions, reasons and interests in the research topic  

Methods Chapter 
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Domain 2: study design 

Theoretical framework 

9 Methodological orientation and theory What methodological orientation was stated to underpin the study?  

E.g., grounded theory, ethnography, discourse analysis 

Methods Chapter  

Participant selection 

10 Sampling How were participants selected? E.g., purposive, convenience, consecutive Methods Chapter 

11 Method of approach How were participants approached? E.g., face-to-face, telephone, email Methods Chapter  

12 Sample size How many participants were in the study?  Results Chapter  

13 Non-participation How many people refused to participate or dropped out (with reasons)? N/A 

Setting 

14 Setting of data collection How was the data collected? E.g., home, clinic, workplace Methods Chapter  

15 Presence of non-participants Was anyone else present besides the participant and researcher? N/A 

16 Description of sample What are the important characteristics of the sample? E.g., demographic data Methods & Results Chapter  

Data collection 

17 Interview guide Were questions and prompts provided by the authors?  Methods Chapter 

18 Repeat interviews Were repeat interviews carried out? If yes, how many? N/A 

19 Audio/visual recording Did the researcher use audio or visual recording to collect the data? Methods Chapter  
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20 Field notes Were field notes made during/after the interview? Methods Chapter  

21 Duration What was the duration of the interviews?  Results Chapter 6 

22 Data saturation Was data saturation discussed? Methods Chapter  

23 Transcripts returned Were transcripts returned to participants for comment/correction? Methods Chapter 

Domain 3: analysis and findings 

Data analysis 

24 Number of data coders How many data coders coded the data? Methods Chapter 

25 Description of the coding tree Did authors provide a description of the coding tree? Methods and Results Chapters 

26 Derivation of themes Were themes identified in advance or derived from the data? Methods Chapter  

27 Software What software, if applicable, was used to manage the data? Methods Chapter  

28 Participant checking Did participants provide feedback on the findings? N/A 

Reporting 

29 Quotations presented Were participant quotations presented to illustrate the themes / findings? Was 
each quotation identified? E.g., participant number 

Results Chapters 6-8 

30 Data and findings consistent Was there consistency between the data presented and the findings? Results Chapters 6-8 

31 Clarity of major themes Were major themes clearly presented in the findings? Results Chapter 6-8 

32 Clarity of minor themes Is there a description of diverse cases or discussion of minor themes? Results Chapter 6-8 



 286 

APPENDIX X: Newcastle University Ethics  

 



 287 

APPENDIX XI: ETHICS REVIEW 

 

 


