Introduction

Cardiac surgery requires a patient to be attached to a cardiopulmonary bypass (CPB) machine during the procedure. This machine, operated by a perfusionist takes over the role of the heart and lungs allowing the surgeon to operate of a still, bloodless heart. Each operation usually lasts between 5 and 10 hours. 

Whilst a patient is on CPB the perfusionist is constantly monitoring lots of parameters; blood pressure, volume, blood gas analysis (oxygen content etc), depth of anaesthesia, maintaining a non-beating heart (chemically) and controlling the temperature of the patient which is cooled between 18-34 degrees.

Historically this data was recorded manually, with a paper chart providing a summary of the CPB data that had been inputted at an appropriate time. This form would also include a ‘pre CPB’ checklist and lists of drugs used. (Ottens, 2005).

Manual data recording on a paper chart is still commonplace within surgery including the anaesthetic chart which is done in parallel during an operation however there are drawbacks which is why in 2012 a digital system for data recovery (Connect) was implemented for all cardiac surgery CPB cases within Cardiff & Vale health board. 

Disadvantages of paper charting:

· Records aren’t completed when busy (retrospective may not show accurate picture)
· Reliant on operator memory and focus
· No real time data- not possible to record every 20 seconds as with digital system
· Can be altered post event/surgery

Advantages of a digital platform:

· Complete data record
· Real time data (synced from anaesthetic machine, blood pressure etc)
· Time stamped precision of blood gas analysis, medications given, notes during procedure
· Time stamped documentation of a ‘pre CPB’ checklist

Each case generates a huge amount of data, all of which is stored securely within the programme which is licenced and only available on one computer (Perfusion office, password required). 
A succinct version of all pertinent data is then printed and added to patients’ notes which can be used by the medical team post op on the cardiac intensive care ward. 

It’s of note to mention that the data collection system ‘Connect’ is specific to the heart lung machine used. In this instance Stockert S5’. The worldwide market for cardiopulmonary bypass hardware and specifically the heart lung machines (HLM) is dominated by 3 companies; LivaNova, Medtronic and more recently Spectrum medical. When a tender for HLM’s is undertaken every 10 years each console costs approx £250,000 and each cardiac surgery department requires at least 4 therefore each company want’s the business. As such, the companies want the data collection system which is used on each case to be of a high standard to discourage a subsequent change in device used. 

The software is purchased from the companies at an additional cost and therefore it must warrant the fee as the operation is able to be done without it. The software was developed externally but with the end users providing user-centred design.

In the implementation phase there was a trial phase with feedback, a pilot period of time where both the new system and paper charts were used. There was a concern that data could be lost using solely technology based applications. 

The system collects data for all heart surgery cases (approx. 600 per year, C&V) and is used solely by perfusionists (Team of 10). This is a very specific system.
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Figure 1: The Connect Datapad is an integral part of the heart-lung machine. It is situated directly in front of the perfusionist to allow prompt documentation and recording. All components are synced to allow data from individual devices used. On this image data from 1) heater cooler unit, 2) Continuous blood gas analysis, 3) pump flow/cardiac output, 4) patient parameters & 5) ACT clot monitoring.
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Figure 2: Image of the Connect touchscreen data pad. Common drugs & key points (unique to Cardiff and Vale) have been added to support quick (1 touch)documentation.


[image: A screenshot of a computer

Description automatically generated with medium confidence]

Figure 3: Image of the Connect datapad - chart view. This allows for recognition of patterns which would have been familiar with original paper charting. 
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Figure 4: Image of Connect datapad – full record view. Patient parameters are slaved from the anaesthetic machine monitor, arterial pump and continuous blood gas analysis (CDI) and recorded every 20 seconds. Common fluids are stored to allow 1 touch documentation and minimal typing distraction. 

A well designed, system intervention with easy to use platform which aids the delivery of practice (doesn’t distract, records parameters without diverting attention etc) has the potential to improve staff morale and mood, may indirectly improve clinical processes and ultimately patient outcomes. It could be argued by researchers such as Lilford et al, 2010 that this is a targeted service intervention which has a narrow or tightly coupled effect. 

