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[bookmark: _Toc97844524]Introduction 

[bookmark: _Toc97844525]Situation Background
In 2018 the Data Protection Act (DPA) had a significant update, which lead to increased scrutiny of the General Data Protection Regulations (GDPR) (Spencer and Patel, 2019, p.34). The Aneurin Bevan University Health Board (ABUHB) response to this included a focus on transmission of patient data via processes such as faxing and printing. 
[bookmark: _Int_vmWYvJLp]Conventional on-premise printing has been via what is termed “push printing”, whereby the item is “pushed” to a selected network printer (Print4You, 2022), often in the same area/department as the source computer. Push printing is known to have security vulnerabilities (Tymchecko et al. 2020, p.373 and 379) and in January 2022 Microsoft® sent out a patch that prevented non-administrators from adding a network printer to the print server (Simpson, 2022). Abrams (2021) reported that this update to fix vulnerabilities had a negative effect on Microsoft® software users. Locally, this resulted in a requirement to call the health board information communications technology (ICT) service desk if access to a network printer was required. 
In contrast to the conventional “push printing” process, there are many print management software applications on the market that utilise “pull printing”, “follow me printing” or “print roaming”. These include offerings such as: PaperCut MF (PaperCut, 2022), Pcounter, Ringdale (FollowMe), SafeCom, Sentinel (EPaper, 2021) and Uniprint (Uniprint, 2021). These can also be referred to as “cloud-based print management” (ASL, 2021). EPaper have undertaken a comparison of the features of some of these applications (EPaper, 2021). All these software applications are classified as Software as a Service (SaaS) and are based in the cloud (ASL, 2021). This allows the user to send a print job to a virtual print queue, which can be retrieved at any linked printer following user identification (Managed Print UK, 2022), (Leonelli et al. 2021, p.251), (Midshire, 2022). Significantly, the virtual print queue is hosted on a centralised print-server as opposed to a local network printer, which increases security and reduces the risk of data loss secondary to cyber attacks (Tymchecko et al. 2020, p.380). Figure 1 below shows the process of printing via the “pull printing” method (Papercut, 2022).
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[bookmark: _Toc97844526]Figure 1 Pictorial representation of the “pull printing” process (Papercut, 2022)


[bookmark: _Toc97844527]User Identification
Within the National Health Service (NHS) there is a National Active Directory & Exchange (NADEX), which allows users access to systems from any NHS designated computer, via a unique authenticated identity (DHCW, 2021). NADEX login credentials are used to access all software used within the NHS.  Follow Me printing (FMP) requires the user to be logged with their NADEX login credentials, which are also linked to their identification (ID) badge. 






Figure 2 is taken from the Ringdale FMP product literature and depicts the process of “pull printing” including the secure release via an ID badge (Ringdale, 2017, p.2).
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[bookmark: _Toc97844528]Figure 2 Pictorial representation of the FMP process (Ringdale, 2017, p.2)

[bookmark: _Int_Wb7tu998]A literature search was conducted to establish current research within the field of print security, implementation, and choice of print management software. This identified a report conducted by Quocirca in 2020, covering the print security landscape across the US and Europe. Quocirca is “a global market insight and research firm specializing in analyzing the convergence of print and digital technologies in the future workplace”. Key findings from the report included: 

· Despite a shift to cloud computing, which has been accelerated because of the COVID pandemic, printing remains a critical component of activity. 
· For organisations to improve print security, steps need to be taken to adopt processes, tools, and technologies such as “pull printing”.
· Adoption of cloud print services (such as pull printing) as a print security measure varies widely between different regions. The UK has the lowest adoption rate overall (40%); this is even lower within the country’s public sector (33%).

A vendor profile for Ringdale was included in the Quocirca report. Within this, Ringdale FMP was described as leading the category of secure technology as it offers compliance with GPDR, secure printing and data loss prevention (DLP) capabilities (Quocirca, 2020). 

In 2020, ABUHB chose to deploy the use of “pull printing” print management software at the newly opened Grange University Hospital (GUH). GUH was originally set to open in March 2021 but was opened early (in November 2020) due to COVID pressures on bed capacity. The print management software that was commissioned by the health board was FMP, produced by Ringdale.

[bookmark: _Toc97844529]Overview of task and team dynamics 
Current pharmacy printing requirements for patient identifiable data primarily include the processing of discharge prescriptions. These are generated within an in-house electronic system, known as Clinical Workstation (CWS). There is a requirement that a printed copy of the discharge medication section be provided to the patient to take home with their medications at the end of an in-patient stay. This summarises any changes to their medications during that hospital admission.

