Introduction
Service context
Patients encounter medical services through a variety of interactions. These interactions can be anything from a routine dental check-up, a visit to the local GP for a chronic conditions or a trip to the nearest accident and emergency department for an injury amongst many other forms.  Regardless of the setting of the interaction with a health service, one thing will remain constant; details of the interaction will be captured in some format in a medical record.  The history of medical records and their origins can be traced back as far as ancient Greece where observations and successful cures would be documented to share opinions and learn from each other (Kassell, L 2014).
The patient health record serves additional functions to documenting a patient’s medical history, the health record can be used as source of evidence in any investigation or legal case concerning the medical care provided at any given time.  There are legislations and policies in place to ensure that Health Records are shared are stored correctly if required to be used for the above mentioned purpose (Unite the Union 2014).
The importance of having accurate, current and legible health records that are available  when required is an essential part of modern day health care. It would be in everyone’s interest for this to be recognised as a requirement for good clinical practice (Beach J, Oates J 2014).
As technology advances more and more health records move from a paper format to an electronic health record.  Some countries such Sweden have already fully functional electronic health records across sections of health care and paper records are a thing of the past.  For countries that are in the transitional period working between paper and electronic systems there is still requirement and reliance of the paper based medical record.  With individual health board and trust holding millions of paper records simply scanning or digitising the existing paper based records is not a viable solution due to cost and magnitude of the task. Health providers that are in this transitional period must find a way to work with both electronic and paper record. 
In a secondary care health setting hospitals will have dedicated departments that are responsible for storing and retrieving paper based health records. The health records department will ensure that the correct patients health records are available and in the correct time and place for outpatient clinic appointments, elective surgery or emergency admissions.  Each individual patients health records contains vital information regarding the patients’ medical history, not having this information available can result in appointments or elective surgery being cancelled or patients being placed at increased risk. 
At the Betsi Cadwaladr Univeristy Health Board the Health records department have a 168 Whole Time Equivalent (WTE) staff and an annual staffing budget of £3.7 million.  The department have staff that a responsible for filing health records in the libraries, digitising health records where possible, preparing health records for clinics and staff that are responsible for finding missing health records. 

The purpose of the software product.
Most hospitals have a traditional system to track health records to and from departments to ensure that if required health records can be found quickly.
Traditional systems of health records tracking are reliant on users tracking health records correctly and the health records themselves travelling to the destination that has been selected.  This system is prone to error, health records being tracked to the wrong location or not tracked at all.
Radio frequency identification (RFID) – Each individual patient health record has an unique RFID tag attached to its front cover.  As the health record passes a sensor the movement is registered on the I-fit systems to identify the health records movement.
Sensors are placed in high flow areas of the hospital, corridors that staff would transport health records to increase RFID activity
The I-fit system aims to identify health records that have been picked up without being tracked by identifying movement of the health record that does not correspond with the tracking on the system.  With well-positioned sensors, it is possible to identify direction of travel of health record and ten identify likely locations that the health record may be located.  
The I-fit systems aims to negate elements of sociotechnical implications that often impede implementation of new IT systems in health care.  Sensors will identify a health record that has moved even if the human factor of manual tracking the records has failed.  Hand scanners can be used to manually scan an area that health records were last seen on by a wall-mounted scanner, these scanners are similar to metal detectors in the way that they will beep louder and quicker as you get nearer to the RFID tag that you highlighted as missing.  
One of the first examples of a Health care provider utilising RFID technology was at the Massachusetts General Hospital.  In May 2002 installed iRIS an RFID system to manage medical equipment and supplies movement throughout the hospital and its operating theatres. The system successfully tracked the movement of over half a million dollars’ worth of equipment.  Following the success in the implantation of the IRIS system similar systems were used in other hospitals and health care providers across the United States of America (Crayton, 2004).