Electronic data records during cardiac surgery allows for cases to be analysed retrospectively by the team. From a safety and quality perspective this real time data is exceptionally useful for audit, research and crucially analysis following a critical incident in which team members are task focussed on the patient and unable to chart parameters. Real time data streaming removes the human component of perceived events and provides crucial information for example blood pressure and oxygen saturations at all stages of a resuscitation effort therefore quantifying time taken during critical events.(Ottens, 2005)

Whilst this targeted service intervention may initially appear to have a narrow effect in term of the downstream actions, the data that can be harnessed from this system has the potential to provide diffuse effects for cardiac surgery patents’ worldwide. This data allows both retrospective and prospective data collection. Current randomised controlled trials undertaken at a national level by the British Heart Foundation for example evaluating the ‘optimal anaesthetic (volatile/Tiva)’ or questions posed such as ‘is coronary artery bypass surgery CABG optimal at normothermia or hypothermia?’ can only be answered with high powered/large quantity of patient data.(Lilford, Chilton et al. 2010)(Weintraub, 2019).

This research will apply the FITT Framework to evaluate the usability of the Connect data recording system (CDR) within the cardiac surgery department, University Hospital of Wales. The design and evaluation are both key processes for ensuring informatics interventions work.(Coiera 2019) However, often the evaluation part is missed or not prioritised once implementation has occurred. Logistics and finance can have an effect; ideally the evaluation would focus on the efficacy of the product initially followed by effectiveness; which system should be chosen amongst competitive alternatives (Coiera 2019) but it’s often the case that the effort (time and financial) is significant during initial stages that once active it can be hard to change and certainly swap products. Capturing the lessons learnt and experiences of a system fits within the latest government guidance (Principles, July 2021) allowing for this to be shared and utilised to promote future performance improvement.  

Methods

A motivating factor for this research is that the uptake of electronic data recording systems within cardiac surgery departments nationally is varied.

This project will utilise the FITT framework (“Fit between Individuals, Task and Technology’) developed by Ammenwerth et al, 2006. This frameworks draws on previous frameworks such as TAM (Davies, 1993), & TTF (Goodhue, 2000) however focusses on the crucial interaction between user and task. 

There are many reasons why an IT system does not achieve the desired uptake or outcome. The FITT model takes into consideration the user motivation and drive, the usability and performance of the technology and the organisation on task complexity.

The FITT framework will be used to evaluate implementation and usability of the Connect CPB data system within one cardiac surgery unit. Data collected between January – February 2022 following implementation and use since 2012. Data collected will focus on the fit between the users, the attributes of the technology system and the clinical task complexity. (Ammenwerth, 2006)

Data was collected in several ways; a 10 question survey which was designed to provide a usability score, individual semi structured interviews and a peer debrief group. Three methods of data collection were suitable as this was a small cohort of staff (10 perfusionists).

In the context of the FITT framework the ‘Individual’ represents the user group; clinical perfusion scientists recording cardiac surgery patient data.

Individual/User group; all require MSc level qualification to be gained during training which requires a certain quantity of computer literacy. Professional culture is strong with a constant drive to improve practice, motivation is high to develop accurate record keeping that could be used for clinical trials. Each operation and patient is different; the data system needs to be able to record all types of procedure and data entry. 

‘Technology’ in this case is specific to the ‘Connect CPB data recording system’ – Each heart lung machine is supplied with the datapad and system which completely replaces the original paper chart used by the perfusionist. The hardware/software, and communication required to complete the documentation. The technology includes the speed, availability, and functionality of the system. 

‘Task’ in this setting includes the activities and working processes required by the user to ensure full documentation. This includes using specific anaesthetic machines which support data acquisition via slave cabling to provide some of the patient parameters, the ability to sync with other devices used and complete a full ‘real time’ patient data chart with no omissions. 






Figure 5: Representation of the FITT framework by Ammenwerth et al,2006. The IT adoption of the Connect data system depends of the fit between each of these 3 boxes; individual, task and technology. 

Ammenwerth et al, 2006, suggest that the interaction (fit) between the 3 attributes is more important than the individual areas alone. This will be the focus of the discussions and data collected to aid evaluation and explore future considerations. 
Factors that link the task, technology and individual include the complexity level, quantity and complexity of instructions, up to date features which can be added as procedures change, technical errors or bugs (and the level of frequency) and importantly the users’ expectations from the product. 

