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ABSTRACT
Objective: Educational, and audit and feedback interventions are effective in promoting health 

professional behaviour change and evidence adoption. However, we lack evidence to pinpoint 

which particular features make them most effective. Our objective is to identify determinants of 

quality in professional behaviour change interventions, as perceived by participants.

Design: We performed a comparative observational study using data from the Veterans’ 

Medicines Advice and Therapeutics Education Services (Veterans’ MATES) program, a nation-

wide Australian Government Department of Veterans’ Affairs funded program that provides 

medicines advice and promotes physician adoption of best practices by use of a multifaceted 

intervention. 

Setting: Primary care practices providing care to Australian veterans.

Participants: General practitioners targeted by 51 distinct behaviour change interventions, 

implemented between November 2004 and June 2018. 

Primary and Secondary Outcome Measures: We extracted features related to presentation 

(number of images, tables and characters), content (polarity and subjectivity using sentiment 

analysis, number of external links and medicine mentions) and the use of 5 behavioural change 

techniques (prompt/cues, goal setting, discrepancy between current behaviour and goal, 

information about health consequences, feedback on behaviour). The main outcome was 

perceived usefulness, extracted from post-intervention survey.

Results: On average, each intervention was delivered to 9667 general practitioners.  Prompt 

and Goal Setting strategies in the audit and feedback were independently correlated to 

perceived usefulness (p=0.043 and p=0.013, respectively). The number of distinct behaviour 

change techniques in the audit and feedback was correlated with improved usefulness (Pearson 

coefficient 0.45 [0.19, 0.65], p=0.001). No presentation or content features in the educational 

material were correlated with perceived usefulness.
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Conclusions: The finding provides additional evidence encouraging the use of behaviour 

change techniques, in particular prompt and goal setting, in audit and feedback interventions. 

ARTICLE SUMMARY

STRENGTHS AND LIMITATIONS OF THIS STUDY

• The study analyses a large number of discrete interventions over a long period
• The 15-year duration allowed us to isolate the effect of different features on 

perceived usefulness
• Distinct interventions with distinct goals, compared by perceived usefulness
• Sample size prevented statistical adjustments that could handle potential 

confounders in observational data
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INTRODUCTION
Public health interventions play an important role in translating evidence into practice and 

promoting health professional behaviour change. Multifaceted interventions are effective in 

improving medicine prescription patterns,[1] radiology referrals,[2] and screening and 

preventative practices.[3] A common approach to health professional behaviour change is 

shaping knowledge and promoting better informed clinical decisions. A growing body of 

evidence suggests that interventions targeting health professional knowledge by a) educational 

interventions and b) audit and feedback interventions have an effect on clinical performance.[4-

8] However, knowledge shaping interventions are commonly the result of a bundle of different 

actions in a complex environment,[9] which makes it difficult to determine the effect of the 

individual components. Therefore, while there is evidence to determine the effect of both 

educational, and audit and feedback interventions, there is no evidence to pinpoint which 

particular features make them most effective.[10] A deeper understanding based on empirical 

data can improve intervention design, which currently relies on theory alone. 

Since 2004, the Veterans’ Medicines Advice and Therapeutics Education Services (Veterans’ 

MATES) program, an Australian Government Department of Veterans’ Affairs funded program, 

has provided medicines advice and promoted physician adoption of best practices by use of a 

multifaceted intervention, which contains educational material and personalised, patient-

specific information and recommendations (audit and feedback component). 

The program’s longevity offers an opportunity to empirically evaluate which features of 

educational, and audit and feedback interventions have an impact in its usefulness to 

physicians. Over the years, the Veterans’ MATES program has gone through changes and, 

despite keeping the core principles consistent, the features of each intervention have differed 

slightly from the previous. The changes, coupled within a consistent context of implementation, 

make interventions comparable.
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To improve understanding about which features of educational and audit and feedback 

interventions contribute to success, we analysed data from all interventions implemented in the 

Veterans’ MATES program. 

METHODS

STUDY DESIGN – THE VETERANS’ MATES PROGRAM
We performed a comparative observational study [11] to evaluate how implementation features 

from the educational, and audit and feedback components of the program explained the 

observed variability in intervention success.  We used data from the Veterans’ MATES program, 

comparing 51 distinct interventions that took place between November 2004 and June 2018. 

The program aims to improve medicine and health services use and health outcomes for all 

persons in the veteran community by delivering interventions to general practitioners (GPs), 

pharmacists, other relevant healthcare professionals and veterans.[1] The program’s goal is to 

provide medicine advice to veterans and their primary physicians according to previously 

identified issues, as detected by epidemiological inquiry. 

Since the program’s conception, it has been driven by the use of technology and big data to 

detect health issues and tailor interventions for at-risk groups.  During each intervention’s 

development process, an epidemiological analysis is performed on a comprehensive database 

containing administrative claims data (including medicine dispensings) collected by the 

Australian Government Department of Veterans’ Affairs. The analysis is guided by a clear 

question to explore potential quality use of medicine issues. Examples include: long term 

prescription of medicines recommended for acute issues; doses above guideline 

recommendations; and lack of screening tests for an eligible population.

After identifying the problem, a behaviour change goal is defined. This goal typically aims to 

promote evidence-based practices, for example encouraging the cessation of medicines without 

long-term evidence, or the optimisation of therapy according to treatment guidelines. The full 
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list of topics can be seen at www.veteransmates.net.au. With the problem and goal in mind, an 

intervention is designed. The intervention is informed by Social Cognitive Theory [12], the 

Transtheoretical model,[13] and the health promotion model Precede-Proceed.[14] 

Interventions include three main components: 1) printed and online educational material for 

health professionals called the therapeutic brief; 2) printed and online educational material for 

veterans, called the veteran brochure; and 3) an audit and feedback document for the GP 

containing personalised patient information, called the prescriber feedback. The format of this 

feedback varies depending on the behaviour change goal. Interventions target particular health 

professionals and veterans according to criteria developed during the epidemiological analysis, 

meaning that only those individuals likely to benefit will receive the intervention. Along with all 

veterans identified using these criteria, the interventions target the main general practitioner 

involved in the veterans’ care. 

A survey to all targeted participants (health professionals and patients) evaluates intervention 

quality, including perceived usefulness and the relevance of this information for patients. 

Epidemiological post-intervention analysis evaluates the actual population-level change in 

prescription patterns and use of health services, quantifying the effect of interventions. The 

program has been extensively described elsewhere.[1] It has been shown to be effective for 

changing professional behaviour in different domains,[1] including promoting medicine 

review,[15] osteoporosis screening,[16] uptake of health services,[17] reducing inappropriate 

proton pump inhibitor use,[18] and hypnotic use for insomnia.[19] 

FEATURES – EDUCATIONAL COMPONENT

Within the educational component of the intervention, composed of the printed and online 

material, we identified two features that changed over the years: presentation and writing style. 

Changes in presentation were related to information organisation, given that the visual identity 

of the materials, including font, colour schemes and general document organisation, remained 

consistent. The most relevant variations in presentation included adding tables, images and 
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more frequent headlines for section subdivision. The presence of contextually appropriate 

visual cues has been shown to improve knowledge uptake in health education.[20] Visual cues 

include illustrations and pop-out effects, comprising items that don’t match the immediate 

surrounding environment, such as tables, colour highlights or italic citations. We hypothesised 

that presentation would affect perceived usefulness due to improved readability and 

information distribution.

Educational content varied according to the subject being covered making it the most difficult to 

measure and compare. Three over-arching intervention themes were identified: 1) Therapy 

initiation, which includes the recommendations for prescribing new medicines for known 

conditions. It usually follows detection of under-use of evidence based medicines in the health 

claims database. 2) Therapy adjustment or withdrawal, which includes alerts about common or 

serious side effects associated with the use of a medicine. It usually includes recommendations 

for stepping down the dosage, or changing or stopping medicines. 3) Service initiation, which 

includes recommendations to refer patients for funded healthcare services (e.g. screening tests, 

home medicines reviews or psychology services for mental health conditions).