Funding for purchase of the I-fit system came originally from a successful bid through the “invest to save” funds provided by the Welsh Government.  Following the secure of funding for the project the Health Board went out to tender for interested companies to supply the system requires.  Only two companies applied for the contract and 6pm were selected due to the potential timescale that was put forward by the other compotators for the contract.  The “Invest to save funding” provided sufficient funding to host a pilot site for the Technology at Wrexham Maelor Hosptial.  The Wrexham Maelor hospital was selected from the three main Acute Health Board Hospital sites due to the layout of the hospital, the hospital has one long main corridor that runs the entire length of the site that would require less sensors than the other sites. 
Following the implementation of the pilot system at Wrexham Maelor Hospital the remaining two health Board acute hospitals went through implementation processes at staggered stages.  Upon installation, the I-fit system was installed on a single server that interfaced with the Health Boards three separate Patent Administration Systems.  
During 2017 ownership of the I-fit business was transferred from 6PM to I-dox following the latter completing a the purchase of 6PM.  Following the successful purchase of the business I-dox took on overall responsibility of providing system maintenance and support.  Feedback from the project manager at interview highlighted that since the transfer of business ownership the service has seen a reduced support function and longer periods for any system change requirements. 
Other Welsh Health Board and English Trusts that use I-fit.
· Chesterfield Royal Hospital NHS Foundation Trust
· St George’s University Hospitals NHS Foundation Trust
· Havering & Redbridge University Hospitals NHS Trust
· Swansea Bay Health Board  

Cite – I-dox website




Methods

The FITT Framework
The FITT framework was developed by Professor Elske Ammenwerth and colleagues in 2006 to provide a function that other existing frameworks then in use did not examine.  The existing frameworks at the time did not measure the relationship between the individual and task. 
The framework aims to understand if the technology or system has an effect on the individual’s workflow or the outcome of the task, if it does have a negative impact in any area it is more likely that the system or technology implementation will not be used and thus making the costly and timely process of implementation a waste.
The FITT framework aims to measure the fit between the three areas of Individuals, Tasks & Technology (FITT) to assess how each element functions together. To improve the opportunity for a successful clinical system implementation the FITT framework measure the interaction between the three core elements. The interaction between two of the three elements is described as a “fit”.  The Framework aims to identify how the elements fit together and if any fit can be improved. 

Figure 1 - The FITT (fit between individuals, task and technology) (Ammenwerth 2006)
Looking at the implementation of the I-fit health records RFID system the Individual will be the user of the I-fit system.  There will be a great variation to the users across the Health Board, users will work in various department and various roles additionally there may be a difference in IT literacy skills between these individuals. 
The technology element will include the main software system of I-fit this as well as other technology aspects of the system required e.g. RFID tags, sensors, hand held scanners and all IT infrastructure such as PC’s and Servers.
The task will be the process of being able to track a set of Health records to and from a particular location, identifying health records that are not at the area they should be and locating the health records that are classed as missing. 
Figure 2 - The FITT Framework applied to testing the I-Fit health record tracking system at Betsi Cadwaladr University Health Board