Usability questionnaire 

The usability of a system or product has the potential to effect patient care and efficiency both positively and detrimentally. Evaluating the usability supports changes that increase efficiency, patient safety and contribute to staff value and wellbeing in work. The System Usability Scale, originally designed by John Brooke (1996) is recognised as a valid tool to access usability in many industries. Reliable results are achievable with fewer than 20 responses. (Bloom, Pott et al. 2021)

The survey was completed by the full team of perfusionists (10 staff) at one cardiac surgery unit; University Hospital of Wales. The chief perfusionist sent the email survey and requested completion therefore the response rate was 100%. 

The primary outcome was to generate a System Usability Scale score for the Connect Data system (CDS). Scores range from 0 - 100 with 0 being the worst and 100 the best; an internationally recognised score of 68 is a measure of acceptable usability. Results were anonymous and details of staff grade were not taken as it’s accepted that all perfusionists have used the system for at least 5 years, most being present during the implementation period. 

Language within the survey and the email that publicised it was kept neutral to avoid bias. The survey consisted of 10 questions, each has a response score of 1-5. The odd numbered questions were framed positively, for example ‘I think the system is easy to use’ and the even numbered questions were negatively framed, for example ‘I find the system cumbersome to use’.

The small sample number supported this data to be analysed manually calculating a SUS Score which was then given a grade, adjective rating and a number which can be placed within an acceptability range. 

Semi structured interviews 

Individual interviews undertaken by one researcher with set questions which target each area of the FITT model. Questions will deduce motivation of staff to use the system, the adoption process and the individual confidence with IT systems. Interviews will be between 15-20 minutes and the transcribed interview will be evaluated for emerging themes. The socio-organizational context will appear the same however if a new starter joined the team post implementation they would have the technological support of all team members and therefore this could impact the FITT. 

Examples of facilitators and barriers to implementation will be derived by semi structured interviews including questions such as ‘What training and tech support was provided? and ‘Did you feel that there was enough tech support during the implementation period?’.
A pilot interview was done initially to streamline the technique and question strategy. 

As themes became apparent, the focus was to interpret using the FITT framework looking at both the similarities and differences to particular questions.


Peer debrief sessions
A focus group provides an opportunity to debrief the implementation as a group. A facilitator researcher was present to observe the discussion and note transcripts. 
Example open question - How do you feel when you must revert to the original paper charting method? For example, emergency cases in different theatres or for ECMO cases which are bedside ITU.
A semi structured debrief allows unanticipated relevant issues to be brought up whilst ensuring key topics were covered.(Nilsson, Hellström et al. 2020). Discussions were transcribed in the words of the respondents alongside any necessary clarification and discussion. 

NHS research ethics committee approval was not required.
Patients and the public were not involved in the design of this study. 







Results

Email invitations to the whole team resulted in 100% response rate to the survey (10 staff), 6 consented to semi structured interviews and 7 joined the peer debrief focus session. 

SUS Survey data:
The median usability score was 77.5 This is within acceptability ranges, grade C and classed as a good rating. 

Table 1: Responses to individual System Usability Scale questions
	Question
	Median (IQR)

	1. I like using the system
	5          (4-5)

	2. I find the system unnecessarily complex
	2          (1-3)

	3. I think the system is easy to use
	4          (3-4)

	4. I need the support of a technical person to use the system
	1          (1-2)

	5. I find the system functions are well integrated
	3          (2-4)

	6. I think there is too much inconsistency in the system
	2          (1-3)

	7. I learnt to use the system quickly
	4          (3-5)

	8. I find the system cumbersome to use
	1          (1-2)

	9. I feel very confident using the system
	3          (2-4)

	10. I needed to learn a lot of things before I could get going with this system 
	2         (1-2)



X = Sum of odd results (19)
Y = Sum of even results (8)
X0 = X- 5 = 14
X0 = 25 – Y(8) = 17

14 + 17 x 2.5 = 77.5 

Usage statistics confirm that this electronic record is used for all cases (100%)

Data collection via the three methods demonstrates a good fit between individual, task and technology with a system that has been fully integrated within the unit.

Major themes identified included (1) improved legibility and documentation, (2) alterations and standardisation of reports, (3) no opportunity to try alternative systems.
Interviewees noted that if this evaluation had occurred during the implementation phase there may have been more concerns and hitches however these have been solved due to the time period and investment in training initially. 

All respondents felt that documentation level increased which is beneficial for patients and the clinical team which could impact education and patient safety. Overall evaluation was positive however discussion did suggest that the team would have liked the opportunity to try alternative systems prior to full implementation. 

