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Abstract

Inthe UK, it is currently recommended that owned cats be neutered from four months of
age. However, its uptake is inconsistent across the veterinary profession. Here we assess
the effect of a brief video intervention that aimed to encourage four month neutering, whilst
preserving clinical autonomy. We compare this theory-driven approach with traditional infor-
mation giving and a control group. Veterinary surgeons who regularly undertook feline neu-
tering work in the UK but did not routinely neuter cats at four months and/or recommend four
month neutering for client owned cats were randomised into three groups (n = 234). Partici-
pants received either no information, a written summary of evidence or the video. The pri-
mary behaviour outcomes were the recommending and carrying out of neutering cats at
four months. Evaluative, belief and stages of change measures were also collected. Self-
reported outcomes were assessed pre-intervention, immediately post-intervention, two
months post-intervention and six months post-intervention. At two months, participants that
had received the video intervention were significantly more likely to have started recom-
mending neutering cats at four months. At six months, participants that had received the
video intervention were significantly more likely to have started carrying out neutering cats
at four months. There were no significant behaviour changes for the other groups. At two
months, the video intervention was associated with a significant increase in thinking about,
and speaking to colleagues about, four-month neutering, relative to the control group. The
written summary of evidence had no similar effect on stages of change, despite it being per-
ceived as a significantly more helpful resource relative to the video. To conclude, a brief
one-off video intervention resulted in an increase in positive behaviours towards neutering
cats at 4 months, likely mediated by the social influences of the intervention prompting the
opportunity to reflect and discuss four-month neutering with colleagues.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263353 February 9, 2022

1/15


https://orcid.org/0000-0002-5050-750X
https://doi.org/10.1371/journal.pone.0263353
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0263353&domain=pdf&date_stamp=2022-02-09
https://doi.org/10.1371/journal.pone.0263353
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Video intervention for neutering four-month old cats

Introduction

Globally, the number of unowned cats is a cause for concern [1-4]. In the UK, shelters are
often at capacity [5,6] with many cats on rescue centre waiting lists [6], and stray and feral cats
commonly found in large numbers across localised areas [7]. A key effort to address this is the
prevention of accidental litters in the owned cat population. Despite high neutering rates of
owned cats in the UK (86-88% per cent in 2020; [8,9]), neutering has to be carried out early
enough to prevent accidental litters. The traditional age of neutering was six months, however
cats can reach puberty at four months of age [10]. Since 2006 neutering owned cats prepuber-
tally from four months of age has been recommended, and is currently supported by national
animal welfare organisations [11,12] and endorsed by national veterinary associations [13,14].
Despite a general trend towards earlier surgery [15,16], only half of veterinary surgeons based
in the UK are in line with recommendations, routinely recommending neutering at four
months old for client-owned cats [8,15].

The majority of owned cats are not neutered before a possible age of breeding [17], with a
high proportion of litters accidental [18]. Although, there can be many barriers to four-month
neutering and neutering generally [19], one key barrier may be due to the recommendations
of veterinary professionals [20]. Despite, approximately 70 per cent of veterinary surgeons
indicating they are comfortable carrying out neutering on cats of four months of age many
consider it context specific and not applicable to the owned cat population [15,21]. Addition-
ally, veterinary surgeons make decisions often in time- and resource-pressured environments
where decision-making may become subject to routines and habits, which is likely to be the
case with regard to neutering cats, given six months was the traditional reccommended age of
neutering. Although the UK has a significantly higher average age of neutering compared to
Australia and New Zealand [21], where prepubertal neutering is more common place, studies
suggest similar disparities in attitudes and behaviours towards prepubertal neutering occur
within the veterinary profession elsewhere (e.g. Australia [21,22], France [23], New Zealand
[21], USA [24]). Indeed, even in areas where prepubertal neutering is a legal requirement, not
all veterinary surgeons make the recommendation to their clients [25]. Consequently, there is
aneed to use this understanding for effective development of interventions, to increase recom-
mendation of the neutering procedure at four months, to make this the social norm and rou-
tine practice, thereby reducing the numbers of accidental litters being born. Recent results
suggest barriers to carrying out and recommending neutering for client-owned cats tend to be
around three broad themes; (1) Informational needs around the health consequences of neu-
tering cats at four-months; (2) Training needs around the appropriate protocols and proce-
dures to neuter cats at four-months; (3) Social influences, including peers and cat owners and
perceptions of social norms [15].

