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Pre-reqgistration as behaviour: developing an
evidence-based intervention specification to
increase pre-registration uptake by researchers
using the Behaviour Change Wheel

Christopher Osborne'* and Emma Norris?

Abstract: Pre-registration is an open research practice that can mitigate against
questionable research practices and contribute to enhanced research outcomes,
such as increased research transparency. This paper explores barriers and enablers
to pre-registration, and develops an evidence-based behaviour change intervention
specification to increase its uptake. The Behaviour Change Wheel (BCW) framework
of intervention development and COM-B model of behaviour change were used to
inform the development of a mixed-methods online questionnaire, assessing bar-
riers and enablers to pre-registration. Data were collected from 18-05-2020 to 12-
07-2020, and explored using descriptive statistics, reflexive thematic analysis, and
COM-B. BCW was used to develop an intervention specification. Respondents were
researchers (n = 105) who were mostly engaged in psychological research (71%)
and had pre-registered before (75%). Insufficient knowledge and skill (psychological
capability), social support (social opportunity), time (physical opportunity), and
incentivisation (reflective motivation) were the most substantial barriers to pre-
registration, whereas belief in pre-registration contributing to desirable research
outcomes (reflective motivation) was the most substantial enabler. These findings
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informed the development of an intervention specification to increase pre-
registration uptake by researchers. This paper demonstrates the strong potential of
BCW to facilitate open research practices. The identified barriers and enablers,
intervention specification, and the behaviour change approach outlined, may be
used to increase pre-registration uptake; for example, developing new or refining
existing training and incentivisation interventions. This paper may inspire others to
consider the strong potential of BCW to facilitate open research practices and so
contribute to enhanced research outcomes.

Subjects: Psychological Science; Psychological Methods & Statistics; Applied Social
Psychology

Keywords: preregistration; open research; meta-science; intervention; COM-B; Behaviour
Change Wheel

1. Introduction

Within psychology and across disciplines, researchers appear to have produced an abundant number
of non-replicable research findings (e.g., Baker, 2016; Camerer et al., 2016; Open Science Collaboration,
2015). Non-replicable findings are those that cannot be independently re-derived using the same or
similar methods (Schmidt, 2009) and may arise from helpful or unhelpful sources. Helpful sources of
non-replicable findings arise from insufficient knowledge about the characteristics of the phenom-
enon under study and are helpful because they may be used to advance knowledge about the
phenomenon (e.g., non-replication may reveal insufficient knowledge about how to reliably measure
the phenomenon and so prompt the development of a more reliable measure). In contrast, unhelpful
sources arise from the improper designing, undertaking, and reporting of research studies and are
unhelpful because they may not be used to advance knowledge about the phenomenon (e.g., non-
replication would not relate to the phenomenon itself but to how the research was undertaken;
National Academies of Sciences, Engineering and Medicine, 2019). To reduce the number of unhelpful
non-replicable findings, improper research practices should be identified and mitigated against.

Questionable research practices (QRPs) concern the improper designing, undertaking, and reporting
of research studies, and substantially increase the potential for non-replicable findings (Schimmack,
2020). Such practices may further concern the hidden flexibility researchers have to select from
a potentially limitless number of options when undertaking their research, despite this producing
a potentially limitless number of non-replicable findings (researcher degrees of freedom; Simmons
et al, 2011). Example QRPs applicable to quantitative and qualitative forms of research include:
reporting exploratory research as confirmatory (hypothesising after the results are known; HARKing;
Kerr, 1998) and exploring multiple analysis strategies but not reporting this (Dienlin et al., 2021;
Wicherts et al, 2016). Whereas QRPs are possible because of researcher degrees of freedom,
cognitive biases (e.g., confirmation bias; attending to and selecting information supporting
a preferred belief, but ignoring and rejecting challenging information; Bishop, 2020; Nickerson,
1998; Peters, 2020) and problematic incentive structures (e.g., rewarding new or exciting findings
with publication, despite being non-replicable; Higginson & Munafd, 2016) make them beneficial for
researchers to employ. For example, researchers exploring multiple analysis strategies to produce
new or exciting findings, increase their potential for publication and so career advancement (Nosek
et al,, 2012); however, this also increases their potential produce non-replicable findings (Schimmack,
2020). Consequently, what benefits researchers individually (e.g., career progression), may not benefit
them collectively (e.g., access to a more reliable corpus of knowledge; Edwards & Roy, 2017).

Open research (otherwise known as open science or open scholarship) practices concern the
open, transparent, and rigorous designing, undertaking, and reporting of research studies, and can
mitigate against QRPs (Cruwell et al., 2019). These practices stem from the open research move-
ment, which promotes and encourages research best practices in pursuit of enhanced research
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outcomes, such as increased knowledge production efficiencies and research credibility. Three
example open research practices include: pre-registration (submitting a date-stamped, un-editable
research plan to a repository prior to the research commencing; Nosek et al., 2018), registered
reports (a publishing format that extends pre-registration with an initial peer-review of the
research prior to its pre-registration, and offers a commitment to publish irrespective of the
findings; Chambers et al., 2015), and data sharing (public sharing of research data; Klein et al.,
2018). Open research practices can mitigate against QRPs because of their greater openness,
transparency, and rigour (Munafo et al., 2017). For example, greater openness and transparency
can make QRPs more detectable, and so less desirable, whereas greater rigour can reduce their
potential when researcher degrees of freedom are restricted (Nosek et al., 2018). Open research
practices are clearly preferable to questionable ones, and so their uptake should be facilitated.

2. Research as behaviour

Behaviour is fundamental to research: researchers produce research questions, plan studies, run
studies, collect data, analyse data, and report their findings (Norris & O’Connor, 2019). However,
there is variation in how these behaviours are undertaken. For example, researchers may plan their
studies using open research practices or QRPs, and so increase or decrease their potential for
producing non-replicable findings (Dienlin et al., 2021). Furthermore, behaviours may be performed
more or less effectively, also influencing outcomes (Bakker et al., 2020). The behaviour of pre-
registering a research plan is now considered, relevant to the entire research process.

3. Pre-registration as behaviour

3.1. Pre-registration

Pre-registration is the behaviour of submitting a date-stamped, uneditable research plan to
a public repository prior to the research commencing (Lindsay et al., 2016). This behaviour involves
detailing important elements of a study in advance, such as its proposed research questions,
methods, and analysis strategy. When important elements of a study are made public in advance,
research transparency and rigour may increase. Increased transparency can make QRPs more
detectable, and so less desirable, whereas increased rigour can inhibit them through the restriction
of researcher degrees of freedom. Therefore, pre-registration can mitigate against QRPs and
should be facilitated (Nosek et al., 2018).