This data is generated from one healthcare organisation using one data system. This healthcare organisation could also support positive findings if an alternative system was introduced as it could be the socio organisational parameters that supported the implementation of the system in addition to the system itself. 

The group debrief interviewed included the Chief clinical perfusion scientist, of note in favour of the ‘Connect data system’ (CD) was that it is easier to review staff notes and documentation in terms of legibility and all records are stored on the system in addition to within the patient notes. Legibility and reduced errors are documented in research by Alawi. (Al Alawi, Al Dhaheri et al. 2014) An advantage of overseeing patient care delivery by reading documentation allows education and mentoring to be provided if needed, these impacts haven’t been investigated further but this data suggests that CD may alter the way faculty supervise staff and can review and support notes to provide feedback on cases. (Parsons Leigh, Brown et al. 2016).

3 out of 7 interviewees would support further integration of the system which would automatically complete data on alternative platforms however others don’t object to the additional workload (5 minutes) required to add data to PATS system. 

The software has been designed to link with and store data from other intra operative devices. This wider data collection is a unique selling point and minimises additional work required by the staff. 


Summary results,
Fit between the individual and technology

The users’ impressions were positive and demonstrate a well-integrated functional platform. Standardisation is paramount however following discussion some users would like to be able to update the interface to include more individual notes. One respondent would like future versions to include the ability to add a voice recorded note. The interface is logical and clear which requires minimal training and supervision initially. The application has undergone updates; one particular update included a ‘card’ feature which accompanies the components of the heart lung machine. Scanning this card transfers all serial numbers/LOT data which in turn reduces time to manually import data. Initial training and support by a member of the team facilitated accessibility and user satisfaction. Lack of confidence in technology was initially considered; used alongside original paper charting method however staff were keen to solely use the electronic method within 3 months. This is a skilled job role where cognitive and psychomotor ability is required for the delivery of care in addition to the documentation process. The user interface is well designed to proactively reduce time; for example, using pre-programmed buttons to act as timers. 

Fit between technology and task

The system is tailored to meet the users’ expectations and patients’ requirements whilst having adequate functionality and reliability to provide the task. There was initial reservation upon implementation however this was quickly replaced by a reliance on the Connect data system. Results show that all respondents would choose this method of documentation and feel uncomfortable when a situation requires the use of the original paper chart method. A specific anaesthetic machine is required to slave the data which means that this needs to be communicated ahead of change in devices or operating location. The interaction between the information gathered and the visualisation and communication of the succinct data are appropriate. The final print out chart can be adapted to include local requirements which is beneficial. Respondents felt that the Connect support representative was available during implementation and subsequently should there be a problem. 

Fit between the individual and task

A successful implementation requires the users to be motivated to use and negotiate initial struggles. All respondents recognise that this system provides a higher level of documentation which can be accessed by the healthcare team but also has the potential to drive standards forward when used in clinical research. There are no longer concerns over ‘locating a chart’ as it can simply be printed again. This stored data can provide protection to the user and act as a memory prompt when asked for further details on a case. There is an enhanced motivation to provide the best care and the respondents perceived technology as a higher standard of care. The unit doesn’t want to be left behind when compared to others nationally. It was noted that initially receiving the approval of the manager by ‘not making a fuss’ or engaging with the new system was a motivating factor. This behavioural regulation wouldn’t have worked if the users then experienced challenges with the system and weren’t supported by the manager. Adopting this data system supported the team to have more responsibility and recognition within the working group and nationally as at the time it was considered ‘forward thinking’. 

Staff reporting positively on the experience may provide sufficient encouragement to continue an intervention particularly considering the volume of evidence that improving the safety culture is beneficial for both patients and teams. (Linford et al, 2010).

Discussion

How we measure success will determine the results and each system may be suited to different types of evaluation. Rates of adoption could allow for a marker of success however if the system is mandatory, as in this case, this would be adopted regardless of benefit or usability; user satisfaction may be one of the most significant measures. 
(Coiera 2019). The results demonstrate clear staff satisfaction and usability with the data from interviews providing key information. 

The method chosen for evaluation is crucial; the same system when tested in different clinical areas often achieves different outcomes. (Coiera, 2019). 
How implementation occurs and how it is used may influence outcomes. Cardiac surgery is a specific context however if the system is forced on a team of staff, without training or discussion the evaluation may show negative results based on the frustration of the team and not necessarily reflective of the product.