[bookmark: _Toc97844530]Workflow for processing CWS discharge notifications by pharmacy
There are six pre-defined annotations within CWS, linked to the medication section of a patient’s discharge notification. These show the status the prescription is at any point in time. These annotations (in order of process) are:
· Initial
· Draft
· Awaiting clinical check
· Awaiting dispensing
· Awaiting final check
· Complete

Below are two graphical representations of the workflow process. Figure 3 below shows the named steps within CWS from start to finish, and highlights where a printed copy may be generated. Figure 4 overleaf shows the full workflow by staff member, as a BPMN model, accounting for location.


[bookmark: _Toc97844531]Figure 3 – Flow for the generation of medication details as part of a discharge summary within CWS
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[bookmark: _Toc97844532]Figure 4 – BPMN model of the workflow process by staff member and location


[bookmark: _Toc97755746][bookmark: _Toc97844533]Location and Environment considerations
When looking at where a copy of the “discharge medication details” may be printed, there are two main options for location within the Hospital: on the ward or in the pharmacy dispensary. Location is based on several factors including: 
· Availability of a networked computer
· Availability of a network printer
· Whether the process can be completed in full at ward level

In 2018 the ABUHB pharmacy department invested in mobile devices for staff. These were DELL tablets with an 11-inch display. The aim was to have these utilised at ward level, for all computer-based tasks. Several issues were identified by the reviewer in 2019 around the usability of these devices when undertaking the discharging activity at ward level. These included no access to printers (due to insufficient capacity to install the print drivers on to the device) and lack of a separate physical keyboard. 

Currently mobile devices are not in use by pharmacy staff at ward level, as the DELL tablets are not fit for purpose. They are now due to be upgraded and issues identified by the reviewer have been added to the specification for any future hardware investment. 


[bookmark: _Toc97844534]Methodology 
[bookmark: _Toc97844535]Fit between Individuals, Task and Technology (FITT) Framework 
The FITT framework was first defined by Ammenwerth, Iller and Mahler in 2006, and sets out a framework by which technology (in most cases this refers to software) can be assessed for its optimum fit between three objects: 
· the individuals undertaking a task 
· the technology
· the task itself
The framework places Information Technology (IT) adoption at its centre. The relationships between each of the objects are referred to by Ammenwerth, Iller and Mahler as the “three fit dimensions”. The FITT framework builds on previous work including Davis’s “Technology acceptance model” (TAM) (Davis, 1993), which looked at usability to assess why an individual user may choose to adopt or reject a new technology, and Goodhue’s “task-technology-fit” model (TTF) (Goodhue, 1995). What these previous models do not include, and which FITT added, was the fit between the task and the individual. This was highlighted within FITT as being a key factor to IT adoption. Figure 5 shows the FITT framework, overlaid with TAM and TTF.
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[bookmark: _Toc97844536]Figure 5 – Overlay of TAM and TTF to the FITT framework

[bookmark: _Toc97844537]Fit between Individuals, Tasks, Technology, and Environment (FITTE) Framework
While the FITT framework added the fit between “individual and the task”, for some IT adoption the environment is also a key factor. Prgomet et al in 2019 described the addition of environment as an extension to FITT and termed the extended framework “Fit between Individuals, Tasks, Technology, and Environment” (FITTE). The term “environment” relates to the hardware used to undertake the task (this could be paper, a desktop computer or a mobile device), the authors noted that “it is also essential to ensure the right fit between hardware devices”. They referred to the limitations of desktop computers and the suitability of mobile devices, including consideration of screen size and functionality for the task/technology. The FITTE framework diagram in Figure 6 below shows how environment was incorporated into the FITT framework, resulting in the extended FITTE framework.
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[bookmark: _Toc97844538]Figure 6 – The FITTE framework

The FITTE framework (Prgomet et al, 2019) was chosen to review the adoption of FMP with GUH. FITTE was felt to be the most appropriate option as the environment was considered a significant factor in the implementation process. 
The implementation and use of FMP software will be mapped to the FITTE framework. “Sun” and lightning bolt” symbols will be used to indicate the fit between the dimensions (Ammenwerth, Iller and Mahler, 2006, p.3) as follows:
· Sun: Optimal fit
· Single lightning bolt: minor problems with fit
· Double lightning bolt:  significant problems with fit

[bookmark: _Toc97844539]Approvals 
Following the NHS research definitions decision support tool (Health Research Authority, 2017), this review was classified as service evaluation, so no formal ethics approval was required or sought. Verbal consent to include the content discussed was obtained from staff involved in informal interviews. Data collection via the questionnaire was anonymised.

