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Abstract  

Background: Electronic audit and feedback is a widely used implementation strategy for 

improving clinician practice, yet interventions demonstrate variable effectiveness. Current 

approaches to electronic audit and feedback development rely heavily on subjective usability 

feedback and rarely include prospective optimisation prior to implementation. This may 

contribute to repeated redesign cycles when engagement barriers are only identified after 

deployment, representing an underexamined contributor to slower implementation pathways.  

Methods: We developed and tested a theory-informed methodology for prospectively 

evaluating engagement with electronic audit and feedback interventions. Central to the 

methodology was an a priori framework linking each element in the tool to its intended 

behavioural change technique (BCT), hypothesised behavioural mechanism, and required level 

of visual attention. To test the methodology, health professionals enrolled as investigators in an 

international multi-site penicillin allergy implementation study (international Network of 

Antibiotic Allergy Nations) reviewed their site-specific electronic audit and feedback report 

while wearing an eye tracker and completing a subsequent think-aloud protocol. Gaze data and 

think-aloud data were independently analysed and then integrated to examine whether observed 

engagement aligned with the intervention’s intended behavioural design. 

Results: Integration of gaze and think-aloud data identified convergence and divergence 

between intended and observed engagement with BCT-linked interface elements. Of 29 areas of 

interest, 14 were Convergent (intended and observed engagement aligned across both data 

streams); one Hidden Opportunity (visually attended as intended but BCT activation 

incomplete); eight Attentional Mismatch (fixation duration deviated from the intended level 

despite adequate processing); three Divergent (engagement failure across both data streams); and 

three Silent Engagement. Joint interpretation of the two data streams generated targeted redesign 

recommendations that would not have been identifiable using either method alone.  

Conclusions: This proof-of-concept study establishes the feasibility of a theory-informed 

methodology for prospectively evaluating engagement with electronic audit and feedback 

interventions prior to broader implementation. Integration of objective measures of overt visual 

attention with qualitative evidence of cognitive processing allows interface-level barriers to be 
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identified and addressed before implementation at scale, rather than after. Prospective 

optimisation may help reduce avoidable redesign cycles and support more efficient pathways to 

implementation readiness. 

Contributions to the literature 

• We describe a novel, theory-informed methodology that integrates behaviour change theory, 

eye-tracking, and think-aloud methods to prospectively optimise electronic audit and 

feedback (eA&F) interventions.  

• The methodology uses a priori specification of behaviour change technique-linked interface 

elements and expected levels of overt visual attention to evaluate whether eA&F tools are 

visually engaged with as intended.  

• By identifying engagement barriers prior to wider deployment, this methodology offers a 

structured approach for prospective optimisation that may reduce avoidable post-

implementation redesign cycles. 

Keywords 

Electronic audit and feedback; eye-tracking; implementation science; behaviour change 

techniques; visual attention; digital health; mixed methods; intervention optimisation; 

Theoretical Domains Framework 
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Background 

Audit and feedback (A&F) is an implementation strategy widely used in healthcare to improve 

clinician practice (1). The approach involves evaluating the performance of individuals or teams 

against a target, such as clinical guidelines, and providing those results back to clinicians. The 

mechanisms through which A&F changes behaviour are theoretically grounded: feedback 

activates knowledge of current performance, creates motivation to close a gap between actual 

and desired practice, and invokes subjective norms through social comparison (1-4). These 

mechanisms are typically operationalised through a range of behaviour change techniques 

(BCTs), including feedback on behaviour, discrepancy from goal and social comparison. 

A large systematic review of 292 trials found that A&F leads to small-to-moderate 

improvements in clinician practice, with effects moderated by delivery features including 

individual-level data, peer benchmarking, action planning, and facilitation (1). More recently, the 

digitisation of healthcare systems has prompted a shift from paper-based A&F to electronic audit 

and feedback (eA&F). Clinical performance data are increasingly being delivered through digital 

interfaces such as automated dashboards and web-based reports (3, 5). eA&F tools can be 

embedded within routine digital infrastructures, enabling clinicians to access their performance 

data more frequently and potentially in near real time (5). However, realising this potential 

depends critically on whether clinicians engage with the interface in a way that activates the 

intended BCTs. 

Despite increasing use of eA&F, effectiveness remains mixed. Research has found that less than 

half of measured outcomes (e.g., prescribing, guideline adherence) showed improvement 

following eA&F interventions (6, 7). The format of delivery, electronic versus paper-based, does 

not appear to influence the magnitude of the feedback effect (1, 6). Arguably, clinician 

interaction with the interface may be an important determinant of engagement. A targeted review 

of the eA&F literature conducted in April 2026 suggests that this variability in engagement is at 

least partly due to persistent gaps in how these tools are designed, specified and refined prior to 

deployment. Drawing on two existing systematic reviews (1, 8) and a sample of primary studies 

evaluating the development and outcomes of eA&F interventions, three key gaps were identified. 