To date, approaches have largely focussed on the informational needs, such as educational
materials, written evidence and lectures. Indeed, the concerns of the veterinary profession in
relation to the perceived negative consequences of prepubertal neutering are addressed in
many studies that to date find no evidence for increased risks [e.g. 26-29]. These educational
approaches are reflected in an increase in uptake over the past decade [15,21,30]. Additionally,
training resources and protocols are available online [12]. However, provision of educational
behaviour change techniques in the form of information giving alone has been demonstrated
to be ineffective within health behaviour research [31], this may go some way to explain why
the earlier neutering message has so far failed to engage and change the behaviour of some vet-
erinary professionals. An additional consideration is the importance of within-practice experi-
ence and social norms resulting in contrasting belief “silos” within the profession [15,23],
which potentially act as a barrier to further uptake. Consequently, as advocated generally when
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developing behaviour change interventions, an evidenced theory-driven approach is required
that addresses the factors that influence four-month neutering. Here we detail the develop-
ment and evaluation of an intervention based on a behavioural analysis using the COM-B
(capability, opportunity, motivation-behaviour) model and behaviour change wheel (BCW)
[32].

Intervention design

The COM-B system provides a simple model to explain the basic interacting elements of
behaviour change. The core components of COM-B are physical capability (skills or strength)
and psychological capability (knowledge and understanding), physical opportunity (environ-
ment) and social opportunity (availability of ideas and communication), and automatic

and reflective motivation [32]. Automatic motivation drives behaviour through emotional
impulses and habits, whereas behavioural outcomes achieved by evaluative thought processes
would be due to reflective motivation. Analysing the components of COM-B in relation to the
desired behaviour enables identification of the factors that influence change [33]. Knowledge
and understanding of the barriers and belief systems underpinning current behaviour are vital
to the successful development of interventions that will be most likely to influence the desired
change, the Theoretical Domains Framework (TDF) provides a mechanism for doing this
[34].

The key themes arising from research exploring the perceptions, perceived norms and
familiarity and experience of veterinary surgeons regarding pre-pubertal neutering [15],
allowed mapping of the evident barriers to the TDF, identification of the relevant components
of COM-B and those of the BCW in order to design an appropriate intervention (Table 1).
Four themes were identified as influencing behaviour towards neutering cats at four months
and guided intervention design: (1) “Information about health consequences” (TDF domains
included knowledge and beliefs about consequences); (2) “Information about others approval”
(social influences, professional/social role and emotion); (3) “Demonstration of the behaviour”
(social influences, professional/social role); (4) “Credible source” (social influences).

Consequently, our intervention consisted of a video of a well-respected authority in feline
medicine, specifically a recognised Royal College of Veterinary Surgeons Specialist in Feline
Medicine, discussing the benefits of neutering at four months and strategies for recommend-
ing this to their clients, via a conversation with a colleague. The video-format suits the time-

Table 1. The analysis of the elements of COM-B and the BCW to show how the video intervention relates to the framework.

Behaviour change Relevant component of Intervention TDF Video intervention
technique COM-B functions
Information about Psychological capability, and Education and Knowledge Beliefs The benefits of four month neutering with regard to the

health consequences | reflective motivation

Information about Psychological capability,
others approval automatic motivation and
reflective motivation

Demonstration of the | Social opportunity Reflective
behaviour motivation

Credible source Reflective motivation

https://doi.org/10.1371/journal.pone.0263353.t001

persuasion

Education and
persuasion

Modelling

Persuasion

about consequences

Social influences
Professional/social role
Emotion

Social influences
Professional/social role

Social influences

kittens welfare and wellbeing due to shorter and easier
surgery, shorter anaesthetic times, quicker recoveries and
prevention of accidental litters are discussed.

Discussion covered the numbers of veterinary surgeons
already recommending neutering at four months, affirming
that there is much approval for the behaviour within the
profession. Many veterinary surgeons will not be aware of the
relatively high number already making the recommendation

Raising the subject with kitten owners and an example
conversation. Providing an observable example to imitate.

