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Introduction
Organisational Context
Betsi Cadwaladr University Local Health Board (BCULHB), in line with other Welsh Health system structures, is an amalgamation of Primary, Secondary and intermediate care facilities across North Wales. There are three acute hospital (secondary care) sites with major Emergency departments (ED) serving a population of approximately 650000 persons. Not unlike other areas within the UK, there is a free, seamless passage of patients through various parts of the system, leading to large number of workflows on a daily basis.
There has been a gradual digital transformation within healthcare that is taking place across the United Kingdom in line with national strategies (Informed Health and Care, Welsh Government, 2015), but pace of development has remained slower than optimal in every sphere. In this gradual digitisation agenda, activities relating to scheduled care (planned care) has been the ‘low hanging fruit’ with relatively easy wins having been achieved over the years (digital dictation, document repositories to store clinical communications, electronic referral management between primary, secondary and tertiary care to name a few examples), but the domain of unscheduled care has remained a more challenging area to make significant progress in, at least in part owing to the increasing complexity and variety of clinical pathways at work at every level. 
Every acute hospital site with an emergency department faces the challenge of managing the demands in resource terms of unscheduled care on a daily basis across the NHS, as evidenced by the relentless focus on ED waiting times by national and local health & care leaders. The challenge of managing an unpredictable ED attendance rate (that is affected by local, regional and national factors) with a finite resource arrangement remains the central challenge for most organisational leads.
The use-case
The process of managing acute emergency admissions in hospitals are often subject to subtle variations, but the usual process involves a central hub/person/group of persons receiving the referrals from a variety of routes (ambulance attendances, ED referrals, GP referrals, day case units, minor injury units etc). The receipt of the referrals would trigger a certain workflow that involves preparation, assessment, investigations and subsequent decision making with several possible outcomes (admission, discharge, transfer, discharge to re-assess, re-triaging into other clinical pathways etc).
Welsh Patient Administration System (WPAS) is the system that is in use across every acute hospital in Wales, and has an ED module which manages ED attendances, and ‘admissions’ are managed through a different module within the same system. However, the system is not configured to capture patients who are yet to arrive in the hospital (following referral from other sources) and therefore does not serve the purpose of creating a worklist for admitting teams to progress through. WPAS has the ability to deliver lists of ED attendances and admissions, but does not have the ability to ‘manage’ the transition between an attendance and an admission in process terms. Inevitably, the gaps are met with paper based manual processes in every acute hospital across Wales.
A variety of systems operate across the country to manage the flow of these referrals and subsequent handling of the process and information. Across Wales, all acute hospitals employ a system that combines paper processes and handwritten whiteboards as a listing mechanism for incoming referrals, given that the national platforms have yet to focus on this area of work in the unscheduled care sector.
In most secondary and tertiary hospitals, a typical ‘receiving unit’ (a team of relevant clinical personnel with a variety of resources in the form of admission units, assessment areas, examination facilities, investigations capabilities to name a few) comprises of staff who are ‘on call’ on a rotational basis who will/need to be contacted to initiate and complete the referral process, triggering the workflow that could result in a variety of outcomes. A typical ‘on call team’ for a single specialty is likely to comprise up to 5 or 6 doctors of varying grades (there’s a hierarchical arrangement to ensure the appropriate level of seniority is available to cope with a wide variety of clinical situations) and occasionally, members of the nursing team and other allied health professionals (AHPs). The team is headed typically by a Consultant practitioner in that specialty who may or may not be resident round the clock. The team will make way to the incoming team when shift changes occur.
The above configuration lends itself to splitting tasks of varying levels of intensity/complexity across the team members, and therefore at any given point, any member could ‘receive’ referrals, the details of which may be captured in pieces of paper, notebooks, white boards and sometimes on simple applications like Excel or Word sheets on desktops within the assessment areas. The room for error in the aforementioned system gets exposed regularly in every hospital with patients being ‘missed’ from work lists leading to delayed care and potential harm. There is a steady stream of events where slips of paper with patient identifiable stickie labels are found in inappropriate areas, despite regular alerts being raised about Information governance concerns. The system depends on a robust handover mechanism to ensure tasks & patients receive seamless care. The likelihood of care to experience fragmentation, gaps and duplication remain higher than acceptable as evidenced by a steady rise in events reported through the Datix system (a risk reporting and management system in place within BCULHB)
As the unrelenting pressures on unscheduled care systems rise, assessment areas and admitting facilities remain congested with a higher throughput than what the systems/resources were designed for. This phenomenon, combined with prolonged ambulance waits (and the resultant pressure to hand the patient over to any part of the system) leads to a systemic ‘scattering’ phenomenon where patients may enter through a variety of portals (wherever there is capacity), and the cohort of admissions arriving in any given segment of time are seldom in a single geographical area within the hospital. This potent mix of factors stretch the organisation’s ‘admission’ process in the extreme.
