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Supplementary file 1 BRIT2 Knowledge Support System

The BRIT Knowledge Support System (KS) is an add-on piece of software that will integrate with prescriber electronic health record (EHR) systems [e.g. EMIS, TPP] for use during primary care consultations. The system aims to help clinicians to optimise the way they prescribe antibiotics by providing personalised analytics-based information about the patient to aid clinician decision-making. Initially the system will be restricted to adult patients (18-years and over) who are presenting with a common infection. 
 
After diagnosis, the prescriber will trigger opening of the system (either manually via a button click or automatically triggered by EHR clinical codes or key words). The prescriber will enter answers to standard questions about the patient’s condition, symptoms and severity. Relevant patient data will then be extracted from the patient's EHR and evaluated in the context of clinical experiences of comparable patients as collected in large national research datasets, such as OpenSafely (1)  and CPRD (2). In addition to a summary of pertinent history from the patient EHR's, the prescriber will then be presented with analytical information, including susceptibility to severe infection (if the patient were to go without antibiotics), risks related to potential antibiotic prescribing and alternative actions by other GPs. The prescriber will also be able to generate individualised patient leaflets to give to patients at the end of the consultation. Data from large national data sources will be used to get better understanding of the drivers for heterogeneity in care and for the clinical outcomes with different treatment strategies.
 
The KS is being developed as part of a Learning Health System in conjunction with other BRIT prescribing tools. Patient consultation data will be added into the system to inform the underlying model and future analyses. The results will provide baseline content for dashboards and reports that will be used to produce individual and practice level feedback to clinicians on their antibiotic prescribing patterns and outcomes. Clinicians will be supported to use the KS and give feedback to the developers using an online community of practice in an ongoing feedback loop between research and development and practical application for patient care. 
Supplementary file 2 Topic guide 
[bookmark: _Toc77701872]Zoom poll1
Part 1: Functionality focus group [Est. 50min] 

[bookmark: _Toc77701873]1.1 GROUP DISCUSSION Functionality (20min)
Padlet: Content for KS Features (Grade 1-10, Comment and Add Ideas)
[bookmark: _Toc77701875]1.2 GROUP DISCUSSION Opening the KS (15min) 
Zoom Poll2 Opening the KS
[bookmark: _Toc77701879]1.3 GROUP DISCUSSION Data Credibility (10min) 
Credibility Padlet suggestions (rating importance 1-10 + give option to add suggestions)
[bookmark: _Toc77701881]
Part 2 Patient Communication and Engagement [20min] 
[bookmark: _Toc77701882]
2.1 GROUP DISCUSSION & Patient Communication Padlet 
Zoom Poll 3 Patient Communication

[bookmark: _Toc77701886]Part 3 Anticipated acceptability of the system: [45m] 

[bookmark: _Toc77701887]3.1 GROUP DISCUSSION acceptability & online questionnaire
Anticipated Acceptability Questions [focus group format]
[bookmark: _Toc77701888]Summing up/ Debrief [5 min]
[bookmark: _Toc77701889]Zoom poll4

Supplementary file 3 Acceptability survey (Qualtrics)

Prescriber Workshop Qualtrics Survey
A1a 
BRIT Knowledge Support System: Prescriber Workshop July 2021  
   
Please use this form to rate the acceptability of the BRIT Knowledge Support System, and tells us any thoughts you did not have chance to tell us in the workshop.




1a. Affective Attitude - Rating 
On a scale of 0-10, how good or bad would you feel about using the Knowledge Support System?  (Drag the circle slider to rate)
	
	0=Very bad,  10=Very good



	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



	Feeling ()
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A1b 
1b. Affective Attitude - Further Comments 
How good or bad would you feel about using the Knowledge Support System?    
   
Consider:  
Does the idea of using the Knowledge Support System evoke an emotional response?  If so which emotions are they? (E.g. stressed, worried, dismissive, pleased, enthusiastic) Is it a strong or weak feeling? 


A2a 
2a. Burden - Rating 
On a scale of 0-10, how much effort do you think would be required to use the Knowledge Support System?  