3.2. Pre-registration effectiveness

Pre-registration effectiveness is predicated on the quality and completeness of the pre-registration
(Bakker et al., 2020). Clearly, high-quality pre-registrations are preferable to low-quality ones, and fully
specified ones to partially specified ones. However, partially specified pre-registrations may be as
effective as fully specified ones when addressing specific QRPs. For example, a high-quality but
partially completed pre-registration may clearly state whether the research is exploratory or con-
firmatory, and so effectively mitigate against HARKing (Kerr, 1998); or fully state the proposed
methods and/or analysis strategy, and so effectively mitigate against researcher degrees of freedom
concerning the methods and/or analysis strategy (Simmons et al., 2011). However, pre-registration is
not a panacea: researchers may still base their studies on weak theories, as well as design, undertake,
and report them improperly (National Academies of Sciences, Engineering and Medicine, 2019; Szollosi
et al,, 2019). Nevertheless, pre-registration remains a valuable tool for researchers to use to enhance
the transparency and rigour of their research (Bakker et al., 2020; Nosek et al., 2018; O’Connor, 2021).

3.3. Pre-registration is a complex behaviour

Pre-registration is a complex behaviour, comprising multiple implementation behaviours (Norris &
O’Connor, 2019). For example: (1) accessing a pre-registration repository (e.g., Open Science
Framework; OSF); (2) selecting an appropriate pre-registration template (e.g., AsPredicted,
Preregistration of Quantitative Research in Psychology Template, or Qualitative Preregistration
Template) (3) completing the template; (4) selecting when the pre-registration is publicly released
(e.g., immediately or after an embargo); and (5) submitting the pre-registration, at which point it
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becomes date-stamped and uneditable, and the research pre-registered. Thereafter, follow-up
behaviours include: (6) undertaking the research according to the pre-registration; (7) undertaking
the analysis according to the pre-registration; and (8) linking the eventual findings to the pre-
registration; and (9) if applicable, reporting deviations from the pre-registration (deviations are
acceptable, but must be reported; Sullivan et al., 2019).

3.4. Pre-registration uptake

Pre-registration uptake by researchers appears minimal within psychology and across disciplines,
but the evidence is mixed. Serghiou et al. (2021) assessed 2,751,420 PubMed Central open access
publications from a range of research fields between 1959-2020 (e.g., the biological sciences,
engineering, and the social sciences), and found 5.7% were pre-registered in 2020. Similarly,
Hardwicke et al. (2021) assessed 188 psychology publications between 2014-2017 and found
3% were pre-registered. In contrast, Norris et al. (2021) assessed 100 smoking cessation behaviour
change intervention publications involving clinical trials between 2018-2019 and found 74% were
pre-registered; however, this higher proportion could be due to the requirements funders place on
researchers to pre-register their clinical trials (Kaplan et al,, 2015). Nevertheless, there are sub-
stantial gains to be made in pre-registration uptake.

3.5. Pre-registration: barriers and enablers

Evidence for barriers and enablers to pre-registration uptake by researchers is limited. Suggested
barriers include insufficient training and incentivisation (Nosek et al., 2018; Stewart et al., 2020), as
well as misconceptions about pre-registration; for example, believing that pre-registration hampers
exploratory research or that plans cannot be deviated from (Chambers & Tzavella, 2021). Sarafoglou
et al. (2021) reported additional barriers as well as enablers, when the beliefs of 299 researchers who
had pre-registered before were assessed: barriers included pre-registration costing time, as well as
increasing work-related stress, whereas enablers included belief in pre-registration enhancing prac-
tical and theoretical aspects of a research study. To better understand what encourages and restricts
pre-registration so that evidence-based behaviour change interventions can be developed to increase
its uptake, more evidence would be useful.

3.6. Pre-registration: past and present interventions

Despite limited evidence for barriers and enablers to pre-registration, behaviour change interven-
tions have been delivered to increase pre-registration uptake by researchers. For example, some
journals (e.g., Cogent Psychology) incentivise researchers to pre-register with a pre-registration
badge (see front page of this paper), demonstrating their commitment to open research practices
(Kidwell et al., 2016). Others have produced and shared primers to increase researcher knowledge;
for example, Easing into Open Science (Kathawalla et al., 2021) and Pre-registration and
Registered Reports: a Primer from UKRN (Stewart et al,, 2020). Furthermore, OSF incentivised
researchers with a $1,000 prize upon publishing their pre-registered findings (Preregistration
Challenge; 2017-2018). However, it is unclear how these interventions were developed; for exam-
ple, using a systematic and evidence-based framework of behaviour change, or the “it seemed like
a good idea at the time” approach (Michie et al., 2014, p. 14).

4. Behaviour change

4.1. The field of behaviour change

Behaviour change is a field of enquiry aimed at addressing individual, societal, and global problems
involving human behaviour (Michie et al., 2014). Psychologists, sociologists, economists, and
anthropologists all contribute to the field (Davis et al., 2015). These researchers develop frame-
works, theories, and models of behaviour change, as well as design, deliver, and evaluate beha-
viour change interventions (Michie et al, 2014). Consequently, behaviour change has strong
potential to facilitate open research practices, including pre-registration (Norris & O’Connor, 2019).
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Figure 1. The Behaviour Change
Wheel.

Note. Courtesy of Michie et al.
(2011).

4.2. The Behaviour Change Wheel

The Behaviour Change Wheel (BCW; see, figure 1) framework may be used to develop evidence-
based behaviour change interventions (Michie et al., 2014, 2011; West et al., 2019). BCW offers
a comprehensive, systematic method applicable to individuals, groups, and populations, and
indeed any behaviour (Michie et al,, 2014). Consequently, BCW can be used to increase pre-
registration uptake by researchers.

BCW intervention specifications are iteratively developed across eight stages: (1) define the
problem in behavioural terms; (2) identify all behaviours relevant to the problem, assess them for
their potential to address the problem, and select one or more behaviours as targets for change;
(3) specify the selected behaviour(s); (4) collect evidence to identify barriers and enablers to the
behaviour(s) using the COM-B model of behaviour change (see, Section 4.3.); (5) use the identified
barriers and enablers to identify relevant intervention functions (the nine broad categories
responsible for behaviour change: education, persuasion, incentivisation, coercion, training, restric-
tion, environmental restructuring, modelling, and enablement), assess them for their potential to
address the problem, and select the most promising one(s); (6) use the selected intervention
functions to identify relevant policy categories (communication/marketing, guidelines, fiscal mea-
sures, regulation, legislation, environment/social planning, and service provision), assess them for
their potential to address the problem, and select the most promising one(s); (7) use the selected
intervention functions to identify relevant behaviour change techniques (BCTs; the 93 active
components responsible for behaviour change; Michie et al., 2013), assess them for their poten-
tial to address the problem, and select the most promising ones; and (8) use the behaviour
change intervention ontologies to identify who will deliver the intervention (Norris et al., 2021),
where the intervention will be delivered (Norris et al., 2020), and how the intervention will be
delivered (Marques et al., 2021). The intervention specification is then constructed using the
outputs from all eight stages (Michie et al,, 2014).

When undertaking the eight stages, the APEASE criteria (Affordability, Practicability,
Effectiveness, Acceptability, Side-effects, and Equity; Michie et al., 2014; West et al., 2019)
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Figure 2. The COM-B model of
behaviour change.

Note. Courtesy of Michie et al.
(2011).
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are used to assess various options (e.g., assessing which intervention functions or policy
categories should be selected from those identified ones). These criteria ensure that impor-
tant social and practical factors are considered (e.g., equity concerns whether the interven-
tion could result in desirable outcomes for one group of individuals but undesirable ones for
another group). Ideally, decisions should be made in collaboration with stakeholders to
ensure diverse perspectives are considered, as well as to integrate valuable knowledge and
expertise (West et al., 2019).