Communication given by a high status, well-respected

authority who emphasises the importance of four month
neutering for the welfare of cats.
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pressured environments of veterinary surgeons and the content set out to provide an opportu-
nity for practitioners to reflect on their neutering practises, which may have become subject to
personal habits given the historical recommendation of six months. Specifically the video pro-
vided information about how other veterinary surgeons behave, how cat owners perceive four
month neutering and the reasons and benefits to cat welfare of starting neutering cats at a
younger age, with the aim to change well-established habits. One key difference between this
intervention and previous educational resources around four-month neutering is the recogni-
tion of the importance of social norms. Social norms are highlighted as important within both
the veterinary profession and other health-professional scenarios, especially in situations
where beliefs are contrasting. Indeed, veterinary surgeons that do not undertake four-month
neutering are less likely to consider it widespread within the veterinary community generally
[15]. Highlighting positive social norms by providing information about how most people
behave is shown to be effective at changing behaviour [35,36]. This can also be linked to pro-
fessional and social role, which demonstrates the power of social influence. Where there is
uncertainty about undertaking a new practice, authority can play an important role [37], par-
ticularly if the communicator is also perceived as a trustworthy source, with authority and
trust adding credibility to the message as persuasive factors [38]. Discussions by opinion lead-
ers, as opposed to educational materials, have been found to be more effective at influencing
physicians decisions [39].

Whilst, COM-B and the associated behaviour change wheel provided a ‘user-friendly’ and
comprehensive model [32] that guided our intervention development, other theories are also
relevant and were considered in the design of this intervention. Specifically, the social influ-
ences, knowledge and beliefs about consequences point to constructs within the theory of
planned behaviour (TPB) including attitudes, subjective norms (approval by people important
to you) and perceived control over behaviour [40]. Additionally, Bandura’s social cognitive
theory (SCT) states that self-efficacy and outcome expectations (perception of positive out-
comes from changing behaviour) will all be enablers of motivation to change [41]. This is evi-
denced by a study that saw more doctors’ recommending services following a SCT based
intervention [42]. Similarly, the intervention designed for this study, addresses why neutering
at four months has good welfare outcomes (Table 1); SCT would suggest this is the right
intervention.

In addition to a control group, that received no intervention, we included another treat-
ment group that received a written summary of evidence that provided a more traditional
educational resource with regard to the health outcomes for cats and provided scientific refer-
ences. We tested the efficacy of the educational materials and video intervention at influencing
views, beliefs and behaviour change towards 4-month neutering.

Methods
Study design

The design was a three-by-four mixed design (Fig 1): Condition (treatment 1/treatment 2/con-
trol) x Time (pre-intervention/immediately post intervention/2-month follow up/6-month fol-
low-up). The participants were veterinarians who regularly undertook feline neutering work
but did not routinely neuter cats at four months and/or recommend four month neutering for
client owned cats. Participants were chosen following a preliminary assessment of behaviours
around cat neutering (see [15] for further details). Stratified by sex due to its known associa-
tion with behaviours towards neutering within this study population [15] and whether they
undertake or recommend neutering, participants were randomly assigned to control or treat-
ment conditions using the block_ra () function in the randomizer package in R [43].
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Pre-intervention cross-sectional survey (n=483)
Assess behaviours and beliefs
Assessed for eligibility

Excluded (n=249)

Randomised (n=234)

Allocated to control (n=78) Allocated to treatment 1 Allocated to treatment 2
* Received no intervention (n=77) (n=79)
and completed survey + Received written * Received video and
(n=45) summary and completed completed survey (n=45)
survey (n=43)
Two month follow-up (n=45) Two month follow-up (n=43) Two month follow-up (n=45)
+ Completed survey (n=38) + Completed survey (n=38) + Completed survey (n=41)
Six month follow-up (n=38) Six month follow-up (n=38) Six month follow-up (n=41)
« Completed survey (n=26) « Completed survey (n=28) « Completed survey (n=31)

Fig 1. Study design and participant flow diagram.
https://doi.org/10.1371/journal.pone.0263353.9001

Group assignment included:
Treatment 1: Received a written summary of evidence
Treatment 2: Received a video intervention
Control group: Received no information

Respondents in the treatment groups had to confirm they had accessed and read or watched
the content before continuing the survey. The final sample comprised 234 veterinary surgeons,
79% were female (n = 184).

Four broad groups of data were collected:

« Evaluative information was collected immediately following the intervention, relevant for
treatment groups only, to provide immediate feedback on the intervention

o Likert-scale beliefs towards four-month neutering were collected pre-intervention and at a
two- and six-month follow-up.

« Information on stages of change in the form of Likert scale questioning were included at 2 and
6 months and focussed on the months since the last survey, i.e. 2 and 4 months respectively.
Stages of change was defined as an increased willingness with regard to four-month neutering
in the following areas; thinking, openness to discussions, open to resources, resource-seeking,
speaking with colleagues, speaking with cat owners and actively looking up protocols.

o Self-reported behaviour with regard to neutering cats at four-months and recommending
four-month neutering for client owned cats were also collected.