Two behavioural economic theories guided our feature selection: loss aversion [21] and excess 

of choice.[22] Loss aversion refers to a tendency to give higher weight to loss than to gain, and 

engage in riskier behaviour to avoid loss. Excess of choice refers to a tendency to make poorer 

choices when faced with too many options. The relevance of these features was previously 

demonstrated in health promotion settings.[23] In a study evaluating messages to promote 

hand washing,[23] loss and fear inducing (threatening) messages about flu contagion risk were 

superior to standard messages.  Additionally, messages containing simple instructions (coping 

messages) were superior to multiple webpages containing detailed information about flu 

contagion. 

To capture a proxy of loss aversion and excess of choice, we measured features related to 

writing style using a natural language processing technique called sentiment analysis.[24] 

Page 8 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

8

Sentiment analysis is “the computational study of people’s opinions, appraisals, attitudes, and 

emotions toward entities, individuals, issues, events, topics and their attributes”.[24] Two 

common measures of sentiment analysis are polarity and subjectivity. Polarity is a measure of 

how positive (or negative) a piece of text is, and ranges from +1, meaning positive, to -1, 

meaning negative. Subjectivity measures how much judgement is embedded in the text by the 

use of adjectives and adverbs, and ranges from +1 for completely objective to -1 for completely 

subjective.  We performed sentiment analysis using the Python library TextBlob [25] to extract 

polarity and subjectivity score for each educational material. We hypothesized that more 

negative and objective (what not to do) would be deemed more useful than positive and 

subjective (best practices). 

We also counted the number of times a medicine was mentioned in the educational component. 

We used the Anatomical Therapeutic Chemical (ATC) [26] classification to identify medicines 

names and the sum of all mentions was added as feature. We counted the number of external 

links, as a measure of the importance of providing access to further information, if needed. 

FEATURES – AUDIT AND FEEDBACK COMPONENT

To extract features from the audit and feedback document, we analysed 51 prescriber feedback 

documents and identified five different behavioural change techniques. The behaviour change 

techniques were coded using the Behaviour Change Techniques Taxonomy v1 (see Box 1).[27] 

Since more than one technique can be present in the same audit and feedback document, the 

number of different techniques present in an intervention was considered a feature. One of the 

authors who has medical background performed manual review to extract behaviour change 

techniques used in the prescriber feedback documents. Each document was individually 

inspected and coded. We hypothesised that every additional technique would further increase 

the usefulness of the intervention.

FEATURE EXTRACTION
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All educational materials were downloaded from the main program site 

(https://veteransmates.net.au). We parsed the files to extract text and presentation features, 

such as number of special formatting (e.g. table, headline, and external links) (Table 1).

OUTCOME

The main outcome of this study was perceived usefulness. Usefulness is a predictor of continued 

use [28, 29] and guideline / decision support system use.[30] Moreover, it allows the 

comparison of different types of behaviour change interventions. A post-intervention survey 

was included with mailed material, containing up to ten questions connected to the 

interventions content. We extracted information from post-intervention surveys asking “How 

useful have you found the therapeutic brief”. Each responder could select one of four options: 1) 

Very useful; 2) Moderately useful; 3) Slightly useful; 4) Not useful. To create an intervention 

usefulness score, answers were attributed a score, from 4 (Very useful) to 1 (Not useful). We 

averaged the scores per intervention, resulting in a final score ranging from 1 to 4. 

We used Pearson correlation coefficient and Mann Whitney U test for hypothesis testing. We used 

Python SciPy package v1.1.0 for analysis.[31]

RESULTS

INTERVENTION CHARACTERISTICS

Of the 51 interventions, 48 were evaluated and three were excluded due to a lack of outcome 

data (perceived usefulness). On average, each intervention was delivered to 9667 GPs, for a 

total of 493,015 individual veterans targeted. GPs eligible for multiple interventions were 

targeted multiple times. We received, on average, 608 survey responses for each intervention, 

totalling 29,809 GP responses (6% median response rate [P25 = 5%; P75=7%]). 
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Overall, the topics were deemed useful. Figure 1 shows the usefulness scores by intervention 

theme. Usefulness scores ranged from 3.61 (osteoporosis - Jun 2018) to 2.74 (chronic 

musculoskeletal pain - Mar 2014), with a median score of 3.17 (sd 0.18). 

HYPOTHESIS TESTING

The features exhibited substantial variability over the study period. The exception was the 

sentiment analysis metrics. Both polarity and subjectivity remained relatively consistent 

throughout the program duration.  This means there was little variation in writing style, 

regardless of the topic and behavioural goal.

We found a significant influence of the number of behavioural change techniques on perceived 

usefulness. The addition of behaviour change techniques to audit and feedback improved 

perceived usefulness. Prompt and Goal Setting strategies were statistically significant (Table 2). 

The effect of behaviour change techniques was summative (Figure 2 and Table 2). The sum of 

techniques was considered as an independent variable and was significantly correlated to 

perceived usefulness (Table 2).

No presentation or content features were correlated with perceived usefulness (Table 2). The 

number of external links in the educational material showed a tendency to increased perceived 

usefulness, but was not statistically significant.

DISCUSSION
Our analysis of 48 interventions of an ongoing medicines advice program adds an empirical 

perspective to designing successful health professional behaviour change interventions. The 

Veterans’ MATES program is a multi-component intervention, including an educational 

component, an audit and feedback component of patient specific information, and a patient 

mediated intervention. It has repeatedly demonstrated its effectiveness in changing 

professional behaviour.[1, 15-19]  
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Overall, the results suggest that changes in the audit and feedback component significantly 

improve perceived usefulness. Such demonstration of effect of distinct behaviour change 

techniques is uncommon in the literature, due to the usually small effect and the sensitivity to 

contextual changes.[11] Due to the long duration of the program, we were able to demonstrate 

statistically significant effects of prompts and goal setting in improving the usefulness of the 

intervention. This finding also reflects the relevance of adding personalised information in an 

intervention. Every prompt was generated from patient data and reflected information that may 

have been unknown to the physician. By bringing accurate information in the right context, the 

prompt creates a trigger that may increase the likelihood of an appropriate action. 

We also found that there was an additive effect of using multiple different behaviour change 

techniques on usefulness.  This effect has been described in the context of health promotion.[32, 

33] This finding suggests that different techniques may independently solve different needs and 

the use of multiple techniques in the same intervention is not detrimental to effect. In our study, 

all behaviour change techniques aimed to help physicians in their decision making process, such 

as suggesting the evidence-based recommended action, providing scientific information or 

translating patient information (e.g. classifying the dosage as high or low instead of a quantity). 

This common theme may explain the additive effect of the techniques, as they often complement 

each other and inform the same choice process. 

While we hypothesized that presentation and content features would be determinants of 

usefulness, none of the studied features were correlated with perceived usefulness. Since the 

beginning of the Veterans’ MATES program, aesthetic was deemed important and there have 

been few significant changes in visual identity over the years. However, information 

organisation has changed considerably without significant impact in perceived usefulness, as it 

would be expected if changes improved readability or comprehension. There are three possible 

explanations for this finding: 1) No impact on usefulness - research has shown that, while design 

improves usability,[34]  it has limited effect on perceived usefulness;[35] 2) threshold effect - 
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aesthetic has been shown to be important in other contexts, such as digital medium,[36, 37] 

therefore a possible explanation is that design and presentation may have a threshold effect, 

over which there are diminishing returns; 3) audit and feedback components as confounder – 

since prescriber feedback changes dominated the intervention effect, it may have masked the 

impact of educational component features.

With respect to content, our goal was to identify the writing style that conveys a clear health 

intervention message, e.g. content should be more objective rather than comprehensive, or 

normative versus theoretical. Our findings do not support any recommendation concerning 

writing style. In this study, content effect on perceived usefulness was dominated by the 

influence of theme. Physicians tended to evaluate topics about service initiation and therapy 

adjustment (recommendations to remove or reduce medicines) more favourably than topics 

containing therapy initiation (recommendations to add medicines). This may reflect existing 

physician knowledge about the topic. 