	
	0=No effort
	10=Lots of effort



A2b 
2b. Burden - Further Comments
How much effort do you think would be required to use the Knowledge Support System?  

Consider: 
Examples of effort: time, expense, thought, memory. What aspects of using the Knowledge Support System do you think will require the most effort? 


A3a 
3. Ethicality - Rating  
 On a scale of 0-10, how much is using the Knowledge Support System a good fit for your personal values?

	
	


A3b 
3b. Ethicality - Further Comments 
How much is using the Knowledge Support System a good fit for your personal values?

Consider: 
What are your most important personal values? Would using the Knowledge Support System fit with those values?  Are there any it would not fit with? Are there any moral/ethical issues in using the Knowledge Support System? 


A4a 
4a. Self-efficacy - Rating

on a scale of 0-10, how confident are you that you can use the Knowledge Support System to optimise your antibiotic prescribing? 
	
	0=Not at all
	10=Very



4b. Self-efficacy - Further Comments

How confident are you that you can use the Knowledge Support System to optimise your antibiotic prescribing?

Consider: 
Feelings of control, confidence or capability to use the Knowledge Support System.


A5a 5a. Opportunity Costs - Rating
On a scale of 0-10, to what extent might you give up any benefits, profits or values when you use the Knowledge Support System? 
	
	0=Not at all
	10=A lot



A5b 5b. Opportunity Costs - Further Comments
To what extent might you give up any benefits, profits or values when you use the Knowledge Support System? 
Consider: 
Time, for example, which you could have spent more profitably in the consultation. Any other things that you want to do / achieve that might interfere with using the KS  


A6a 6a. Coherence - Rating
On a scale of 0-10, how confident are you that you understand the Knowledge Support System and how it works?  
	
	0=Not at all
	10=Very


A6b 6b. Coherence - Further Comments
How confident are you that you understand the Knowledge Support System and how it works?   
Consider: 
Is there anything that you need to help you understand the Knowledge Support System better? 


A7a 7a. Perceived Effectiveness - Rating

On a scale of 0-10, how confident are you that the Knowledge Support System is likely to optimise your antibiotic prescribing?
	
	0=Not at all
	10=Very



A7b 7b. Perceived Effectiveness - Further Comments

How confident are you that the Knowledge Support System is likely to optimise your antibiotic prescribing?
Consider: 
whether you feel the intervention will fulfil its aim; what factors influence this? E.g. past experience, your faith in the data, the session today. 



I1 8a. How like is it that, given the opportunity, you will use the BRIT Knowledge Support System?
	
	Extremely Unlikely
	Extremely Likely



	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10




I2 8b. On a scale of 0-10, how much do agree/disagree with the following statements: 
'Assuming it is made available...
	
	I do not agree at all
	I agree fully
	(Not Applicable)
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	I intend to use the BRIT Knowledge Support System ()
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	I want to use the BRIT Knowledge Support System ()
	[image: ]




End of Block: Acceptability

Start of Block: Role

J1 Job Role - this information will help us understand which perspective the answers come from.
Choose your Job role 
(please select the closest option from the list below)
▼ GP (1) ... Other administrative role (9)
J2 Does your job role involve writing prescriptions?
▼ Yes (1) ... No (2)

E1 Before you finish, we would like to ask some monitoring questions.

 These questions are optional but will help us to ensure that we are getting views from a wide range of people.   
E2 Which one of the following best describes your gender?
▼ Female (1) ... Prefer not to say (4)
E3 Please select your age
▼ 18 (18) ... Prefer not to say (81)
E4 What is your ethnic group?
▼ White (1) ... Prefer not to say (6)

Supplementary file 4 Summary of raw data sources
TABLE S4.1
Quantitative data sources (data collated in Excel and IBM SPSS v25)
	QUANTITATIVE DATA Sources
	Number of
Examples/Questions
	Number of
Responses