The manual system lends itself less well to prioritisation within the lists of patients, as the default arrangement of chronological sequencing comes to pass. Colour coding and highlighting leads to a rudimentary prioritisation exercise, but there often is very little intelligence applied to the sequencing of assessment of patients. In ED, there’s a very clear, evidence based triaging process that is supported by digital systems that is followed across the UK, but same does not apply to specialty intakes. This could perhaps be the result of the enhanced focus that exists on ED waiting times in national policy terms and the accurate monitoring that is required for this activity.
Remarkably, there are no commercial systems that are available to procure to address this gap in functionality despite a reasonable search for this requirement amongst industry partners. The lack of commercial platforms to address this important function was confirmed during the literature search undertaken for this essay. This functionality is quite likely to be available in end to end electronic patient record systems (EPR), but this point requires verification. EPR is far from ubiquitous across the UK, and none of the Health Boards (HBs) within Wales are served by a complete EPR system.
The development
In 2018, within BCULHB, a proposal was presented with the following high level objectives, to configure a software that could digitise this key function.
1. Design an application that can be accessed from anywhere within the health board
2. Create a dynamic single worklist that collects all incoming referrals through a variety of sources
3. Provide a platform that allows intelligent prioritisation
4. Improved ability to ‘plan’ for admissions (requesting medical notes, preparing diagnostics to name a couple of aspects)
5. Ability to audit the admissions process.
The functionalities that were sought prior to the construct of this platform were
1. Linkage to WPAS for demographic data
2. Linkage to WPAS for location of patients
3. Capture the following data fields for all admissions on receipt of referral
a. Source
b. Status (arrived/En route/deferred/already in ED etc)
c. Location
d. Admission reason
4. Following arrival of patients
a. National Early Warning Score (NEWS)
b. Time assessment initiated (A process termed as Clerking)
c. Time assessment completed
d. Senior review undertaken (a process known as ‘post take review’)
5. A patient page with relevant clinical details relating to the patient’s progress of care, including a ‘task list’ that can facilitate robust handover.
6. Provide an overview table that displays patients in a list format by various filters allowing prioritisation
7. Some functionality to view/search for historic admissions that may have occurred at any point within the database.
It was envisaged that the following benefits would be achieved with implementation of such a system.
Clinical
1. Provision of a panoramic view of the numbers of patients at various stages of assessment allows dynamic planning and resource allocation
2. Avoidance of the ‘missing patients’ phenomenon
3. Ability to allocate patients to different subspecialties on the system, which will promote the right patient, right time, right specialist approach.
4. Ability to prioritise patients based on acuity (NEWS score) rather than chronology, which will likely reduce clinical risk associated with acutely unwell patients.
Organisational
1. Oversight of the acute take to manage resources
2. Audit and study trends and challenges within the workflow.
3. Inform future service design to allow planning for admission avoidance schemes.
An Informatics mandate process was completed, and the development of the ‘Emergency Admissions System’ software was sanctioned within BCULHB. After a variety of exercises of engagement and process mapping, the informatics team completed the development on a web based platform (SQL database) with an ‘easy’ user interface. Over a few months, and extensive testing, ‘go live’ status was achieved. A simplified linear sequence of a patient’s admission is presented here to illustrate the multi-step process involved during a patient’s admission.
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The system has been rolled out to the acute medicine departments across the three acute hospitals, and some other specialties have begun to utilise the system in recent months. It is probably fair to state that the system’s utilisation is at various stages of maturity across the three hospitals proportional to the longevity of the system being in place.
The EAS is a system designed to deal with a specific set of problems relating to hospital admissions, and given that the system’s main function is to capture ‘all admissions’ from ‘all routes’ into the hospital, the rollout had very little alternative to being mandatory to use. The EAS is a ‘process’ tool, rather than a complete digitisation of the admissions process, which remained largely paper based.
The design of EAS was subjected to several cycles of formative evaluation and testing to eliminate ‘bugs’ and oversights in earlier design elements, and the user interface was continually improved based on early user feedback. A ‘mock’ admission day was conducted to assess its ‘roadworthiness’ before launch date. The process is represented in the diagram in Figure 2. Although the process intended a summative evaluation, this had not occurred until this exercise.
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Implementation
The EAS has existed in slightly different versions across the three hospitals, based on local feedback and requirements, given that there are subtle variations in the process map of each hospital’s acute admission process. This also meant that the launch dates were staggered over several months to ensure learning gathered from each rollout was utilised to improve design and approach in the latter rollouts.
The COM-B framework was utilised to promote the uptake and utilisation of the tool across the various divisions it was rolled out to. The table shows some factors that were considered in the rollout strategy.
	Capability
	Provision of short spells of hands on training
	Behaviour