The lack of significant findings regarding content features should be interpreted cautiously, due 

to study design and the intrinsic complexity of evaluating communication using automated 

means such as sentiment analysis. The Veterans’ MATES program employs trained and 

experienced medical writers with multiple peer review processes that maintain consistent text 

quality. This is evidenced by small variation in the tone and subjectivity scores between 

different interventions. Also, the sentiment analysis algorithm used in this study is based on the 

frequency of words deemed as positive/negative and subjective/objective. Therefore, it may not 

be sensitive enough to detect subtler language features. There is evidence in the health 

promotion domain that users prefer messages that are correctly spelled and grammatically 

correct and directive rather than passive or interrogative.[38] Emphasis on objectivity and 

clarity are also recommended for creating medical guidelines,[39, 40] though empirical 

evidence is still lacking. 
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Theories and findings regarding message tone are more conflicting,[21, 41] which may reflect a 

dependency on context. It is well established that loss aversion is a driver for insurance 

purchase, as the fear of rare but large loss is greater than a small but consistent premium.[21] In 

addition, negatively framed messages appear to promote behaviour change by creating stronger 

cognitive responses.[41]  A similar reasoning has been applied to medical reasoning giving an 

important weight to regret during decision making,[42] meaning that a therapeutic decision is 

only made when the expected usefulness surpasses the potential harm that is always associated 

with treatment. Other studies have suggested that positive messages may be better received by 

individuals already motivated to make a behaviour change.[38]

Translating large scale health professional behaviour change interventions from a concept to a 

real-life solution is not a straightforward process. Given the inherent complexity of behaviour 

change interventions, replicating a successful intervention often fails due to poorly understood 

factors.[43] The strong effect of implementing behaviour change techniques in audit and 

feedback interventions, particularly prompt and goal setting, suggests a clear recommendation 

for developers. 

STRENGTHS AND WEAKNESSES

As an observational research process, the strength of this study is the number of discrete 

interventions over a long period of time. The context within which the interventions took place 

remained sufficiently similar, which allowed us to isolate the effect of different features on 

perceived usefulness.

However, there are important limitations. The response to the surveys was voluntary and the 

response rate was small, ranging from 12.9% to 2.8% (mean 6.2%). This may have selected 

those who benefited from the topic and biased the results. Due to the heterogeneity in 

behaviour change goal, we used perceived usefulness. Finally, despite 15 years’ experience, 51 

large-scale interventions are likely underpowered for some of the analyses performed. The 
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small sample also prevented statistical adjustments that could handle potential confounders in 

observational data

CONCLUSION

This study demonstrated that prompts and goal setting components improve perceived 

usefulness when added to audit and feedback interventions. The addition of multiple different 

behaviour change techniques in the audit and feedback component improved usefulness and 

showed a summative effect. None of the content and presentation features extracted from the 

educational component were correlated with changes in perceived usefulness. 

LIST OF ABBREVIATIONS
Veterans’ MATES: Veterans’ Medicines Advice and Therapeutics Education Services

A&F: Audit and feedback

GPs: General practitioners

TIDieR: Template for Intervention Description and Replication

ATC: Anatomical Therapeutic Chemical 

DVA: Department of Veterans’ Affairs

DECLARATIONS

PATIENT AND PUBLIC INVOLVEMENT

The Veterans' MATES program is supported by multiple stakeholder advisory groups, including 

patients, healthcare professionals and government representatives. They provide input to the 

intervention design and implementation, as well as to the programme of research.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

Page 15 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

15

An ethics protocol for the study was approved by the University of South Australia Human 

Research Ethics Committee (ethics protocol P203/04) and the Department of Veterans’ Affairs 

Human Research Ethics Committee (E016/007).

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The data that support the findings of this study are available from the Australian Government 

Department of Veterans’ Affairs but restrictions apply to the availability of these data, which 

were used under license for the current study, and so are not publicly available.

AUTHOR CONTRIBUTIONS

AQA conceived of, designed, conducted the final analysis for this paper and drafted the 

manuscript.  VTL, JDB and EER developed the protocol and study approach. VTL, AM, NB and 

KW developed the questionnaires and were involved in data collection. LMKE, NLP and AM 

were involved in the data analysis. EER conceived of and designed the study, and critically 

revised the manuscript for important intellectual content. All authors made important 

contributions to the theoretical approach and interpreting insights. All authors read and 

approved the final manuscript.

ACKNOWLEDGEMENTS

The research was funded by the Australian Government Department of Veterans’ Affairs as part 

of the delivery of the Veterans’ Medicines Advice and Therapeutics Education Services 

(Veterans’ MATES) program. Veterans’ MATES is provided by the University of South Australia, 

Quality Use of Medicines and Pharmacy Research Centre, in association with Discipline of 

General Practice, The University of Adelaide; Discipline of Public Health, The University of 

Page 16 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

16

Adelaide; Repatriation General Hospital, Daw Park; NPS – Better choices, Better health; 

Australian Medicines Handbook; and the Drug and Therapeutics Information Service.

Page 17 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

17

REFERENCES

1. Roughead EE, Kalisch Ellett LM, Ramsay EN, et al. Bridging evidence-practice gaps: 
improving use of medicines in elderly Australian veterans. BMC health services research. 2013 
Dec 12;13:514. PubMed PMID: 24330781. Pubmed Central PMCID: PMC3878826. Epub 
2013/12/18. eng.
2. Eccles M, Steen N, Grimshaw J, et al. Effect of audit and feedback, and reminder messages 
on primary-care radiology referrals: a randomised trial. Lancet (London, England). 2001 May 
5;357(9266):1406-9. PubMed PMID: 11356439. Epub 2001/05/18. eng.
3. Stone EG, Morton SC, Hulscher ME, et al. Interventions that increase use of adult 
immunization and cancer screening services: a meta-analysis. Annals of internal medicine. 2002 
May 7;136(9):641-51. PubMed PMID: 11992299. Epub 2002/05/07. eng.
4. Giguère A, Légaré F, Grimshaw J, et al. Printed educational materials: effects on 
professional practice and healthcare outcomes. Cochrane Database of Systematic Reviews. 2012 
(10). PubMed PMID: CD004398.
5. Ivers N, Jamtvedt G, Flottorp S, et al. Audit and feedback: effects on professional practice 
and healthcare outcomes. Cochrane Database of Systematic Reviews. 2012 (6). PubMed PMID: 
CD000259.
6. Jeffery RA, To MJ, Hayduk-Costa G, et al. Interventions to improve adherence to 
cardiovascular disease guidelines: a systematic review. BMC Family Practice. 2015 
10/22;16:147. PubMed PMID: PMC4619086.
7. Hallsworth M, Chadborn T, Sallis A, et al. Provision of social norm feedback to high 
prescribers of antibiotics in general practice: a pragmatic national randomised controlled trial. 
The Lancet. 2016 2016/04/23/;387(10029):1743-52.
8. Meeker D, Linder JA, Fox CR, et al. Effect of Behavioral Interventions on Inappropriate 
Antibiotic Prescribing Among Primary Care Practices: A Randomized Clinical TrialBehavioral 
Interventions and Inappropriate Antibiotic PrescribingBehavioral Interventions and 
Inappropriate Antibiotic Prescribing. JAMA. 2016;315(6):562-70.
9. Murphy ME, Byrne M, Zarabzadeh A, et al. Development of a complex intervention to 
promote appropriate prescribing and medication intensification in poorly controlled type 2 
diabetes mellitus in Irish general practice. Implementation science : IS. 2017 Sep 16;12(1):115. 
PubMed PMID: 28915897. Pubmed Central PMCID: PMC5602930. Epub 2017/09/17. eng.
10. Johnson MJ, May CR. Promoting professional behaviour change in healthcare: what 
interventions work, and why? A theory-led overview of systematic reviews. BMJ Open. 
2015;5(9).
11. Michie S, West R, Godinho CA, et al. Evaluating the effectiveness of behavior change 
techniques in health-related behavior: a scoping review of methods used. Translational 
Behavioral Medicine. 2018;8(2):212-24.
12. Bandura A. Human agency in social cognitive theory. The American psychologist. 1989 
Sep;44(9):1175-84. PubMed PMID: 2782727. Epub 1989/09/01. eng.
13. Prochaska JO, Velicer WF, Rossi JS, et al. Stages of change and decisional balance for 12 
problem behaviors. Health psychology : official journal of the Division of Health Psychology, 
American Psychological Association. 1994 Jan;13(1):39-46. PubMed PMID: 8168470. Epub 
1994/01/01. eng.
14. Green LW, Kreuter MW, Green LW. Health program planning : an educational and 
ecological approach. New York: McGraw-Hill; 2005.
15. Kalisch Ellett LM, Pratt NL, Sluggett JK, et al. Sustaining practice change in health care: 
the impact of a national quality improvement program on the uptake of collaborative medicines 
reviews. Journal of Pharmacy Practice and Research. 2018;48(3):222-30.
16. Kalisch Ellett LM, Pratt NL, Sluggett JK, et al. Patient-specific prescriber feedback can 
increase the rate of osteoporosis screening and treatment: results from two national 
interventions. Archives of osteoporosis. 2017 Dec;12(1):17. PubMed PMID: 28188561. Epub 
2017/02/12. eng.

