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Abstract
Objective
The objectives of this nested study were to (1) assess whether changes in scores between rounds altered the final degree of consensus achieved in three Delphi surveys conducted as part of COS development projects (anal, gastric and prostate cancer), and (2) explore participants’ reasons for changing scores between rounds 
Study design and setting
All Delphi surveys were conducted online using DelphiManager software and included healthcare professionals and patient participants. Participants were invited to give a free-text reason whenever they changed their score across an importance threshold in a 1-9 Likert scale (1-3 not important, 4-5 important, 7-9 critically important). Reasons for score change were coded by four researchers independently using an inductive-iterative approach. 
Results 
In all three Delphi surveys, the number of outcomes reaching criteria for consensus was greater in R2 than R1. Twelve themes and 23 sub-themes emerged from 2298 discrete reasons given for score change.  The most common reasons for change were ‘time to reflect’ (482 responses, 23%) and vicarious thinking (424, 21%), with 68% (291) of vicarious thinking attributed to seeing other participants scores.  
Conclusion
Our findings support conducting a Delphi survey over the use of a single questionnaire where building consensus is the objective. Time to reflect and vicarious thinking, facilitated by seeing other participants scores, were important drivers of score change. How results are presented to participants between rounds and the duration of and time between rounds in a Delphi survey may therefore influence the results and should be clearly reported.
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What is new?
· In three Delphi surveys for COS development, most participants changed their score for at least one item between rounds and in all three studies the changes in score resulted in a greater number of outcomes reaching consensus in round two compared to round one. 
· Time to reflect and trying to understand importance of an outcome from the perspective of another (vicarious thinking), facilitated by seeing other participants scores, were important drivers of score change.
· For core outcome set projects where building consensus is the objective, our findings support conducting a Delphi survey over the use of a single questionnaire 
· The timing between rounds in a Delphi survey and the format of feedback presented may influence how participants think about their responses and subsequently impact the results. 
· We recommend that in studies including a Delphi survey, how results are presented to participants between rounds and the duration of and time between rounds are clearly reported so that the potential impact of these characteristics on participation and consensus can be explored. 


Background and Aims
Core outcome sets (COS) are increasingly being advocated as a means to ensure relevance of research outcomes to stakeholders, reduce outcome heterogeneity and minimise reporting bias.[1-4] Trial funding bodies, regulatory authorities and guideline development groups, such as the (UK) National Institute for Health Research, the European Medicines Agency and the (UK) National Institute for Health and Care Excellence, now actively endorse the use of COS.[5] The COMET Initiative promotes rigorous consensus methods involving key stakeholders for the development of COS[6] and the consensus derived COS-STAD (core outcome set standards for development) recommendations[7] describe a set of minimum standards for COS development projects. Consensus methodology appropriate to the context is advocated[8] although a 2019 systematic review of COS studies[9] found that 77% of all COS studies published in 2018 included a Delphi survey, increasing from 31% in 2013-2015 and 15% in 1981-2013. A Delphi survey is a method of encouraging consensus, allowing participants to change their responses to a questionnaire after reviewing the anonymised summarised responses of other participants (Figure 1).
In a recent questionnaire study,[10] Delphi participants reported considering the views of other participants when re-scoring items, indicating that feedback of results in a Delphi can influence scoring in subsequent rounds. However, studies exploring more broadly why Delphi participants choose to change their score between rounds is limited. There also remains uncertainty over whether a Delphi survey with multiple rounds is beneficial to reaching consensus or whether a single round questionnaire could produce the same result. 
This nested study aimed to (1) assess whether changes in scores between rounds altered the final degree of consensus achieved and (2) explore participants’ reasons for changing scores between rounds in three Delphi surveys conducted as part of COS development projects (anal, gastric and prostate cancer), 
Materials and methods
The scope and methodology of the CORMAC,[11] GASTROS[12] and COMPACTERS[13] COS studies are summarised in Table 1. 
