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Abstract

Over fifty participants, who together possessed broad research, veterinary and front-line
expertise from across the canine health and welfare sector, contributed to a modified Delphi
study to identify the highest priority research topics in UK canine health and welfare, the high-
est priorities for future research approaches, and the highest priorities for future reform in
research processes and infrastructure, through group consensus. Further analysis also com-
pared the prioritisation of selected research topics to the actual levels of research funding
they previously received, through comparison with historical data. Most of the identified high-
est priority issues relating to canine health and welfare and its research concerned various
aspects of the human-canine relationship, such as ownership or behavioural issues. Partici-
pants strongly emphasised the complexity of interrelated factors that impact the welfare of
both dogs and people. Research topics identified as previously ‘most underfunded’ all con-
cerned real-world canine welfare issues, particularly emphasising the breeding and supply of
dogs. A supplementary analysis of historical research funding (2012—2022) for common
chronic disorders in primary care practice, another identified highest priority topic, identified
periodontal disease, anal sac disorders, overgrown nails and patellar luxation as the ‘most
underfunded’ conditions. Most of the identified highest priority research approaches and
methodologies concerned real-world design and execution aspects of canine health and wel-
fare research, such as impact and engagement, with a strong focus on research investigat-
ing the human factors in canine welfare. Aspects of research funding infrastructure that were
considered highest priority for future change mostly concerned increased transparency of
funding processes and increased collaboration between stakeholder groups throughout the
funding sector, which was strongly supported. Overall, these findings emphasise the impor-
tance of considering and including human factors and real-world impact, where appropriate,
as key elements for optimising the relevance of canine health and welfare research.
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Wellcome Trust) are available from organisational
websites (see below) and have been uploaded to
Figshare at the following DOI: 10.6084/m9.
figshare.25353301 Data provided by the British
Veterinary Association Animal Welfare Fund and
the Society for Companion Animal Studies are
available from organisational websites (see below).
Data from RCVS Knowledge (archival information
on the Animal Health Trust) are freely available to
anyone visiting its physical archive, but these data
have not been digitised. Information from breed
communities was obtained by several methods of
general outreach, including a mailshot via The
Kennel Club’s health team and personal approach
to individual breed communities. Information from
the following funding bodies was obtained by direct
outreach to them by the lead researcher (AMS):
Blue Cross; British Small Animal Veterinary
Association (BSAVA) PetSavers; CamVet; Guide
Dogs; PetPlan Charitable Trust; Royal Society for
the Prevention of Cruelty to Animals (RSPCA);
Royal Veterinary College Animal Care Trust (RVC
ACT); Universities Federation for Animal Welfare
(UFAW); Wood Green. The following funding
bodies also commissioned and funded this study,
and hence provided their data as part of the
supporting contract: Battersea; Dogs Trust; Kennel
Club Charitable Trust (KCCT); Waltham Foundation.
Possession of the data, in cases where it is not
publicly available, inherently conveys permission to
use it for the purpose of this research, because all
organisations were informed about the purpose of
this study when they were approached for data
sharing and then willingly provided the data, while
withholding personal identifiers in compliance with
European GDPR (General Data Protection
Regulation) legislation. The lead author (AMS) has
emails on file confirming this permission in all
cases. The project was commissioned and funded
by four of the data providers, who therefore were
contractually obliged to provide the data needed for
the research to proceed. However, all pathways
used to gather data for this project are available to
other researchers and all organisations whose data
was included in this analysis agreed for it to be
used for the purpose of this research. Another
researcher who used the same avenues to gather
data would have equal ability to access it under the
same conditions (for example, some funders
explicitly requested that their data was only shared
in an aggregated form, and this condition would
also apply to other researchers). The same routes
for data outreach to breed communities would be
available to another researcher. All organisations
that a) have publicly available data used in this
study or b) responded to outreach for data are
listed below. In addition, the headline data for

1. Introduction

Dogs are popular as companion animals, with an estimated UK population of 11 million in
2023, and many research projects investigating their health and welfare [1]. On Google
Scholar, a search using the term ‘dog health’ returns over 75,000 articles published globally in
2022 alone. However, despite this extensive and wide-ranging research activity, there has been
little previous formal investigation of what research areas should be prioritised to maximise
health and welfare improvement of this species in the modern world [2-4]. Given that research
funding, infrastructure and staff are all finite resources, there is clear value in developing a
strategy for the future allocation of research funding to maximise impact and benefit for the
dog. Such a strategy would require detailed background knowledge of the current sources and
value of research funding within this sector and of its historical distribution. It would also
require informed understanding of what areas are considered high (or highest) priority for
future investigation and of what research approaches are considered most useful. Finally, it
would require a commitment from funders to direct future funding towards the identified
high-priority areas for research, particularly those that are currently most underfunded, and, if
possible, to address any logistical problems with current research funding processes. Effective
implementation of this strategy would also require collaboration between funding organisa-
tions and communication with other sector stakeholders, to ensure that multiple perspectives
are included in these assessments and contribute to these decisions, where appropriate.

The current paper is part of a larger research project on UK canine research funding
intended to explore these sector problems and fill these gaps, which was jointly commissioned
by four UK not-for-profit animal-directed funders of canine health and welfare research. The
first study in this larger research project investigated UK not-for-profit funding of canine
health and welfare from 2012-2022, identifying £57.6 million of total funding [5]. It mapped
the funding landscape to calculate the market share contributed by different wide-scope (e.g.
UK government research councils) and animal-directed (e.g. charitable) not-for profit funding
bodies, and described the distribution of this funding across different destination institutions
and research fields. Customised metrics were also developed and used to evaluate ‘benefit for
the dog’ and ‘pathway to impact’ for research projects across the resulting dataset.