First, explicit a priori specification of BCTs or mechanisms of action was uncommon. Studies 

where behavioural principles were described, most frequently social comparison, rarely reported 
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them as deliberate design decisions (9, 10). Second, few studies described iterative refinement of 

eA&F tools prior to large-scale deployment, with most progressing directly from development to 

effectiveness testing without a reported optimisation phase (11, 12). Third, where user 

engagement was evaluated, it typically consisted of self-report methods such as interviews, or 

post-hoc usability surveys (13, 14). No studies reported objective measures of visual attention or 

interaction behaviour. These findings suggest that eA&F tools are commonly treated as static 

interventions rather than iteratively refined behavioural systems. As a result, the field currently 

lacks methodological approaches for prospectively identifying and addressing engagement 

barriers during the design phase, which may contribute to repeated redesign cycles following 

poor uptake or weak engagement. 

The subjective methods used to evaluate eA&F engagement have a further limitation that 

existing literature has not adequately addressed. Clinicians may not consciously recognise the 

barriers they encounter due to social desirability bias, habituation to stress, or limited awareness 

of their own information-processing difficulties (15-17). Consequently, subjective feedback 

alone may be insufficient to identify components of the tool that impact effective engagement. 

Understanding how clinicians visually engage with feedback interfaces is therefore a key 

methodological challenge for eA&F research. Attention determines which elements of a visual 

display receive cognitive processing and therefore influence decision making. One mechanism 

through which attention is directed is overt visual attention, the movement of the eyes to specific 

regions of a display, which can be measured objectively using eye-tracking technology. By 

defining areas of interest (AOIs) within a visual interface, eye-tracking software can quantify 

how frequently users fixate on specific elements and how long those fixations last. Within 

healthcare, eye-tracking has been applied across a range of contexts, including the study of 

cognitive overload in surgical performance and diagnostic decision making (18-20). 

These challenges are also relevant to a broader question in implementation science: how can 

implementation strategies be optimised more efficiently? eA&F tools are commonly evaluated 

only after deployment, meaning engagement barriers may not become apparent until 

implementation is already underway. This typically results in either abandonment of the tool or 

repeated cycles of redesign, redeployment, and re-evaluation following poor uptake or weak 

engagement. The emerging concept of implementation pace focuses not only on whether 
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interventions are successfully implemented, but also on the efficiency with which they progress 

from design to sustainable use. One potential mechanism for improving implementation pace is 

the prospective identification and resolution of modifiable barriers before broader deployment. 

Rather than conceptualising implementation strategies as static products that are evaluated after 

release, prospective optimisation approaches treat them as iteratively refined behavioural 

systems whose design can be improved before large-scale implementation begins. 

To address this gap, we developed and tested a theory-informed methodology, PREVIEW-A&F 

(Prospective Refinement using Eye-tracking and Verbal IntEgration Within electronic Audit & 

Feedback), that combines eye-tracking technology and think-aloud protocols to evaluate 

engagement with eA&F interventions. Central to the methodology is a theory-informed a priori 

framework linking each interface element to its intended BCT, hypothesised mechanism of 

action, and expected level of overt visual attention. By comparing observed gaze patterns with a 

priori expectations regarding intended engagement, and integrating these findings with think-

aloud data, PREVIEW-A&F provides a structured approach for prospectively identifying 

interface-level barriers prior to broader implementation (Figure 1). Of note, the present 

methodology does not directly measure behaviour change, BCT activation, or implementation 

outcomes. Rather, it integrates objective evidence of overt visual attention with qualitative 

evidence of cognitive processing to determine whether observed engagement is consistent with 

the intended behavioural design of the intervention. 
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Figure 1 PREVIEW-A&F. A framework for prospective optimisation of digital health tools. 
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Overview of PREVIEW-A&F methodology 

The PREVIEW-A&F methodology comprises five sequential phases applicable to any eA&F 

tool in any clinical domain, presented as a generalisable framework in Figure 1.  

Phase 1 - Specify: before data collection, the research team establishes an a priori framework 

linking each interface element (AOI) to: (i) its intended BCT and hypothesised mechanism of 

action; (ii) its intended attention level i.e., Glance (rapid orientation; no BCT activation), Look 

(information extraction; contextual framing supporting adjacent BCT elements), or Scrutinise 

(sustained attention supporting BCT activation through comparison, reflection, and action 

planning); and (iii) the expected clinician action following full processing of the element. This 

specification serves as the benchmark against which observed engagement is later compared. 

Phase 2 - Collect: participants review the eA&F tool while eye tracking records 

contemporaneous gaze behaviour. Immediately after, they complete a retrospective think-aloud 

protocol, providing a verbal commentary of their reasoning, interpretations, and any points of 

confusion. The two data streams are collected in the same session but remain independent until 

Phase 4. 