Promoting the use of the new tool for emergency admissions

	
	Provision of intense floor support for its embedment
	

	Motivation
	The historic handwritten whiteboard was removed to avoid ‘reverting to type’
	

	
	Avoidance of ‘missing’ patients which is extremely time consuming for staff & improving patient safety (by improving prioritisation)

	

	Opportunity
	Provision of the tool on every desktop across the health board
	

	
	Additional PCs provided in assessment areas
	



There were sessions of training, engagement and access provision for approximately 6 weeks in each acute hospital before the ‘go live’ date. The training packages were face to face, and following ‘go live’ date, staff from our informatics systems team were available to provide intense support in a visible and helpful manner for one week.
EAS is now being evaluated for the first time in a formal capacity to facilitate its ongoing deployment and address any concerns that may emerge from this evaluation exercise.

Methods
The EAS presents an interesting challenge in picking the right approach for evaluation. There were some factors relating to the development and deployment of the system that merits capturing, whilst looking at evaluation of this system
1. The system was developed with the formative evaluation cycle process, and therefore some, if not all, themes were at least partially emergent even at the point of deployment.
2. The system was co-designed by clinicians who presented the use case and BCU developers, which is a relatively uncommon feature in organic developments.
3. The scope of use of the system is limited (to capture the acute admission process and workflow) and yet, the impact of its deployment could be organisation wide, as the admissions process touches several professional groups within acute hospitals.
4. The use of the system was mandated by Senior Consultant staff who ultimately bore the medicolegal consequences of the lack of safety in the previous manual process, and this meant that the change management process was made considerably less challenging than what an extrinsic development may have presented the organisation with. Senior clinicians’ buy-in is broadly accepted as a key lever to influence change within the health sector.
The above factors led to some deliberation as the choice of evaluation method(s) and the framework to be utilised. 
In methodological terms, a simple survey may well provide useful quantitative data, but some key learning related to the rollout and the system’s effectiveness in tackling a longstanding problem and the possible rich learning that could be gleaned maybe lost on a numerical scale. Although qualitative and quantitative evaluation strategies have met with different levels of acceptance in the past, there has been an emergence of recognition of the value of utilising the relative strengths of both these approaches to evolve a ‘mixed method’ approach ( Ammenwerth, E. & Rigby, 2016). The efforts to maximise the opportunity to achieve a degree of ‘realism’ and ‘holism’ this evaluation exercise presents is seen as a higher objective than simplicity or purity. This approach has found favour in recent literature, and perhaps even is richer in its offerings whilst evaluating a real world, use case, organically developed platform such as the EAS.
Adoption, usability, acceptability and ‘success’ of digital implementations within healthcare contexts have varied over the years due to a variety of reasons, and there are several models seeking to address the determinants of a favourable outcome (regardless of the definition of such an outcome). 
Technology Acceptance Model (TAM) was the first widely used model to be considered. TAM has the advantage of being simple to apply, and was felt to be suitable given that the EAS had a fairly narrow range of functionality. However, the model perhaps has the potential to exclude some key learning related to human factors and how they interacted with the utilisation of the system.
The Unified Theory of Acceptance and Use of Technology (UTAUT) is a validated framework (Venkatesh et al., 2003) that combines several different historical approaches, and may have been an appropriate choice to study the impact and use of EAS, but there were some significant factors that meant that certain domains of UTAUT’s focus may not be entirely relevant to this system. First, the system utilisation was mandatory from the date of its launch. Second, this was a BCU development and as such, the concept of cost didn’t come into it. 