[bookmark: _Toc97844540]Overview of study design
This review aimed to evaluate the adoption of FMP at GUH using the components of the FITTE framework. The fit between individual and task was assessed based on personal experience, as this is an activity routinely undertaken by the reviewer. The fit between individual and technology was assessed through a semi-structured on-line questionnaire, which allowed for both quantitative and qualitative data collection (Adejimi, Oyediran and Ogunsanmi, 2010. p.50). The fit between task and technology was assessed through both a literature search and informal interviews with senior staff, separate to the questionnaire respondents. In addition, the ABUHB Information and Communications Technology (ICT) service desk was contacted to request relevant call log data. Assessment of environmental factors was based on a combination of informal discussions and personal experience.

[bookmark: _Toc97844541]Outcome Measures / Objectives
· The primary outcome was to assess the fit for the introduction of FMP in GUH against the FITTE framework with respect to all component parts.
· The secondary outcome was to establish where a fit could be improved or corrected, to plan for future roll-out of the software to other hospital sites within ABUHB.

[bookmark: _Toc97844542]Fit between Individual and Technology - Questionnaire Methodology
The following section relates to the methodology linked to the on-line questionnaire.
[bookmark: _Toc97844543]Inclusion / Exclusion criteria
Inclusion Criteria for semi-structured questionnaire
· Pharmacy staff who are based at GUH for part or all of their working week and who are required to print documents.
Exclusion Criteria for semi-structured questionnaire
· Pharmacy staff who do not have a requirement to print documents as part of their work processes.
· Pharmacy staff who do not routinely work at GUH.

[bookmark: _Toc97844544]Study Setting
The review was done remotely, with data collected from staff working at the GUH pharmacy department. 
[bookmark: _Toc97844545]Study Design
Staff that met the inclusion criteria were invited to complete an on-line questionnaire developed within Microsoft® Forms. The on-line questionnaire was live for a period of 2 weeks between 4th February 2022 and 18th February 2022. The decision to undertake the questionnaire on-line rather than as a semi-structured interview in person or virtually was due to the following restrictions:
· High workload pressures – staff not readily accessible for interview.
· Limited time period for data collection.
It was noted that the gold standard for collection of qualitative data is via face-to-face interviews (Sy et al, 2020). This allows the researcher to explore themes as they are identified during the interview and to clarify points where needed. Improved questionnaire response rates are also seen when in-person distribution of a paper questionnaire is undertaken (Moises, 2020. P.81), however in the current climate this was deemed unworkable and so electronic distribution of the on-line questionnaire was chosen. 
[bookmark: _Toc97844546]Data collection
A qualitative questionnaire was compiled, comprising 10 mixed format questions (including both open and closed questions), each designed to evaluate a different aspect of FMP usability and adoption. (See Appendix 1). Questions were chosen to allow the reviewer to ascertain information on location and use of FMP, but to also allow the respondents the opportunity to provide their own opinions and experiences. These questions aimed to establish facilitators and barriers to the adoption of FMP.
N.B. To improve the usability of the questionnaire, and to reduce the need for “not applicable” (N/A) answers, branching logic within Microsoft® Forms was used. This provided the respondent with only the relevant questions, based on previous answers (Microsoft®, 2022). E.g., if a respondent answered “No” to question 1 (Have you used follow me printing?), they would be taken to the end of the questionnaire, as all other questions would therefore be invalid. This also supports the data analysis by limiting the responses to only those that were valid. 