Phase 3 - Analyse: each data stream is analysed independently. Fixation duration from the eye 

tracking data is examined using planned contrasts in a mixed model, comparing the total duration 

spent looking at each AOI (the fixation duration) against the group mean for its attention level; 

raw duration is used for Glance- and Look-classified AOIs, whereas fixation duration for 

Scrutinise-classified AOIs is normalised by the number of distinct information units to account 

for variation in information density. Think-aloud transcripts are coded using two complementary 

approaches: deductive coding against the Theoretical Domains Framework (TDF) (21) to 

identify which behavioural domains are activated, and inductive coding of processing level 

(Orienting, Extracting, Interpreting, Problem-solving) and processing quality (Successful, 

Mixed, Confused, Dismissed). 

Phase 4 - Integrate: gaze and think-aloud data streams are brought together through 

collaborative multidisciplinary review. For each AOI, observed fixation duration is compared 

against the a priori intended attention level, and think-aloud coding is compared against the 

expected processing depth, classifying each AOI into one of four integration patterns (described 

in detail in the Integrated findings section below). 
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Phase 5 - Act: the review team examines each integration pattern and agrees on the appropriate 

redesign response. Convergent AOIs proceed to implementation. Each non-convergent pattern 

implies a distinct target: Hidden Opportunity → review BCT linkage or improve element 

salience; Attentional Mismatch → investigate why fixation duration deviates from the intended 

attention level; Divergent → redesign for clarity so the element is correctly understood. Agreed 

changes are made before re-evaluation. This iterative cycle continues until all BCT-critical AOIs 

achieve Convergent classification. 

 

Study aims 

The primary aim of this study was to develop and test the PREVIEW-A&F methodology for 

prospectively evaluating engagement with eA&F interventions using eye-tracking and think-

aloud methods. 

Secondary aims were to: 

1.  Examine whether observed patterns of overt visual attention aligned with a priori expectations 

regarding BCT-linked interface elements. 

2.  Demonstrate how integration of gaze and think-aloud data can identify interface-level barriers 

not detectable through subjective usability methods alone. 

3.  Illustrate how PREVIEW-A&F methodology may support prospective optimisation of eA&F 

interventions prior to broader implementation and so provide one potential mechanism for 

reducing downstream redesign requirements. 

Methods  

Study Design 

The following sub-sections describe the application PREVIEW-A&F methodology to a case 

study: the iNAAN Health Service Report, an eA&F tool used in an international penicillin 

allergy management implementation study. This study used a convergent mixed-methods design, 

in which objective gaze data were collected alongside think-aloud verbal data. The two data 

streams were analysed independently and then integrated to identify convergences and 
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discrepancies. This study was conducted as a sub-study of the iNAAN project (HREC/71789) 

approved by Austin Health Human Research Ethics Committee, in accordance with the 

Declaration of Helsinki. 

Participants and Setting 

Participants were clinician investigators from participating sites of the iNAAN study, spanning a 

range of clinical backgrounds including infectious diseases clinicians, allergists, and pharmacists 

from Australian hospital sites. Recruitment took place at a professional symposium (the Drug 

Hypersensitivity Symposium, October 2024), where iNAAN investigators were invited to take 

part. Eligible participants were required to be currently enrolled as iNAAN investigators but did 

not need to have prior experience with the eA&F report. The study therefore included both 

participants familiar with the report and those viewing it for the first time (report-naive 

participants). Informed e-consent was obtained prior to attendance at the symposium. 

Electronic Audit and Feedback Report (Case Study) 

The eA&F tool evaluated was the iNAAN Health Service Report, a two-page performance report 

provided to hospital clinical teams participating in the iNAAN study, designed to improve 

penicillin allergy documentation and de-labelling (i.e. removal of a patient’s penicillin allergy 

following assessment and testing). The effectiveness and implementation outcomes of the 

broader iNAAN study have been reported elsewhere (22, 23). The iNAAN eA&F tool features 

key performance statistics with peer-comparison benchmarks, temporal trend charts, and 

documentation compliance indicators. Multiple iterations of the report had been developed and 

refined prior to this study through stakeholder input. As such, this work represents a concurrent 

application of PREVIEW-A&F methodology to an implementation strategy already in active use, 

with the aim of identifying opportunities for further optimisation. An example report is shown in 

Figure 2. 
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Figure 2 Example iNAAN report with Areas of Interest (AOIs) overlayed (grey rectangles). Numbering for the AOIs is given in 

red, with the subsequent grey number in parentheses indicating the a priori expectation of how many pieces of information 

needed to be extracted from the AOI. The report was delivered as a two-page pdf, with the page division indicated here by the 

horizontal dashed line. AOI rectangles and numbering were not visible in the report viewed by study participants, Black boxes 

have been used to redact identifying information and were also not present in the viewed report. 

Area of Interest (AOI) Selection & Quantification: A Theoretically Grounded A 

Priori Framework 

A central methodological contribution of this study is the a priori specification of Areas of 

Interest (AOIs). Throughout this paper, the terms 'interface element' and 'AOI' are used 
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interchangeably: an interface element refers to a discrete, bounded component of the eA&F tool 

(e.g., a chart, a metric tile, a legend). AOI is the eye-tracking operationalisation of that element, 

the precisely delimited region within the screen display to which fixations are mapped (Figure 

2). In general, logos, titles, headers, footers and “infographic” elements providing a single piece 

of information were each assigned individual AOIs, whereas graphs were assigned AOIs for each 

of the figure panel, the figure key, and the figure legend. 