	*Padlet1Function Feature Ratings 
	19
	10

	*Padlet2Credibility Feature Ratings
	6
	5

	*Padlet3Patient Communication Feature Ratings
	11
	10

	Zoom Poll data 14 July
	5
	9

	Zoom Poll data 21 July
	5
	6

	Qualtrics survey (Acceptability / Intention)
	8
	12

	Demographic data
	5
	16


Note: *= Padlet totals include responses from workshops on both dates

TABLE S4.2
Qualitative data sources (uploaded to NVIVO 12+)
	QUALITATIVE DATA SOURCES
	Code-able word count
	Respondents

	SOURCE 1a - Audio transcription Files\\Recording_Audio_PW_14_July
	13188 (1078 from participant)
	4

	SOURCE 1b - Audio transcription Files\\Recording_Audio 21Jul
	11532 (2484 from participant)
	3

	SOURCE 2a - Zoom Files\\14Jul_Chat_Cleaned
	1456 (963 from participant)
	9

	SOURCE 2b - Zoom Files\\21Jul_chat_cleaned
	832 (656 from participant)
	7

	SOURCE 3 - TFA Survey\\Acceptability Survey Qualitative Results (comments)
	1100
	12

	SOURCE 4 - Feedback Email
	307
	1

	SOURCE 5 - Padlet comments
	91
	NA 
[7comments]
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Supplementary file 5 Suggestions to enhance intervention acceptability and user capability, opportunities and motivators.
Suggestions for design and implementation measures to address the themes highlighted by clinicians in the qualitative analysis. For each suggestion the dimension of intervention acceptability [TFA, (3)] and user behaviour components [COM-B (4)] are noted with the source of the insights.

TABLE S5.1 Features to address clinician concerns (focal issues)
	Workshop 
Themes
	Suggestions to address clinicians’ concerns (focal issues)
	TFA Acceptability
Dimensions
Addressed
	COM-B
	Suggestion based on

	
	
	
	
	TA
	ZP
	P
	AS
	D
	PP

	Concern:
Safe and accurate prescribing
	(E)Ensure the KS doesn’t override safety protocols built into the EHR e.g. letting the prescriber select a contraindicated medication [general safety]
	Eth, Aff
	M
	
	
	
	
	
	

	
	(E) Flag warning symptoms for severe infection
	Eth, Aff, SeE
	M,PO
	/
	
	/
	
	
	

	
	(E) Personalised patient risk information
	Eth, Aff, OpC
	M,PO,SO,PC
	
	
	/
	
	
	

	
	Be able to suggest antibiotics (suitable for that individual) and an alternative
	PeE, OpC, SeE
	PC,PO
	/
	
	
	
	
	

	
	Include recommended actions to flag patients who are vulnerable to infection/ AmR
	Eth, PEf, OpC, Bur, SeE
	PO,M
	
	
	/
	
	
	

	Concern: Accessibility/ Support user’s cognitive processing 
	(E) Don’t force clinician to rely on memory (e.g. transferring data from one page to another)
	Bur, PEf
	PsC
	/
	
	
	/
	/
	

	
	(E) Autocomplete to speed up completion (e.g. name of antibiotics)
	Bur, PEf
	PO
	/
	
	
	
	
	

	
	(E) Use logical grouping to display information that is relevant to the prescribing decision 
	Coh
	PO
	/
	
	
	
	
	

	
	(E) Ensure it is clear what the risk statistics are indicating
	Eth, Coh
	PO,PsC
	/
	
	
	
	
	

	
	(E) Show patient communication options (if possible allow clinician to easily check that those details are up-to-date) 
	Bur, Coh
	PO
	
	/
	/
	
	
	

	
	(E) Include prompts for 
	
	
	
	
	
	
	
	

	
	-Factors that might form the basis of a patient conversation (this might be prompted in the selections for the Patient information)
	SeE, Aff
	PsC, SO,M
	/
	
	
	
	/
	

	
	-Key points about the treatment decision to discuss with the patient
	SeE, Aff
	PsC, SO, M
	/
	
	
	
	/
	

	
	Colour coding for fast recognition e.g. of important risk factors
	Bur, Coh
	PsC,PO
	
	
	
	
	
	