[bookmark: _Toc97844547]Methods of identification and Recruitment
The on-line link for the questionnaire was distributed on an email, sent to all pharmacy staff on the pre-set pharmacy email distribution list for GUH. This includes all Pharmacy staff that routinely work any part of their contracted hours at GUH.
[bookmark: _Toc97844548]Data Analysis
The responses to the questionnaire were collated within Microsoft® Forms, which automatically transforms the collected data into visual results such as graphs and charts (Microsoft® (b), 2022). The results to open questions were then thematically analysed by the reviewer. 
[bookmark: _Toc97844549]Fit between Individual and Task
The assessment of fit between the individual and task was based on the reviewer’s personal experience of the task. The reviewer has worked for ABUHB in a capacity that includes undertaking the task for 20 years. The task was moved from paper to electronic in 2012, with the introduction of the electronic discharge module to CWS (Rice, 2022). This is the point at which the print requirement begun. 
[bookmark: _Toc97844550]Fit between Technology and Task
A record of all service desk call flagging issues with FMP was requested form the ABUHB ICT service desk. In addition, informal discussions with staff at GUH were undertaken to help clarify actual practice compared to expected practice. 
A literature search was also conducted using Google Scholar to establish if any research had already been undertaken linked to the adoption of this or other similar print management software. Search terms included: “Pull printing”, “print management software”, “Cloud print” and “Print roaming”. Relevant references from identified articles were also located. There were no direct peer reviewed articles identified for the FMP software, but several articles were identified covering the area of print management software research (Lellyett, 2013, p.25), (Shu, 2012, p.183), (Yun, 2012) and implementation (Kelley, Regan, and Hunt, 2006), and (Karovic et al, 2020).
[bookmark: _Toc97844551]Environmental Factors affecting Fit Dimensions
A combination of the reviewer’s own experience of conventional “push printing” and informal discussions with GUH based staff were used to assess the hardware factors affecting the IT adoption of FMP. 

[bookmark: _Toc97844552]Results 
[bookmark: _Toc97844553]Pharmacy Staff Questionnaire Responses
[bookmark: _Toc97844554]Questions 1 and 2 – Use and location
Ten responses were received to the questionnaire that was sent out (see Appendix 1), from a cross section of staff working within the Pharmacy department at GUH. All responding staff had experience of using FMP (Question 1). There were 50 staff members that could have responded to the questionnaire, resulting in a calculated response rate of 20%. Figure 5 below is a breakdown of the areas where printing activity was undertaken (Question 2). 
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[bookmark: _Toc97844555]Figure 5 – Breakdown of FMP activity by location

Table 1 shows the staff job roles and their regular working environment and compares these to their responses to question 2 – areas where they have used FMP. 
[bookmark: _Toc97844556]Table 1 – Staff type comparison of working areas and FMP 
	ID
	Staff type
	Work areas
	Responses

	
	
	Ward
	Dispensary
	Office
	Ward
	Dispensary
	Office

	1
	Technician
	X
	X
	X
	X
	X
	X

	2
	Senior Pharmacist
	X
	X
	X
	
	X
	X

	3
	Senior Technician 
	X
	X
	X
	X
	X
	X

	4
	Clerical
	
	
	X
	
	X
	X

	5
	Senior Pharmacist
	
	X
	X
	
	X
	X

	6
	Technician
	X
	X
	
	
	X
	

	7
	Clinical Pharmacist
	X
	X
	X
	X
	X
	X

	8
	Senior Pharmacist
	X
	X
	X
	X
	X
	X

	9
	Assistant
	
	X
	
	
	X
	

	10
	Clinical Pharmacist
	X
	X
	X
	X
	X
	X


	
[bookmark: _Toc97844557]Question 3 and 4 – Training
Question 3 asked if any training had been received on how to use FMP. Figure 6 shows the breakdown of the responses.
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[bookmark: _Toc97844558]Figure 6 – Responses to training received Question 3

The two members of staff who indicated that they had received training were a technician and a clinical pharmacist. Both then indicated, in their responses to question 4, that they had received training “face-to-face”. One response (from a senior pharmacist) indicated they did not remember if they had received any training.
[bookmark: _Toc97844559]Questions 5 and 6 – Ease of use and if problems have been experienced
[image: Chart

Description automatically generated]Figure 7 shows the question and graphical representation of the responses received for question 5. 








[bookmark: _Toc97844560]
Figure 7 – Graph to show staff ratings on ease of use for FMP.

From the responses to question 5, 60% rated High (7-10), all of whom then answered “yes” to question 6, which asked if they had had any problems with FMP. Table 2 below shows a breakdown of individual responses to questions 5 and 6.
[bookmark: _Toc97844561]Table 2 – Cross referencing of answers by staff members to question 5 (ease of use) and question 6 (if problems experienced)
	ID
	Staff type
	Response rating for Q5  - Ease of use (on a scale of 1-10)
	Responses to Q6 – Have you experienced any problems?