This prior work built a foundation for subsequent research by producing a detailed data
analysis of the sources, amount and distribution of UK not-for-profit funding of canine health
and welfare research. However, the initial study did not investigate what research was most
needed, so did not consider whether and how future funding could be deployed to maximise
benefits to canine health and welfare. This latter objective was addressed by the second phase
of the overall research project, which is described in this paper. This second phase study
involved two linked stages of investigation, which both contributed to identifying highest pri-
ority current gaps in knowledge, funding and processes within this sector. The first stage used
a modified Delphi approach to establish stakeholder consensus on the current highest priority
issues within canine health and welfare and its research funding in the UK. These Delphi find-
ings were then analysed against the funding dataset from the first phase of the project to iden-
tify which highest priority research topics previously received least (and most) funding. The
Delphi study also revealed the highest priority research approaches and methodologies and the
highest priority suggested changes to current research processes and infrastructure, as deter-
mined by participant consensus, thus providing broad evidence to inform future reforms of
funding processes and aims.

The Delphi study technique is ‘a method for . . . allowing a group of individuals, as a whole,
to deal with a complex problem’ [6]. This approach is widely used in health sciences and is par-
ticularly suitable for establishing a collective opinion on topics that are inherently subjective,
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annual charitable expenditure is available for all
registered charitable organisations in the UK via the
Charity Commission’s website at https://register-
of-charities.charitycommission.gov.uk/, but this
does not provide detail about how much funding
each organisation directs towards research rather
than other charitable activities, or what research is
funded. Publicly available data: Animal Health Trust
(contact email: archives@rcvsknowledge.org)
British Veterinary Association Animal Welfare Fund
(website: http://www.animalwelfarefoundation.org.
uk/research/grants-awarded/) Charity Commission
for England and Wales (website: https:/register-of-
charities.charitycommission.gov.uk/charity-search)
Society for Companion Animal Studies (website:
https://www.scas.org.uk/home/scas-funded-
projects/) UKRI reseach councils (website: https:/
gtr.ukri.org/) The Wellcome Trust (website: https:/
wellcome.org/grant-funding/people-and-projects/
grants-awarded) Data available on application to
organisation: Battersea (website: https:/academy.
battersea.org.uk/grants) Blue Cross (website:
www.bluecross.org.uk) Breed community
networks (email via health@thekennelclub.co.uk to
request a mailshot to all breed communities)
BSAVA PetSavers (website: https://www.bsava.
com/petsavers/) GamVet (email: trust.office@vet.
cam.ac.uk) Cavalier Matters (breed charity.
Website: https://www.cavaliermatters.org/)
Dachshund Health UK (breed charity. Website:
https://www.dachshundhealth.org.uk/health-fund)
Dogs Trust (website: https://www.dogstrust.org.
uk/now-wehelp/ professionals/research/canine-
welfare-grants) Guide Dogs (website: https:/www.
guidedogs.org.uk/about-us/what-we-do/research/)
The Kennel Club Charitable Trust (website: https:/
www.kennelclubcharitabletrust.org/) PetPlan
Charitable Trust (website: https:/
petplancharitabletrust.org.uk/) RSPCA (website:
www.rspea.org.uk) RVC ACT (website: https:/
www.rve.ac.uk/act) UFAW (website: https://www.
ufaw.org.uk/research-and-project-awards/
research-and-project-awards) The Waltham
Foundation (website: https://www.waltham.com/
grants-awards) Wood Green (www.woodgreen.
org.uk)

Funding: This research was supported by Royal
Veterinary College project grant 1585965, an award
received by AMS and equally co-funded by
Battersea Dogs and Cats Home (website:https:/
academy.battersea.org.uk/grants); Dogs Trust
(website: https://www.dogstrust.org.uk/how-we-
help/professionals/research/canine-welfaregrants);
The Kennel Club Charitable Trust (website: https:/
www.kennelclubcharitabletrust.org/) and The
Waltham Foundation (website: https://www.
waltham.com/grants-awards). The funders jointly

such as social phenomena or matters of policy, especially when views may vary [7]. Classically,
participants with a spread of relevant expertise are asked to contribute their opinions on the
study topic and thereafter revise their views following exposure to the opinions of the wider
group, so that an overall consensus view is progressively reached [8]. Although the original
Delphi studies used several anonymised rounds of structured communication, there are now
many methodological variations and aims. For example, studies may seek to map diversity of
opinion or to brainstorm solutions to a problem, rather than to reach a single expert consensus
[7]. Moreover, Delphi studies have varied greatly in the number and selection of their partici-
pants, how many discussion rounds are undertaken and how consensus is determined, with an
inevitable trade-off between the more robust output from a study with more respondents and
more iterative rounds of discussion and the higher workload, greater time commitment and
higher drop-out rates that a larger, longer investigation often involves [9,10]. Recently, many
studies have adopted a ‘modified Delphi’ approach, a term which usually refers to a heteroge-
nous approach that combines elements of ‘classic’ anonymous consultation (typically through
questionnaires) with at least one phase of face-to-face group discussion [11]. This structure is
thought to produce superior outputs by harnessing the power and insight offered by group
problem-solving [12].