In 2006, a seminal argument emerged to apply a multidimensional fit model (Ammenwerth, Elske et al., 2006) that integrated several successful elements of a range of pre-existing models & approaches entitled the FITT framework. The FITT framework represents the balance of multiple ‘fits’ that exist between Individual, Technology and Task and contributes to the understanding of reasons for favourable or unfavourable outcomes. This approach has subsequently been utilised in several studies to explain outcomes of healthcare technology implementations (Cho et al., 2019) (Nilsson et al., 2020).
The FITT framework advanced previous evaluation models by adding a significant paradigm of assessing the fit between the task and the individual, which was felt to be critical to this exercise. The task of collating a list of admissions is an administrative task that medical staff find distracting to their overall role within healthcare. However, the vital nature of the task necessitates complete compliance with the process. It is this particular aspect that the EAS seeks to address and hence, the framework lends itself well to provide a wholesome output of this exercise.
System usability scale has generally been regarded as ‘industry standard’ for evaluating specific tools and systems, and was developed in 1986 by John Brooke and well validated over the years (Peres et al., 2013). The System Usability Scale (SUS) is seen as a reliable, yet simple, instrument for evaluating usability of any software system within and beyond healthcare. This scale is a simple 10 question model to evaluate the users’ assessment of the system, and has been validated extensively in a variety of settings. The questions used and method for calculation of the score is shown in Figure 3.
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The SUS lends itself extremely well to studying the fit between the individual and the technology, and to a certain extent, the fit between the individual and task by extension. However, the fit between the task and technology required to be evaluated with a further instrument.
Structured qualitative interviews were utilised to gather key understanding of the fit between the task and technology. A range of users were selected depending on their understanding of the system, their availability, seniority and role within the organisation. The information gathered were classified into various themes as presented in the results section.
After due consideration, the following methods of evaluation have been utilised in this exercise, providing an overall ‘mixed method’ approach, within the FITT framework
1. System usability scale (SUS) to survey users of the system
2. Utilisation of semi structured qualitative interviews to obtain views from clinical and organisational leaders to examine the effectiveness of the system for its wider strategic fit.
3. Personal experience, where applicable, has been utilised to formulate some context to the information gathered through above approaches.
4. FITT framework to analyse, evaluate and understand the survey results
The SUS was circulated widely through e-mail across staff of various grades who use the system with a contextual paragraph to explain the purpose of this exercise. Questions relating to the area of work and grade of responder were added prior to the SUS and a further free text box was provided to allow comments about the system. These comments were subsequently added to the content generated from the qualitative interviews to evolve themes from the evaluation exercise.
The invitation to complete the survey was circulated through electronic mail across various users groups, and reminders were sent out regularly to encourage completion before the closing date for the survey. A variety of training/teaching meetings were utilised to provide gentle ‘nudges’ to complete the survey through the cooperation of the staff at Postgraduate centre where these events are hosted. Personal encouragement was given to consultant staff to provide their views on this important system.