The protocol was approved by University of Bristol's Faculty of Health Science Research
Ethics Committee (approval number 76 301).

Statistical analysis

Ordinal logistic regressions were used using the polr() function in the MASS package [44] in
the statistical programme R [43] to assess differences between treatment and control groups in
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terms of the agreeability of veterinary surgeons to Likert scales measures of intervention evalu-
ation, stages of change and beliefs (S1 Dataset). We carried out analysis of variance on the
variables, using likelihood ratio chi square tests to determine significance (included where

p < 0.05) using the Anova() function in the car package [45] in R. For the beliefs measures we
also included a time*treatment interaction term as the measure was repeated through time,
whereas stages of change focussed on the months between surveys and evaluative measures
were immediately post-intervention only.

We looked at the significance of any behaviour changes within each group, using McNemar
chi-test that recognises that veterinarians may start and stop behaviours randomly, to deter-
mine whether there is a significant uptake in behaviours. We considered two separate time
points for analysis (1) Pre-intervention vs. 2-month follow-up. (2) Pre-intervention vs.
6-month follow-up.

Results
Immediately following the intervention

The two treatment groups answered evaluative questions regarding the written summary of
evidence and the video, to provide their initial feedback on the resource. Both groups were
equally likely to agree that the intervention was relevant to them. However, veterinary sur-
geons that received the video intervention were three times more likely to disagree that the
content was related to the knowledge they needed (OR 3.14, Table 2) and almost four times
more likely to disagree the content provided a helpful resource (OR 3.91, Table 2).

Two month follow up

Only respondents that completed the initial and the two-month follow up survey were
included (n =117, Fig 1).

Table 2. Agreement with evaluative statements regarding the received treatment.

Question Group N | Disagree | Neutral Agree Ordinal regression
statistics
The content was relevant to me Treatment 1 | 43 | 2 (4.7%) | 4(9.3%) 37 (86%) LRT =0.07, p =0.81
Treatment2 | 45| 3 (6.7%) | 4(8.9%) | 38 (84.4%)
The content was related to the knowledge I needed Treatment 1|43 | 3 (7%) 5(11.6%) | 35(81.4%) LRT =5.73,p = 0.02"
Treatment 2 | 43 | 8 (18.6%) | 10 (23.3%) | 25 (58.1%)
The content provides a helpful resource Treatment 1|43 | 4(9.3%) | 2(4.7%) | 37 (86%) LRT =7.46, p = 0.006*
Treatment 2 | 45 | 5(11.1%) | 14 (31.1%) | 26 (57.8%
If freely available, I would recommend the summary of evidence/video to Treatment 1 |43 | 3 (7%) 4(9.3%) |36(83.7% LRT =2.45,p=0.12
colleagues Treatment 2 | 45 | 4 (8.9%) | 10 (22.2%) | 31 (68.9%
The content provided useful information that will help me communicate with cat | Treatment 1 | 42 | 4(9.5%) | 3(

owners

The content provided useful information that will help me communicate with | Treatment 1 | 43 | 5(11.6%) | 7 (16.3%) |31 (72.1%

Treatment2 | 45 | 5 (11.1%) | 6 (13.3%) | 34 (75.6%

)
)
)

7.1%) | 35 (83.3%) LRT = 0.70, p = 0.40
)
) LRT = 2.44, p = 0.12
)

colleagues Treatment 2 | 45 | 8 (17.8%) | 12 (26.7%) | 25 (55.5%
The content made me think about my own neutering practises Treatment 1 | 43 | 4(9.3%) | 11 (25.6%) | 28 (65.1%) | LRT =0.11,P =0.74
Treatment 2 | 44 | 6 (13.6%) | 7 (15.9%) | 31 (70.5%)
The content highlighted the benefits of four month neutering Treatment 1 | 43 | 5(11.6%) | 1(2.3%) | 37 (86.1%) LRT =0.92,p=0.34

Treatment 2 | 45 | 7 (15.5%) | 3 (6.7%) | 35 (77.8%)

“indicates significant difference between veterinary surgeons in the treatment 1 and treatment 2 group.

https://doi.org/10.1371/journal.pone.0263353.1002
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At two months none of the veterinary surgeons in the treatment 2 group had accessed the
video again (n = 0/41), whereas 13% of people who were in the treatment 1 group had accessed
and read the summary of evidence document again (n = 5/38).