Page 18 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

18

17. Pratt NL, Kalisch Ellett LM, Sluggett JK, et al. Commitment questions targeting patients 
promotes uptake of under-used health services: Findings from a national quality improvement 
program in Australia. Social science & medicine (1982). 2015 Nov;145:1-6. PubMed PMID: 
26432175. Epub 2015/10/04. eng.
18. Pratt NL, Kalisch Ellett LM, Sluggett JK, et al. Use of proton pump inhibitors among older 
Australians: national quality improvement programmes have led to sustained practice change. 
International journal for quality in health care : journal of the International Society for Quality 
in Health Care. 2017 Feb 1;29(1):75-82. PubMed PMID: 27920248. Epub 2016/12/07. eng.
19. Kalisch Ellett LM, Lim R, Pratt NL, et al. Reducing hypnotic use in insomnia management 
among Australian veterans: results from repeated national interventions. BMC health services 
research. 2018 August 09;18(1):626.
20. Whittingham JRD, Ruiter RAC, Castermans D, et al. Designing effective health education 
materials: experimental pre-testing of a theory-based brochure to increase knowledge. Health 
Education Research. 2007;23(3):414-26.
21. Rice T. The Behavioral Economics of Health and Health Care. Annual Review of Public 
Health. 2013;34(1):431-47. PubMed PMID: 23297657.
22. Iyengar SS, Lepper MR. When choice is demotivating: can one desire too much of a good 
thing? Journal of personality and social psychology. 2000 Dec;79(6):995-1006. PubMed PMID: 
11138768. Epub 2001/01/04. eng.
23. Miller S, Yardley L, Little P. Development of an intervention to reduce transmission of 
respiratory infections and pandemic flu: Measuring and predicting hand-washing intentions. 
Psychology, Health & Medicine. 2012 2012/01/01;17(1):59-81.
24. Liu B, Zhang L. A Survey of Opinion Mining and Sentiment Analysis. In: Aggarwal CC, 
Zhai C, editors. Mining Text Data. Boston, MA: Springer US; 2012. p. 415-63.
25. Loria S. TextBlob. v0.15.2 ed2018.
26. WHO Collaborating Centre for Drug Statistics Methodology. ATC classification index 
with DDDs, 2019. Oslo, Norway: World Health Organization; 2018.
27. Michie S, Richardson M, Johnston M, et al. The behavior change technique taxonomy (v1) 
of 93 hierarchically clustered techniques: building an international consensus for the reporting 
of behavior change interventions. Annals of behavioral medicine : a publication of the Society of 
Behavioral Medicine. 2013 Aug;46(1):81-95. PubMed PMID: 23512568. Epub 2013/03/21. eng.
28. Amoako-Gyampah K. Perceived usefulness, user involvement and behavioral intention: 
an empirical study of ERP implementation. Computers in Human Behavior. 2007 
2007/05/01/;23(3):1232-48.
29. Kim J, Park H-A. Development of a Health Information Technology Acceptance Model 
Using Consumers’ Health Behavior Intention. J Med Internet Res. 2012;14(5):e133. PubMed 
PMID: 23026508. Epub 01.10.2012. English.
30. Kortteisto T, Komulainen J, Mäkelä M, et al. Clinical decision support must be useful, 
functional is not enough: a qualitative study of computer-based clinical decision support in 
primary care. BMC Health Services Research. 2012 2012/10/08;12(1):349.
31. Pedregosa F, Varoquaux G, Gramfort A, et al. Scikit-learn: Machine Learning in Python. J 
Mach Learn Res. 2011;12:2825-30.
32. De Vasconcelos S, Toskin I, Cooper B, et al. Behaviour change techniques in brief 
interventions to prevent HIV, STI and unintended pregnancies: A systematic review. PLOS ONE. 
2018;13(9):e0204088.
33. Cunningham JA, Humphreys K, Koski-Jannes A, et al. Internet and paper self-help 
materials for problem drinking: is there an additive effect? Addictive behaviors. 2005 
Sep;30(8):1517-23. PubMed PMID: 15893433. Epub 2005/05/17. eng.
34. Grudniewicz A, Bhattacharyya O, McKibbon KA, et al. Redesigning printed educational 
materials for primary care physicians: design improvements increase usability. Implementation 
science : IS. 2015;10:156-. PubMed PMID: 26537589.
35. Paul CL, Sanson-Fisher RW, Redman S. Print material content and design: is it relevant 
to effectiveness? Health Education Research. 2003;18(2):181-90.

Page 19 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

19

36. O’Brien HL, Cairns P, Hall M. A practical approach to measuring user engagement with 
the refined user engagement scale (UES) and new UES short form. International Journal of 
Human-Computer Studies. 2018 2018/04/01/;112:28-39.
37. O’Brien HL, Toms EG. Examining the generalizability of the User Engagement Scale 
(UES) in exploratory search. Information Processing & Management. 2013 
2013/09/01/;49(5):1092-107.
38. Muench F, van Stolk-Cooke K, Morgenstern J, et al. Understanding Messaging 
Preferences to Inform Development of Mobile Goal-Directed Behavioral Interventions. J Med 
Internet Res. 2014;16(2):e14. PubMed PMID: 24500775. Epub 05.02.2014. English.
39. Klasco RS, Glinert LH. Language for Actionable Recommendations in Clinical Guidelines: 
Avoiding Hedging and Equivocation. JAMA. 2017;317(6):583-4.
40. Gupta S, Rai N, Bhattacharrya O, et al. Optimizing the language and format of guidelines 
to improve guideline uptake. CMAJ. 2016;188(14):E362-E8. PubMed PMID: 27091799. eng.
41. Brown MG, Gold RS. Cognitive responses to positively and negatively framed health 
messages: a thought-listing study. Psychol Health Med. 2014;19(6):724-9. PubMed PMID: 
24345327. Epub 2013/12/19. eng.
42. Djulbegovic B, Hozo I, Mayrhofer T, et al. The threshold model revisited. Journal of 
Evaluation in Clinical Practice. 2019;25(2):186-95.
43. Schloemer T, Schröder-Bäck P. Criteria for evaluating transferability of health 
interventions: a systematic review and thematic synthesis. Implementation Science. 2018 June 
26;13(1):88.

Page 20 of 26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-038016 on 14 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

20

LEGENDS FOR FIGURES
Figure 1 – Usefulness score box plot by intervention theme

Figure 2 - Average usefulness score of topics by number of behavioural techniques
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TABLES
Behaviour Change Techniques [code 
according to Behaviour Change 
Techniques Taxonomy v1]

Prescriber feedback implementation 
followed by example

Prompt/cues (code 7.1) Display of a message highlighting a patient-
specific issue related to the current topic. E.g. 
“Patient dispensed an antidepressant and has 
had no claim for DVA funded psychological 
therapies in last two years.”

Goal setting (code 1.1) Display of the suggested action followed by a 
checkbox. E.g. “Action: Consider review.”