We grounded the expected fixation duration for each AOI in the behaviour change theory 

underpinning A&F design. First, five of the researchers (AA, AD, MK, EM & JT) separately 

assessed how many pieces of information were contained in each AOI, with the final number 

then obtained through consensus (see Supplementary File 1). 

Second, a multidisciplinary team comprising clinical content experts (JT and EM) and 

implementation scientists (MK, LG and VB) defined three elements for each AOI. Intended 

depth of attention was classified as Glance (rapid orientation; no BCT activation), Look 

(information extraction; contextual framing), or Scrutinise (sustained attention supporting 

comparative interpretation and BCT activation). Design purpose explicitly linked each element 

to its intended BCT(s). Expected subsequent action described what a clinician who had fully 

processed the item should do next. These categories are intended as heuristic attention 

classifications rather than direct measures of cognition or comprehension. 

This framework serves two purposes. First, it enables hypothesis-driven analysis by comparing 

observed fixation duration with the pre-specified expectations regarding intended levels of overt 

visual attention, such that Scrutinise-classified elements are expected to attract proportionally 

greater fixation than orientation or contextual elements. Observed deviations from these 

expectations create prompts for further discussion rather than direct evidence of design failure. 

Second, the framework provides a transferable conceptual model for future eA&F development. 

Designers must reason prospectively about how each information element will be visually 

processed and must reserve Scrutinise-level cognitive demand only for elements most critical to 

behaviour change, to minimise unnecessary cognitive load. In this way, PREVIEW-A&F 

methodology encourages deliberate alignment between interface design and intended 

implementation strategy mechanisms. 
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Table 1 presents a sample of the a priori AOI framework for the iNAAN report. Orientation-only 

AOIs are included because they allow testing of whether clinicians correctly distinguish items 

requiring only orientation from items requiring deeper processing. The complete 29-item AOI 

framework is provided in Supplementary File 1. 

AOI Description Intended 

Attention 

BCTs Expected Clinician Action 

1 Report title Glance n/a None; orientation only 

2 Location, date Look n/a None; orientation only 

7 Protocol 

adherence with 

temporal 

comparator 

Scrutinise Discrepancy from Goal 

Action Planning 

Feedback on Behaviour 

Self-reflect on protocol 

compliance; review clinical 

approach; consider corrective 

action. 
Table 1 Sample of the a priori Area of Interest (AOI) framework for the iNAAN Health Service Report, showing one example of 

each intended attention level (Glance, Look, Scrutinise). BCT = behaviour change technique. The complete 29-item framework is 

provided in Supplementary File 1. 

Apparatus and Gaze Data Collection 

Participants sat approximately 70 cm in front of one of two 24-inch monitors (Hewlett Packard 

HP E24 G5, set to either 1920 × 1080 or 1920 x 1200 resolution). Gaze data were recorded using 

a spectacle-mounted wearable eye tracker (Tobii Pro Glasses 3, Tobii AB, Sweden). A key 

methodological feature is the portability of this device: unlike screen-based eye trackers that 

require participants to remain in front of a fixed display, the Tobii Pro Glasses 3 allows natural 

head movement, making it suitable for use in settings that approximate real-world clinical 

environments. A spherical refractive correction was incorporated into the device, estimated by a 

registered optometrist (AD) from measurement of each participant’s spectacle prescription, with 

near correction adjusted for age. Binocular visual acuity was confirmed in the plane of the 

monitor prior to data collection, with one participant’s gaze data (P09 in Table 2) being excluded 

because the spherical lenses could not correct their significant astigmatism, which would have 

prevented them from clearly resolving the report content during the eye tracking session. Full 

technical specifications, including fixation filter parameters and calibration protocol, are 

provided in Supplementary File 2. 

Procedure 

Participants first completed a practice task (using a non-iNAAN document) to confirm their 

ability to scroll a two-page text PDF using a mouse scroll wheel. The eye tracker was then 

calibrated. Participants were then instructed to look away from the screen while their iNAAN 
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site-specific report was opened and displayed full screen. Participants were instructed to scroll 

the report using the scroll wheel only, not to resize the window, and to inform the examiner 

when they had examined the report to their satisfaction. No time limit was imposed. Full written 

instructions are provided in Supplementary File 3. 

Think-Aloud Protocol 

To capture the cognitive reasoning underlying gaze patterns, participants completed a think-

aloud protocol immediately after the eye-tracking described above. They were instructed to 

provide a continuous verbal commentary of their thoughts, decisions, and any points of 

confusion or interest as they reviewed the report. Sessions were audio-recorded and transcribed 

verbatim. 

Data Analysis 

Gaze Data Processing 

Gaze data were processed using Tobii Pro Studio and custom software to map gaze to regions of 

interest within dynamically scrolled documents (as shown in Figure 3 and described in 

Supplementary File 2). AOIs were drawn tightly around each item of interest (see Figure 2). 