Here we assessed changes in beliefs, stages of behaviour change and behaviours in the con-
trol and treatment groups.

Beliefs

We found no effect of intervention on beliefs, but did find significant changes in beliefs since
the initial survey. Significant changes at two months included the following: (1) Veterinary sur-
geons were more likely to disagree cats are too small at four months to neuter (63% vs. 43%;
LRT ; 53, = 11.1, p<0.001). (2) Veterinary surgeons were more likely to disagree cats are too
young at four months to neuter (69% vs 48%; LRT} 53, = 8.7, p = 0.003). (3) Veterinary sur-
geons were more likely to agree that neutering at four months was beneficial to cat welfare
(54% vs 41%; LRT | 531 = 4.1, p = 0.04). (4) Veterinary surgeons were more likely to agree that
neutering at four months is beneficial to controlling the number of unwanted cats (86% vs
68%; LRT 1 ,3; = 10.4, p = 0.001). (5) Veterinary surgeons were more likely to agree that they
can make the case to peers around four-month neutering (52% vs. 42%; LRT 553 = 4.4,

p = 0.04). There were no significant differences in terms of their agreement that they could
make the case to cat owners around four-month neutering, or their agreement that veterinary
professionals have a responsibility to encourage four-month neutering.

Stages of behavioural change

We found that veterinary surgeons in the Treatment 2 group were significantly more likely to
disagree that they were not interested in discussions around four-month and were significantly
more likely to have been thinking more about four-month neutering and have spoken more to
colleagues about four month neutering relative to the control group (Table 3, Fig 2). There
were no significant differences between Treatment 1 group and the control group (Table 3,

Fig 2).

Reported behaviour

At the two-month follow-up survey, treatment did not have a significant effect on whether vet-
erinarians reported that they carried out neutering cats at four months, with no significant dif-
ference between individuals reporting stopping or starting carrying out the procedure in each
group (Table 4).

However, treatment 2 did have a significant effect on whether veterinarians recommended
neutering cats at four months, with significantly more individuals starting the behaviour by
the 2-month follow-up survey (Table 5). There was no significant changes within the control
or treatment 1 groups.

Six-month follow-up

Only respondents that completed the initial, two month and six month follow up surveys were
included (n = 85).

Beliefs

We found no effect of intervention on attitudes, but did find significant changes in attitudes
since the initial survey. Significant changes at six months included the following: (1) Veteri-
nary surgeons were more likely to disagree cats are too small at four months to neuter (65% vs.
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Table 3. Agreement with statements regarding intermediate stages of change towards four-month neutering *indicates significant difference between veterinary
surgeons in the treatment 1, treatment 2 and control group.

Question Group N |Disagree |Neutral Agree Ordinal logistic regression
statistic
I am not interested in discussions about neutering cats at four months Control 38 | 22 (57.9%) | 13 (34.2%) | 3 (7.9%) LRT =6.91 p = 0.03*
Treatment 1 | 38 | 24 (63.2%) | 10 (26.3%) | 4 (10.5%)
Treatment 2 | 41 | 34 (82.9%) | 6 (14.6%) | 1 (2.4%)
I'am not interested in resources about neutering cats at four months Control 38 | 25(65.8%) | 9(23.7%) |4(10.5%) |LRT =2.79,p=0.25
Treatment 1 | 38 | 28 (73.7%) | 6 (15.8%) |4 (10.5%)
Treatment 2 | 41 | 34 (82.9%) | 4 (9.8%) 3(7.3%)
I have been thinking more about neutering cats at four months Control 38 | 14 (36.8%) | 13 (34.2%) | 11 (29%) | LRT =15.23, p<0.001
Treatment 1 | 37 | 8 (21.6%) | 10 (27%) | 19 (51.4%)
Treatment 2 | 41 | 4 (9.8%) 8 (19.5%) |29 (70.7%)
I have been actively looking up resources around neutering cats at four Control 38 | 23 (60.5%) | 10 (26.3%) | 5(13.2%) | LRT =2.04,p =0.36
months Treatment 1 | 37 | 20 (54.1%) | 12 (32.4%) | 5 (13.5%)
Treatment 2 | 39 | 18 (46.1%) | 12 (30.8%) | 9 (23.1%)
I have spoken more to colleagues about neutering cats at four months (or | Control 37| 23(62.2%) | 6 (16.2%) |8 (21.6%) | LRT =9.61,p=0.008
younger) Treatment 1 | 36 | 13 (36.1%) | 11 (30.6%) | 12 (33.3%)
Treatment 2 | 41 | 13 (31.7%) | 7 (17.1%) | 21 (51.2%)
I have spoken more to cat owners about four month neutering Control 36 | 17 (47.2%) | 11 (30.6%) | 8 (22.2%) | LRT =3.5,p=0.17
Treatment 1 | 36 | 14 (38.9%) | 10 (27.8%) | 12 (33.3%)
Treatment 2 | 41 | 14 (34.2%) | 8 (19.5%) | 19 (46.3%)
I have started to learn some protocols for four month neutering Control 36 | 17 (47.2%) | 17 (47.2%) | 2 (5.6%) LRT =3.2,p=0.20
Treatment 1 | 36 | 15 (41.7%) | 13 (36.1%) | 8 (22.2%)