4.3. The COM-B model of behaviour change

The COM-B model of behaviour change (see, figure 2), the inner ring of BCW (see, figure 1),
offers a simple but effective account of human behaviour (Michie et al., 2014, 2011; West
et al,, 2019). COM-B asserts that when Capability (including psychological capability and
physical capability), Opportunity (including social opportunity and physical opportunity), and
Motivation (including reflective motivation and automatic motivation) are sufficient, beha-
viour occurs, whereas when one or more of them is insufficient, it does not. Capability,
opportunity, motivation, and behaviour influence each other as part of an interacting system.
For example, researchers may have sufficient physical opportunity to pre-register (e.g., suffi-
cient access to pre-registration repositories and primers; see, Sections 3.3. and 3.6.), but lack
sufficient psychological capability (e.g., insufficient knowledge about how to pre-register) and
reflective motivation (e.g., insufficient belief in pre-registration being beneficial as
a consequence of believing that pre-registration causes stress; see, Section 3.5.). However,
were these researchers to learn that partially completed pre-registrations may still mitigate
against specific QRPs (increased psychological capability; see, Section 3.2.), this may chal-
lenge their belief in pre-registration necessarily causing stress (increased reflective motiva-
tion), which prompts them to access a primer and learn how to pre-register their research as
exploratory or confirmatory (increased psychological capability), which then prompts the pre-
registration of their first exploratory study (behaviour). Consequently, COM-B can be used to
inform the development of evidence-based interventions, because it offers a simple but
effective account of human behaviour that can be used to explore barriers and enablers to
any behaviour (Michie et al., 2014).

5. Research questions

This exploratory research addresses two questions: (1) what are barriers and enablers to pre-
registration by researchers? And (2) how can pre-registration uptake by researchers be
increased?
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6. Methods

6.1. Design and recruitment

This study features a mixed-methods online questionnaire design. Self-selected sampling was
used, with recruitment taking place via Twitter (using the account of a UK-based researcher) and
emails (sent directly to UK-based researchers or via the mailing lists of UK-based research
organisations). Recruitment took place from 18/05/2020 to 12/07/2020. Ethical approval was
granted by UCL Research Ethics Committee: CEHP/2020/57.

6.2. Respondents

One-hundred-and-twenty researchers (defined here as PhD in progress or awarded)
responded to the questionnaire, of whom 12% (15/120) did not consent to their data being
used and so were excluded. Sixty-six percent (69/105) identified as early-career-researchers
(ECRs), 28% (29/105) as mid-career-researchers (MCRs), and 7% (7/105) as late-career-
researchers (LCRs). Sixty-eight percent (71/105) reported primarily using quantitative data,
7% (7/105) as using qualitative, and 26% (27/105) as using both quantitative and qualitative
data. Seventy-one percent (74/105) reported being primarily involved in psychological
research, 8% (8/105) in neuroscientific, and 22% (23/105) in research from other disciplines.
Seventy-five percent (79/105) reported pre-registering before (minimum of 1, maximum of 30;
M = 447, SD = 5.14).

6.3. Questionnaire
The questionnaire was developed across six stages, using guidance from Rattray and Jones (2007),
and Williams (2003). COM-B informed Stage 1 and BCW Stage 2 (Michie et al.,, 2014).

The six questionnaire development stages were: (1) the COM-B Behavioural Diagnosis Form
(Michie et al., 2014) was used to produce an initial pool of 23 generic barriers and enablers
items; for example, for a behaviour to occur, individuals may need to “know more about how
to do it” (p. 70); (2) Stages 1-3 of BCW (Michie et al., 2014; see, Section 4.2.) informed by pre-
registration papers (e.g., Sullivan et al., 2019), templates (e.g., AsPredicted), and websites
(e.g., OSF), were used to tailor the initial pool of items; for example, “know more about how
to do it” became “know more about how to select a pre-registration template” (Sullivan et al.,
2019); (3) item response options were considered and a 101-point slider-scale selected to
assess quantitative barriers and enablers to pre-registration items (0% = “complete and utter
disagreement” with the item statement and 100% = “complete and utter agreement”);
whereas optional qualitative comment boxes were selected to enable respondents to freely
expand on their quantitative responses; (4) tailored items were refined to match the slider-
scale items; for example, “know more about how to select a pre-registration template”
became “I am confident I know how to select a pre-registration template”; (5) six researchers
piloted the questionnaire, of whom five had pre-registered before; and (6) piloting feedback
was used to further refine the items (e.g., items were re-worded to improve clarity, less
relevant items excluded, and all items relating to physical capability and automatic motiva-
tion excluded; e.g., because researchers were assumed to have the physical capability to pre-
register, given its similarity to other essential researcher behaviours, such as submitting an
ethics application).

Upon completion, the questionnaire featured five demographic items, 33 quantitative

barriers and enablers to pre-registration items, and six optional qualitative comment boxes.
Respondents completed the questionnaire in six minutes and nine seconds on average.
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6.4. Data analysis

6.4.1. Quantitative analysis

SPSS Statistics (v26) was used to analyse slider-scale responses. Outliers + 3 standard deviations
were coded as missing for all individual responses. Descriptive statistics (means, standard devia-
tions, and correlations) were then produced.

6.4.2. Qualitative analysis

Reflexive thematic analysis (RTA; Braun & Clarke, 2006; Braun et al., 2019) and NVivo (v12) were used
to analyse comment box responses. RTA was undertaken across six stages and selected because it
encourages researchers to take a more active role in knowledge production, thus meaning our
knowledge and experience of pre-registration could be used to enhance our findings. When under-
taking RTA, we assumed a constructionist epistemology, an experiential orientation, a primarily
deductive approach using COM-B, and used both semantic and latent coding (Byrne, 2021).

The six RTA stages were: (1) comment box responses were read, re-read, and detailed notes taken
(e.g., notes about what we thought and felt about responses); (2) initial codes were generated using
a primarily deductive approach, because our focus was on identifying barriers and enablers to pre-
registration using COM-B; (3) initial codes were used to generate potential themes; (4) potential
themes were reviewed in relation to the coded extracts, as well as the entire dataset, and then
revised; (5) themes were defined and named; with some themes then being integrated or renamed;
and (6) the thematic report was produced (Braun & Clarke, 2006; Braun et al., 2019).

RTA was primarily undertaken by this paper’s first author; however, its second author also
contributed. To mitigate against confirmation bias (Nickerson, 1998), we deliberately searched
for and selected responses that challenged our preferred beliefs (e.g., we searched for responses
concerning the ineffectiveness of pre-registration to challenge our preferred belief that pre-
registration is effective; Becker, 1998).

6.4.3. Intervention specification

The intervention specification was developed using the eight BCW stages (Michie et al., 2014; see,
Section 4.2.). The APEASE criteria (West et al., 2019) were used by this paper’s first author to select
promising intervention development options.