Discrepancy between current behaviour and 
goal (code 1.6)

Display questions about a patient condition 
that, if answered positively, suggest an action 
is required. E.g. “Has adequate pain relief 
been achieved with current treatment 
approach? Could adjuvant pain medicine 
regime be changed?”

Information about health consequences 
(code 5.1)

Display the rationale for the suggested 
change. E.g. “Patient prescribed different 
medicines that may increase their risk of 
heat-related illness (see therapeutic brief 
insert).”

Feedback on behaviour (code 2.2) Re-interpretation of the prescription data to 
provide additional data. E.g. translating 
20/40mg for low/high dose; providing drug 
burden indices.

Box 1 - Behaviour Change Techniques and how they were implemented in the Prescriber feedback

Table 1 – List of features extracted from the interventions

Feature Category
Number of images Presentation
Number of tables Presentation
Average section size (Number of character / Number of 
headlines)

Presentation

Number of external links Content
Polarity score Content
Subjectivity score Content
Number of medicine mentions Content
Prompt/cues Behaviour change technique
Goal setting Behaviour change technique
Discrepancy between current behaviour and goal Behaviour change technique
Information about health consequences Behaviour change technique
Feedback on behaviour Behaviour change technique

Table 2 – Association between extracted features and perceived usefulness scores

Behavioural technique Mann Whitney U statistics p-value
Prompt 155.0 0.030*
Goal setting 150.0 0.005*
Discrepancy 118.0 0.125
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Health consequences 70.0 0.554
Feedback 161.0 0.234
Variable Mean (SD) Pearson 

Coefficient 
(SD)

p-value

Number of distinct Behaviour 
Change Technique

1.79 (1.05) 0.45 (0.19, 
0.65)

0.001*

Number of images 0.60
(1.16)

0.18, (0.11, 
0.44)

0.226

Number of tables 1.73
(1.23)

-0.16 (-0.42, 
0.13)

0.274

Average section size  in 
number of characters

1718
(1094)

0.11 (-0.18, 
0.38)

0.447

Number of external links 6.02
(7.07)

0.25 (-0.04, 
0.50)

0.088

Text polarity, score +1 to -1 0.079
(0.041)

0.16 (-0.13, 
0.42)

0.283

Text subjectivity, score +1 to 
-1

0.389
(0.057)

0.10 (-0.18, 
0.38)

0.475

Number of medicine 
mentions

31.08
(23.83)

0.17 (-0.11, 
0.44)

0.234

*significant association (p<0.05)
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Usefulness score box plot by intervention theme 
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Average usefulness score of topics by number of behavioural techniques 
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TIDieR checklist

The TIDieR (Template for Intervention Description and Replication) Checklist*:

          Information to include when describing an intervention and the location of the information

Item Where located **Item 
number Primary paper

(page or appendix

number)

Other † (details)

BRIEF NAME
1. Provide the name or a phrase that describes the intervention. 3____________ www.veteransm

ates.net.au

WHY
2. Describe any rationale, theory, or goal of the elements essential to the intervention. _4___________ _____________

WHAT
3. Materials: Describe any physical or informational materials used in the intervention, including those 

provided to participants or used in intervention delivery or in training of intervention providers. 

Provide information on where the materials can be accessed (e.g. online appendix, URL).

_5___________ _____________

4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, 

including any enabling or support activities.

_4___________ _____________

WHO PROVIDED
5. For each category of intervention provider (e.g. psychologist, nursing assistant), describe their 

expertise, background and any specific training given.

__5__________ _____________

HOW
6. Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such as internet or 

telephone) of the intervention and whether it was provided individually or in a group.

___5_________ _____________

WHERE
7. Describe the type(s) of location(s) where the intervention occurred, including any necessary 

infrastructure or relevant features.

____5_______ _____________
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TIDieR checklist

WHEN and HOW MUCH
8. Describe the number of times the intervention was delivered and over what period of time including 

the number of sessions, their schedule, and their duration, intensity or dose.

____4_______ _____________

TAILORING
9. If the intervention was planned to be personalised, titrated or adapted, then describe what, why, 

when, and how.

____4_______ _____________

MODIFICATIONS
10.ǂ If the intervention was modified during the course of the study, describe the changes (what, why, 

when, and how).

___6_______ _____________

HOW WELL

11. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any 

strategies were used to maintain or improve fidelity, describe them.

____9_______ _____________

12.ǂ Actual: If intervention adherence or fidelity was assessed, describe the extent to which the 

intervention was delivered as planned.

___9_______ _____________

** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers – use ‘?’ if information about the element is not reported/not   
sufficiently reported.        

† If the information is not provided in the primary paper, give details of where this information is available. This may include locations such as a published protocol      
or other published papers (provide citation details) or a website (provide the URL).

ǂ If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is complete.

* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains an explanation and elaboration for each item.

* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other elements and methodological features of 
studies are covered by other reporting statements and checklists and have not been duplicated as part of the TIDieR checklist. When a randomised trial is being reported, the 
TIDieR checklist should be used in conjunction with the CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement. 
When a clinical trial protocol is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of Item 11 of the SPIRIT 2013 
Statement (see www.spirit-statement.org). For alternate study designs, TIDieR can be used in conjunction with the appropriate checklist for that study design (see 
www.equator-network.org). 
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ABSTRACT
Objective: Educational, and audit and feedback interventions are effective in promoting health 

professional behaviour change and evidence adoption. However, we lack evidence to pinpoint 

which particular features make them most effective. Our objective is to identify determinants of 

quality in professional behaviour change interventions, as perceived by participants.

Design: We performed a comparative observational study using data from the Veterans’ 

Medicines Advice and Therapeutics Education Services (Veterans’ MATES) program, a nation-

wide Australian Government Department of Veterans’ Affairs funded program that provides 

medicines advice and promotes physician adoption of best practices by use of a multifaceted 

intervention (educational material and a feedback document containing individual patient 

information). 

Setting: Primary care practices providing care to Australian veterans.

Participants: General practitioners targeted by 51 distinct behaviour change interventions, 

implemented between November 2004 and June 2018. 

Primary and Secondary Outcome Measures: We extracted features related to presentation 

(number of images, tables and characters), content (polarity and subjectivity using sentiment 

analysis, number of external links and medicine mentions) and the use of 5 behaviour change 

techniques (prompt/cues, goal setting, discrepancy between current behaviour and goal, 

information about health consequences, feedback on behaviour). The main outcome was 

perceived usefulness, extracted from post-intervention survey.

Results: On average, each intervention was delivered to 9667 general practitioners.  Prompt 

and Goal Setting strategies in the audit and feedback were independently correlated to 

perceived usefulness (p=0.043 and p=0.013, respectively). The number of distinct behaviour 

change techniques in the audit and feedback was correlated with improved usefulness (Pearson 
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coefficient 0.45 [0.19, 0.65], p=0.001). No presentation or content features in the educational 

material were correlated with perceived usefulness.

Conclusions: The finding provides additional evidence encouraging the use of behaviour 

change techniques, in particular prompt and goal setting, in audit and feedback interventions. 

ARTICLE SUMMARY

STRENGTHS AND LIMITATIONS OF THIS STUDY

• The study analyses a large number of discrete interventions over a long period
• The 15-year duration allowed us to isolate the effect of different features on 

perceived usefulness
• Distinct interventions with distinct goals, compared by perceived usefulness
• Sample size prevented statistical adjustments that could handle potential 

confounders in observational data
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INTRODUCTION
Public health interventions play an important role in translating evidence into practice and 

promoting health professional behaviour change. Multifaceted interventions are effective in 

improving medicine prescription patterns,[1] radiology referrals,[2] and screening and 

preventative practices.[3] A common approach to health professional behaviour change is 

shaping knowledge and promoting better informed clinical decisions. A growing body of 

evidence suggests that interventions targeting health professional can change clinical 

performance. Examples of effective interventions include educational interventions and audit 

and feedback interventions.[4-8] However, knowledge shaping interventions are commonly the 

result of a bundle of different actions in a complex environment,[9] which makes it difficult to 

determine the effect of the individual components. Moreover, audit and feedback interventions 

may influence behaviour by affecting domains beyond knowledge, such as beliefs about 

capabilities, motivations and goals, and creating social influences.[10] Therefore, while there is 

evidence to determine the effect of both educational, and audit and feedback interventions, 

there is no evidence to pinpoint which particular features make them most effective.[11] A 

deeper understanding based on empirical data can improve intervention design, which 

currently relies on theory alone. 