The term ‘gap analysis’ is a broad term used to describe the investigation of many types of
potential gaps between expected, preferred or idealised situations and the actual situation—for
example, a lack of congruence between organisational and societal expectations of a business
issue such as environmental sustainability [13]. Gap analysis has been defined as ‘a process to
identify . . . what differences exist between [the] ... current situation and “what ought to be” in
place’ [14]. For example, healthcare organisations might conduct an audit to identify gaps
between best practice evidence-based protocols for patient interventions and data recording
and those that are actually used across their treatment centres [15]. In academia, gap analysis
to identify subject areas in need of more research frequently relies on a literature review,
which may be methodologically problematic and is inherently retrospective, with a time lag
caused by the publication process [16]. One alternative approach for such a research gap analy-
sis involves a Delphi-type study where a group of experts iteratively develop a consensus on
what research questions most urgently need answering within their field [17]. This Delphi-
type approach is considered particularly suitable to identify research gaps within clinical
healthcare, because it has the advantage that participants are collating their personal subject
knowledge, which is already both highly specific and up-to-date; it also enables participants to
build their own understandings through shared information and collaborative thinking [18].

Animal welfare is a complex topic where scientific evidence is inevitably brought into dia-
logue with subjective opinion and the current zeitgeist [19]. Consequently, the Delphi tech-
nique is well-established as a useful methodology to investigate issues around animal welfare
[20]. A growing body of work has used the Delphi approach to prioritise broader aspects of
canine welfare in the UK [3,21,22]. However, those studies did not consider canine health in
detail and no previous studies have explored research funding or processes, so that there has
been no prior formal attempt to construct an evidence-based gap analysis for future funding
deployment or infrastructure reform in the canine health and welfare sector.

The current modified Delphi study aimed to address this deficit by obtaining stakeholder
consensus on the highest priorities for future funding deployment and infrastructure reform
in canine health and welfare research. This comprised the first stage of gap analysis, which
identified multiple points of concern across this sector that were deemed in need of greater
attention or process revision, and organised these data into inductively derived problem cate-
gories suitable for further scrutiny. Secondly, the current study also aimed to offer the first crit-
ical gap analysis of funding distribution in the canine health and welfare sector, by comparing
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commissioned the study. Each contributed the data
of their own previous canine research funding
provision to the historical dataset that is used in
one section of this manuscript (as did various
other funding organisations listed in the data
availability declaration). The funders had some
steerage involvement in the scope and remit of the
overall project, but no further role in the study
design, data collection and analysis, decision to
publish or preparation of this manuscript. Some
people who are associated with the funding
organisations were also participants in the Delphi
study described in this paper. However, their
participation was in an individual private capacity,
and their views are not attributed to or influenced
by their organisational affiliations, within the
context of this study.

Competing interests: | have read the journal’s
policy and the authors of this manuscript have the
following competing interests. AMS: previously
received grant funding from the Wellcome Trust;
various connections (membership, committee
service, etc) with The Kennel Club (https:/Awvww.
thekennelclub.org.uk/ - the parent organisation of
KCCT (The Kennel Club Charitable Trust, a funder
of this research.) These connections have included
travel expenses for attending committee meetings
and paid honoraria and expenses for veterinary
work at Crufts dog show, which is run by The
Kennel Club). RMAP: previously received grant
funding from Battersea, BBSRC, Blue Cross, BVA
AWF, Dogs Trust, KCCT, RSPCA, RVC ACT, SCAS,
and UFAW. DO'N: previously received grant
funding from: Battersea, BVA AWF, BSAVA
PetSavers, Dogs Trust, KCCT; Petplan Charitable
Trust, and The Waltham Foundation. All funders
listed contributed to the historical funding dataset
used as one data source for this manuscript and
thus have been declared as possible competing
interests. See additional data sharing information
for full organisation contact details in all cases. This
does not alter our adherence to PLOS ONE policies
on sharing data and materials.

the highest priority Delphi prioritisation scores with the relevant funding awarded in the his-
torical dataset previously described [5]. The study thus provides the first evidence-based sector
investigation that can inform the future prioritisation of UK not-for-profit canine health and
welfare research funding and its infrastructure.

2. Method
2.1 Ethical approval

This study was granted ethics approval by the Social Science Research Ethical Review Board at
the Royal Veterinary College (URN SR2023-0106).

2.2 Overall methodology

The current study used a modified group Delphi technique to obtain consensus priority scores
on a wide range of topics related to canine health and welfare and its not-for-profit funding in
the UK. It involved 59 participants, deliberately selected to offer a broad range of sector-rele-
vant expertise. It included two rounds of investigation: an anonymised online questionnaire
where participants suggested the points of concern that they considered most important to
various aspects of canine health and welfare and its research processes and funding, followed
by an in-person workshop which asked the same participants, within arranged discussion
groups, to collaboratively prioritise (and, where necessary, modify) an extensive list of these
previously suggested points of concern. The discussion transcripts and raw scores were then
collated and organised to synthesise a consensus overview of the highest priority points of con-
cern in UK canine health and welfare research and its funding. The consensus highest priority
points of concern in canine health and welfare were then compared with historical not-for-
profit funding from the previously described historical dataset [5], to establish which points of
concern had previously been most underfunded relative to their prioritisation scores and
should therefore be considered highest priority for increased future funding.

The flowchart in Fig 1 summarises the stages of data collection and processing that com-
prised the overall methodology for this modified Delphi study. These processes are also
described briefly below and in more detail in S1 Appendix.