6.5. Pre-registration and transparent deviations

This exploratory research was pre-registered using the AsPredicted template and OSF repository.
There were four deviations: (1) items relating to incentivisation had been incorrectly aligned to
physical opportunity and so were realigned to reflective motivation; (2) principal components
analysis was not reported because there were insufficient data to meet its assumptions (Pallant,
2020), and so coefficient omega and inferential tests were not reported given their dependence on
it; (3) group comparisons were not reported due to a substantial imbalance between groups (e.g.,
seven of 105 respondents were LCRs) but career stage comparisons are provided as supplementary
materials; and (4) correlations were not pre-registered due to an oversight but were considered
useful and so reported (see, Section 7.1.2.).

7. Results
7.1. Quantitative analysis
7.1.1. Means and standard deviations

Table 1 presents means and standard deviations for barriers and enablers to pre-registration item
responses.

Page 8 of 24



Osborne & Norris, Cogent Psychology (2022), 9: 2066304 O.ZK': Cogent P pgychok)gy
https://doi.org/10.1080/23311908.2022.2066304

Table 1. Means and standard deviations for barriers and enablers to pre-registration item

responses

Items n M SD
Psychological capability

I am confident I know what pre-registration is (Q12) 101 90.37 15.83
I am confident I know at least one website which offers a pre- 99 93.43 19.70
registration service (Q13)

I am confident I know how to select an appropriate pre-registration 105 66.65 30.81
template (Q14)

I am confident I know how to specify a study’s hypotheses in 102 86.35 14.24
advance (Q15)

I am confident I know how to specify a study’s predictions in 103 82.45 17.26
advance (Q16)

I am confident I know how to specify a study’s design in advance 104 88.33 13.40
(Q17)

I am confident I know how to specify a study’s inference criteria in 105 66.34 28.53
advance (Q18)

I am confident I know how to specify a study’s data stopping rule in 105 69.18 34.29
advance (Q19)

I am confident I know how to specify a study’s data inclusion criteria 103 87.31 16.03
in advance (Q20)

I am confident I know how to specify a study’s data exclusion criteria 102 87.50 15.25
in advance (Q21)

I am confident I know how to pre-register a study (Q22) 105 78.13 27.71
I am confident I know how pre-registration aims to improve research 101 92.27 10.90
rigour (Q24)

I am confident I know how pre-registration aims to improve research 103 93.72 9.97

transparency (Q25)

I am confident I know how pre-registration aims to improve research 103 91.80 12.26
credibility (Q26)

Social opportunity

I am influenced by someone junior to me who encourages pre- 105 16.87 28.57
registration (Q28)

I am influenced by someone junior to me who discourages pre- 101 1.69 4.18
registration (Q29R)

I am influenced by someone in a similar role to me who encourages 105 54.70 37.46
pre-registration (Q30)

I am influenced by someone in a similar role to me who discourages 101 4.84 11.58
pre-registration (Q31R)

I am influenced by someone senior to me who encourages pre- 105 58.06 38.54
registration (Q32)

I am influenced by someone senior to me who discourages pre- 102 14.08 23.73

registration (Q33R)
Physical opportunity

I have the time to pre-register (Q35) 105 67.90 31.96

I have access to the training I would need to pre-register (Q36) 105 58.02 35.14

Reflective motivation

I am incentivised by at least one funder to pre-register (e.g., 105 22.30 31.33

increased likelihood of funding) (Q37)

I am incentivised by at least one publisher to pre-register (e.g., 105 35.78 36.47

increased likelihood of publication) (Q38)

I am incentivised by my university to pre-register (e.g., increased 103 16.23 22.86

likelihood of career progression) (Q39)

I believe pre-registration could stifle my creativity (Q41R) 103 15.17 2291
(Continued)
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Tablel. (Continued)

Items n M SD
I believe pre-registration could make me vulnerable to being 104 18.00 23.61
scooped (Q42R)

I believe pre-registration could hamper my ability to make 105 19.20 28.26
unexpected discoveries (Q43R)

I believe pre-registration could reduce my chances of being 105 14.57 24.04
published (Q44R)

I believe pre-registration could lead to embarrassment, because if 102 26.08 27.92
a mistake were made, it would become public (Q45R)

I believe pre-registration could improve research rigour (Q47) 101 87.19 18.60
I believe pre-registration could improve research transparency (Q48) 102 89.95 15.98
I believe pre-registration could improve research credibility (Q49) 102 86.30 20.11

Note. Slider-scales were used to assess barriers and enablers to pre-registration items (0% = “complete and utter
disagreement” and 100% = “complete and utter agreement” with the item statement). “R” indicates reverse-scored
items.

7.1.2. Correlations

Table 2 presents Spearman’s rank correlation coefficients, assessing the relationship between
barriers and enablers to pre-registration item responses, and past pre-registration behaviour
(the number of times respondents reported pre-registering before; Q10). Inspection of scat-
terplots suggested that only six of 33 items had the required monotonic relationship (Field,
2018), and so correlations were limited to these items.

Table 2. Correlations between barriers and enablers to pre-registration item responses, and

past pre-registration behaviour

Items n rs

I am confident I know how to pre-register a study (psychological capability) (Q22) 102 0.53***
I believe pre-registration could improve research transparency (reflective 99 0.43***
motivation) (Q48)

I am confident I know what pre-registration is (psychological capability) (Q12) 98 0.39***
I believe pre-registration could improve research rigour (reflective motivation) 98 0.36"**
(Q47)

I believe pre-registration could improve research credibility (reflective motivation) 99 0.33***
(Q49)

I am confident I know how to specify a study’s data inclusion criteria in advance 100 0.23*
(psychological capability) (Q20)

Note. *p < .05. ***p < .001.

7.2. Qualitative analysis

7.2.1. Reflexive thematic analysis

Table 3 presents the 15 qualitative barriers and enablers to pre-registration themes produced
using RTA (Braun & Clarke, 2006; Braun et al., 2019). Themes are based on the 117 comment box
responses submitted by 45% (47/105) of respondents, of whom 66% (31/47) were ECRs, 26% (12/
47) MCRs, and 9% (4/47) LCRs. Example extracts from comment box responses are provided for
each theme, below (see, Sections 7.2.1.1.-7.2.1.4). To mark the removal of text irrelevant to
a theme within extracts, “ ... ” was used, whereas “***” for text which could potentially be used
to identify respondents. Respondent identifiers (11-digit codes) are provided after each extract and
can be used to cross-reference them using the raw data and thematic analysis extracts.
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Table 3. Reflexive thematic analysis themes produced using comment box responses

Themes Career stage Total %
ECR MCR LCR

Psychological capability

Pre-registration requires greater knowledge (barrier) 7 2 0 9 19%

Pre-registration requires determination (enabler) 4 4 0 8 17%

Pre-registration does not prevent exploration (enabler) 4 1 1 6 13%

Pre-registration requires greater skill (barrier) 4 0 0 4 9%

Social opportunity

Pre-registration is encouraged by others (enabler) 5 5 0 10 21%

Pre-registration is discouraged by others (barrier) 2 4 0 6 13%

Physical opportunity

Pre-registration costs time (barrier) 1 5 0 6 13%

Pre-registration saves time (enabler) 2 1 0 3 6%

Pre-registration templates are unsuitable (barrier) 2 1 0 3 6%

Reflective motivation

Pre-registration is not incentivised (barrier) 6 4 1 11 23%

Pre-registration is desirable, despite its potential to 5 2 0 7 15%

reveal mistakes or be embarrassing (enabler)

Pre-registration is ineffective (barrier) 3 2 2 7 15%

Pre-registration contributes to enhanced research 5 1 0 6 13%

outcomes (enabler)

Pre-registration is incentivised (enabler) 3 1 0 4 9%

Pre-registration remains desirable, despite its potential 2 1 0 3 6%

to reduce publication opportunities (enabler)

Note. Percentages express the proportion of respondents who commented on a specific theme, to those who
commented (n = 47).