	Concern:
Autonomy
	Consider that prescribers will want to work in different ways (depending on experience) and build flexibility into the tool (e.g. order of data completion/ being able to dip into the tool to check information)
	Bur, Coh, SEff, Aff
	PsC,PO,M
	/
	
	
	
	
	

	
	(E) Give clinician the opportunity to change their mind e.g. change diagnosis
	Bur, SEff, PEf
	PSc, M
	/
	
	
	
	
	

	
	(E) Opportunity to customise notes written back to the EHR
	Bur, SEff, Aff
	PO
	
	
	
	/
	
	

	
	Personalise settings e.g. choose how the KS opens/ appearance/ display
	Bur, Aff
	M
	/
	
	
	
	
	

	
	Option to add information to the patient communication
	PEf
	PO, M
	
	
	
	
	/
	


Notes: Source of Suggestion:  TA = Thematic Analysis; ZP= Zoom Polls; P= Padlets; AS= Acceptability; D= Discussion with GP Consultant; PP=PPIE group meeting
TFA Dimensions feature aims to address: Aff= emotional acceptability; Bur = reduce burdens; Eth=Fit ethical values; SEff = feelings that clinician is performing effectively; OpC = reduce opportunity costs; Coh = increase user understanding; PEf = meet expectations of effective performance.
[COM-B Factors this would help address to optimising prescribing: M = motivation; SO = Social Opportunities; PO = Physical Opportunities; PsC = Psychological Capabilities


TABLE S5.2 Suggestions to address clinician requirements 
	Workshop
Theme
	Suggestions to address clinician Requirements
	TFA Dimension Of Acceptability
	COM-B
	Suggestion based on

	
	
	
	
	TA
	ZP
	P
	AS
	D
	PP

	Requirement: Easy and efficient to use

	(E) Simple intuitive design which allows easy access to a range of patient information to support the prescribing decision
	Bur, Coh, SeE
	PO
	/
	
	
	/
	/
	

	
	(E) The system should load and process quickly – single point sign in with EHR would be ideal
	Bur, OpC, Coh
	PO
	/
	
	
	
	
	

	
	(E) Minimise data input requirements and maximise assistance with logging the decision and consultation outcomes.
	Bur, PEf, OpC
	PO
	/
	
	/
	/
	
	

	
	Ability to open the KS from the EHR tool bar 
	Bur, Coh
	PO
	/
	/
	
	
	/
	

	
	(E) Ability to have access/view concurrently with EHR (no conflict) 
	Bur, Coh, PEf
	PO,PsC
	/
	
	
	/
	
	

	
	Allow clinician to save progress or return to information (ease of use).
	Bur, Coh
	PO
	/
	
	
	
	
	

	Requirement:
IT Confidence/ Training an documentation
	(E) Have a training session with prescribers (at a minimum train a representative at each surgery)
	SeE, Coh, Aff, Bur
	PsC, M
	/
	
	
	
	
	

	
	(E) Have a procedure in place for help queries/technical issues
	SeE, Coh, Aff, Bur
	PsC, M
	/
	
	
	
	
	

	
	Automatic help  E.g. login reset
	SeE, Coh, Aff, OpC
	PO, M
	/
	
	
	
	
	

	
	FAQ on the OCoP
	SeE, Coh, Aff, Bur
	PO, SO, M
	
	
	
	
	
	

	
	Peer support via the OCoP 
	SeE, Coh, Aff, Bur
	SO, M
	
	
	
	
	
	

	
	Work with prescribers to outline realistic procedures to follow for common tasks ensuring the KS fits with work flows (guidelines)
	Coh, Bur, OpC, PEf
	PO, PsC
	/
	
	
	/
	
	

	
	Have a procedure for those who are having more difficulties than average using the KS.
	SeE, Aff, OpC
	PO, PsC, SO, M
	/
	
	
	/
	
	

	
	Have a procedure for those who are not receptive to using the KS (e.g. one to one discussion with a researcher).
	SeE, Aff, OpC
	PO, PsC, SO, M
	/
	
	
	/
	
	