Fixations were identified using a standard algorithm, allocating each fixation to the AOI 

containing the highest number of gaze pixels. Fixations with equal pixel counts across two AOIs 

were resolved by spatial proximity to the AOI centroid. Fixations not overlapping any AOI were 

assigned to background. 
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Figure 3 Mapping fixation positions from the head-mounted camera to the document. Panel A shows a frame from the head-

mounted camera of a participant completing the task, with the overlay showing the estimated fixation position. Panel B shows the 

view of the document extracted from the head-mounted camera frame, obtained from applying the best transformation (across the 

potential document scroll positions) to the head-mounted camera frame and fixation position. Panel C shows the fixation position 

as transformed from the document view into the space of the complete document, from which the AOI can then be obtained (see 

Figure 2).  

Objective Gaze Metrics 

The primary gaze metric was total fixation duration per AOI: cumulative time (seconds) the eye 

was relatively stable within each AOI, summed per participant. Fixation duration was analysed 

differently by intended attention level: for Glance- and Look-classified AOIs, raw fixation 

duration was used; for Scrutinise-classified AOIs, fixation duration was normalised by the 

number of distinct information elements within each AOI, yielding a duration-per-information-

unit metric. Inter-rater agreement for information-unit counts was assessed across four raters 

(EM, AA, AD, JT) using proportional agreement; initial agreement was 76.4% within ±1 unit, 

acceptable for this estimation task, with consensus then reached on all discrepant items. The 

Glance/Look/Scrutinise classifications were determined independently by three raters (EM, JT, 

MK), achieving 100% agreement across all 29 AOIs. 

Qualitative Coding of Think-Aloud Data 

Think-aloud transcript were coded by two researchers (MK and VB) using a framework 

approach comprising four stages: familiarisation with transcripts, initial coding, framework 
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application, and interpretation. Two complementary analytical approaches were used. First, 

deductive coding applied the Theoretical Domains Framework (TDF), a theory-informed 

synthesis of 33 behaviour change theories comprising 14 domains, to identify which theoretical 

domains were activated as participants engaged with BCT-linked interface elements. Second, 

inductive coding allowed additional themes to emerge from the data without a pre-specified 

framework. Usability and interpretability themes identified inductively were analysed separately 

from deductive TDF domains and were not treated as theoretical constructs within the TDF. All 

data were double coded independently by both researchers. Discrepancies were first addressed 

through consensus discussion between MK and VB; unresolved discrepancies were adjudicated 

by a third researcher (LG). 

Mixed-Methods Integration: Joint Display and Analysis 

Gaze and think-aloud data were interpreted using a convergent integration approach. For each 

AOI, fixation duration metrics were grouped by a priori intended attention level and plotted for 

visual inspection (Figure 4). A planned contrasts analysis compared each AOI against the grand 

mean for its attention level group using a mixed model with random intercepts for participants 

and restricted maximum likelihood fitting (R version 4.3.1; lmer and emmeans packages), with 

alpha = 0.05 and no correction for multiple comparisons given planned analyses. Integration then 

examined alignment between observed fixation duration and intended attention level, and 

between think-aloud processing depth and a priori expectations, with discrepancies between gaze 

and verbal data representing the primary analytic interest. 

Results  

Participant characteristics: Fourteen participants were tested, with 12 providing acceptable 

gaze data (86% success rate). Table 2 presents participant characteristics.  
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Participant 

ID 

State / 

Country 

Discipline iNAAN 

Investigator 

Report-

Naïve 

Eye-tracking 

data used 

P01 NSW, Aus ID physician Yes No Yes 

P02 QLD, Aus ID physician Yes Yes Yes 

P05 VIC, Aus Nurse No No Yes 

P06 WA, Aus Pharmacist Yes No Yes 

P07 NSW, Aus Nurse Yes No Yes 

P09 QLD, Aus Nurse Yes Yes No 

P10 NSW, Aus Pharmacist Yes No Yes 

P12 VIC, Aus Pharmacist Yes No Yes 

P13 VIC, Aus ID physician Yes No Yes 

P14 VIC, Aus ID/Allergy registrar Yes Yes Yes 

P15 VIC, Aus Pharmacist Yes Yes Yes 

P16 VIC, Aus Allergist/Immunologist Yes No Yes 

P17 VIC, Aus Pharmacist Yes No No 

P18 VIC, Aus Allergist Yes Unknown Yes 

Table 2 Participant characteristics. ID=infectious diseases; iNAAN = International Network of Antibiotic Allergy Nations. 

Missing participant numbers P04, P08, and P11 were scheduled for testing, but did not attend. P17’s eye tracking (ET) data 

were excluded due to poor quality calibration and multiple dropped samples. Participant P09’s ET data were excluded due to 

significant astigmatism that could not be corrected by the spherical lenses during the gaze tracking component of the study. P03 

was an international investigator excluded from participation as the study was limited to Australian sites. 