Results
The total number of users of EAS is difficult to calculate as a large proportion of them are trainees in various grades, who represent a ‘moving’ target owing to their rotational arrangements within acute hospitals. At any given point, it was estimated that there are approximately 80 users in each site who are direct users of the ‘clinical’ system at any given point. A significant number of additional users (bed management staff, senior nursing staff, matrons, management staff responsible for site safety) utilise the system to provide a snapshot in terms of numbers of patients ‘waiting’ in the system (non-clinical use) for appropriate resource planning. 
A total of 160 users were contacted with available e-mail circulation lists. All persons in this list were identified as clinical users. Unfortunately, there isn’t a clearly defined list of non-clinical users and regrettably, this group was not surveyed. It was an error that this significant group of users’ views were not captured in this evaluation for this essay (a belated realisation during collation of the survey results). It is the intention of the informatics team to extend and re-open this survey to ensure their views are gathered and understood.
A total of 53 responses (33.1%) were returned. There was an even split between the three acute hospitals amongst the respondents (Figure 4) and consultant staff were the majority of responders (n=26) making up 49%. The variety of grades of staff are represented in Figure 5. [image: ] 
Figure 4
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As indicated earlier, all respondents were ‘clinical’ users. Applying the SUS calculation method, a usability score of 75.3 was arrived at (Range 40-100). Only 2 respondents scored less than 50 and a total of 6 respondents scored less than 60. Figure 6 shows the spread of scores from respondents.
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The various themes that emerged from the SUS respondents and the qualitative interviews have been grouped in a pragmatic approach as outlined below.
Theme 1- There was a clear expression of gratitude for conceiving this system that deals with a chronic problem within acute hospitals that has long been ignored, leading to significant patient safety concerns over the years. Clinicians largely feel vindicated as they gush over the fact that a system that they have been arguing for is finally available to use. There is a clear pattern of views that emerged confirming an optimal fit between the task and the technology.
Theme 2- The system benefits from a one-way integration with WPAS, and the location of the patient can be updated by changing the location on WPAS, or on EAS itself, but the absence of a reverse interface means that the system may show a different location to that on WPAS. This one- way interface leads to a list of operational irritations that were extensively referred to in the survey.
Theme 3- The system has the ability to ‘allocate’ patients to a specific specialty as a means of distributing patients within the hospital. This feature is not currently utilised as the subsequent workflow arrangements are yet to be agreed. This has been alluded to by several users.
Theme 4- Patients are cohorted within a specified 24 hour period as belonging to one team. The rigid rollover at a fixed time of the day does not reflect the reality of how medical patients get handed over to the next shift, but the system displays the patient in the ‘original list’ based on when the patient arrived. This has led to significant frustration within the clinical teams, as they are required to check multiple pages to trace some patients to ensure they are not ‘missed’. This is a significant weakness in an otherwise strong ‘task-technology fit’. (This particular idiosyncrasy has been captured through other means and is being addressed with a fix which is yet to be published on the live system. This theme is mentioned for the benefit of providing a wholesome representation of users’ views)
Theme 5- Senior clinicians expressed a strong view that the visibility of the ‘intake of patients’ provided them with a sense of control over proceedings and allowed them to provide the right level of supervision and impetus to ensure that ‘things ticked along’ at the right pace. They felt that ‘escalated’ procedures could be deployed during periods of high demand which allowed a degree of proactivity which had not been possible prior to the inception of the EAS.
Theme 6- Some senior consultants expressed the view that one unintended consequence of ‘pooling’ the worklist in shared system has resulted in some lack of ownership amongst some junior staff, and this had the potential to reduce the efficiency of the overall team. This may well be a cultural shift in juniors’ attitudes towards simply handing tasks over to the next team in a rostered arrangement rather than ‘completing’ a worklist. This is confounded by an increasing workload that maybe the main contributor rather than the system itself, but this theme merits further examination after a period of time.
Theme 7- NEWS scoring system presented an opportunity to prioritise evaluations of patients in a clinically intelligent manner, but this requires the nursing team to interact with the system to upload the NEWS score, but this has not been utilised in a significant manner across the HB. 
Applying the FITT framework, the various fits between individual, task and technology were explored utilising the information gathered through the above methods.
Fit between individual & technology- The system usability score was calculated at 75.3, which indicates a ‘higher than average’ level of usability. This demonstrates that the system has achieved a fairly optimal fit in this particular domain. The outlying lower scores require further looking into to determine if there are particular areas of concern with the regards to the usability.
Fit between individual and task- The usability of the system to carry out the task is partially addressed by the SUS in an indirect way (as the task from a clinical perspective is carried out through the system), and the fit is reasonable in this regard. However, the interviews demonstrated some inefficiencies due to system behaviour that has some room for strengthening this fit by eliminating the idiosyncrasies within the rules relating to location changes and ‘auto clearing’ of patients. 