7.2.1.1. Psychological capability.

Pre-registration requires greater knowledge. Seven ECRs and two MCRs commented on needing
to know more about how to pre-register. In five instances, the comments described general
challenges:

I used *** and I'm still not entirely sure I actually pre-registered my study or whether I just
uploaded a template? - 11691125819 (ECR)

In the remaining four instances, the comments described specific challenges associated with
specifying a study in advance:

For most instances where I've rated slightly lower it’s because in my experience there are
*always* unexpected things that happen and so far none of my pre-registrations have
accounted for every possibility! - 11636045117 (ECR)

Pre-registration requires determination. Four ECRs and four MCRs commented on their determi-
nation to pre-register. In all but one instance, comments described how this enabled them to

overcome an apparent lack of social or institutional support:

I independently chose to pursue pre-registration and personally know of very few others
who do so - 11644077847 (ECR)
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I have mostly taught myself how to do it. - 11718244857 (MCR)

Pre-registration does not prevent exploration. Four ECRs, two MCRs, and one LCR commented on
knowing it is acceptable to deviate from a pre-registration when doing so transparently:

I regularly report unanticipated findings that would not have been pre-registered-as along
as the reader knows an analysis is post-hoc, I see no ethical problem with reporting it. -
11777827987 (LCR)

Pre-registration requires greater skill. Four ECRs commented on the importance of practice to
develop the skills needed to pre-register effectively. In all but one instance, comments described
how initial attempts at pre-registration had been sub-optimal:

Whatever I know, it is the result of practice, not only abstract understanding. The quality of
my first preregistration was much worse than the last. I'm confident the next will be slightly
better. - 11657567895 (ECR)

We note that extracts from pre-registration requires greater knowledge and pre-registration
requires greater skill suggest pre-registration is a challenging behaviour to undertake effectively.
Respondents commented on needing greater knowledge and skills, and especially when specifying
analysis strategies in advance.

7.2.1.2. Social opportunity. Pre-registration is encouraged by others. Five ECRs and five MCRs
commented on other people encouraging them to pre-register. In all but one instance, senior
researchers were an important source of encouragement:

I know some senior scholars ... who have absolutely taught me how to do the best science
and I look up to these people. - 11691129166 (MCR)

However, in three instances, such encouragement appeared exceptional:

Re senior people: there are very few who encourage pre-reg and I do not work with them
directly but try to learn from them anyway. - 11718244857 (MCR)

In a further three instances, ECRs appeared to be an important source of encouragement:
Definitely positively influenced by other early career researchers ... - 11638304779 (ECR)
Pre-registration is discouraged by others. Two ECRs and four MCRs commented on other
people discouraging them from pre-registering. Common to all but one of these responses
was discouragement coming from someone in a position of power, with the exception making
no reference to the source of discouragement. In two instances, the comments described

discouragement from reviewers:

I've had a reviewer interpret my preregistration as some sort of affront to exploratory
research. - 11635816272 (ECR)

Whilst in three instances, the comments described discouragement from supervisors:

when the senior person (when on the project) does not want to pre-register it would be
a battle to do so anyway. - 11611757961 (ECR)

Page 12 of 24



Osborne & Norris, Cogent Psychology (2022), 9: 2066304 ‘}:'-’ cogent o psychology

https://doi.org/10.1080/23311908.2022.2066304

We note that extracts from pre-registration is encouraged by others and pre-registration is discour-
aged by others contrast strongly. Respondents appeared either to find themselves in social
environments strongly encouraging or strongly discouraging of pre-registration. However, respon-
dents in discouraging environments nevertheless reported pre-registering; perhaps as
a consequence of being determined to pre-register (pre-registration requires determination; see,
Section 7.2.1.1.).

7.2.1.3. Physical opportunity. Pre-registration costs time. One ECR and five MCRs, commented on
pre-registration costing time:

The biggest barrier for me has been having the time to pre-register studies ... Pre-reg takes
me about 3-4 days to get absolutely spot-on, and represents time that I never used to have
to spend. - 11691129166 (MCR)

Pre-registration saves time. Two ECRs and one MCR commented on pre-registration saving time.
In one instance, the comment described how time was saved in contrast to undertaking
a registered report:

I would have liked to go for registered reports, however as a PhD student, this could pose
potential delays for completing the PhD. The next best alternative is pre-registration. -
11635901560 (ECR)

In two instances, the comments described costing time at the beginning, but then saving time
later one:

I feel preregistration saves me time later down the line. I don’t have the time to NOT
preregister! - 11699229818 (MCR)

We note that extracts from pre-registration costs time and pre-registration saves time contrast in
their perspective. Respondents who found pre-registration cost them time focussed on overall time
whereas those who found it saved time, focussed on relative time (e.g., costing time towards the
beginning of a study but saving time towards the end, or saving time compared to a registered
report).

Pre-registration templates are unsuitable. Two ECRs and one MCR commented on pre-
registration templates being unsuitable for their needs:

Re templates: there are none available for the types of research I do - 11718244857 (MCR)
7.2.1.4. Reflective motivation. Pre-registration is not incentivised. Six ECRs, four MCRs, and one
LCR commented on lack of incentivisation to pre-register. Common to most responses, was an
overall lack of incentivisation. In four instances, the comments described a lack of incentivisation

from funders:

I don’t think this is properly incentivised by ... grant awarding bodies yet, at least in my
field. - 11780244417 (MCR)

In three instances, the comments described a lack of incentivisation from publishers:

not journals encountered that “require” pre-registration (which in my field—cognitive neu-
roscience—is still rather uncommon). - 11644080306 (ECR)

In five instances, the comments described a lack of incentivisation from institutions:
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I do not think my university cares if I pre-register my studies or not, so long as I meet my key
performance indicators. - 11691129166 (MCR)

In two instances, there was also a related comment about the irrelevance of pre-registration to
career prospects:

I do not believe pre-registering improves my employment chances in anyway. -
11690875825 (ECR)

Pre-registration is desirable, despite its potential to reveal mistakes or be embarrassing. Five
ECRs and two MCRs commented on openness and transparency being of greater importance than
being seen to be correct:

It’s more about being open and transparent than about being correct. - 11635901560 (ECR)

In six instances, the comments also described how openness about mistakes could be embarras-
sing, but that such embarrassment was preferable to not being open:

I believe recognizing an honest mistake in a pre-registered report is less embarrassing than
the discovery of an hidden one in a non-pre-registered paper. - 11690959076 (ECR)

Pre-registration is ineffective. Three ECRs, two MCRs, and two LCRs questioned the effectiveness
of pre-registration. In five instances, the comments described concern over the quality of sub-
mitted pre-registrations:

Most pre-registration is done so poorly that it has turned into a meaningless badge. -
11640029064 (ECR)

In a further two instances, the comments described how pre-registration may not mitigate against
the behaviour of dishonest researchers (e.g., researchers who fabricate data):

I know how pre-registration achieves these aims in theory. Whether it does in practice, is
open to question. For example, it does not prevent researchers faking or “massaging” data. -
11746169477 (LCR)

We note that the potential ineffectiveness of pre-registration described in pre-registration is
ineffective may be explained with reference to several other themes. First, extracts from pre-
registration requires greater knowledge and pre-registration requires greater skill suggest that
pre-registration is a challenging behaviour to undertake effectively (see, Section 7.2.1.1.).
Second, extracts from pre-registration is discouraged by others (see, Section 7.2.1.2.), pre-
registration costs time (see, Section 7.2.1.3.), and pre-registration is not incentivised may in
part explain the suggested ineffectiveness of pre-registration: it is unsurprising that
a challenging behaviour is undertaken less effectively when those responsible for it are dis-
couraged, time limited, and not rewarded for doing so. However, perhaps believing pre-
registration contributes to enhanced research outcomes and being determined to pre-register
(pre-registration requires determination) could mitigate against these factors, although this
would not necessarily increase pre-registration effectiveness.

Pre-registration contributes to enhanced research outcomes. Five ECRs and one MCR com-
mented on their belief that pre-registration contributes to enhanced research outcomes. In all
instances, comments either described how pre-registration was beneficial overall, beneficial to the

researcher, and/or beneficial to research itself:

I think overall it’s a good thing for the research and for me. - 11691560037 (ECR)
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Specific reasons were also given for the belief in pre-registration contributing to enhanced research
outcomes:

Pre-registration is a very positive move: transparency, reduces harking, encourages publi-
cation of null results. Makes researchers think carefully about hypotheses, predicted results,
power, sampling and analysis strategies before collecting data. - 11635922304 (ECR)

Pre-registration is incentivised. Three ECRs and one MCR commented on being incentivised to pre-
register. In one instance, the comment described a funder incentivising pre-registration:

I have ... applied for one funding source ... which required pre-registration. -
11639887291 (ECR)

In two instances, the comments described journals incentivising pre-registration:

Some of the studies I've preregistered are *** and here many journals stick to guidelines like
*** and require a preregistered protocol. - 11638304779 (ECR)

In one instance, the comment described the researcher’s institution incentivising pre-registration:

My department has a open science policy that strongly encourages/ requires preregistra-
tion - 11644057531 (ECR)

Pre-registration remains desirable, despite its potential to reduce publication opportunities.
Two ECRs and one MCR commented on their belief in pre-registration potentially reducing publica-
tion opportunities, but this being beneficial:

I believe that it may decrease the chances of being published in certain journals that
practically require authors to cherry pick results to make manuscripts too good to be true.
This is still a good thing; we should stop aspiring to publish in these anti scientific outlets. -
11640376114 (ECR)

We note that some extracts from pre-registration remains desirable, despite its potential to reduce
publication opportunities and pre-registration is desirable, despite its potential to reveal mistakes or be
embarrassing suggest that some respondents were ethically motivated to pre-register their research.
These respondents appeared to pre-register whilst accepting a cost (e.g., embarrassment or reduced
publication opportunities), perhaps as a consequence of believing that pre-registration contributes to
enhanced research outcomes.

7.3. Intervention specification

7.3.1. Define the problem in behavioural terms
The problem was defined as a question: how can pre-registration uptake by researchers be
increased?

7.3.2. Select one or more behaviours as targets for change

A long list of behaviours relevant to pre-registration was produced and ranked using four criteria:
impact of change, likelihood of change, impact on other related behaviours, and ease of measurement
(Michie et al., 2014, p. 45). Promising behaviours were selected from this ranked list to produce a short
list of behaviours. Behaviours from this short list were explored using a conceptual map. The behaviour
of submitting a pre-registration was identified as the most promising target for change and so selected
(see, Section 3.3.).
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7.3.3. Specify the selected behaviour

The selected behaviour of submitting a pre-registration was specified using six criteria: who, what,
when, where, how often, and with whom (Michie et al., 2014, p. 48). Submitting a pre-registration was
specified as follows: researchers who collect or analyse data (who) should pre-register their research
(what) prior to it commencing (when) at a computer (where) for all studies involving data collection or
analysis (how often) and do so alone or with other members of the research team (with whom).

7.3.4. Identify barriers and enablers to the selected behaviour

Descriptive (see, Tables 1 and 2) and qualitative (see, Table 3) findings were used to identify
barriers and enablers to pre-registration with COM-B (Michie et al., 2014). Insufficient knowledge
and skill (psychological capability), social support (social opportunity), time (physical opportunity),
and incentives (reflective motivation) were the most substantial barriers to pre-registration,
whereas belief in pre-registration contributing to desirable research outcomes (reflective motiva-
tion) was the most substantial enabler.

7.3.5. Identify relevant intervention functions

BCW was used to link the identified COM-B barriers and enablers (see, Section 7.3.4.) with relevant
intervention functions (the broad categories responsible for behaviour change) using a matrix table
(Michie et al., 2014, p. 116). All nine were relevant: education, persuasion, incentivisation, coercion,
training, restriction, environmental restructuring, modelling, and enablement. The APEASE criteria (West
et al.,, 2019) were used to assess the potential of each intervention function. Education, persuasion,
incentivisation, training, and modelling were identified as the most promising functions and so selected.

7.3.6. Identify relevant policy categories

BCW was used to link the selected intervention functions (see, Section 7.3.5.) with relevant policy
categories (the broad categories responsible for how the intervention is delivered) using a matrix
table (Michie et al.,, 2014, p. 138). All seven were relevant: communication/marketing, guidelines,
fiscal measures, regulation, legislation, environmental/social planning, and service provision. The
APEASE criteria (West et al., 2019) were used to assess the potential of each policy category.
Communication/marketing, guidelines, fiscal measures, and service provision were identified as the
most promising categories and so selected.

7.3.7. Identify relevant behaviour change techniques

BCW and the behaviour change technique taxonomy (Michie et al., 2013) were used to identify
relevant BCTs (the active components responsible for behaviour change) relating to selected interven-
tion functions (see, Section 7.3.5.) using a linking table (Michie et al., 2014, pp. 250-253). Instruction on
how to perform a behaviour (BCT 4.1), information about social and environmental consequences (BCT
5.3), demonstration of the behaviour (BCT 6.1), prompts/cues (BCT 7.1), credible source (BCT 9.1), and
material reward (BCT 10.2) were identified as the most promising techniques and so selected.

7.3.8. Identify implementation options

The intervention source (Norris et al., 2021), setting (Norris et al,, 2020), and modes of delivery
ontologies (Marques et al., 2021) were used to identify who, where, and how the intervention will
be delivered. Researcher (BCI0:010083); relatedness between person source and the target popula-
tion (BCI0:010094); expertise of person source (BC10:010120); university facility (BC10:026028); face
to face (BCIO:011003); at a distance (BCIO:011004); email (BCIO:011025); and website
(BCIO:011027) were selected.