Visual engagement patterns: Engagement patterns are shown in Figure 4. As expected, fixation 

durations increase when moving from AOIs classified as Glance, through Look, to Scrutinise. 

Raw values (upper panel) vary substantially (11.8-fold) within the Scrutinise group. Normalising 

values by the estimated number of pieces of information in each AOI (lower panel) reduces this 

variability (to 2.7-fold). Aside from noting unusual behaviour from simple visual inspection, the 

contrasts analysis highlights (asterisks) those AOIs whose mean differs significantly from the 

group mean. For example, AOI 18 received less fixation time than those other AOIs classified as 

Look (top panel), and AOI 8 received significantly more fixation time that might be expected 

from the pieces of information it contains (bottom panel). Such behaviours suggest a possible 

divergence between intended and observed engagement (unexpectedly low engagement with 

AOI 18, and unexpectedly high for AOI 8) and so create a prompt to review the corresponding 

report element. Whilst this prompt may arise from the visual engagement patterns alone, think-

aloud results, given below, might further inform the nature of this review (for example, reports of 

AOI 8 being confusing). Unnormalised fixation durations were highly correlated to the number 

of fixations made into or within an AOI (Pearson r = 0.985: 95% CI 0.968 – 0.993; p<0.0001), 

suggesting that analysing fixation counts would not add important information. 
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Figure 4: Total of fixation durations as a function of AOI type. Values are represented as unnormalised (upper panel) and 

normalised by the number of pieces of information (lower panel) in each AOI. Data within a grey panel had the mean value from 

each AOI compared to the group mean using a mixed effects model with planned contrasts, with asterisks representing 

significantly deviating values (p 0.05). Symbols represent means, with error bars giving standard deviations. Individual AOI 

numbers are given along the top of each panel. 

Think-aloud results 

Think-aloud data were obtained from all 14 participants across 29 AOIs. Verbalisations were 

coded using a two-dimensional framework comprising processing level (orienting, extracting, 

interpreting, problem-solving) and processing quality (successful, mixed, confused, dismissed) 

(Supplementary File 4). Where no verbalisation was produced for an AOI, this was recorded as 

“No Think-aloud Evidence” rather than inferred as engagement absence. Across the 29 AOIs, the 

number of verbalisers ranged from 0 (AOIs 16, 17, 18, 19, 25, 29) to 14 (AOI 4). Orientation 

elements (Glance-classified AOIs) predictably generated few or no verbalisations, consistent 
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with their design intention. BCT-linked Scrutinise elements attracted the highest verbalisation 

rates, with 8 of 13 Scrutinise AOIs generating verbalisations from six or more participants. 

Processing level varied systematically across AOI types. Scrutinise elements generated the 

highest proportions of Interpreting and Problem-solving codes, with participants frequently 

connecting data to clinical context, making cross-site comparisons, or identifying performance 

discrepancies. For example, participants reviewing the prescriber discipline chart (AOI 10) 

produced verbalisations such as "the use of nurse practitioners is probably the way forward but 

we need to work out how we can implement that safely" and "summarising who's assessing and 

who's prescribing internally, particularly if I'm looking at expanding out our workforce," 

demonstrating activation of BCTs relating to demonstration of behaviour and social comparison. 

Look-classified elements predominantly generated Extracting codes, with participants reading 

and confirming values without deeper interpretation, consistent with the orientation-level 

engagement intended for these elements. 

TDF coding identified domains that were consistently activated across participants engaging 

with Scrutinise-classified AOIs. Knowledge of consequences and Beliefs about consequences 

were the most frequently coded domains, reflecting participants’ engagement with performance 

discrepancy data and peer comparisons. Social influences was coded prominently at AOIs 

featuring peer-benchmarking data (AOIs 4, 5, 10), consistent with the social comparison BCTs 

embedded in those elements. Behavioural regulation was coded where participants articulated 

intentions to act in response to performance data. Memory, attention and decision processes was 

coded at AOIs where participants described difficulty interpreting metrics (AOIs 7, 14, 27), 

providing theoretical grounding for the Hidden Opportunity and Divergent classifications. Look-

classified and Glance-classified AOIs generated minimal TDF-coded verbalisations, consistent 

with their design as orientation rather than BCT-activation elements. 

Integrated findings:  

Integration of fixation duration and think-aloud data was organised around four integration 

patterns, derived through collaborative review by the full multidisciplinary authorship team 

(Supplementary File 4). Convergent: eye-tracking fixation duration is consistent with the 

intended attention level and think-aloud confirms processing at the expected depth i.e., the BCT 

activation pathway is intact. Hidden Opportunity: eye-tracking fixation duration is consistent 
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with the intended attention level, but think-aloud processing does not reach the expected depth 

i.e., the element is visually attended to as intended but BCT activation is absent or incomplete. 