[bookmark: _GoBack]Fit between task and technology- The fit in this regard is evaluated through the comments in the user survey and is quite revealing in terms of the shortcomings that require attention. Several system behaviours are alluded to that require improvements in its fitness to carry out the task it was designed for. The system is well liked in its ability to deal with the ‘task at hand’ but throws ongoing errors and bugs that require immediate attention. A poor fit in this domain may well be the reason for future decline in its effectiveness and contribution to efficiency within acute clinical areas.

Discussion
The inception of the EAS and its rollout was fundamentally to improve the seamlessness of the patient journey through a multistep process. It seeks to improve patient safety by reducing errors and dislocation of patients in large acute hospital environments, and has been in place for approximately 3 years. The EAS has not been subjected to a summative evaluation until this exercise.
The results of this evaluation was revealing at several levels. The sense of vindication that clinicians expressed was quite ‘visceral’ and there was overwhelming approval that the EAS performs a valuable function within the health board. There is little doubt that there is a significant positive contribution to the efficiency of the on call teams in the provision of a ‘single’ worklist that enables team working. The system’s usability score demonstrates a level of acceptability that is perhaps less evident in other system in use within the health board, although this was a subjective view expressed in the interviews.
The interviews revealed a layer of views that perhaps will have been missed if the SUS alone had been utilised. The application of the FITT framework and the ‘mixed method’ evaluation has revealed a number of areas that require attention in order that the gains achieved by the system are maintained and built upon.
There was a perception of greater ‘control’ of the unscheduled care sector, and the visibility of the overarching picture that the system provides was felt to be helpful for planning and resource deployment, which perhaps wasn’t feasible when recording admissions using a manual process.
There was a steady number of views that clearly highlighted certain technical glitches and irritations that could be fixed to improve user experience and efficiency. The lack of a two way interface with WPAS has led to a compromise in the accuracy of patient location, which has been highlighted in several responses. In particular, there are pressing concerns about patients whose pathway ‘crosses over’ time boundaries, and these patients remain at risk of being ‘missed’ giving rise to safety concerns the system was designed to address in its founding objectives. These problems were relatively minor enough for users to still express a fairly positive view of the system, which perhaps represents the poor baseline the manual system offered. 
The operational processes such as allocations/outcomes could be improved upon by site management teams, which will likely increase the utilisation of the system for added functions that could provide further benefits to patient care. Admittedly, and unintentionally, non-clinical users were not surveyed, which indicates a degree of selection bias within the survey, and this needs to be considered as an outcome of this analysis.
The principle of ‘right patient, right place, first time’ has been widely adopted by the HB as an aspiration that health systems should work towards achieving to promote seamless care. The EAS has the potential to unlock this principle by clinicians providing robust location advice to site management teams, but this function remains underutilised. Exploration of this aspect requires further investigation by extending the survey to non-clinical users.
Patients progress from a variety of community settings into hospital care through a complex multi-step process (General practitioner’s care, ambulance, ED, Specialist referral, Specialist assessment and subsequent decision making and action), and digitising this process map in a worklist format allows robustness in the management of patients in holistic way and contributes to the seamlessness that patients experience through this complex pathway.
The FITT framework is a helpful instrument to first understand the different fits at play, but perhaps helpfully, provides an organised approach to express the knowledge gleaned to deliver the required impact. Further, it provides insights into the requirements to improve the overall fits at play to ensure the benefits of the system are fully realised. The findings of this analysis is in line with other published works on the success of the framework.
As argued by Scott, P (Ammenwerth & Rigby, 2016) in pages 102-111, the principle of mixed methods has certainly served to provide a more holistic view of the impact of the EAS within BCULHB. This evaluation exercise probably demonstrates that a satisfactory numerical scale can provide a glimpse of acceptability and usability (and contributes to the evidence base), but the value of the process is significantly augmented when a combination of methods is utilised. Perhaps most significantly, it provides a framework and avenues to work with to improve the productivity of this system, or indeed, any other real world system.
The overall contribution to patient safety of this system seems to generate a level of passion from the clinical body that has not been felt with other systems within the health board.
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