Since 2004, the Veterans’ Medicines Advice and Therapeutics Education Services (Veterans’ 

MATES) program, an Australian Government Department of Veterans’ Affairs funded program, 

has provided medicines advice and promoted physician adoption of best practices by use of a 

multifaceted intervention, which contains educational material and personalised, patient-

specific information and recommendations (audit and feedback component). 

The program’s longevity offers an opportunity to empirically evaluate which features of 

educational, and audit and feedback interventions have an impact in its usefulness to 

physicians. Over the years, the Veterans’ MATES program has gone through changes and, 

despite keeping the core principles consistent, the features of each intervention have differed 
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slightly from the previous. The changes, coupled within a consistent context of implementation, 

make interventions comparable.

To improve understanding about which features of educational and audit and feedback 

interventions contribute to success, we analysed data from all interventions implemented in the 

Veterans’ MATES program. Our aim is to identify whether content features, presentation 

features or the use of behaviour change techniques is associated with changes in perceived 

usefulness by receiving general practitioners.

METHODS

STUDY DESIGN – THE VETERANS’ MATES PROGRAM
We performed a comparative observational study [12] to evaluate how intervention features 

from the educational, and audit and feedback components of the program explained the 

observed variability in intervention success.  We used data from the Veterans’ MATES program, 

comparing 51 distinct interventions that took place between November 2004 and June 2018. 

The program aims to improve medicine and health services use and health outcomes for all 

persons in the veteran community by delivering interventions to general practitioners (GPs), 

pharmacists, other relevant healthcare professionals and veterans.[1] The program’s goal is to 

provide medicine advice to veterans and their primary physicians according to previously 

identified issues, as detected by epidemiological inquiry. 

Since the program’s conception, it has been driven by the use of technology and big data to 

detect health issues and tailor interventions for at-risk groups.  During each intervention’s 

development process, an epidemiological analysis is performed on a comprehensive database 

containing administrative claims data (including medicine dispensings) collected by the 

Australian Government Department of Veterans’ Affairs. The analysis is guided by a clear 

question to explore potential quality use of medicine issues. Examples include: long term 
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prescription of medicines recommended for acute issues; doses above guideline 

recommendations; and lack of screening tests for an eligible population.

After identifying the problem, a behaviour change goal is defined. This goal typically aims to 

promote evidence-based practices, for example encouraging the cessation of medicines without 

long-term evidence, or the optimisation of therapy according to treatment guidelines. With the 

problem and goal in mind, an intervention is designed. The intervention is informed by Social 

Cognitive Theory [13], the Transtheoretical model,[14] and the health promotion model 

Precede-Proceed.[15] The full list of topics are available at www.veteransmates.net.au, the 

influence of the aforementioned theories in intervention development is further discussed in 

[1]. Interventions include three main components: 1) printed and online educational material 

for health professionals called the therapeutic brief; 2) printed and online educational material 

for veterans, called the veteran brochure; and 3) an audit and feedback document for the GP 

containing personalised patient information, called the prescriber feedback. An example of the 

current version of the feedback can be seen in Figure 1. The format of this feedback varies 

depending on the behaviour change goal. Interventions target particular health professionals 

and veterans according to criteria developed during the epidemiological analysis, meaning that 

only those individuals likely to benefit will receive the intervention. Along with all veterans 

identified using these criteria, the interventions target the main general practitioner involved in 

the veterans’ care. 

Stakeholder (health professionals and patients) perceptions of the service were evaluated using 

one-page response forms (survey) mailed at the time of the intervention. The surveys have ten 

questions designed with a double role of collecting new information and reinforcing important 

educational content. It contains questions to evaluate intervention quality including perceived 

usefulness, our main outcome described below, and the relevance of this information for 

patients.  In some interventions, the survey also included commitment questions, e.g. asking 

doctors how many patients they would review. Epidemiological post-intervention analysis 
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evaluates the actual population-level change in prescription patterns and use of health services, 

quantifying the effect of interventions. The program has been extensively described 

elsewhere.[1] It has been shown to be effective for changing professional behaviour in different 

domains,[1] including promoting medicine review,[16] osteoporosis screening,[17] uptake of 

health services,[18] reducing inappropriate proton pump inhibitor use,[19] and hypnotic use 

for insomnia.[20] 

ANALYSIS – EXTRACTED FEATURES FROM THE EDUCATIONAL COMPONENT

Within the educational component of the intervention, composed of the printed and online 

material, we identified two features that changed over the years: presentation and writing style. 

Changes in presentation were related to information organisation, given that the visual identity 

of the materials, including font, colour schemes and general document organisation, remained 

consistent. The most relevant variations in presentation included adding tables, images and 

more frequent headlines for section subdivision. The presence of contextually appropriate 

visual cues has been shown to improve knowledge uptake in health education.[21] Visual cues 

include illustrations and pop-out effects, comprising items that don’t match the immediate 

surrounding environment, such as tables, colour highlights or italic citations. We hypothesised 

that presentation would affect perceived usefulness due to improved readability and 

information distribution.

Educational content varied according to the subject being covered making it the most difficult to 

measure and compare. Three over-arching intervention themes were identified: 1) Therapy 

initiation, which includes the recommendations for prescribing new medicines for known 

conditions. It usually follows detection of under-use of evidence based medicines in the health 

claims database. 2) Therapy adjustment or withdrawal, which includes alerts about common or 

serious side effects associated with the use of a medicine. It usually includes recommendations 

for stepping down the dosage, or changing or stopping medicines. 3) Service initiation, which 
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includes recommendations to refer patients for funded healthcare services (e.g. screening tests, 

home medicines reviews or psychology services for mental health conditions).

Two behavioural economic theories guided our feature selection: loss aversion [22] and excess 

of choice.[23] Loss aversion refers to a tendency to give higher weight to loss than to gain, and 

engage in riskier behaviour to avoid loss. Excess of choice refers to a tendency to make poorer 

choices when faced with too many options. The relevance of these features was previously 

demonstrated in health promotion settings.[24] In a study evaluating messages to promote 

hand washing,[24] loss and fear inducing (threatening) messages about flu contagion risk were 

superior to standard messages.  Additionally, messages containing simple instructions (coping 

messages) were superior to multiple webpages containing detailed information about flu 

contagion. 

To capture a proxy of loss aversion and excess of choice, we measured features related to 

writing style using a natural language processing technique called sentiment analysis.[25] 

Sentiment analysis is “the computational study of people’s opinions, appraisals, attitudes, and 

emotions toward entities, individuals, issues, events, topics and their attributes”.[25] Two 

common measures of sentiment analysis are polarity and subjectivity. Polarity is a measure of 

how positive (or negative) a piece of text is, and ranges from +1, meaning positive, to -1, 

meaning negative. Subjectivity measures how much judgement is embedded in the text by the 

use of adjectives and adverbs, and ranges from +1 for completely objective to -1 for completely 

subjective.  We performed sentiment analysis using the Python library TextBlob [26] to extract 

polarity and subjectivity score for each educational material. We hypothesized that more 

negative and objective (what not to do) would be deemed more useful than positive and 

subjective (best practices). 

We also counted the number of times a medicine was mentioned in the educational component. 

We used the Anatomical Therapeutic Chemical (ATC) [27] classification to identify medicines 
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names and the sum of all mentions was added as feature. We counted the number of external 

links, as a measure of the importance of providing access to further information, if needed. 