Attentional Mismatch: eye-tracking fixation duration does not match the intended attention level 

but think-aloud confirms processing at the expected depth among those who verbalised i.e., the 

discrepancy exists in the fixation data alone, not in cognitive processing. Divergent: the a priori 

framework matches neither eye-tracking fixation duration nor think-aloud processing depth i.e., 

engagement failure is present across both data streams, whether through under-dwell with absent 

BCT activation, over-dwell with confused or dismissed processing, or cohort-level failure of 

both data streams to confirm intended engagement. A fifth pattern, Silent Engagement, was 

applied to orientation elements (Glance/Look) where no verbalisation is expected; as absence of 

verbalisation requires no redesign response, these AOIs are not discussed further. Of the 29 

AOIs, 14 were classified as Convergent, one as Hidden Opportunity, eight as Attentional 

Mismatch, three as Divergent, and three as Silent Engagement. These patterns are pragmatic 

analytic heuristics to guide prospective redesign, not an empirically validated taxonomy. 

Convergent 

Fourteen AOIs were classified as Convergent, in which fixation duration matched the intended 

attention level and think-aloud confirmed processing at the expected depth. This included the 

majority of Look-classified contextual elements and the majority of Scrutinise elements, where 

participants produced Interpreting and Problem-solving verbalisations aligned with the intended 

BCTs. 

Hidden Opportunity 

One AOI was classified as Hidden Opportunity. AOI 27 (pre-assessment documentation 

accuracy, comparator period) was visually attended within the expected Scrutinise range, 

indicating that fixation duration matched the a priori framework. However, the single participant 

who verbalised reported confusion about the metric's operational meaning and think-aloud 

evidence was insufficient to confirm BCT activation across the cohort. This pattern, adequate 

visual attention with compromised cognitive processing, represents a comprehension barrier that 

eye-tracking alone would not detect. Redesign of the metric label to clarify its operational 

definition is indicated before broader implementation. 
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Attentional Mismatch 

Eight AOIs were classified as Attentional Mismatch, in which fixation duration deviated from 

the intended level while think-aloud data indicated processing that was successful at the depth 

engaged. Three of these, AOIs 1 (report title, page 1), 3 (iNAAN logo), and 17 (report title, page 

2), are orientation-only elements carrying no BCT linkage. AOIs 1 and 17 showed over-dwell 

relative to their respective Glance group means, and AOI 3 showed under-dwell; in each case, 

think-aloud confirmed successful orienting-level processing. The mismatch between observed 

and intended fixation duration is noted, however the absence of BCT linkage means none of 

these elements warrants redesign. AOI 2 (location, date) similarly showed under-dwell relative to 

the Look group mean with successful orienting-level processing from the six participants who 

verbalised; as a Look-classified orientation element with no BCT linkage, this mismatch is also 

low priority for redesign. 

The remaining Attentional Mismatch AOIs involve BCT-linked Scrutinise elements and carry 

higher redesign relevance. AOI 5 (negative DOC rate) showed normalised over-dwell relative to 

the Scrutinise group mean, with ten participants verbalising engagement; however, processing 

remained at the Extracting and Orienting level across all verbalisers, with none progressing to 

the Interpreting or Problem-solving expected for a Scrutinise element. The over-dwell therefore 

reflects processing difficulty rather than meaningful engagement with the BCT activation 

pathway, and the visual presentation of this element warrants redesign to reduce cognitive load 

and support progression to social comparison activation. AOI 28 (post-assessment 

documentation accuracy, comparator period) showed normalised under-dwell relative to the 

Scrutinise group mean; however, think-aloud data confirmed Interpreting-level processing 

among ten verbalisers despite the lower fixation duration, with mixed quality across those 

responses. The Attentional Mismatch here reflects efficient rather than deficient processing: the 

element is being extracted rapidly with BCT activation present, though the mixed quality of 

processing warrants monitoring to confirm this efficiency is sustained as the report matures.  

Of note, AOIs 4 (DOC numbers and conversion statistics) and 8 (DOC trend over time) each 

showed normalised over-dwell relative to the Scrutinise group mean; however, think-aloud data 

confirmed this reflected genuine depth of engagement rather than processing difficulty, with all 

14 participants verbalising active self-comparison for AOI 4. The Attentional Mismatch 

classification is retained for consistency however, both elements carry low redesign priority: the 
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over-dwell reflects the genuine cognitive demands of comparative, multi-element displays rather 

than any failure of the BCT activation pathway. 

Divergent 

Three AOIs were classified as Divergent, in which the a priori framework matched neither eye-

tracking fixation duration nor think-aloud processing depth, with engagement failure present 

across both data streams. AOI 6 (positive DOC rate and adverse events) showed normalised 

under-dwell combined with think-aloud processing remaining at the Extracting and Orienting 

level, with no BCT activation despite Scrutinise classification. Ten participants verbalised 

engagement, however none progressed beyond surface-level confirmation of a zero or near-zero 

adverse event rate. The a priori framework matches neither the eye-tracking nor the think-aloud 

data: the element is neither attended to at the intended depth nor cognitively processed in a 

manner consistent with its intended BCT pathway. This pattern reflects a rational ceiling effect 

i.e., when adverse event rates are at or near zero, the goal-setting and self-monitoring BCTs 

embedded in this element have no performance discrepancy on which to operate. However, the 

element's design does not currently support BCT activation when data are non-zero, and redesign 

may be required to address this. AOI 14 (Chart 1 title/description) showed over-dwell relative to 

the Look group mean. The single participant who verbalised reported confusion about the 

element's meaning and explicitly dismissed it as unhelpful despite the additional fixation time. 