	1
	Technician
	10
	Yes

	2
	Senior Pharmacist
	5
	Yes

	3
	Senior Technician 
	5
	Yes

	4
	Clerical
	10
	Yes

	5
	Senior Pharmacist
	8
	Yes

	6
	Technician
	8
	Yes

	7
	Clinical Pharmacist
	10
	Yes

	8
	Senior Pharmacist
	6
	Yes

	9
	Assistant
	2
	No

	10
	Clinical Pharmacist
	10
	Yes



[bookmark: _Toc97844562]Question 7 – Qualitative responses to problems experienced
Nine of the ten respondents indicated they had experienced problems when using FMP. Respondent 9 did not submit a response. Thematic analysis (Maguire and Delahunt, 2017) was conducted on the submitted responses to question 7 using grounded theory (Heydarain, 2016). Table 3 shows the verbatim responses in full, and the themes identified. 
[bookmark: _Toc97844563]









Table 3 – Themes identified in response to Question 7 (problems experienced)
	ID
	Staff type
	Responses
	Problem type

	1
	Technician
	“Having to add the follow me printer again, despite having initially set it up and the printer not being changed within that time frame”
	Printer configuration 

	2
	Senior Pharmacist
	*“In the dispensary I am unable to use follow me printing if I log into the dispensary computer using my own NADEX. It only works if I log into the generic log in. It took a long time to work this out and subsequently led to a prolonged period of inefficiency”
	Printer configuration


	3
	Senior Technician 
	“Sometimes the follow me printer does not print even though when I am logged on to that specific printer”
	Data loss

	4
	Clerical
	“Sometimes it takes a while for the instruction to reach the printer which when you are very busy can be quite annoying”
	Delayed output

	5
	Senior Pharmacist
	“When hot desking in dispensary did not always allow follow me printing as default”
	Printer configuration

	6
	Technician
	“A lot of the time I send it to the printer and it doesn’t add to the que, after various attempts.”
	Data loss

	7
	Clinical Pharmacist
	“Computers losing connection to the follow me printing and difficult to add back on”
	Network issues

	8
	Senior Pharmacist
	“Your file you are trying to print is not there”
	Data loss

	10
	Clinical Pharmacist
	“Follow me printing not set up on computer (IT only to add it), 
	Printer configuration 
Delayed output


	
	
	delayed transfer to printer.”
	




*N.B. The statement made by respondent 2 is contradictory to the functionality of FMP, which does not allow of access via a generic account. It is likely this is linked to printer configuration for the user.

Four themes were identified from the responses in Table 3:
1. Printer configuration – Where Follow Me printer was not configured at a given computer workstation, or for an individual’s log in credentials. This was identified by 4 staff members.
2. Data loss – Where a document was triggered to the virtual print queue but was not then available to print. This was identified by 3 staff members.
3. Delayed output – Whereby there was a significant time lag between the request to print and the document being released. This was identified by 2 staff members,
4. Network issues – One staff member highlighted an incidence of loss of network connection to the Follow Me printer, which resulted in a failure to print.
[bookmark: _Toc97844564]Questions 8 and 9 – Ease of use compared to conventional “push printing”
Only nine of the ten respondents completed Question 8. With respondent 9 not submitting a response. Figure 8 shows the breakdown of responses.
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[bookmark: _Toc97844565]Figure 8 – Responses to Question 8

Seven responses were submitted for Question 9. Respondents 1,6 and 9 did not submit a response. Respondents 2 and 3 submitted responses but their responses did not contain any details. This resulted in 5 responses for assessment. To provide context to the answers given to Question 9, Table 4 contains both the verbatim responses submitted for Question 9 and the corresponding responses to Question 8. Thematic analysis with undertaken (Maguire and Delahunt, 2017) using grounded theory (Heydarain, 2016) to identify any themes. Themes were then categories in the “problem type” column to identify barriers and facilitators.
N.B. For Question 8 respondent 2 selected “Other” but then indicated that when problems that were previously identified are resolved, the solution is easier to use than conventional printing. Therefore, in the data this has been represented as “Easier”.
[bookmark: _Toc97844566]Table 4 – Responses, by respondents, to Question 8 and Question 9 Verbatim responses 
	ID
	Staff type
	Question 8 Response
	Question 9 Response
	Problem type

	1
	Technician
	About the same
	No response submitted
	

	2
	Senior Pharmacist
	Easier
	“See above”
	

	3
	Senior Technician 
	About the same
	“I cannot see question 8 ??”
	

	4
	Clerical
	About the same
	“Even though there is sometimes a delay from the instruction, to the printer responding, I would recommend Follow me Printing as it is very useful that you can print from any printer in the hospital and when your usual printer is out of order it is easy to just print from another printer rather than have to search and add another printer.”
	Facilitator 