	Requirement
Clarity/ Perceived Efficacy
	(E) You should be able to click or hover over risk scores to see what variables were included (at minimum this information should be available on a separate page or outside the system)
	Coh, PEf, Eth
	PO, PsC
	/
	
	/
	
	
	

	
	(E) A video and or literature (with an expert ideally) explaining the system clarifying what it does and how it is helpful for 1)Safe prescribing, system and data checking 2)Efficient working 3)Patient Outcomes 4)Technical support provision 
	PEf, Coh, Eth
	PsC,SO, M
	/
	
	
	/
	
	


Notes: Source of Suggestion:  TA = Thematic Analysis; ZP= Zoom Polls; P= Padlets; AS= Acceptability; D= Discussion with GP Consultant; PP=PPIE group meeting
TFA Dimensions feature aims to address: Aff= emotional acceptability; Bur = reduce burdens; Eth=Fit ethical values; SEff = feelings that clinician is performing effectively; OpC = reduce opportunity costs; Coh = increase user understanding; PEf = meet expectations of effective performance.
[COM-B Factors this would help address to optimising prescribing: M = motivation; SO = Social Opportunities; PO = Physical Opportunities; PsC = Psychological Capabilities


TABLE S5.3 Clinicians’ suggested features to include.
	Workshop
Theme
	Clinicians’ 
Suggested Features to include in the KS and Patient Leaflet
	TFA Dimension Of Acceptability
	COM-B

	Suggestion based on

	
	
	
	
	TA
	ZP
	P
	AS
	D
	PP

	Features: 
Input
	(E) Minimise data input (extract information from EHR wherever possible)
	Bur, PEf,
	PO
	/
	
	
	/
	
	

	
	(E) Manual opening
	Bur, PEf, Aff
	M
	/
	/
	
	
	
	

	Features: Output

	(E) Summary of information relevant to whether to prescribe antibiotics
Include: relevant patient conditions, previous antibiotics, previous hospitalisation, and suitable antibiotics. Re: treatment recommendation: suitable antibiotics and formulations that considered interactions with existing medication and co-morbid conditions, back-up options, dose adjustments, creatinine, weight, age, gender
	PEf, Eth
	PO, PsC
	/
	
	
	
	
	

	
	Recommended Actions 
Include: personalised treatment recommendation, What treatment/action to try if treatment fails, and warning symptoms for patient referrals.
	SEf, PEf, Aff
	PO, PsC
	/
	
	/
	
	
	

	
	(E) Add logo of funders , UoM/ Brit/ NICE/ NHS
	PEf, Eth
	SO, M
	
	
	/
	
	
	

	
	Functionality to upload the CCG and or Practice logo
	PEf, Eth
	SO, M
	
	
	/
	
	
	

	
	Patient Risk Indicators
Include: Risk scores; systemic infection, infection-related hospitalisation, serious side-effects, personalised risk factors
	SEf, PEf, Aff
	PO,PsC
	/
	
	/
	
	
	

	
	Reminders/Caution flags
Include: Patient AmR risk, local AmR issues, and common actions taken by peers with similar patients.
	SEf, PEf, Aff
	PO, M
	/
	
	/
	
	
	

	Features: Patient Communication
	(E) PDF or web-based output that is able to be printed or sent out via a text link
	PEf, Eth
	PsC, PO
	/
	
	/
	
	/
	

	
	(E) Resources to support the clinicians’ discussion with the patient
	SeE
	PsC, PO,SO
	/
	
	/
	
	
	

	
	Personalised patient vulnerabilities (to infection/AmR) and potential side-effects especially where a patient has had repeat antibiotic use.
	Eth
	M
	
	
	
	
	
	

	
	Option to output a version in an alternative language (such as Polish, Urdu, Guajarati)
	Aff, Eth, Bur
	PsC, PO
	/
	
	/
	
	/
	

	
	Option to send out a large font version (font 24)
	Aff, Eth, Bur
	PsC, PO
	
	
	
	
	
	