7.3.9. Production of the intervention specification

Table 4 presents the intervention specification, constructed using the outputs from all eight BCW
stages (Michie et al., 2014).
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Table 4. Intervention specification

Participants

Researchers employed by an academic institution who collect or analyse data to
report research findings.

Design

Pre-post intervention study.

COM-B

Psychological capability; social opportunity; physical opportunity; reflective
motivation.

Intervention functions

Education; persuasion; incentivisation; training; modelling.

Policy categories

Behaviour change
techniques

Communication/marketing; quidelines; fiscal measures; service provision.

Instruction on how to perform a behaviour (BCT 4.1); information about social and
environmental consequences (BCT 5.3); demonstration of the behaviour (BCT 6.1);
prompts/cues (BCT 7.1); credible source (BCT 9.1); material reward (BCT 10.2).

Implementation options

Researcher (BCI0:010083); relatedness between person source and the target
population (BCI0:010094); expertise of person source (BCI0:010120); face to face
(BCIO:011003); at a distance (BCI0:011004); email (BCI0:011025); website
(BCIO:011027); university facility (BC10:026028).

Intervention summary

The intervention will be delivered within an academic institution (university
facility) across five stages, with a 3-month gap between each stage to assess the
impact of each stage. The intervention will be fully delivered by month 12 but will
continue for as long as it is beneficial. Stage 1 (S1) assesses baseline levels of pre-
registration. Stages 2-5 (S2-S5) aim to increase pre-registration uptake using four
complementary incremental interventions (thus making this a complex
intervention; Craig et al., 2008). Emails will be sent to researchers from their
various Heads of Department (credible source; relatedness) at the beginning of
each stage from S2 onwards to introduce each intervention, as well as to educate
(increased psychological capability) them about pre-registration and persuade
them to pre-register (e.g., sharing information about the potential for pre-
registration to enhance their research as well as contribute to enhanced research
outcomes; information about social and environmental consequences; increased
reflective motivation).

Stage 1

Stage 2

S1 aims to assess baseline levels of pre-registration. To assess levels, a question
will be added to the institutional ethics application form most researchers need to
complete prior to commencing their research: “Have you pre-registered this
study? If yes, please provide a link”.

S2 aims to increase pre-registration uptake by providing researchers with access
to an institutional (credible source) pre-registration website (service provision).
Information about the social and environmental consequences of pre-registration
will be provided to educate (increased psychological capability) and persuade
(increased reflective motivation) researchers to pre-register. Furthermore,
instruction on how to pre-register to three incremental standards will be provided
(instruction on how to perform a behaviour; increased psychological capability):
basic (differentiation between exploratory or confirmatory research),
intermediate (basic plus specification of methods), and advanced (intermediate
plus specification of analysis strategy; see, Section 3.2.). Thus, researchers may
match their pre-registration knowledge and skill, as well as their available time, to
an appropriate template (mitigating against insufficient psychological capability
and physical opportunity).

Stage 3

S3 aims to increase pre-registration uptake by offering researchers an opportunity
to meet face to face or online (at a distance) with a departmental pre-registration
champion (credible source; expertise; researcher) to receive training (service
provision) on how to pre-register their research (instruction on how to perform

a behaviour; increased psychological capability) as well as to demonstrate how
studies can be pre-registered (modelling; demonstration of the behaviour;
increased social opportunity).

Stage 4

S4 aims to increase pre-registration uptake by updating institutional career
progression criteria (guidelines) available online (website) so that researchers are
incentivised (fiscal measures; material reward; increased reflective motivation) to
pre-register their research and for being a departmental pre-registration
champion (see S3).

(Continued)
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Table 4. (Continued)

Stage 5 S5 aims to increase pre-registration uptake by updating the S1 ethics application
form question (website) to: “Pre-registering your study could improve the
credibility of your findings. To find out more, click here [link to S2 website]. Have
you pre-registered this study? If yes, please provide a link” (communication/
marketing; education; information about social and environmental consequences;
prompts/cues; increased psychological capability).

Evaluation This intervention will be primarily assessed using the S1 ethics application form
question, providing a measure of behaviour (whether studies were pre-registered)
. However, S2 will be further assessed by recording the specific ways in which the
website has been accessed; S3 by recording the number of researchers meeting
with each departmental pre-registration champion, as well as the overall total
number of meetings held; and S4 the number of career progression applications
that include evidence of pre-registration as well as other open research practices
(to assess the potential for positive side-effects). Rather than assessing S5, an
additional sentence will be added to the updated question in S4: “If no, please
select from one of the following options to state your reason for not doing so”.
This additional question will be used to refine the intervention during the months
following its full delivery.

Note. This intervention specification was produced using BCW (Michie et al.,, 2014). Italicised words or phrases
indicate COM-B components, intervention functions, policy categories, behaviour change techniques, or implementa-
tion options.

8. Discussion

This paper demonstrates the strong potential of behaviour change to facilitate open research
practices using pre-registration as an example. BCW and COM-B (Michie et al., 2014) were used to
inform the development of a mixed-methods online questionnaire, assessing barriers and enablers
to pre-registration by researchers. Insufficient knowledge and skill (psychological capability), social
support (social opportunity), time (physical opportunity), and incentivisation (reflective motivation)
were the most substantial barriers to pre-registration, whereas belief in pre-registration contribut-
ing to desirable research outcomes (reflective motivation) was the most substantial enabler. BCW
was then used to develop an evidence-based intervention specification to increase pre-registration
uptake by researchers. This appears to be the first paper to demonstrate how a framework and
model of behaviour change can be used to facilitate an open research practice.

The presented findings support past research addressing barriers and enablers to pre-registration.
Respondents reported insufficient incentivisation and access to training (Nosek et al., 2018; Stewart
et al, 2020), as well as insufficient time (Sarafoglou et al., 2021), as barriers to pre-registration.
Respondents also reported belief in pre-registration contributing to desirable research outcomes
(Sarafoglou et al., 2021). The presented findings also extend this past research. Relating to incentivisa-
tion, respondents reported minimal incentivisation but nevertheless greater incentivisation from
publishers, followed by funders, and then institutions (see, Table 1). Relating to training, respondents
specifically reported lack of confidence in selecting an appropriate pre-registration template as well as
knowing how to specify inference criteria and data stopping rules in advance (see, Table 1). Relating to
time, respondents who reported time as a barrier focussed on overall time whereas those reporting
time as an enabler focussed on relative time (e.g., costing time towards the beginning of a study and
saving time towards the end, or saving time in relation to registered reports; see, Section 7.2.1.3.).
Finally, relating to pre-registration contributing to desirable research outcomes, respondents reported
belief in pre-registration having similar potential to increase research transparency, rigour, and cred-
ibility (see, Table 1). Evidence was also found for respondents having misconceptions about pre-
registration (Chambers & Tzavella, 2021; see Table 1); however, these misconceptions were not
considered substantial barriers.

One strength of this study concerns its use of mixed-methods to provide complementary insights.