2.3 Data collection

2.3.1. Recruitment of study participants. Study participants were based in the UK and
were chosen to collectively offer broad expertise in canine health and welfare, to ensure that a
wide range of relevant viewpoints were included, thus maximising the capture of varied
informed opinions and minimising bias. They included veterinary professionals involved in
first opinion and referral practice and research; researchers engaged in biological and social
sciences and humanities; representatives of funding organisations; people who worked for
dog-relevant charitable organisations; and dog breeders. The recruitment process deliberately
aimed to recruit between 50 and 60 participants in total. The number of participants was cho-
sen to ensure that each skillset would be represented by multiple people (many individual peo-
ple also had multiple skillsets). Recruitment began through personal networking by the
authorship team and was then expanded through a ‘snowball’ system of asking direct contacts
to propose other people with relevant expertise from within their own networks. A tally was
kept of recruited participants with different types of expertise; if one invited person was unable
to participate, another person with similar expertise was approached in their stead. From 12
April 2023 onwards, possible participants were informed of the date of the workshop so they
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Pre-workshop online questionnaire (anonymous)

POC divided into 4 discussion parts, A-D, and grouped in umbrella

57 respondents 202 points of concern (POC) generated topics within each part

N

Group workshop (in person with supplementary online group)

7 discussion groups Al POC scored 1 (highest priority) to 4 (lowest priority) Group feedback on any concerns with wording or scoring

NS

Post-workshop data processing

Group feedback used to adjust POC scores and

Mean priority score calculated for each POC s zZ
wording where appropriate

Higher priority score cutoff determined (<2.0) 102 highest priority POC retained

NS

102 highest priority POC reordered into three sections to identify gaps in knowledge and processes

1. Research topics in canine health and welfare 2. Research approaches and methodologies 3. Research processes and infrastructure

NS

All sections further processed to create collated highest priority points of concern, grouped into inductively determined problem categories

1. Research topics in canine health and welfare: 8 problem categories,
30 collated highest priority POC. Condensed to 27 POC and compared
with historical funding data to investigate funding gaps

2. Research approaches and methodologies: 3 problem categories, 3. Research processes and infrastructure: 3 problem categories, 15
7 collated highest priority POC collated highest priority POC

Fig 1. Flowchart of research processes used to explore canine health and welfare research and its UK not-for-profit funding, using
modified Delphi expert consensus and subsequent comparison with historical funding data to provide a gap analysis for future
prioritisation of issues in this sector.

https://doi.org/10.1371/journal.pone.0313735.g001

could plan their diaries, but formal recruitment was only confirmed when data collection
began on 26 July 2023.

2.3.2. Pre-workshop online questionnaire. On 26 July 2023, six weeks before the work-
shop, data collection began by circulating an online pre-workshop questionnaire to study par-
ticipants via SurveyMonkey. The full questionnaire is provided in S1 Appendix. This
anonymised questionnaire asked participants to provide their background demographic infor-
mation and to describe their sector expertise and experience. It then asked six broad questions
about the canine health and welfare sector and its research, which were each answerable via an
unlimited free-text field. It concluded with a consent form. Following several reminders, the
questionnaire was closed on 30 August 2023, one week before the workshop.

2.3.3. Collation of responses from pre-workshop questionnaire. The demographic
information provided by respondents was tabulated in Microsoft Excel. Using Microsoft
Word, the free-text responses to the six questions were extracted, deconstructed into individ-
ual components and collated where necessary to create a long list of elicited points of concern.
Using Microsoft Excel, these extracted points of concern were grouped into umbrella topics
and divided into four parts to structure the discussion at the workshop. These four parts were:

A. What problems have the greatest negative impact on overall canine health and welfare?

B. Which are the most detrimental structural problems that exist in the current UK landscape
of canine health and welfare funding?
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C. What aspects of currently funded canine health and welfare research is it most important to
change the amount of money directed to? (underfunded and overfunded were considered
separately).

D. What are the most important changes needed in research funding to increase the positive
impact for canine welfare?

Within each part A-D of the discussion framework, umbrella topics were sorted and listed
from high to low according to the frequency with which respondents had mentioned them,
and individual points of concern were listed alphabetically within each discussion topic. This
process is described in more detail in S1 Appendix, and the full discussion framework is pro-
vided in sheets A-D in the S1 Dataset. This discussion framework was pre-circulated to all
attendees a few days before the workshop to allow familiarisation with its content. An illustra-
tive excerpt is provided in Fig 2. below.

2.3.4. Group workshop. Immediately before the in-person workshop on 6 September
2023, confirmed attendees were sorted non-randomly into six discussion groups, deliberately
selected to ensure as even a spread of expertise as possible between groups. For example, a sin-
gle group of eight people might include a funder, a clinical researcher, a veterinarian in first
opinion practice, a geneticist, a charity worker, a veterinary nurse and a breed community
health volunteer, with individual people potentially representing multiple roles and skillsets.
Attendees from the same organisation were split across groups where possible. Each group
was allocated a session leader, who was either one of the authors of this paper or one of their

A) What problems have the greatest negative impact on overall canine health and welfare?