Data Collection
To successfully conduct a FITT framework assessment there is a requirement to learn and understand how the selected system completes the task required. Following collection of data on the system, users and the task and their interaction the FITT framework assessment can be applied. 
For this FITT framework assessment data was collected through a user questionnaire, interview and a system field-test. To gather information on user experience of I-fit a questionnaire using Microsoft forms was produced.  The questionnaire was sent out to users of the system in a number of services within the Betsi Cadwaladr University Health Board.  The questionnaire was created in two elements firstly a System Usability Score ‘SUS’ questionnaire that consisted of ten questions that were to be answered with five possible answers ranging between strongly agree to strongly disagree.   A second set of additional questions to identify system specific issues with the I-fit system that had been implemented. 
The System Usability Scale was originally developed by John Brooke in 1986 when he developed a short questionnaire to measure the userability of computer systems at the time. The simplicity of the System Userability Scale devised has ensured that the short 10 questions survey is still in use today, 36 years from its original inception. 
An interview was conducted with the Project Manager during the purchase and implementation of the of the system.  Information received during this interview has been used in many sections of this paper. 
In preparation for the interview questions were prepared for the system project manager, these were not shared prior to interview.  The questions were brief and designed to instigate a conversations in those areas that would lead to new information being introduced to be evaluated using the FITT framework. The interview was not recorded but notes were taken during the interview to capture details that were discussed.  During the interview some data was e-mailed by the project manager to the author on technical aspects of the I-fit system e.g. number of sensors at each hospital site, that was used for as part of the evaluation of the system
Results from the questionnaire and observations from personal experience of using the I-fit system identified an are of concern that RFID tags did not always pick up movements by sensors when they are covered by other objects.  This issue was identified by five of the user questioned totaling 15% of users questioned.  To asses and test if this issue did exist, a field-test was created and carried out at Wrexham Maelor Hospital.  Three sets of health records with RFID tags were randomly chosen, the RFID tag was tested on each set first to ensure that they were functioning correctly and all three were found to be in perfect working order.  To test the problem that best reflected working practices the three health records were transported through the hospital passing five different scanners that should pick up and register the movement.  In the first test the Health records were carried by hand but with the hand purposely placed over the RFID tag but still being carried in a natural way that would best reflect a daily working practice in a hospital environment.  In the second test the health records were placed in a hospital trolley used for transporting case notes on the top of other health records but facing cover down.  The third the health records were placed on the bottom of the same trolley with a layer of 4 health records placed on top of the test health records.    


Picture 1 - Trolley for transporting health records at Wrexham Maelor Hospital
 
Picture 2 - Health records with RFID tag unobstructed (left) obstructed (right)

Results

Individual and Task
Some evidence of a good fit between individual and task was demonstrated by analysing the results of the questionnaire; From the 33 participants of the questionnaire 32 answered that they used the I-fit system daily, this indicates that the questionnaire answers would be of value due to the frequency of use of the system.  The questionnaire identified that 30 out of 33 users questioned stated that the task of tracking medical health records was either Critical or Very important to ensure good patient care. 
The questionnaire also identified that individuals were failing to manually track the health records on the I-fit system and this meant that health records were often lost or not at locations they were meant to be. Below are some of the responses from the questionnaire when as when asked “Are there any problems you have identified with the I-fit system?” 
“People often forget to track notes or use the system incorrectly.”
“The users are mostly the problem, people forget to track or they can't understand the system.”
Figure 3 – Staff Survey (appendix 1) 
Task and Technology
To measure the fit between task and technology 
By testing the fit between task and technology it is evident that there are weaknesses in the system currently.  The results in the table below show that health records with RFID tags that are covered by minimal items such as an users hand can prevent the system from working.  
Below is a table of results of the test with a simple pass or fail if the RFID tag was registered as moved as it passed each scanner on the acute hospital site.
 
	Health Record RFID location for test
	Set
	Sensor 1
	Sensor 2
	Sensor 3
	Sensor 4
	Sensor 5

	Obstructed By Hand or Arm
	1
	Fail
	Fail
	Fail
	Fail
	Fail

	
	2
	Fail
	Fail
	Fail
	Fail
	Pass

	
	3
	Fail
	Fail
	Fail
	Fail
	Fail

	Placed on Top of Trolley
	1
	Pass
	Pass
	Pass
	Pass
	Pass

	
	2
	Pass
	Pass
	Pass
	Pass
	Pass

	
	3
	Pass
	Pass
	Pass
	Pass
	Pass

	Placed on Bottom Trolley
	1
	Fail
	Fail
	Fail
	Fail
	Fail

	
	2
	Fail
	Fail
	Fail
	Fail
	Fail

	
	3
	Fail
	Fail
	Fail
	Fail
	Fail



Table 1 – Results from field-test of health records RFID tags at Wrexham Maelor Hospital

The fit between technology and task attempts to negate the problems with individuals manually tracking case notes with R-FID sensors automatically tracking the movement of case notes around the hospitals with strategically placed sensors.  
However the questionnaire identified that the R-FID tags do not always work or pick up movement, this was tested results ----- the questionnaire also identified that a limited number of sensors on each site meant that movement of health records to and from many areas of the hospitals was not recorded.    