ANALYSIS – EXTRACTED FEATURES FROM THE AUDIT AND FEEDBACK COMPONENT

To extract features from the audit and feedback document, we analysed 51 prescriber feedback 

documents and identified five different behaviour change techniques. To identify relevant 

codes, one of the authors who has medical background performed manual review to extract 

behaviour change techniques used in a random sample of prescriber feedback documents (10 

documents). The rules and prototypical examples were presented and discussed with the 

original intervention developers prior to coding (see Box 1). The behaviour change techniques 

were coded using the Behaviour Change Techniques Taxonomy v1.[28] Since more than one 

technique can be present in the same audit and feedback document, the number of different 

techniques present in an intervention was considered a feature. After consensus, a set of rules 

for coding was created and applied to each document. Questions and borderline cases were 

brought back to the group for discussion. We hypothesised that every additional technique 

would further increase the usefulness of the intervention.

ANALYSIS - FEATURE EXTRACTION PROCEDURE
All educational materials were downloaded from the main program site 

(https://veteransmates.net.au). We parsed the files to extract text and presentation features, 

such as number of special formatting (e.g. table, headline, and external links) (Table 1).

ANALYSIS - OUTCOME

The main outcome of this study was perceived usefulness. Usefulness is a predictor of continued 

use [29, 30] and guideline / decision support system use.[31] Moreover, it allows the 

comparison of different types of behaviour change interventions. A post-intervention survey 

was included with mailed material, containing up to ten questions connected to the 

interventions content. We extracted information from post-intervention surveys asking “How 

useful have you found the therapeutic brief”. Each responder could select one of four options: 1) 
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Very useful; 2) Moderately useful; 3) Slightly useful; 4) Not useful. To create an intervention 

usefulness score, answers were attributed a score, from 4 (Very useful) to 1 (Not useful). We 

averaged the scores per intervention, resulting in a final score ranging from 1 to 4. 

We used Pearson correlation coefficient and Mann Whitney U test for hypothesis testing. We used 

Python SciPy package v1.1.0 for analysis.[32]

RESULTS

INTERVENTION CHARACTERISTICS

Of the 51 interventions, 48 were evaluated and three were excluded due to a lack of outcome 

data (perceived usefulness). On average, each intervention was delivered to 9667 GPs, for a 

total of 493,015 individual veterans targeted. GPs eligible for multiple interventions were 

targeted multiple times. We received, on average, 608 survey responses for each intervention, 

totalling 29,809 GP responses (6% median response rate [P25 = 5%; P75=7%]). 

Overall, the topics were deemed useful. There were 15 ‘Service initiation’ topics (e.g. 

recommendation of bone mineral density testing), 23 ‘Therapy adjustment’ topics (e.g. 

recommendation to cease unnecessary anticholinergic medicines) and 10 ‘Therapy initiation’ 

topics (e.g. recommendation to use emollients for dermatitis exacerbations). Figure 22 shows 

the usefulness scores by intervention theme. Usefulness scores ranged from 3.61 (osteoporosis - 

Jun 2018) to 2.74 (chronic musculoskeletal pain - Mar 2014), with a median score of 3.17 (sd 

0.18). 

HYPOTHESIS TESTING

The features exhibited substantial variability over the study period. The exception was the 

sentiment analysis metrics. Both polarity and subjectivity remained relatively consistent 

throughout the program duration.  This means there was little variation in writing style, 

regardless of the topic and behavioural goal. Prompts was the most common behaviour change 
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technique, used in 36 interventions (75%), followed by Goal Setting (33 interventions, 69%). 

The least common behaviour change technique was Information about health consequences, 

present in four interventions (8%).

We found a significant influence of the number of behaviour change techniques on perceived 

usefulness. The addition of behaviour change techniques to audit and feedback improved 

perceived usefulness. Prompt and Goal Setting strategies were statistically significant (Table 2). 

The effect of behaviour change techniques was summative (Figure 3 and Table 2). The sum of 

techniques was considered as an independent variable and was significantly correlated to 

perceived usefulness (Table 2).

No presentation or content features were correlated with perceived usefulness (Table 2). The 

number of external links in the educational material showed a tendency to increased perceived 

usefulness, but was not statistically significant.

DISCUSSION
Our analysis of 48 interventions of an ongoing medicines advice program adds an empirical 

perspective to designing successful health professional behaviour change interventions. The 

Veterans’ MATES program is a multi-component intervention, including an educational 

component, an audit and feedback component of patient specific information, and a patient 

mediated intervention. It has repeatedly demonstrated its effectiveness in changing 

professional behaviour.[1, 16-20]  

Overall, the results suggest that changes in the audit and feedback component significantly 

improve perceived usefulness. Such demonstration of effect of distinct behaviour change 

techniques is uncommon in the literature, due to the usually small effect and the sensitivity to 

contextual changes.[12] Due to the long duration of the program, we were able to demonstrate 

statistically significant effects of prompts and goal setting in improving the usefulness of the 

intervention. This finding also reflects the relevance of adding personalised information in an 
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intervention. Every prompt was generated from patient data and reflected information that may 

have been unknown to the physician. By bringing accurate information in the right context, the 

prompt creates a trigger that may increase the likelihood of an appropriate action. 

We also found that there was an additive effect of using multiple different behaviour change 

techniques on usefulness.  This effect has been described in the context of health promotion.[33, 

34] This finding suggests that different techniques may independently solve different needs and 

the use of multiple techniques in the same intervention is not detrimental to effect. In our study, 

all behaviour change techniques aimed to help physicians in their decision making process, such 

as suggesting the evidence-based recommended action, providing scientific information or 

translating patient information (e.g. classifying the dosage as high or low instead of a quantity). 

This common theme may explain the additive effect of the techniques, as they often complement 

each other and inform the same choice process. 

While we hypothesized that presentation and content features would be determinants of 

usefulness, none of the studied features were correlated with perceived usefulness. Since the 

beginning of the Veterans’ MATES program, aesthetic was deemed important and there have 

been few significant changes in visual identity over the years. However, information 

organisation has changed considerably without significant impact in perceived usefulness, as it 

would be expected if changes improved readability or comprehension. There are three possible 

explanations for this finding: 1) No impact on usefulness - research has shown that, while design 

improves usability,[35]  it has limited effect on perceived usefulness;[36] 2) threshold effect - 

aesthetic has been shown to be important in other contexts, such as digital medium,[37, 38] 

therefore a possible explanation is that design and presentation may have a threshold effect, 

over which there are diminishing returns; 3) audit and feedback components as confounder – 

since prescriber feedback changes dominated the intervention effect, it may have masked the 

impact of educational component features.
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With respect to content, our goal was to identify the writing style that conveys a clear health 

intervention message, e.g. content should be more objective rather than comprehensive, or 

normative versus theoretical. Our findings do not support any recommendation concerning 

writing style. In this study, content effect on perceived usefulness was dominated by the 

influence of theme. Physicians tended to evaluate topics about service initiation and therapy 

adjustment (recommendations to remove or reduce medicines) more favourably than topics 

containing therapy initiation (recommendations to add medicines). This may reflect existing 

physician knowledge about the topic. 

The lack of significant findings regarding content features should be interpreted cautiously, due 

to study design and the intrinsic complexity of evaluating communication using automated 

means such as sentiment analysis. The Veterans’ MATES program employs trained and 

experienced medical writers with multiple peer review processes that maintain consistent text 

quality. This is evidenced by small variation in the tone and subjectivity scores between 

different interventions. Also, the sentiment analysis algorithm used in this study is based on the 

frequency of words deemed as positive/negative and subjective/objective. Therefore, it may not 

be sensitive enough to detect subtler language features. There is evidence in the health 

promotion domain that users prefer messages that are correctly spelled and grammatically 

correct and directive rather than passive or interrogative.[39] Emphasis on objectivity and 

clarity are also recommended for creating medical guidelines,[40, 41] though empirical 

evidence is still lacking. 