For example, when explaining the potential for pre-registration to be ineffectively undertaken (see,
Section 7.2.1.4). Ineffectively undertaken pre-registrations were explained as a consequence of
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researchers being discouraged from pre-registering (qualitative; see, Section 7.2.1.2.), time limited
(quantitative; see, Table 1; and qualitative; see, Table 3 and Section 7.2.1.3.), and not rewarded for
doing so (quantitative; see, Table 1; and qualitative; see, Table 3 and Section 7.2.1.3.). Complementary
insights also extended past research. For example, relating to incentivisation, quantitative findings
indicated that publishers incentivised pre-registration most of all, followed by funders, and then
institutions (see above and Table 1). However, relating to institutional incentivisation, qualitative
findings distinguished between researchers not being incentivised to pre-register by their current
institution as well as by alternative institutions when seeking employment from them (see,
Section 7.2.1.4.). This extension is useful, because institutions wishing to incentivise pre-registration
may wish to consider doing so for both current and potential future employees. However, it is crucial
that institutions collectively incentivise pre-registration because researchers who are incentivised by
their current institution to pre-register, may be at a disadvantage when seeking employment from
alternative institutions that do not (Munafo et al., 2022).

Two further strengths of this study concern its use of systematic methods and open
research practices. Systematic methods were used to develop the questionnaire (see,
Section 6.3.) and intervention specification (see, Section 7.3.). These methods prompted
consideration of crucial elements that may otherwise have been overlooked, and so were
preferable to the “it seemed like a good idea at the time” approach (Michie et al., 2014,
p. 14). Open research practices included pre-registration, and both FAIRly and openly sharing
the research artefacts used to produce the presented findings (e.g., the questionnaire, data,
and supporting materials). This study’s pre-registration clearly states it was exploratory, and
both the methods and analysis strategy were pre-registered (data were collected according
to the methods but there were deviations from the analysis strategy; see, Section 6.5.).
Consequently, this study’s pre-registration mitigated against HARKing (Kerr, 1998), and
restricted the potential for multiple methodological and analytical strategies to be explored
in pursuit of a desirable finding (Dienlin et al., 2021). To FAIRly and openly share this study’s
artefacts, the FAIR Guiding Principles were used (Wilkinson et al., 2016). The Principles are
foundational to open research, and concern the degree to which research artefacts are
Findable, Accessible, Interoperable, and Reusable (Ayris et al., 2018). For example, artefacts
were uploaded to OSF (enhancing Accessibility as well as openness), where they were auto-
matically assigned unique and persistent identifiers (enhancing Findability). Artefacts were
shared in non-proprietary file formats (e.g., plain-text) and linked to the pre-print of this
paper (enhancing Interoperability). Finally, artefacts were licensed for reuse (enhancing
Reusability). The use of systematic methods meant this study was undertaken more rigor-
ously whereas the use of open research practices also increased transparency, as well as
provide others with an opportunity to verify and extend the presented findings.

One limitation of this study concerns its susceptibility to selection bias. The majority of
respondents identified as ECRs, and reported primarily using quantitative data, being involved
in psychological research, and having pre-registered before. Consequently, the presented find-
ings may not fairly reflect the experiences of those in the mid-to-late stages of their careers,
those primarily using qualitative, or qualitative and quantitative data, those from other dis-
ciplines, or those who have not pre-registered before. However, similar to Sarafoglou et al.
(2021), who also delivered a questionnaire assessing barriers and enablers to pre-registration,
it appears that recruiting respondents who have not pre-registered before for a study concern-
ing pre-registration is challenging. To overcome this limitation, follow-up studies could employ
random sampling. Nevertheless, the presented findings are supported by past research addres-
sing barriers and enablers to pre-registration.

Two further limitations concern not collecting demographic data on the nationality of respondents and
not including stakeholders in the intervention specification development process. Relating to demo-
graphic data, collecting data on the nationality of respondents would have been useful because open
research practices may differ between countries (e.g., some countries mandate certain open research
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practices whereas others do not, thus influencing researcher motivation to undertake them; Schmidt
et al,, 2016). However, given the promotional methods used (i.e., Twitter posts from a UK-based account,
direct emails to UK-based researchers, and emails sent from UK-based research organisations), we
suspect that most respondents were UK-based. Therefore, these findings may be most applicable to UK-
based researchers. Relating to stakeholder inclusion, this would have been valuable and especially when
using the APEASE criteria (see, Section 4.2.; West et al.,, 2019) to assess BCW recommendations when
developing the intervention specification (see, Section 7.3.). Therefore, it would be useful to undertake
follow-up research to assess how barriers and enablers to pre-registration may vary across countries, as
well as to engage with stakeholders to assess and refine the presented specification.

Future research could extend this study in at least three ways. First, the presented barriers and enablers
to pre-registration could be validated as part of a follow-up confirmatory study. Such a study could also
extend the presented findings by recruiting a broader range of researchers to assess group differences.
For example, assessing differences between different career stages, institutions, and countries.

Second, the presented intervention specification could be assessed, refined, and delivered.
Stakeholder focus groups could be undertaken to assess the intervention specification using the
APEASE criteria as well as contribute to its refinement (West at al., 2019). These focus groups could
also be used to develop the intervention materials (ideally in collaboration with those who have
already developed similar materials; see, Section 3.6.). Thereafter, the intervention could be piloted,
further refined, and potentially delivered to multiple institutions to benefit from economies of scale
(Munafd et al.,, 2022). However, it may first be useful to determine the extent to which barriers and
enablers to pre-registration, as well as stakeholder APEASE assessments of the intervention itself
(West et al.,, 2019), differ between career stage groups, institutions, and countries. If substantial
differences are found, a more successful approach may be to tailor the intervention to these specific
groups, institutions, and countries so that their individual needs can be accounted for.

Lastly, BCW could be applied to other open research behaviours and groups. Relating to other
behaviours, a natural extension of this study is to explore how the uptake of the registered reports
publishing format could be increased (Chambers et al., 2015). There would also be substantial value in
exploring how the FAIRness and openness of research artefacts could be enhanced (Wilkinson et al.,
2016); for example, European Commission (2018) estimates that the EU economy could generate an
additional €26.2 billion per annum were its researchers to produce FAIRer data artefacts. However, there
are numerous other open research behaviours that could also be considered. Relating to groups, we note
an opportunity to explore how behaviour change may be applied to behaviour change researchers. Such
meta-behaviour change could create a reinforcing feedback loop whereby the optimisation of behaviour
change researcher behaviour further optimises their behaviour and so on. Such a loop could have positive
consequences; for example, enhancing the potential of behaviour change researchers to effectively
address the individual, societal, and global problems their research is dedicated to. Excitingly, this is
presently being explored by this study’s first author in relation to how the FAIR Guiding Principles may be
used to optimise the reusability of behaviour change artefacts. Alternatively, the behaviour of other
important research stakeholders, for example, those working for funders, publishers, and institutions,
could also be considered. In summary, behaviour change has strong potential to facilitate the uptake of
open research practices and so contribute to enhanced research outcomes.

9. Conclusion

This appears to be the first paper to demonstrate how a framework and model of behaviour
change can be used to develop an intervention specification to facilitate an open research
practice, using pre-registration as an example. We hope this research inspires others to explore
the strong potential of behaviour change to contribute to enhanced research outcomes. We
further hope that any such exploration is undertaken in a way that not only supports researchers
in their desire to produce high-quality research, but in a way that benefits them individually as
well as collectively.
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