	
	Justification for the treatment decision 
	Bur, PEf
	PsC, PO
	
	
	/
	
	
	/

	
	Include information about the number of times the patient has had antibiotics
	Coh
	PsC, PO
	/
	
	/
	
	
	/

	
	Make any risk information very simple and intuitive to understand
	Bur, Coh
	PsC
	/
	
	
	
	
	/

	
	Warning signs of serious infection and urgent contact details
	Eth, SeE, Coh
	PO
	/
	
	/
	
	/
	/

	
	How many days until you should contact the surgery again
	Eth, SeE,
	PsC
	
	
	
	
	/
	


Notes: Source of Suggestion:  TA = Thematic Analysis; ZP= Zoom Polls; P= Padlets; AS= Acceptability; D= Discussion with GP Consultant; PP=PPIE group meeting
TFA Dimensions feature aims to address: Aff= emotional acceptability; Bur = reduce burdens; Eth=Fit ethical values; SEff = feelings that clinician is performing effectively; OpC = reduce opportunity costs; Coh = increase user understanding; PEf = meet expectations of effective performance.
[COM-B Factors this would help address to optimising prescribing: M = motivation; SO = Social Opportunities; PO = Physical Opportunities; PsC = Psychological Capabilities

Supplementary file 6 Application of workshop findings and visualisations 
6.1 Overview of KS design implications
Clinician inputs to the KS should be extracted from the EHR wherever possible for time, accuracy, to reduce cognitive load and to assist users with learning difficulties. The presentation of the outputs needed to be brought together to support cognition (memory and attention) which would aid clinician’s holistic decision-making, reduce time searching for details, avoid key details being missed and help clinicians spot opportunities for patient discussion / education more easily. Although clinicians wanted to be in control of when to use the system, they did want to see recommended actions, particularly in circumstances where the patient was at high risk of systemic infection, when delayed antibiotic prescribing was appropriate, and actions to ‘try next’ when patients re-consult (for example because the previous antibiotic did not work). Selection of a safe and appropriate antibiotic (where indicated) was high priority concern and could be extremely complex for some patients. Several participants felt personalised treatment suggestions would improve confidence, reduce the need to check with senior colleagues (or deferring to other source material), and make prescribing more effective for the patient. The research team’s commitment to user-focus and patient-care was also important to clinicians (as indicated concerns and values identified) and maintaining this focus during ongoing development of the KS is important.

Prominent themes of the workshop and clinician suggestions were tabulated as recommendations and features that would help make the KS more likely to be used by increasing acceptability (see Supplementary File 5). As the main aim of the KS is to optimise antibiotic prescribing behaviour, annotations suggesting relevant areas of behaviour change using the Capability Opportunity Motivation framework COM-B (5). The majority of the recommendations would support antibiotic prescribing by increasing physical opportunities (such as information and prompts), supporting clinicians’ psychological capabilities (such as cognitive processes and knowledge) with some increased motivation and social opportunities to address patient behaviour. Visualisations of the user interface (Figure S6.1) and patient leaflets (Figure S6.2) were created to help summarise and communicate desired features to the intervention development team.

6.2 KS visualisations
FIGURE S6.1 User interface Summary pageAB and or Infection history with the option to search back further 

 (Relevant information to assist AB decision making grouped together)
Flag for recent hospital admissions 

[image: ]

Link to guideline and /or an indication of what the guideline suggests
AB/ AmR Risk information
Ability to search or select AB without moving away from this screen
Flags/ patient conditions/ levels to consider 



FIGURE S6.2 Patient leaflet visualisation
[image: ] (No Antibiotics) – Visualisation with suggested featuresImage of bacteria on the body (personal relevance)
Visual (e.g. shield) and numeric indicator of risk (reframed as a strength)
Reminder of diagnosis
Relevant factors (patient education/ awareness)
Sign posting (first port of call for advice)
Reassurance that it is safe not to have AB
Messaging to reframe taking AB when not needed as risky/ potentially harmful
Reasoning (help GP explain)
Link to recommended self-care treatment
Link to infection warning signs to look out for
Colour coding (accessible colours)
Inform about local AMR (relevance)
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