PRIORITY SCORE
for negative impact

Typeof on overall canine
problem health and welfare  Spechic issues
(14:1 = highest
priory)
Umbre lla topics listed in order of
Grenersiip popularity (i.c. ownership issues
i »  mentioned by largest number of
~ respondents)
Buying unsuitable equipment, food
etc
Ignorance about welfare nesds
[———— Within umbrelka topic of ‘ownership
hici(aa 7 issues’, points of concern are listed
§ alphabetically
Irrespongble/uncommitted
ownership
Lack of understanding of canine
behaviour/body language
Reluctance to seek help when
needed
Uninformed puppy purchasing
{source, breed etc)
Unrealistic expectations
Unsuitable lifestyles for breed/any
dog
Bresding 5 Breeding practices = second most
pratices . popular umbrella topic in Part A

Breeding for extreme
conformation/looks

Breeding for money

Inbreeding

Lack of consideration of ftesting for
inherited disease

Poor husbandry of breeding dogs

Societal isaues

Commoditication of dogs
Cost of living crisis

of dogs

Public ignorance about dogs and
their welfare requirements
Social media/popular cukure
Weaponisation of certain breeds
(XLBully culture, etc)

Fig 2. Excerpt from Excel discussion framework for the modified Delphi workshop discussion Part A, annotated
in red to explain its structure.

https://doi.org/10.1371/journal.pone.0313735.9002
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postgraduate students or staff colleagues. All attendees were reminded that Chatham House
rules applied [23]. Attendees were briefed on the purpose and scope of the research and asked
to provide written consent for participation in and recording of the discussions. They were
then asked to consider the various discussion framework parts within their allocated groups
and to collaboratively score each point of concern from 1-4, where 1 was highest priority and
4 was lowest priority. This process is described in more detail in S1 Appendix. A supplemen-
tary online discussion session was held on 13 October 2023 to capture input for eight delegates
who were unable to attend the in-person workshop on the day, making a total of seven discus-
sion groups that contributed to the final analysis. All groups discussed parts A and D, but parts
B and C were covered only by some groups, as explained in S1 Appendix.

2.4. Data processing

2.4.1. Post-workshop data collation. All seven session recordings were manually tran-
scribed by the lead researcher (AMS). Comments addressing each point of concern were
extracted, compared across discussion groups, and summarised to a few sentences that cap-
tured the overall consensus viewpoint. Each point of concern summary and all individual
discussion group priority scores were tabulated in Excel (Microsoft). A mean priority score
was calculated for each point of concern from the scores of all participating discussion groups.
This summarised and anonymised information is included in the S1 Dataset (see also
S1 Appendix).

2.4.2. Selection of highest priority points of concern. This overall process is discussed in
detail in S1 Appendix. The mean priority score data were scrutinised to determine a suitable
cut-off point for highest priority points of concern. A cut-off score of 2.0 was chosen across all
discussion groups to differentiate between higher (< 2.0) and lower (> 2.0) priority points of
concern. All points of concern with a mean priority score of > 2 (lower priority) were
excluded from further analysis. This created an overall ‘highest priority’ list of 102 points of
concern, 50.5% of the original total number. Some adjustments were made to the wording
and/or score of a few highest priority points of concern during this process, in response to par-
ticipant feedback.

2.4.3. Reordering of highest priority points of concern into three themed sections. The
102 revised highest priority (mean priority score < 2.0) points of concern were inductively
regrouped into three sections according to the broad focus of each. These were:

1. Research topics in canine health and welfare, which included both dog-facing problems,
such as emerging infectious diseases or long-term shelter welfare, and human factors, such
as breeding for extreme conformation/looks or the cost-of-living crisis.

2. Research approaches and methodologies, such as “prospective studies’ or ‘social science
research’.

3. Research processes and infrastructure, such as ‘support for early career researchers’ or ‘visi-
bility of current funding patterns’.

2.5. Further processing of the three themed sections to produce gap
analyses of these highest priority points of concern

Each of these three reordered sections was then further processed separately, as described
briefly below and more fully in S1 Appendix.
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2.5.1. Research topics in canine health and welfare. The highest priority points of con-
cern relating to research topics in canine health and welfare were scrutinised for overlap, col-
lated if necessary, and divided into inductively determined meaningful problem categories,
informed by the discussion transcripts and by logical categorisation of overlapping or related
points of concern. Where collation was used, the resulting collated points of concern were
awarded a collated mean priority score. Some highest priority Delphi points of concern were
merged so that they could be mapped effectively to the historical research funding allocation
previously described in the first phase of this research project [5]. Past funding that was rele-
vant to the highest priority research topics as determined by the Delphi study analysis was
then identified within the historical dataset, extracted, summed, and mapped onto each col-
lated highest priority point of concern. Each research grant was allotted only once within each
problem category but could appear in other problem categories if it was deemed relevant to
more than one problem category. A priority score ranking and a total past funding ranking
were calculated for each collated point of concern. The overall historical funding for each
problem category was calculated and split by type of funder, separating wide-scope funders
(UK Research and Innovation (UKRI) councils and the Wellcome Trust) from animal-
directed funders. SPSS Statistics version 29.0 (IBM) was used to plot ranked associations
between (collated) Delphi mean priority scores and past funding expenditure £, and thereby to
perform a gap analysis that identified which highest priority points of concern had previously
received comparatively less past funding, relative to their priority score, than others.

A different approach was used for a subsidiary gap analysis that further investigated one
highest priority point of concern from the Delphi study, ‘common chronic conditions in pri-
mary care practice’. This used previously published research that reported the prevalence of
different common conditions in UK primary care canine practice as an external data source to
inform the analysis [24]. The conditions identified in this previous paper were scrutinised to
identify and extract common chronic conditions. Where necessary, these conditions were con-
densed into grouped categories that mapped onto identified categories in the historical fund-
ing dataset, and the individual prevalences of these conditions was added to obtain a grouped
category value. Using this method, ten common chronic conditions with a prevalence > 1%
were identified and compared with the historical dataset to identify the ‘actual’ total funding
previously directed to each condition. A notional ‘fair’ total funding was also calculated for
each condition, assuming that the overall research spend had been distributed equitably in
proportion to the prevalence. By comparing the percentages of the overall research funding
that was actually allocated against what would have been ‘fairly’ allocated, it was possible to
identify which common chronic conditions were relatively underfunded or overfunded in the
historical dataset.