Theories and findings regarding message tone are more conflicting,[22, 42] which may reflect a 

dependency on context. It is well established that loss aversion is a driver for insurance 

purchase, as the fear of rare but large loss is greater than a small but consistent premium.[22] In 

addition, negatively framed messages appear to promote behaviour change by creating stronger 

cognitive responses.[42]  A similar reasoning has been applied to medical reasoning giving an 

important weight to regret during decision making,[43] meaning that a therapeutic decision is 
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only made when the expected usefulness surpasses the potential harm that is always associated 

with treatment. Other studies have suggested that positive messages may be better received by 

individuals already motivated to make a behaviour change.[39]

Translating large scale health professional behaviour change interventions from a concept to a 

real-life solution is not a straightforward process. Given the inherent complexity of behaviour 

change interventions, replicating a successful intervention often fails due to poorly understood 

factors.[44] The strong effect of implementing behaviour change techniques in audit and 

feedback interventions, particularly prompt and goal setting, suggests a clear recommendation 

for developers. 

STRENGTHS AND WEAKNESSES

As an observational research process, the strength of this study is the number of discrete 

interventions over a long period of time. The context within which the interventions took place 

remained sufficiently similar, which allowed us to isolate the effect of different features on 

perceived usefulness.

However, there are important limitations. The response to the surveys was voluntary and the 

response rate was small, ranging from 12.9% to 2.8% (mean 6.2%). This may have selected 

those who benefited from the topic and biased the results. Due to the heterogeneity in 

behaviour change goal, we used perceived usefulness. Finally, despite 15 years’ experience, 51 

large-scale interventions are likely underpowered for some of the analyses performed. The 

small sample also prevented statistical adjustments that could handle potential confounders in 

observational data

CONCLUSION

This study demonstrated that prompts and goal setting components improve perceived 

usefulness when added to audit and feedback interventions. The addition of multiple different 

behaviour change techniques in the audit and feedback component improved usefulness and 
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showed a summative effect. None of the content and presentation features extracted from the 

educational component were correlated with changes in perceived usefulness. 
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Veterans’ MATES: Veterans’ Medicines Advice and Therapeutics Education Services

A&F: Audit and feedback

GPs: General practitioners
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DVA: Department of Veterans’ Affairs
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LEGENDS FOR FIGURES
Figure 1 – Example of the audit and feedback document for the “Recovering from pain” topic

Figure 2 – Usefulness score box plot by intervention theme

Figure 3 - Average usefulness score of topics by number of behaviour techniques
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TABLES
Behaviour Change Techniques [code 
according to Behaviour Change 
Techniques Taxonomy v1]

Prescriber feedback implementation 
followed by example

Prompt/cues (code 7.1) Display of a message highlighting a patient-
specific issue related to the current topic. E.g. 
“Patient dispensed an antidepressant and has 
had no claim for DVA funded psychological 
therapies in last two years.”

Goal setting (code 1.1) Display of the suggested action followed by a 
checkbox. E.g. “Action: Consider review.”

Discrepancy between current behaviour and 
goal (code 1.6)

Display questions about a patient condition 
that, if answered positively, suggest an action 
is required. E.g. “Has adequate pain relief 
been achieved with current treatment 
approach? Could adjuvant pain medicine 
regime be changed?”

Information about health consequences 
(code 5.1)

Display the rationale for the suggested 
change. E.g. “Patient prescribed different 
medicines that may increase their risk of 
heat-related illness (see therapeutic brief 
insert).”

Feedback on behaviour (code 2.2) Re-interpretation of the prescription data to 
provide additional data. E.g. translating 
20/40mg for low/high dose; providing drug 
burden indices.

Box 1 - Behaviour Change Techniques and how they were implemented in the Prescriber feedback

Table 1 – List of features extracted from the interventions

Feature Category
Number of images Presentation
Number of tables Presentation
Average section size (Number of character / Number of 
headlines)

Presentation

Number of external links Content
Polarity score Content
Subjectivity score Content
Number of medicine mentions Content
Prompt/cues Behaviour change technique
Goal setting Behaviour change technique
Discrepancy between current behaviour and goal Behaviour change technique
Information about health consequences Behaviour change technique
Feedback on behaviour Behaviour change technique

Table 2 – Association between extracted features and perceived usefulness scores

Behaviour technique Mann Whitney U statistics p-value
Prompt 155.0 0.030*
Goal setting 150.0 0.005*
Discrepancy 118.0 0.125
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Health consequences 70.0 0.554
Feedback 161.0 0.234
Variable Mean (SD) Pearson 

Coefficient 
(SD)

p-value

Number of distinct Behaviour 
Change Technique

1.79 (1.05) 0.45 (0.19, 
0.65)

0.001*

Number of images 0.60
(1.16)

0.18, (0.11, 
0.44)

0.226

Number of tables 1.73
(1.23)

-0.16 (-0.42, 
0.13)

0.274

Average section size  in 
number of characters

1718
(1094)

0.11 (-0.18, 
0.38)

0.447

Number of external links 6.02
(7.07)

0.25 (-0.04, 
0.50)

0.088

Text polarity, score +1 to -1 0.079
(0.041)

0.16 (-0.13, 
0.42)

0.283

Text subjectivity, score +1 to 
-1

0.389
(0.057)

0.10 (-0.18, 
0.38)

0.475

Number of medicine 
mentions

31.08
(23.83)

0.17 (-0.11, 
0.44)

0.234

*significant association (p<0.05)
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Figure 1 – Example of the audit and feedback document for the “Recovering from pain” topic 

170x243mm (96 x 96 DPI) 
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Figure 2 – Usefulness score box plot by intervention theme 

203x127mm (300 x 300 DPI) 
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Figure 3 - Average usefulness score of topics by number of behaviour techniques 
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TIDieR checklist

The TIDieR (Template for Intervention Description and Replication) Checklist*:

          Information to include when describing an intervention and the location of the information

Item Where located **Item 
number Primary paper

(page or appendix

number)

Other † (details)

BRIEF NAME
1. Provide the name or a phrase that describes the intervention. 3____________ www.veteransm

ates.net.au

WHY
2. Describe any rationale, theory, or goal of the elements essential to the intervention. _4___________ _____________

WHAT
3. Materials: Describe any physical or informational materials used in the intervention, including those 

provided to participants or used in intervention delivery or in training of intervention providers. 

Provide information on where the materials can be accessed (e.g. online appendix, URL).

_5___________ _____________

4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, 

including any enabling or support activities.

_4___________ _____________

WHO PROVIDED
5. For each category of intervention provider (e.g. psychologist, nursing assistant), describe their 

expertise, background and any specific training given.

__5__________ _____________

HOW
6. Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such as internet or 

telephone) of the intervention and whether it was provided individually or in a group.

___5_________ _____________

WHERE
7. Describe the type(s) of location(s) where the intervention occurred, including any necessary 

infrastructure or relevant features.

____5_______ _____________
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TIDieR checklist

WHEN and HOW MUCH
8. Describe the number of times the intervention was delivered and over what period of time including 

the number of sessions, their schedule, and their duration, intensity or dose.

____4_______ _____________

TAILORING
9. If the intervention was planned to be personalised, titrated or adapted, then describe what, why, 

when, and how.

____4_______ _____________

MODIFICATIONS
10.ǂ If the intervention was modified during the course of the study, describe the changes (what, why, 

when, and how).

___6_______ _____________

HOW WELL

11. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any 

strategies were used to maintain or improve fidelity, describe them.

____9_______ _____________

12.ǂ Actual: If intervention adherence or fidelity was assessed, describe the extent to which the 

intervention was delivered as planned.

___9_______ _____________

** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers – use ‘?’ if information about the element is not reported/not   
sufficiently reported.        

† If the information is not provided in the primary paper, give details of where this information is available. This may include locations such as a published protocol      
or other published papers (provide citation details) or a website (provide the URL).

ǂ If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is complete.

* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains an explanation and elaboration for each item.

* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other elements and methodological features of 
studies are covered by other reporting statements and checklists and have not been duplicated as part of the TIDieR checklist. When a randomised trial is being reported, the 
TIDieR checklist should be used in conjunction with the CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement. 
When a clinical trial protocol is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of Item 11 of the SPIRIT 2013 
Statement (see www.spirit-statement.org). For alternate study designs, TIDieR can be used in conjunction with the appropriate checklist for that study design (see 
www.equator-network.org). 
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