https://doi.org/10.1371/journal.pone.0263353.t003

Treatment2 | 39 | 16 (41%) | 9 (23.1%) | 14 (35.9%)

46%; LRT 1 165 = 7.44, p = 0.006). (2) Veterinary surgeons were more likely to disagree cats are
too young at four months to neuter (68% vs 53%; LRT 166 = 6.2, p = 0.01).

There were no significant differences in terms of their agreement that neutering at four
months was beneficial to cat welfare or population control, they could make the case to peers
or cat owners around four-month neutering, or their agreement that veterinary professionals
have a responsibility to encourage four-month neutering.

Stages of behavioural change

We found no difference between treatment groups in terms of whether they had contemplated
four-month neutering in the last few months, since the previous survey.

Behaviour

At the six-month follow-up survey, treatment 2 did have a significant effect on whether veteri-
narians carry out neutering cats at four months, with significantly more individuals starting
the behaviour between the pre- and six-month survey (Table 6). There was no significant dif-
ference for the control group or treatment 1.

At the six-month follow-up survey, despite an increase in veterinarians in the treatment 2
group recommending neutering cats at four months, this effect was insignificant (Table 7).

Discussion

Here we describe use of a video intervention to prompt voluntary behavioural change towards
four-month neutering of owned cats. In so doing, we have outlined the value of a one-off
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Fig 2. Odds ratios and 95% confidence intervals from the significant ordinal logistic regressions. Treatment 2 was
significantly different than the control baseline (dashed line) based on veterinarians self-reported behaviours over the
past few months.

https://doi.org/10.1371/journal.pone.0263353.9002

intervention to bring about behaviours that align with the four-month neutering recommen-
dation, while preserving clinical autonomy. Our control conditions were purposefully
designed, controlling not just for external influences, but also by having a written summary of
evidence group, we controlled for information exposure to disentangle the importance of

Table 4. Percentages (and numbers) of respondents at each time point that stated they carried out neutering cats at 4 months. Along with the numbers of individuals
that stopped carrying out the behaviour and the number of individuals that started. The McNemar test statistic shows the significance of any changes in behaviour.

Group Pre-intervention 2 months post intervention Number individuals stopped Number individuals started McNemar test result
(n=117) (n=117) carrying out carrying out

Control 55% (21/38) 39% (15/38) 38% (8/21) 12% (2/17) X*=25,df=1,
p=0.11

Treatment 1 | 66% (25/38) 60% (23/38) 16% (4/25) 15% (2/13) X2=017,df=1,
p=0.68

Treatment 2 | 54% (22/41) 58% (24/41) 18% (4/22) 31% (6/19) X2>=0.1,df=1,
p=0.75

https://doi.org/10.1371/journal.pone.0263353.t1004
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Table 5. Percentages (and numbers) of respondents at each time point that stated they recommend neutering cats at 4 months. Along with the numbers of individu-
als that stopped recommending and the number of individuals that started. The McNemar test statistic shows the significance of any changes in behaviour *indicates signif-
icant difference between the two time points.

Group Pre-intervention 2 months post intervention | Number individuals stopped Number individuals started McNemar test
(n=117) (n=117) recommending recommending result

Control 21% (8/38) 34% (13/38) 25% (2/8) 23% (7/30) X*=178,df=1,
p=0.18

Treatment 1 | 34% (13/38) 42% (16/38) 31% (4/13) 28% (7/25) X*=0.36,df= 1,
p=0.55

Treatment 2 | 29% (12/41) 51% (21/41) 17% (2/12) 38% (11/29) X?=49,df=1,
p =0.03"

https://doi.org/10.1371/journal.pone.0263353.t005

Table 6. Percentages (and numbers) of respondents at each time point that stated they carried out neutering cats at 4 months. Along with the numbers of individuals
that stopped carrying out the behaviour and the number of individuals that started between the pre- and six-month survey. The McNemar test statistic shows the signifi-
cance of any changes in behaviour *indicates significant difference between the two time points.