Individual and Technology
The questionnaire identified that 94% of staff questioned had received training 
The questionnaire asked if users had received training with 94% of user responding that they had received I-fit training.  The questionnaire asked how confident users felt using the I-fit system, 97% responded that they either felt extremely or somewhat confident in using the system.   


Graph 1 – Staff Survey (appendix 1) Have you received training for the use of I-fit

Graph 2 – Staff Survey (appendix 1) How would you describe your IT literacy

The I fit System also scored 4.27 out of 5 (figure 1) for ease of use of the system. 35 out of 36 users questioned described themselves as users being either extremely confident or somewhat confident at using the system.
[image: ]
Figure 4 – Staff Survery (appendix 1) How would you score the I-fot system for ease of use?


Graph 3 – Staff Survey (appendix 1) How confident are you using the I-fit system?

Graph 4 – Staff Survey (appendix 1) Has I-fit improved the way you work?

The evidence gathered from this section of the questionnaire suggests that there is a good fit between individual and technology.  Almost all users have gained training on the system and the vast majority of the staff questioned have a good level of IT literacy and are confident in their skills whilst using the I-fit system.  As a further piece of evidence to strengthen the case that the fit between individual and technology is robust, 72% questioned (Graph 4) believed that the implementation of the I-fit system has improved the way that they work. 

System usability scale 
The questionnaire included 10 questions that were answered with a multiple choice answer system of 1 – 5 ranging between Strongly Disagree to Strongly Agree the answers to these 10 questions were used to calculate an user System Usability Scale.
The System Usability Scale should be implemented alongside other, more objective measures to complement the perceived usability findings. SUS scores by themselves carry only one part of the entire usability experience.
As a construct, Brooke adopted the definition of usability as the culmination of three major components: Effectiveness, Efficiency, and Satisfaction (Brooke, 2013). Effectiveness and Efficiency are the two objective components at play here (i.e., pass vs. fail, time on task). Satisfaction, of course, is the subjective component that deals with an individual’s confidence, comfort (physiological and cognitive), and emotional experience (Brooke, 2013).
The objectives of SUS, therefore, were
  To provide us with a measure of people’s subjective perceptions of the usability of a system and 
 To allow us to do so in the very short time available to us during an evaluation session
Tullis and Stetson’s (2004) research showed that using SUS enables you to get a measure of the perceived usability of a system with a small sample (say, 8-12 users) and be fairly confident that you’ve got a good assessment of how people see your system or product
[bookmark: _GoBack]
Figure 5 -

Interview results
The Interview identified that the original implementation of the system across all three of the health board sites underestimated the number of RFID sensors that were required.  The original install had 31 sensors across the three acute hospitals sites this was subsequently increased to 42 sensors.  Funding for the additional sensors was provided by capitol funds additional to the original project budget.  In FITT analysis term this is an area where the fit between Task and Technology in the original build was not sufficient.   Additional testing of the system and through FITT following implementation has identified and area that can be improved and changes have subsequently been made to improve the fit.  
Good -
% of notes available for clinic before and after I-fit implamentation
The implementation of I-fit changed the way that the Health Records stored patient records in the medical library.  Pre I-fit patient records were chronologically stored by order of the hospital number, meaning that an individual records would always be filed in the same place in the medical records library.  The if-it system has changed this process by enabling health records to be stored anywhere in the library as the RFID tag is scanned to the position in the library that the patient record is placed.  This has reduced filing time by % and increased the capacity of the library by %
Bad – 
Limit on amount of health records that can be searched for in one search means work around required by some departments to have useful data from the system
There system is reliant on sensors in key areas to track movement, system works better in hospitals within one thoroughfare high traffic to capture movement with least amount of sensors.  Sensors are expensive and are open to damage through vandalism.
As health records are transport around the hospital in bulk volume by porters and other administrative staff using various trolley, RFID tags that are placed under other health records often do not pick up the movement of the health records