AOI 26 (pre-assessment documentation present, comparator period) showed normalised under-

dwell combined with only three verbalisers, insufficient to confirm BCT activation across the 

cohort. Among those who verbalised, processing reached the Interpreting level, however the 

cohort-level failure of both visual engagement and cognitive processing to meet the a priori 

framework means this element cannot be considered functioning as intended. AOIs 6, 14, and 26 

represent priority redesign targets; their engagement barriers are either entirely invisible to eye-

tracking data alone or insufficiently distributed across the cohort to support BCT activation at 

scale, illustrating why integration of the two data streams is essential for detecting 

comprehension failures of this type. 

Discussion 

This study presents a theory-informed methodology for prospectively evaluating whether 

clinicians engage with key elements of an eA&F intervention in a manner consistent with its 
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intended behavioural design. By integrating eye-tracking with retrospective think-aloud data, the 

approach links objective measures of overt visual attention with qualitative evidence of cognitive 

processing, providing a structured mechanism for identifying redesign opportunities before 

broader implementation. 

We propose that implementation strategies should be conceptualised as optimisable behavioural 

systems rather than static interventions that are only refined after deployment. From this 

perspective, the principal implementation science contribution of this work is not the use of eye-

tracking technology itself, but the prospective optimisation of an implementation strategy. eA&F 

interventions are commonly developed using expert input and user consultation before 

progressing directly to implementation or effectiveness testing. Engagement barriers may 

therefore remain undetected until the strategy has already been deployed, at which point 

modifications require additional redesign, redeployment, and re-evaluation. The methodology 

described here seeks to shift optimisation activities earlier in the implementation pathway by 

identifying interface-level barriers during intervention development rather than after 

implementation has commenced. 

From a theoretical perspective, the methodology distinguishes between four related but 

conceptually distinct constructs: overt visual attention, cognitive processing, activation of 

intended behavioural mechanisms, and downstream implementation outcomes. The present study 

directly measured only the first two. Behaviour change technique activation and implementation 

consequences remain inferred, based on the degree to which observed engagement was 

consistent with the intervention's intended behavioural design. This distinction is important 

because eye-tracking should not be interpreted as a direct measure of cognition or behaviour 

change, but rather as an objective indicator of where attentional resources are allocated. 

The findings also contribute to the emerging discussion regarding implementation pace. There is 

increasing recognition that efforts to improve implementation outcomes should also consider the 

efficiency with which interventions and implementation strategies move from development to 

routine use. Although the present proof-of-concept study did not directly evaluate 

implementation speed or redesign burden, it illustrates one plausible mechanism through which 

implementation pace might be improved. By identifying and resolving eA&F engagement 

barriers before broader deployment, prospective optimisation approaches may reduce the need 
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for avoidable post-implementation redesign cycles and facilitate more efficient progression 

towards implementation readiness. 

Limitations 

Several limitations should be noted. First, this study represents a proof-of-concept application 

within a single implementation programme; further evaluation is required to establish 

transferability to other implementation strategies, user groups, and digital intervention formats. 

Second, the iNAAN eA&F report had already undergone iterative refinement with stakeholder 

input before this study was undertaken, such that the methodology was applied concurrently with 

ongoing optimisation rather than being embedded from the start of intervention development. 

Third, eye-tracking provides objective evidence of overt visual attention but does not capture 

covert peripheral processing; however, the fine-grained quantitative detail of eA&F reports 

makes peripheral processing of critical content unlikely. Gaze metrics should therefore be 

interpreted as observable proxies of attentional allocation rather than direct measures of 

cognition or behaviour change. 

Fourth, the intended attention levels specified for each AOI represent a priori judgements by the 

multidisciplinary team and should be considered design hypotheses rather than validated 

cognitive models; a principal function of this methodology is to test and refine these assumptions 

empirically. 

Conclusions 

This study describes a theory-informed methodology for prospectively evaluating engagement 

with electronic audit and feedback interventions. By linking interface elements to their intended 

behaviour change functions and integrating objective measures of overt visual attention with 

qualitative think-aloud data, the approach provides a structured means of identifying redesign 

opportunities before broader implementation. For implementation scientists and health service 

researchers developing eA&F tools, the five-phase framework provides a transferable structure 

for embedding prospective engagement evaluation within intervention development cycles. For 

digital health developers and clinical programme leaders, the findings highlight the cost of 

omitting this step: engagement barriers invisible to self-report methods alone will persist 
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undetected into implementation, where they become substantially more costly to identify and 

resolve. Further research is warranted to establish whether earlier application of this 

methodology across diverse clinical and implementation contexts reduces downstream redesign 

burden and, in doing so, supports more efficient pathways to sustained implementation. 
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