2.5.2. Research approaches and methodologies. Highest priority points of concern that
concerned research approaches or methodologies were grouped together, collated, condensed
into new inductively determined problem categories, and scrutinised for overarching analyti-
cal themes.

2.5.3. Research processes and infrastructure. Highest priority points of concern that
concerned structural or logistical aspects of research funding processes were also grouped
together, collated, condensed into new inductively determined problem categories, and scruti-
nised for overarching analytical themes.

3. Results

Background demographic and data collection results are reported concisely below and in
more detail in S1 Appendix.
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3.1 Recruitment of study participants

Sixty people were selected and invited to complete the online anonymous pre-workshop
questionnaire.

3.2 Pre-workshop online questionnaire

The pre-workshop questionnaire was completed by 57 people, representing a 95% response
rate among the 60 people invited. The demographic characteristics of these people are pro-
vided in S1 Appendix. Their current and previous involvement in the canine health and wel-
fare sector is shown in the ‘participant skillset’ sheet in S1 Dataset and described in S1
Appendix. The respondents’ answers to the free text survey questions were processed as previ-
ously described to produce 202 individual points of concern, grouped into umbrella discussion
topics and divided into four discussion parts A-D (Fig 1).

3.3 Group workshop

In total, 59 people attended the seven discussion groups in the second round of the modified
Delphi analysis. Except for a few points of concern that certain discussion groups deliberately
declined to score, all discussion groups fully scored all points of concern in discussion parts A
and D. Due to time constraints, most groups did not complete both B and C (see full details in
S1 Dataset). The number of points of concern within each discussion part A-D scored by each
discussion group are provided in S1 Appendix, together with an account of how different
groups negotiated the time restriction.

3.4 Post-workshop data processing

For each point of concern, a mean priority score was calculated from the available individual
priority scores, as shown on sheets A-D in S1 Dataset. The wording and/or prioritisation score
was adjusted for nine points of concern, where indicated by group discussion consensus; this
is discussed in S1 Appendix and shown in the S1 Dataset. A cut-off score of 2.0 was used to
differentiate between higher and lower priority points of concern, as discussed earlier. This
process created a ‘highest priority’ list of 102 points of concern, 50.5% of the original total of
202 (see ‘Highest priorities A-D, all’ in S1 Dataset). The 100 discarded points of concern, each
with a mean priority score > 2, are shown on the spreadsheet lower priority, A-D’ in the

S1 Dataset.

3.5 Reordering of highest priority points of concern into three themed
sections

The 102 highest priority points of concern were reordered into three sections, as described
above: research topics in canine health and welfare (46 points of concern); research approaches
and methodologies (23 points of concern); and research processes and infrastructure (33
points of concern). The full list (before further processing) is shown in the spreadsheet ‘highest
priorities—grouped’ in S1 Dataset.

3.6 Further processing of the three themed sections to produce gap analyses
of these highest priority points of concern
3.6.1 Research topics in canine health and welfare. The points of concern within this

section were scrutinised, collated where appropriate, and rearranged into inductively deter-
mined meaningful problem categories, informed by the discussion transcripts and by logical
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categorisation and/or collation of similar or overlapping issues. This process produced 30 col-
lated points of concern, reorganised into eight problem categories (Table 1).

The 30 collated points of concern listed in Table 1 were compared with the dataset of histor-
ical funding patterns created during the first phase of this research, as shown in Table 2. The
funding column in Table 2 displays the total relevant funding identified across all funders in
the historical dataset that could be mapped onto each of the collated points of concern previ-
ously described. To facilitate this comparison, the five ‘ownership’ points of concern in Table 1
were further condensed into two overarching collated points of concern (‘ownership acquisi-
tion issues’ and ‘ownership husbandry/lifestyle issues’), producing a modified list with 27
entries. Other issues with inclusion criteria are noted in footnotes. Table 2 also includes com-
parative rankings across these 27 entries, calculated by total funding and by collated mean pri-
ority score, and is arranged by the collated mean priority score ranking. The top ten ranked
highest priority collated points of concern all concerned issues related to various real-world
aspects of human-canine interactions. Four concerned breeding and supply issues (including
importation), three concerned issues related to canine behaviour, and three concerned issues
related to clinical veterinary practice, such as the affordability and type of veterinary care.

The historical funding totals for each collated point of concern shown in Table 2 were also
allocated by type of funder to differentiate grants supported by wide-scope funders (UKRI
councils and the Wellcome Trust) from those supported by not-for-profit animal-directed
funders. A detailed breakdown of this analysis is provided in the supplementary materials
(‘Gap analysis with £’ sheet in S1 Dataset). This revealed that 20/27 (74.1%) of highest priority
collated points of concern received no wide-scope funding at all during the period studied
(2012-2022). Only one highest priority collated point of concern (long-term impact of medica-
tion and diet) received wide-scope funding but not animal-directed funding (a single Biotech-
nology and Biological Sciences Research Council (BBSRC) -funded study that explored the
metabolic profiling of dogs with epilepsy to develop new nutritional treatments). Four highest
priority collated points of concern received no direct specific funding from either wide-scope
funders or not-for-profit animal-directed funders. These were: social media and popular cul-
ture; exploitative breeding for profit; increasing the supply of healthy well-bred dogs; and
breeding regulation and enforcement. Table 3 provides a summary of the breakdown between
funder categories at the problem category level, showing what percentage of total funding for
each problem category originated from the animal-directed sector. Animal-directed funding
accounted for the majority of funding in 6/8 problem categories, providing all the funding in
3/8 of them. The exceptions were clinical disease, where overall funding was roughly equal
between funder categories, and issues associated with importation, where animal-directed
funding provided just over a third of total funding. This was because SAVSNET funding
included two large UKRI starting grants, which were mapped to this problem category.