Format of Delphi Surveys
The Delphi surveys for all three COS development studies are summarised in Table 2. All were run using the online DelphiManager platform[14]. The CORMAC, GASTROS and COMPACTERS Delphi surveys’ were conducted in 2017, 2019 and 2014-15 respectively. The CORMAC and GASTROS Delphi surveys involved 2 rounds whereas the COMPACTERS Delphi involved 3 rounds. In the interests of comparability therefore, only data from R1 and R2 of the COMPACTERS Delphi has been included. In each Delphi round, participants were asked to rate the importance of including each outcome in the COS on a 1-9 scale described as: not important (1-3); important but not critical (4-6); and critically important (7-9). In the second round, participants were shown a histogram (CORMAC and GASTROS) or a distribution of scoring percentages (COMPACTERS) of the previous round’s scores together with their own score for each outcome, before being asked to consider the information presented and score each outcome again (Figure 2). In the CORMAC and GASTROS Delphi surveys, all stakeholders were shown the scores for each stakeholder group separately. In the COMPACTERS Delphi round two, healthcare professionals (HCP) and patients were randomised to receive round one feedback from peers only, multiple stakeholder groups separately, or multiple stakeholders combined. For comparability therefore, only the group randomised to receive feedback from multiple stakeholder groups separately is included in this study. In the COMPACTERS Delphi, if a participant changed the score for any item from R1 to R2, a free-text pop up box at the end of the survey asked the participant to describe their reasons for making the change. In the CORMAC and GASTROS Delphi surveys, a free-text pop-up box asked participants to describe the reason for changing their score every time a score was changed over an importance threshold (e.g. 3 to 4, 6 to 7). 
Analysis of reasons for change
Free-text entries from the CORMAC and COMPACTERS Delphi surveys were coded by two researchers (RF, SM) independently using an inductive-iterative approach largely following the framework method outlined by Ritchie and Spencer.[15] The process was that each researcher independently familiarised themselves with the free text reasons for score changes within their own data sets first. Similar reasons were grouped together and assigned a code. The codes were discussed between researchers and the coding scheme refined, and the main themes identified were assigned to ‘parent’ codes with sub-themes assigned to ‘child’ codes under each parent. The researchers then applied the coding framework to each other’s data, working back and forth across the data and refining the framework until all responses were coded and both researchers were in agreement. The coding framework was then applied to a sample of the GASTROS data by four researchers (RF, SM, BA, PW) independently followed by discussion and further minor refinement of the code descriptions and framework. The refined framework was then applied to all three data sets by four researchers (RF, SM, BA, PW).
Results
The characteristics of the three Delphi surveys are summarised in Table 2.
Change in score and consensus
The percentage of participants changing score for at least one outcome between R1 and R2 was 97%, 84%, 92% (anal, gastric, prostate). The percentage of participants changing score across an importance threshold for at least one outcome was 90%, 29% and 60%. The median number of outcomes changed over a threshold per participant ranged from 18 (1-25) in HCPs in the CORMAC Delphi survey to 6 (1-40) in the GASTROS Delphi survey. The changes in score resulted in a greater number of outcomes reaching consensus in R2 than R1 in all three studies. 
Coding framework
From 967 participants across the three Delphi surveys, 2298 responses were received to the free-text box request for a reason for changing score. An overview of the coding framework is shown in Figure 3. Twelve ‘parent’ codes describe the broad themes identified from the participants’ free text reasons for change. Five of the 12 parent codes are further expanded into ‘child’ codes which describe sub-themes emerging within the parent code. Full descriptions of each code including illustrative quotes from participants responses are available in online appendix 1.  
The coding framework developed initially from the CORMAC and COMPACTERS data required minimal refinement when applied to the GASTROS data. Modifications included clarification of the definitions of codes and the addition of new child codes within parent codes, but no new major themes were identified. 
Themes
The most frequently applied codes overall were ‘time to reflect’ (482 responses, 23%), vicarious thinking (425, 21%); impact (394, 19%) and importance (311, 15%) Although there was some variation in the distribution of codes between the three studies, the three most common reasons for change in the HCP group were common to all Delphi surveys (Table 4). Amongst HCP participants, ‘vicarious thinking’ was the most frequently applied code in the CORMAC and COMPACTERS Delphi surveys and was the third most common reason for change in the GASTROS Delphi survey. 