Group Pre-intervention |2 months post 6 months post Number individuals Number individuals McNemar test
(n=85) intervention (n = 85) intervention (n = 85) stopped carrying out started carrying out result

Control 46% (12/26) 38% (10/26) 50% (13/26) 33% (4/12) 36% (5/14) X2=0,df=1,
p=1

Treatment 1 | 68% (19/28) 68% (19/28) 75% (21/28) 5% (1/19) 33% (3/9) X*>=0.25df=1,
p =0.62

Treatment 2 | 55% (17/31) 58% (18/31) 81% (25/31) 6% (1/17) 64% (9/14) X*=49,df=1,
p =0.03"

https://doi.org/10.1371/journal.pone.0263353.t006

Table 7. Percentages (and numbers) of respondents at each time point that stated they reccommended neutering cats at 4 months. Along with the numbers of individ-
uals that stopped recommending and the number of individuals that started between the pre- and six-month survey. The McNemar test statistic shows the significance of
any changes in behaviour.

Group Pre-intervention |2 months post 6 months post Number individuals stopped | Number individuals started | McNemar test
(n=85) intervention (n = 85) intervention (n = 85) recommending recommending result

Control 23% (6/26) 38% (10/26) 27% (7/26) 17% (1/6) 10% (2/20) X*=0,df=1,
p=1

Treatment 1 | 39% (11/28) 50% (14/28) 53% (15/28) 18% (2/11) 35% (6/17) X*=1.1,df=1,
p=0.28

Treatment 2 | 32% (10/31) 48% (15/31) 52% (16/31) 10% (1/10) 33% (7/21) X*=3.1,df=1,
p=0.07

https://doi.org/10.1371/journal.pone.0263353.t007

delivery from a peer and authoritative source from information alone. Our findings demon-
strate the efficacy of the social aspect of the intervention in demonstrating behaviour change
over a period of six months. These data-led insights outline an approach that could increase
the consistency in recommending four month neutering of pet cats, both in the UK and in
other international contexts where barriers to prepubertal neutering are similar.

In the video intervention group, self-reports of thinking about, and speaking to colleagues
about, four-month neutering significantly increased in the two months following the inter-
vention. These medium-term changes in openness to discussions and associated additional
thought processes may be the mechanism behind the observed longer-term intervention
effects. Indeed, we find veterinary surgeons that watched the video intervention were more
likely to be recommending and carrying out neutering of four-month old owned cats, at two
months and six months following the intervention respectively. In contrast, although veteri-
nary surgeons that received the written summary of evidence found it to be a more helpful,
knowledge-based resource immediately following delivery, we did not find the same
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significant changes in behaviour in the longer-term. This finding indicates it is not the evi-
dence base alone but may be the demonstration of the evidence by peers as the influential
factor.

In terms of our COM-B framework, these results suggest the video intervention provided
the psychological capability because it demonstrated the evidence-base around the behaviour
[46], the social opportunity in highlighting practice norms and the motivation in terms of the
confidence to reflect on their neutering practices, have subsequent conversations with col-
leagues and perform the behaviour. It will have also potentially relieved any concerns they may
have around outcome expectancies in hearing the positive outcomes, as discussed in the video.
Social influences are equally found to be important for other self-regulatory professions such
as physicians [47], who similarly work in time- and resource-pressured environments where
decision-making may become subject to personal cognitive biases, routines and habits. Indeed,
given the behaviours of veterinary surgeons reflect their experience within the practice [15],
the video potentially increased the observability of behaviour that they may not see in their
day-to-day clinic [48]. These results suggest that in situations where clinical behaviours may
be entrenched and reflective of historical norms, that social influences can increase the appeal
of a behaviour through a variety of mechanisms and result in a voluntary behaviour shift.