	5
	Senior Pharmacist
	Easier
	“Much more convenient – can print from anywhere, to anywhere”
	Facilitator

	6
	Technician
	Harder
	No response submitted
	

	7
	Clinical Pharmacist
	About the same
	“Easier if you are on your own log in and can go to any printer without needing to remember printer name. 
	Facilitator


	
	
	
	Easier to print the old way if logged in as generic”
	Barrier

	8
	Senior Pharmacist
	Easier
	“Easier to set up and easier to use 
	Facilitator


	
	
	
	as long as it connects and the file appears”
	Barrier


	9
	Assistant
	No response
	No response submitted
	

	10
	Clinical Pharmacist
	About the same
	“Some computer are not set to follow me printing. You have to be signed in on your user for it to work (not generic). Does not help on the wards but does work in dispensary.”
	Barrier



From the thematic analyses of the responses in Table 4 the following facilitators and barriers were identified for the use of FMP by pharmacy staff at GUH:

Facilitators:
· Printing from anywhere to anywhere – removes the issues associated with out of service printers
· Doesn’t require you to remember printer names/numbers for printer selection
· Easy to set up and use
Barriers:
· Log in credentials required – doesn’t work on a generic log in
· Network outages and data loss

[bookmark: _Toc97844567]Question 10 – Recommendation for future roll-out to other sites
The final question asked respondents if they would recommend FMP for pharmacy departments at other sites within ABUHB. Only 9 responses were submitted (with no response submitted from respondent 9). The majority - 6 out of 9 (67%) – would recommend FMP. Of the remaining 3 responses, 2 said “Maybe” and 1 said “No”. To provide context to outcome answers from the answers to Question 10, table 5 compares the answers, by respondent, to key questions from the questionnaire.
[bookmark: _Toc97844568]Table 5 – Overview of answers to key questions, by respondent.
	ID
	Staff type
	Q3 – Training received
	Q5 – Ease of use rating
	Q6 – Problems
	Q8 – Easier or Harder than before
	Q10 – would you recommend

	1
	Technician

	Yes
	10
	Yes
	About the same
	Yes

	2
	Senior Pharmacist
	Don’t remember
	5
	Yes
	Easier
	Yes

	3
	Senior Technician 
	No
	5
	Yes
	About the same
	Maybe

	4
	Clerical

	No
	10
	Yes
	About the same
	Yes

	5
	Senior Pharmacist
	No
	8
	Yes
	Easier
	Yes

	6
	Technician

	No
	8
	Yes
	Harder
	Maybe

	7
	Clinical Pharmacist
	No
	10
	Yes
	About the same
	Yes

	8
	Senior Pharmacist
	No
	6
	Yes
	Easier
	Yes

	9
	Assistant

	No
	2
	No
	No response
	No response

	10
	Clinical Pharmacist
	Yes
	10
	Yes
	About the same
	No



[bookmark: _Toc97844569]Fit between Individual and Technology 
A requirement to log in with the user’s NADEX was flagged as a barrier when using FMP. Once the initial set-up of FMP had been completed, it was commented that FMP was easy to use. However, there are indications that training provided was minimal and set-up was not completed for all users. Overall, the fit between individual and technology was deemed to be sub-optimal, with several resolvable issues identified.
[bookmark: _Toc97844570]Fit between Individual and Task
The task is well established as a core element of the day-to-day work undertaken by pharmacy staff. Between 2005-2014, quarterly performance reviews (QPRs) were regularly conducted across ABUHB (note that the move to electronic discharge prescriptions was completed in 2011). QPR data collection for discharge prescription was terminated in 2014, as the process had been shown to be consistently compliant with the targets set by the pharmacy management team (Lewis, 2022) This fit dimension was therefore considered optimal.
[bookmark: _Toc97844571]Fit between Technology and Task
Questionnaire responses reported an issue with basic functionality. Where FMP is not available despite the user logging in with their individual NADEX credentials. 
Data loss between sending the document from a desktop computer and requesting release at a Follow Me printer was also reported. Some staff received an alert to say there was a printer connection issue with the Follow Me printer, resulting in the document not being available in the virtual print queue for release at a Follow Me printer. The users would then be required to delete the document from the print queue at the desktop computer and re-request the print (Lloyd-Evans, 2022)).
A time lag between document print requests and availability for release at a printer was noted in the results. This was also highlighted in a case study undertaken by Kelley, Regan, and Hunt, (2006) and was stated as a known issue with print management software, taking more than 20 seconds for a document to become available. Loss of network connection was also documented both in the case study and the questionnaire responses.
Business continuity also needs to be considered. Like all cloud-based SaaS, FMP relies on access to the centralised print server (Tymchecko et al. 2020, p.380). When network outage occurs, such as that experienced within ABUHB at the end of January 2022, access to all Follow Me printers is lost. Without the ability to revert to “push printing”, daily activities cannot be completed. Correspondence was sent out to all department informatics leads following the January 2022 network outage to identify “areas that have a critical need to print”. The proposed resolution for these areas was to have a “standalone” laser jet printer installed for use in network outages only (Goodenough, 2022).
Data on service call logs relating to FMP from all users was requested from ABUHB ICT. However, due to the set-up of the recording system the data could not be split to show the type of printing that calls related to i.e., conventional “push printing” or FMP (Moran, 2022). Therefore, the reviewer was not able to analyse the number or type of service desk calls relating specifically to FMP, or link pharmacy issues to overarching health board reported issues.
Overall, the fit between technology and task was found to be sub-optimal, with several resolvable issues raised.