Associations between Delphi (collated) mean priority scores and past funding expenditure
were explored to investigate relationships between consensus prioritisation and historical
funding allocation, to develop a metric that identified which highest priority points of concern
were relatively most ‘under’ or ‘over’ funded. Because historical funding allocation was very
variable, a ranked system was used to create a more even comparative scale. Fig 3 depicts this
comparison graphically by plotting priority ranking against funding ranking for the collated
highest priority points of concern listed in Table 2 (ID numbers for data points in Fig 3 refer
to Table 2). The diagonal line represents x =y, i.e. parity of ranking. Therefore, points on this
line received the ‘expected’ funding for their priority score, while points above this line were
relatively underfunded, with those furthest from the line receiving least funding relative to
their priority score. Similarly, points below this line were relatively overfunded, with those fur-
thest from the line receiving most funding relative to their priority score.
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Table 1. Highest priority (mean priority score < 2.0) research topics in canine health and welfare, as determined by the modified Delphi study, collated and orga-
nised by inductively derived problem categories.

Problem
category

1) Canine
behaviour

2) Ownership
issues

3) Societal
issues

Type of problem | Original POC part (and score if

Canine
behavioural issues

Human factors
relating to canine
behaviour

Owner ignorance

Unsuitable or
unrealistic
ownership

Societal

subsequently collated)

Two points from A: anxiety
(1.43), socialisation (1.57); and
one point from C: aggression/
anxiety (2.00).

A

A

One point from A: impact of
training methods (2.00); one
from C: regulation of trainers/
behaviourists (1.83).

A

One point from A: social media/
popular culture (1.57); one from

C: role of social media (1.50).
A

Specific issues

General behavioural issues

Human lifestyle impact on
canine behaviour

Lack of understanding of
canine behaviour/body
language

Training methods and
regulation of trainers/
behaviourists

Inability to access/recognise
reliable information

Ignorance about welfare
needs

Unrealistic expectations

Unsuitable lifestyles for
breed/any dog

Uninformed/uncommitted
ownership

Public ignorance about dogs
and their welfare
requirements

Social media/popular culture

Cost of living crisis

Dog bite attacks

Comments from participants,
summarised

General consensus that issues
such as anxiety, aggression,
socialisation are all interconnected
and important, so grouped
together here.

All agreed highest priority, little
discussion needed

Most agreed highest priority, little
discussion

Agreed that lack of regulation of
trainers/behaviourists and impact
of aversive methods are high
priority welfare issues.

General agreement that this is a
big problem. There is plenty of
reliable information available, but
it may be harder to find or
understand than unreliable
information.

Some people, even committed
owners, are genuinely unaware of
welfare needs, while others know
but don’t implement them
adequately.

Many different types of unrealistic
expectations—a key contributing
problem.

Generally regarded as major
problem—not enough time for a
dog, plus mismatches between
activity levels/strength of owners
and dogs.

Strong agreement that this is a
huge problem, albeit not often
deliberately irresponsible.

Most groups scored this as high or
very high priority with little
discussion.

Many groups considered social
media a key 'root cause’ of
multiple welfare issues.

Multiple charity workers said that
the cost-of-living crisis has had a
massive welfare impact.

Rated highest priority for more
research (BEFORE 2023
announcement of new XL Bully
measures legislation).

Overall (collated) mean
priority score (scale 1-4;
lower number = higher

priority)
1.67

1.00

1.29

1.92

1.43

1.57

1.29

1.29

1.43

1.00

(Continued)
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Table 1. (Continued)

Problem Type of problem | Original POC part (and score if Specific issues Comments from participants, Overall (collated) mean
category subsequently collated) summarised priority score (scale 1-4;
lower number = higher
priority)
4) Breeding HBC (human One point from A: uninformed | Uninformed puppy buying Generally rated a very high 1.13
and supply behavioural puppy purchasing (1.00); one behaviours priority with little discussion—
issues change) point from C: puppy buying buyer ignorance plus too few well-
behaviours (1.25). bred puppies is a massive welfare
issue.
HBC One point from A: breeding for | Breeding for extreme Extreme conformation universally 1.25
extreme conformation/looks conformation/looks considered highest priority
(1.00); one from C: welfare issue; HBC to tackle
conformation-related disease demand for this also considered
(1.50). highest priority by some but less
familiar to others.
Infrastructure One point from A: lack of Online puppy trading and Major problem that facilitates 1.35
issues regulatory enforcement for lack of regulatory impulse buying of puppies with
online trading (1.36); one from | enforcement poor traceability: regulatory
C: online puppy sales (1.33). enforcement also flagged as an
issue.
Societal One point from A: exploitative Exploitative breeding for Also includes criminology of 1.84
breeding for profit (1.86); two profit puppy trade, issues linked to
from C: criminology of puppy assisted breeding/fertility clinics:
trade (1.67), fertility clinics ‘the dark end of dog breeding’.
(2.00).
HBC C Exploring better dog HBC—how to increase the supply 1.00
breeding of healthy well-bred dogs—
unanimously highest priority.
Legal issues A Lack of EFFECTIVE breeding 1.57
regulation (or its enforcement)
considered a high priority issue.
Non-clinical C Quantitative genetics—all groups 2.00
rated this high priority. Broad
relevance so high value, can offer
huge benefits at population level
and inform HBC, etc.
Societal C Which breeders produce healthier 2.00
dogs?
Feeds into how to ensure bigger
proportion of dogs are bred
ethically.
5) Breed- Canine physical | A Breed-related diseases Overall, a high priority problem 1.36
related disease—breed- that affects a lot of dogs, even
diseases related including non-pedigree or
(overall) unregistered dogs.
6) Issues Social issues One point from A: issues related | Issues of welfare for dogs All rated this highest/high priority 1.15
related to to importation (1.29); one from | imported via problematic because of serious welfare
importation C: import trade (1.00). routes: street dogs, transport | concerns for large numbers of
welfare, smuggling, dogs dogs.
being bred for 'rescue’, etc.
Exotic infectious | Two points from C: emerging Emerging infectious diseases. | Rated this high priority because of 1.50
diseases infectious diseases (1.25) exotic increasing risk of zoonotic
disease modelling (1.75). diseases; disease modelling given
high priority.
(Continued)
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Table 1. (Continued)