Initial implementation was supported by one designated member of staff (MR). The team felt that most questions could be answered by this team member quickly. With retrospect it can be acknowledged that this member of staff was a ‘local champion’ acting as a ‘change agent’ (Tsiknakis et al, 2008). This staff member drives the implementation and is part of the success, driving influence both by promoting the system but also involved with training and technical support. (Tsiknakis et al, 2008). 

Alternative evaluation tools may be useful but are not as relevant in this instance. The effects of the intervention can still be studied at process level which would be further to the left in an extended Donabedian’s causal chain. It may be appropriate for the primary end point to be user experience as oppose to downstream markers (patient outcome) as the impact will be dilute and hard to attribute to a small service intervention (Lilford, Chilton et al. 2010). It could be argued that prior to implementation a usability and cognitive ‘walk through’ may have been useful in addition to a pre and post intervention evaluation (National Research Council) however for this particular system and timescale FITT is an appropriate choice. 

There may not be a significant change in patient outcomes or quality of life due to the system intervention but this does not mean it should be considered a ‘system failure’ (Coiera 2019). In this instance the new ‘Connect data manager’ behaves as substitute for the original pen/paper notes as opposed to a brand new intervention however the accuracy and quantity of data is far greater than its predecessor. The team recognise these measured parameters have a huge benefit however some evaluation strategies may not show this as an improvement.  Often research places greater value on the upstream effects which are ideally ‘patient outcomes’ however this could take away from the crucial variables which include culture, leadership and staff morale – all of which could be directly affected by technological systems like Connect. (Lilford, Chilton et al. 2010) In addition to data recording a real time checklist pre surgery promotes safer surgery, strengthening the safety culture within units. (Vickers, 2011)

The value we place on receiving new information is a key factor; for this system for most cases the critical data would be delivered regardless of the format for example; urine output, volume added, length of CPB – all available in either charting method however in the circumstances of a critical incident, for example, a gross air embolism- the whole team will be task focussed in saving the patient’s life (de airing the circuit, patient, retrograde cerebral perfusion etc). No member of the team will be documenting the parameters in real time as prioritisation is paramount and documentation is not vital at that point. However subsequent review/ root cause analysis will rely on time stamped factual data to draw conclusions and it is therefore extremely useful and if for example this team were asked to comment on the value of the system it would likely score very high. The VOI – Value of Information ‘can be defined as the value we place on receiving particular data prior to making a decision’ (Coiera 2019)– therefore this can change depending on who and when it is being received. The VOI may be scored as zero to the cardiac intensive case nurse as they would receive the same data in either format and therefore no new information. 

The broader picture is not insignificant. There is a national shortage of Perfusionists. If cardiac surgery doesn’t take place due to staff shortages this is a significant expense to the trust but also potentially a critical expense to the patient. Any systems that improve working practice and support retention of staff may have an unquantified value. 

Embi et al, 2004 discuss limitations with computerised documentation and in particular the tendency for users to ‘copy and paste’ previous notes to save time. This data system supports the documentation of one patient at a time. Once the previous patient has had their operation, the notes are removed from the datapad (in theatre) and transferred to the programme manager. This ensures that data isn’t available for previous patients unless accessed from the main terminal computer in the office. The programme also ensures that notes cannot be edited once inputted- notes can be added but data cannot be changed.

The position of the datapad and therefore collection tool ensures that staff are not removed from the patient to take notes and documentation. Often a limitation of computerised data is that it cannot be documented at the bedside in real time and requires the physician to move to a computer (Embi et al, 2004) however this programme collects data throughout the operation and additional notes are added in real time. Pre determined ‘frequent use’ buttons are part of the process and therefore it does in fact speed up documentation without any logistical challenges. Figures 1-4 demonstrate this. Customisation of a system over time is vital to ensure constant usability and adaptability. (Cresswell, 2020).

Whilst availability to document in real time is vital it’s also crucial to provide a system that doesn’t distract the user from the main task of providing patient care. Human factors, distraction and task focus could pose a higher risk of errors occurring. (Wahr, Prager et al. 2013). The automatic recording of patient parameters supports the staff member by freeing them up to focus on clinical tasks. 