[bookmark: _Toc97844572]Environment Fit Dimension
When an individual is logged into a desktop computer at GUH using their NADEX, the default print setting is FMP. Only the ICT service desk may add network printers to a NADEX account (Simpson, 2022). FMP is not available when a computer is logged in using a generic account (i.e., not linked to an individual’s NADEX) (Ringdale, 2017). When GUH first opened there was an organisational move away from generic logins and the addition of network printers to generic accounts was not permitted (Clarke, 2021)
Since the initial set-up of FMP at GUH in 2020, the following observations and workarounds have been experienced across the hospital to account for FMP related challenges (Lloyd-Evans, 2022):
· All dispensary-based desktop computers are logged in under a generic account, with assigned network printers, using “push printing” and not FMP.
· Users of office-based desktop computers always log in using their individual NADEX credentials. This then only allows for FMP. 
· Ward-based desktop computers are logged in under the ward's generic account with a network printer assigned. These use “push printing” and not FMP. Users must log out of the generic account and back in with their individual NADEX to utilise FMP. 
· When using “push printing” at ward level there may be difficulties around access to the chosen printer (e.g., it is in an office that is not currently accessible). 
· When collecting a print job from a designated printer, there are frequently numerous prior print jobs remaining on the printer’s ‘out’ tray. Often a tray is placed next to the printer to relocate the printer output away from the printer itself.
The information above indicates that FMP is not being used as intended at GUH. Most discharges processed at ward or dispensary level are printed via “push printing” using generic logins on desktop computers. Therefore, this fit dimension is deemed to have significant issues, primarily linked to the requirement to log in with personal NADEX credentials to access FMP.

[bookmark: _Toc97844573]Overall assessment against FITTE
When assessed against the FITTE framework, the individual-task fit dimension was deemed optimal. Minor (resolvable) issues were identified with the individual-technology component and the technology-task component. More significant issues were identified with the environment fit. This is represented graphically in Figure 9. 
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[bookmark: _Toc97844574]Figure 9 – FITTE framework mapped to the introduction of FMP software at GUH

[bookmark: _Toc97844575]Discussion 
Only the fit of the environment dimension was deemed to be optimal against the FITTE framework. The issues identified with fit of the remaining components highlighted several areas for improvement. 

[bookmark: _Toc97844577]Intervention with regards to Technology
Karovic et al (2020) discussed best practice when deploying new print security systems. A key area identified around the technology was having the correct access rights (Karovic et al. 2020. p.2). This links back to the issues raised around set-up of users to access FMP. Although System Useability Scores (SUSs) can be used to measure how effective software is in performing its designated function (Bloom et al. 2021), unfortunately no SUS was available for FMP.  


[bookmark: _Toc97844578]Intervention with regards to User
When adopting new systems, it is important to ensure user involvement. When staff understand why a new system is being introduced and are appropriately trained in its use, adoption rates can improve (Karovic et al. 2020. p.6).  The questionnaire responses demonstrated a lack of understanding regarding the functionality of FMP and the requirement for NADEX credentials. This indicates that the fit between individual and technology was sub-optimal. Lack of training during implementation was likely to have contributed to this. 