We found that none of the veterinary surgeons that accessed the video intervention re-
watched it. This is perhaps unsurprising as the video intervention is not solely an educational
resource, and further highlights its benefits largely lie in its social and modelling aspects. The
intervention was one-off and brief and did nothing to restrict clinicians’ choice of treatment,
therefore making a negligible change to the veterinary surgeons environment. Similarly, in
situations where education alone is not effective in changing care, interventions that gently
nudge clinician decision making while preserving autonomy have been found to be effective
for other health providers [49]. Given the success of the video as a one-off intervention, its
brevity lends itself to be shared within the veterinary profession as additions to lectures, train-
ing and online conference platforms. Although, veterinary students were not the focus of this
study, the video may be beneficial to them along with practical experience, exposing students
to four-month neutering for client-owned cats potentially pre-empting within-practice
experience, which can be a key influencer of behaviours towards four-month neutering [15].
Additionally, despite limited research on how prepubertal neutering is taught across UK uni-
versities, it is often considered within the remit of shelter medicine, where prepubertal neuter-
ing (often younger than four months) is considered safe and appropriate [14]. This approach
may preclude some students from gaining an understanding of four-month neutering and
inadvertently reinforce the idea that it is not applicable for client-owned cats, further highlight-
ing the value of providing information on prepubertal neutering for client-owned cats during
these training years.

The written summary of evidence was viewed as a significantly more helpful and relevant
resource compared to the video intervention. Additionally, unlike the video intervention it
was accessed on more than one occasion by 13% of the group. Despite this, we do not find
equivalent changes in behaviour for veterinary surgeons that received the written information.
This is perhaps surprising given many veterinary surgeons cite a lack of evidence as a barrier
to carrying out the behaviour [15]. Similar results have been found in other studies of health
science where socially motivated interventions are superior to education alone [50]. These
findings highlight the pitfalls of relying on feedback evaluation alone, which is unable to detect
normative influences [36].

Interestingly, we found a general improvement in attitudes through time across all groups
including the control group, whereby veterinary surgeons had more positive beliefs on the
neutering of four-month old cats at both two and six months. It is not clear whether this
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temporal trend is due to engagement in this research or reflective of changes occurring across
the veterinary profession in the UK. However, despite positive changes in beliefs across all
groups we did not see equivalent changes in behaviours, highlighting the importance of social
influences to instigate behaviour change within six months. We cannot discount however, that
behaviours would change across all groups eventually and the intervention merely expedited
this process.

The results reported here demonstrate not only the effectiveness of the video intervention
but also the underpinning mechanism of reflection from the intervention participants that
lead them to increased openness towards discussions around four-month neutering. Although
promising, these results should be interpreted with some consideration of the limitations of
the study, such as the reduced sample sizes at the latter end of the study and the potential for
response bias due to the self-report nature of the data.

Whilst, respondents in the treatment groups were required to confirm they had accessed
and viewed the content, this was a self-reported measure. Therefore, we cannot discount that
the video format lends itself to being more accessible and more likely to have been viewed in
full and this may have influenced the change in behaviours that were reported. However, we
found that the video intervention was not reported as being accessed again and was not viewed
as favourably indicating that the delivery format may have limited impact on our findings.
Nevertheless, it is unknown the extent to which the video format alone impacted the behaviour
change we observe.

Additionally, whilst our questioning focuses on behaviours despite practice policies, the
positive changes we observe may or may not be implemented due to intervening practice
policies. Therefore, our study does not account for perceived behavioural control. It is
unclear the content of discussions with colleagues around four-month neutering and
whether these have the potential to enhance motivation to have an effect on practice policy
changes resulting in practice-level support. Practice-based neutering policies are important
indicators of four-month neutering [15] with further research needed to understand how
best to support veterinarians to make within practice policy changes. We also recognise
that the video intervention prompted the behaviour of some but not all veterinary surgeons,
and further training or information may be needed for some individuals. Nevertheless,
these results are encouraging and offer an additional approach to better support veterinary
surgeons.

To conclude, in this trial we outlined how a one-off video intervention significantly
changed the behaviours of veterinary surgeons towards neutering cats at 4 months, likely
mediated by the social influences of the intervention prompting the opportunity to reflect
and discuss four-month neutering with colleagues. In doing so, we highlight more generally
how insights from behavioural science can be used to develop effective interventions within
the field of veterinary medicine, which may be applicable in other contexts where clinical
practises within the profession are inconsistent. The intervention itself is brief, targeted
and does not influence the autonomy of veterinary surgeons to make decisions. Instead, it
prompts the opportunity to reflect upon their own practices both individually and with their
colleagues and we suggest that there should be more opportunities to do so within the profes-
sion to improve the consistency in care, to approach that of the recommended neutering
standards.
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