Discussion

Evidence from the SUS and questionnaire suggest that staff are well trained and IT literate to use the system.  The questionnaire however has raised identified that even though trained and able staff do not always complete the task of logging all health records tracking on the I-fit system.  This point towards a behaviour or culture issue rather than technical or training issue.  A further COM-B evaluation on developing a change of behaviour in addition to the FITT evaluation could identify ways of improving this area of behaviour that is resulting in the system not operating to its fullest potential. 
The FITT evaluation had identified areas where the fit could be improved in areas of the I-Fit system.  The fit between Individual and Task could be improved if users ensured that health records are always tracked once moved from one area to another.  However even if this process fails the system has a failsafe element of RFID tags that should identify that health records are moving as they pass sensors.  Here again another issue has been identified with the fit between Technology and Task, the RFID tags do not always pick up movement if the RFOD tags are obstructed with other items as they pass sensors

Missing health records are costly for the health board, the medical records department employ six full time whole time equivalent staff as missing notes clerks costing £119,508 per annum.  They role is solely to identify and find mossing notes.  A better fit between Individual and Technology could improve patient care and save the organisation money. Missing health records can affect patient care in situations such as doctors refusing to see patients in clinic without health records or clinicians treating patients without full medical history available.


RFID in health care example here in notes pages remember to Cite correctly. 

Questionnaire feedback suggests that staff are trained and are confident in the use of I-fit with overall a good level of IT literacy.  However the questionnaire also highlights a common issue that the human element of the process does cause the system failure.  Individuals are either forgetting to track notes or accidentally tracking the incorrect case not (find paper for quite of human failure in IT systems). This could be attributed to theory of measuring work imagined against work done.  The individual completing the task is not aware of their errors and believes that they are working efficiently and effectively.  When assed during training and the individual is working under observation the task was being completed correctly as humans will naturally focus more on completing a task correctly when being observed.   (Deutsch, E, 2017)
TPOM Technology, People, Organizations and Macro-environmental factors
TPOM is not condition- or illness-specific [13]. It is not concerned with the likelihood of the technology being adopted and its spread [13], but it is designed to help implementers of technology consider how implementation is progressing, the potential emerging risks, and what aspects therefore need attention to facilitate adoption
it is a tool designed to help implementers navigate a complex landscape with many conflicting agendas and consideration 
UTAUT
COM-B 
COM-B framework is focused and motivated by developing a change of behaviour through understanding all of the individual element that contribute towards behaviour.  The COM-B framework is focused on the individual and how to ensure that the individuals behaviour through capability, motivation and opportunity ensures a successful system implementation.   As COM-B is focused on the individual it was not considered suitable framework to be used alone.
There are further opportunities available through the use of RFID technology in Health Care.  With the investment made in existing infrastructure and technology for wall mounted sensors and the software system installed further items or equipment can be labelled with RFID tags to help improve the efficiency of other services.  The I-dox company also offer a system called I-Asset that works on the same technology, here High Cost Equipment can my tracked to ensure that it is always being utilised when required.  The recent COVID-19 pandemic in its early phase highlighted a national shortage of ventilators, RFID technology on I-Asset could have been utilised to ensure that each device was accounted for and in the correct ward or place when required.  Other uses for I-Assets could be to manage staffing levels on wards, if each nurse carried an RFID tag on their staff identity badge it would be possible to know how many nurses were on a single ward at each given time.  This technology would help towards a goal of seamless care where the system works cognitively to identify areas where service pressure on a single ward requires additional staffing.  The I-Asset system could provide this information if patient beds or patient identity bracelets had RFID technology within them.  This would track patients being transferred to a different ward or attending x-ray that would reduce the requirement for staffing in a certain ward.  
FITT framework fails to assess or address an individual’s behaviour it focuses rather on the issues between the individual with technology and task.   With most NHS IT systems implementations failing due to individuals not willing to change behaviour or work culture (CITE) this is an inherent weakness in FITT framework model.  As discussed already in this paper other framework such as COM-B are available that look at an individuals behaviour in closer detail and scrutinises the motivation for an individuals need for a system implementation to succeed.  By combing the FITT framework and the COM-B framework 
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