[bookmark: _Toc97844579]Intervention with regards to Environment 
This is the most significant area for improvement. Research has shown that the compatibility with existing hardware is an important factor in new IT adoption (Karovic et al. 2020. p.2). Workarounds have been put into place to bypass the use of FMP both at ward level and in the dispensary. To improve the usability around the requirement to log in to a desktop computer with a NADEX, the addition of a single sign on (SSO) software such as Imprivata® could be considered. This has been shown to reduce the time spent logging in to computers and software applications (Gellert et al, 2017).  Imprivata® allows for ID badge access via a proximity card reader attached to the desktop computer, or through fingerprint biometrics on compatible mobile devices (Imprivata®, 2022).

Imprivata® is already in use for some users within ABUHB. In 2020, the reviewer arranged for 6 members of the pharmacy staff to have the software installed on their DELL mobile devices. This was to review if the addition of the SSO software improved the usability of the mobile devices. Although led to limited improvements in usability, there were many other environment fit dimension issues that needed addressing for pharmacy staff to fully adopt the use of mobile devices over desktop computers. The addition of FMP may support a future move to mobile devices, as print functionally was a major barrier to the first adoption attempt (this is based on the reviewer’s personal experience as they were tasked with supporting the pharmacy staff to adopt mobile devices).
The next logical step forward is to re-instate personal mobile devices for staff. As staff would log in to these using their NADEX, they would be able to instruct printing without the need to locate an available desktop computer. Currently an ‘intermediate’ printed copy of the medication details is used to manually record the dispensing process prior to transcription on to CWS. Mobile devices would instead allow this information to be directly recorded on to CWS at the patient’s bedside. 

Conclusions

The roll-out of FMP at GUH appears to have been implemented via a top-down organisational approach. Before investing in software there is a need, at both a corporate and user level, to define fully to requirements of the system (Raghupathi, Raghupathis and Tan, 2021, p.2). 

[bookmark: _Toc97844580]Limitations
A limited data collection period and workload pressure did not allow for in-person semi-structured interviews, which would have allowed the reviewer to explore issues raised by the respondents in more detail. 
Observations could have been used to identify correct and incorrect use of the technology (Progmet et al, 2019) (i.e. unexpected outcomes). 
As an alternative to obtaining data from the ABUHB ICT service desk, structured interviews could have been undertaken with key ICT staff to explore any FMP adoption issues from the perspective of the implementation team. Although this isn’t directly covered in either the FITT or the FITTE frameworks (which classify the users as the individual using the technology (Progmet et al, 2019)), issues raised by the implementation team during the preparation phase of a project could have a significant impact on the overall technology adoption. Although not all aspects of the FITTE framework can be assessed in advance (e.g., the fit between individual and technology), using an abridged version of the framework prior to implementation could identify potential issues with environment, task, and technology. This would enable these to be rectified in advance and thus have a positive impact on the overall IT adoption. 

[bookmark: _Toc97844581]Impact on Seamless Care
There is no direct impact from FMP on seamless care, as it is only intended to streamline the printing element of the medication supply discharge process. It does offer added security (when used optimally) to patient data, through limiting data loss because of printed information being “left” at a printer (Zelena et al, 2018, p.646). 

[bookmark: _Toc97844582]Future IT Adoption of FMP
Prior to the roll-out of FMP at any other pharmacy sites within ABUHB, there is an organisational need to reflect on the issues raised as part of this review. Environment fit issues don’t only affect pharmacy staff. Nurses, medical staff, and other allied health care professional all have the same printer issues to contend with.  The wide implementation of SSO software could positively impact many aspects of day to day working which are currently hindered by generic accounts. Improved access to personal mobile devices would also support timely completion of day-to-day activities, as (based on personal observations) access to a desktop computer is frequently a rate limiting step at ward level.   

When implementing any new SaaS, training is essential. A robust training plan needs to be designed and implemented to avoid user disengagement and the adoption of workarounds. Users need to know and understand why the SaaS is needed, both personally and organisational (Karovic et al. 2020. p.6).  
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Initial


Awaiting final check


Complete


All pharmacy checks completed and medications ready for patient to take home
PRINT


Draft


Awaiting dispensing


Medications added but not yet confirmed


 Clinical check completed by a pharmacist, awaiting dispensing by pharmacy team
PRINT


Dispensing complete, awaiting a final accuracy check by pharmacy team


Medications not yet added


Awaiting clinical check


Medications confirmed by medical team, awaiting a clinical check by a pharmacist
PRINT & Wet sign if Controlled Drug
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