There was greater heterogeneity between studies in the patient stakeholder group, with only one reason for change (“personal experience”) being common to the three most frequent codes all three studies. Amongst patient participants, ‘time to reflect’ was the most frequently applied code in the patient groups in the COMPACTERS and GASTROS Delphi surveys. However, in the patient group in the CORMAC Delphi survey, ‘time to reflect’ accounted for only 5% of reasons for change. 
Vicarious thinking
In all three studies, ‘vicarious thinking’ was found more commonly in the HCP responses than the patient responses. Within the theme, four sub-themes were identified, detailed in Table 5. The most common way participants described ‘vicarious thinking’ was being influenced by the scores of other Delphi participants (“others’ scores influenced me”), accounting for 68% (291) of the responses coded in this theme. Of these 291, 24% (103) referred to being influenced by patients’ scores, 6% (27) by both patients’ and HCPs’ scores and 4% (14) by HCPs’ scores. HCP participants more frequently referred to patients scores’ than the patient participants did. 
Discussion 
Most participants in all three Delphi surveys changed score for at least one outcome between rounds and the number of items reaching consensus was subsequently increased. This finding supports conducting a Delphi survey over the use of a single questionnaire for core outcome set projects where building consensus is the objective. 
The coding framework derived from two studies showed good applicability across a third, requiring only minimal refinements and no new major themes identified. We encourage other researchers to use and further refine our coding framework as necessary to generate further much needed data in this field. 
The reasons participants gave for changing their scores provide useful data for researchers to consider when designing Delphi surveys. It is recognised that the duration of rounds and time between rounds are important factors, with a longer gap allowing for more change in an individual’s circumstances, knowledge and situational context[16], however at present there is very little data available on this aspect of Delphi survey design. A 2019 study of the impact of design characteristics on response rates in COS Delphi surveys[17] found that insufficient data were reported on the duration of and time between rounds to allow analysis. Time to reflect on the importance of outcomes between rounds was the most common reason for change in the current study. Furthermore, it was most frequently identified in the COMPACTERS Delphi survey which had a 19-week interval between R1 and R2 compared to the 8-week and 4-week intervals in the GASTROS and COMRAC Delphi survey respectively. This finding is not sufficient to draw any conclusions about a direct correlation between the time between rounds and the degree of consensus. However it does raise a question of whether the timing between rounds in a Delphi survey might influence participants thinking and their responses and potentially impact the results. We recommend that the duration of and time between rounds in Delphi surveys is reported to facilitate further work to explore the potential impact of this characteristic on participation and consensus. 
Vicarious thinking, or trying to understand importance of an outcome from the perspective of another participant, emerged as a major theme and was the second most common reason for change overall. Vicarious thinking appears to be facilitated by seeing other participants’ scores, with nearly 70% of participants in the vicarious thinking group making direct reference to the scores of other participants as a reason for their change in score. This finding is consistent with the findings of Turnbull et al[10], who reported that that 83% of respondents to a post-Delphi survey questionnaire reported considering the scores of other participants when scoring in subsequent rounds. Furthermore, we found that of participants being influenced by others’ scores, just over 40% cited being influenced by one particular stakeholder group, consistent with the differential weighting to scores from different stakeholder groups reported by Turnbull. This is also consistent with the findings from a nested randomised study by Brookes et al.[18] who reported that compared to participants randomised to receive pooled feedback from all participants, there was a small increase in the number of outcomes reaching consensus in the group randomised to receive separate feedback from each stakeholder group. These findings suggest that how results are presented to participants between rounds is a key factor in Delphi design that could influence the result. This is an important area for future methodological research. 