Limitations

This study collected data from one institution, with a small sample size of staff (clinical perfusionists). The team consists of management and senior and junior professionals. 
However Albert, 2013 discuss that meaningful results can be obtained when the relevant experience is more important than the quantity of participants (Nilsson, Hellström et al. 2020).

Data was collected at a single point in time but also at a significant time post implementation (10 years); it is likely that if done in the initial stages of the introduction the response could have been very different. Future implementation evaluations should be planned ahead of the intervention so that the evaluation data can be taken pre and post but also at timely intervals. 

It is paramount to recognise that the same IT system can be described as a success by one team and yet a failure by another and therefore future research should consider multiple teams using this system. 


The usability testing was not video recorded; this could mean that difficulties in functional use could pass unnoticed. 

Interviews were conducted by a single researcher, ideally a second interviewer would provide a validity check on interpretations. 

The research was approached with intentional consideration to reduce bias and avoided coercing the conversation however as this was done by a member of the team it’s likely that bias could have occurred. The inclusion of peer debriefing is beneficial to minimise bias however it is possible that biases may have been introduced during the collection and analysis but also by not having a new/ non invested researcher. 

These findings may not be generalised beyond the specific cardiac surgery unit at a specific institution. As discussed by Linford et al, 2010, a study without contemporaneous controls are risky. Future studies should include cardiac surgery not exposed to the intervention or also alternative interventions. There are so many factors that result in the excellent patient outcomes following cardiac surgery. If patient outcome was to be evaluated following implementation of this system it would be exceptionally hard to rule out other critical changes and developments made within the time frame. A null result as discussed by Linford et al, 2010 should not be interpreted as evidence of no effect as often the studies aren’t powered enough to examine these upsteam effects. It would not be reasonable, both time and financially to investigate this particular system to that level. 


Future directions & provision of seamless care

Objectively, despite an excellent usability score and great feedback this particular system does not add to the provision of seamless care for patients. This system is separate from the mainstream electronic records and it is only accessible to certain staff. However, it can be requested, for example, although the surgeon cannot freely access themselves they know that it is there and available if they want to do further analysis or have in depth case data.

On the one hand this system records data every 20 seconds therefore providing a ‘seamless data record of a cardiac surgery procedure’. However, it doesn’t fit well with the wider organisation or patient journey. All data stays within the system – it doesn’t automatically slot in with other electronic recording systems. Data from one is manually put into others (PATS).

The current system requires data to be slaved from an anaesthetic machine (specific model and cabling) which can pose challenges. The system is compatible with wifi data sharing however this is not done in C&V due to data privacy concerns from IT. A flash drive is required to transfer data from the theatre datapad to the main computer drive. Further advances could increase the usability and fit between task and technology. 

This system is a single part of a larger package of care. Future studies could include a broad investigative title such as ‘patient documentation throughout the provision of care for a cardiac surgery patient’; this would need to review documentation form the start (GP practice/ A&E/ ambulance) right through to rehabilitation and social care. The PATS system supports each separate section of care to add data to this larger data bank which can be accessed by more users. A smaller section of key data is inputted separately by the Perfusionist and therefore there is a duplication of work done however this additional task does support seamless care directive. An optimal system that could transfer this data automatically would be advantageous. Management has an important role as implementation and development often requires commitment in the form of more time, staffing and resources. (Kujula et al, 2020).

This system is used solely by clinical perfusion scientists who are running the cardiopulmonry bypass machine (CPB) as such the language and abbreviations are specific and familiar to these users. For example the timing chart on the printout which goes into the patient notes is concise to a point that it may not be understood by other healthcare workers. For example ‘Aorta 98 minutes’ represents the time during the operation where the aortic cross clamp is placed on the aorta and the heart is stopped with cardioplegia however this is likely not interpreted. This demonstrates a poor interoperability of the product. Reisman, 2017 discussed the challenges of interoperable electronic data records as they all have varying terminology, functional capacity and technical spec however to be fully compatible they need to not only share the data but be able to use it for the benefit of the health systema and patients. A FITT evaluation which considers only the view of the user would not highlight this flaw and therefore future research should include interviews with nurses and medical staff which may use the printed chart or data gathered.

This system and subsequent technical change in practice was chosen by the department and not mandated by the trust. A system that is implemented by choice by the user within an organisation may be described as ‘bottom up’ implementation. A benefit includes motivation and drive by the user however other stakeholders such as patients and political context should also be considered. (Cresswell, 2020). 
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