Vicarious thinking and being influenced by the scores of others was more common in the HCP group than the patient group across all three Delphi surveys. This corroborates the post-Delphi survey findings of Turnbull et al who also found patients considered the results from other stakeholder groups less frequently than all other stakeholder groups. Where others’ scores were considered however, they found that HCPs prioritised the results from both patients and other HCPs in contrast to our results which show HCPs more commonly referenced being influenced by patients’ scores than by the scores from other HCPs. The difference in vicarious thinking that we observed between patient and HCP participants may help to explain the findings of Maclennan et al. in the nested randomised study of feedback composition on consensus. They observed no evidence of difference between groups receiving peer-only, multiple-separate or combined feedback. This may be explained by a high level of agreement in the first round of the Delphi, however it may also be explained if the majority of patients (accounting for two-thirds of the participants in that study) do not use the results of others in their decision making. 
We have identified only one other study examining the comments submitted by participants in a Delphi survey for COS development. Sautenet et al[19] identified five broad themes from a thematic analysis of free-text comments submitted by participants in a renal transplant COS. The themes they describe align conceptually with the themes identified in this study. For example their theme “Understanding and awareness of risks” describes patients and caregivers increasing their scores in response to comments from health professionals as well as health professionals gaining increased respect for the impact of outcomes on patients, which maps to our theme of vicarious thinking. Their description of “personal relevance” maps to our theme of “personal experience”; “capacity to control” and “debilitating repercussion” to “Impact” and “importance”. The three Delphi surveys included in our study were for cancer COS so it is encouraging to see broadly similar themes in a non-cancer study. However, it is important to acknowledge that different disease contexts may generate diverse and unique reasons for score change.
This study has some limitations. To allow comparison, a significant proportion of data from the COMPACTERS study had to be excluded; the randomisation to various forms of feedback in that study meant that the sample of participants included in this analysis should, however, be representative of those in the wider study. In addition, participants in the COMPACTERS Delphi survey were given a single opportunity to provide reasons for change at the end of the survey whereas in the CORMAC and GASTROS Delphi surveys, participants were asked to give a reason each time a score threshold was crossed. These differences resulted in there being only a low number of responses from the COMPACTERS Delphi survey so caution must be employed when drawing any conclusions from comparison of results across the three studies. 
Qualitative analysis of free text is inherently subjective and there is likely to be an element of inter-rater and intra-rater variability; we attempted to minimise variability through coding by multiple researchers and frequent coding discussion meetings. It is also important to acknowledge that human decision-making behaviour is complex and participants written responses to a single direct question about their reasons for changing score can provide only a one-dimensional view of what is a multi-dimensional process. The responses can only reflect why the participant believes they changed their score when it is likely that unconscious factors also play a role. Responses also only represent what participants deem as an acceptable responses or be influenced by what they believe researchers want to hear. 
Vicarious thinking was identified relatively infrequently in the GASTROS Delphi survey in both patients (6%) and HCPs (18%) compared to the CORMAC and COMPACTERS studies. The reasons for this difference are not clear. It is notable that the GASTROS Delphi survey was translated into multiple languages with reverse translation of participants’ reasons for change back into English. It is possible that nuances of language or cultural differences were not appreciated during coding which may have affected the results. We did not find any relationship between the types of HCP participating in the Delphi surveys and the frequency of vicarious thinking. Further the responses from specific types of HCP also varied widely between the Delphi surveys; for example 64% of responses from surgeons in the CORMAC study cited vicarious thinking compared to 15% of responses from surgeons in the GASTROS study. It is interesting to note that the magnitude of the difference between patients and HCPs citing vicarious thinking is similar in all 3 studies (about three times greater from HCPs than patients). This suggests that there may be more in common between different stakeholder groups in the same study population than between the same stakeholder groups in different populations. The degree to which cultural factors might influence attitudes towards consensus methods and health outcomes is an area that should be explored in future work.  
The validity and generalisability of the coding framework derived through this study should be further assessed and refined in a broader context including a variety of health conditions and populations. The framework could also be tested for content validity by Delphi participants through the creation of a questionnaire where respondents are invited to select the codes from the framework that best describe their reasons for changing score along with an option to provide a different option of their reason was not represented.  
Summary and conclusion
Our findings suggest that within a Delphi, showing participants summarised results and completing a second round are directly beneficial to reaching consensus. Time to reflect on the importance of outcomes between rounds and the opportunity to try to understand the experience of an outcome from the perspective of another are helpful to this process. 
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