Problem Type of problem | Original POC part (and score if Specific issues Comments from participants, Overall (collated) mean
category subsequently collated) summarised priority score (scale 1-4;
lower number = higher
priority)
7) Clinical Social issues A Access/affordability of Mostly rated highest priority. 1.14
practice veterinary care Impact of staffing crisis?
Ethics Two points from C: Veterinary overtreatment/ Various high priority issues 1.25
interventions that extend euthanasia decisions collated: defensive medicine; high-
quantity but not quality of life profile cutting edge surgical
(1.00), veterinary overtreatment/ interventions; long-term medical
euthanasia decisions (1.50). treatment of animals to extend
quantity but not quality of life;
reluctance to euthanise.
Clinical welfare C Welfare impact of specific Workshop example was paralysed 1.33
real-world problems dogs in carts, but no intention to
limit it to this specific problem.
Canine physical | One point from A: very common | Common diseases in primary | Generally agreed these problems 1.35
disease -general | diseases (1.14); one point from B: | care practice, especially have a huge welfare impact as they
primary care veterinary work chronic disorders affect many animals for a long
(2.00); two points from C: time, and that previous lack of
general (primary care) (1.00), primary care research has
common conditions, especially overlooked an area where funding
chronic (1.25). can have a major impact.
Clinical C Long-term health impacts of | More emphasis given to impact of 2.00
medication/diet nutrition and diet than of
medication.
8) Shelter Shelter medicine | C Long term shelter welfare Major issue but for few dogs 2.00
welfare

https://doi.org/10.1371/journal.pone.0313735.t001

Table 4 provides a funding rank ratio index (FRRI) for each collated point of concern, pro-
duced by dividing the priority rank by the funding rank, in addition to the data used in Fig 3.
With this FRRI metric, all values greater than one indicate relative underfunding, with the
largest numbers indicating least funding relative to priority score. All specific issues that were
relatively underfunded or with priority/funding parity concerned human-canine interactions
in some way (as did some of the ‘overfunded’ issues). The two ‘most underfunded’ collated
points of concern, by far, were ‘increasing the supply of healthy well-bred dogs’ (FRRI = 24.00)
and ‘dog bite attacks’ (FRRI = 21.00), because these points of concern received little or no
funding but were scored highest priority (1.00). The ‘impact of human lifestyle on canine
behaviour’ also received a high FFRI (6.00), despite receiving significant historical funding,
because of its highest prioritisation score (1.00), suggesting that even more funding was war-
ranted for this research area. Other collated highest priority points of concern that received
highest FFRI scores (>2.00) were human behavioural change interventions in uninformed
puppy buying (FFRI = 5.00); access/affordability of veterinary care (FFRI = 2.60); welfare relat-
ing to importation (FFRI = 2.50); and the human desire for extreme canine conformation
(FFRI = 2.00). In contrast, some collated highest priority points of concern received much
lower FFRI scores, reflecting considerable historical funding and relatively rather than inher-
ently low prioritisation, since all these issues were pre-selected as highest priority. In some
cases, these points of concern were broader and less specific than those with highest FFRI
scores, which was reflected in their larger historical funding shares; for example, ‘common
chronic diseases’ and ‘breed-related diseases” had the lowest FFRI scores because of their very
substantial overall previous funding.
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Table 2. Highest priority topics from modified Delphi study that explored issues in canine health and welfare and its research funding, organised by problem cate-
gory and compared with historical funding dataset from phase 1 of the overall research project.

ID number (used in | Problem category
subsequent data

analysis)

10

11

12

13

14

15

16

17

18

19

20
21

22

23

24

25

26

4) Breeding and
supply issues

3) Societal issues
1) Canine
behaviour

4) Breeding and
supply issues

7) Clinical
practice

6) Issues related
to importation
4) Breeding and
supply issues

7) Clinical
practice

1) Canine
behaviour

7) Clinical
practice

4) Breeding and
supply issues

7) Clinical
practice

5) Breed-related
diseases (overall)

3) Societal issues

2) Ownership

issues

2) Ownership
issues

6) Issues related
to importation

3) Societal issues

4) Breeding and
supply issues

3) Societal issues
1) Canine
behaviour

4) Breeding and
supply issues

1) Canine
behaviour

4) Breeding and
supply issues

7) Clinical
practice

8) Shelter welfare

Specific issues

Increasing the supply of
healthy well-bred dogs.

Dog bite attacks

Human lifestyle and
canine behaviour

Uninformed puppy
buying (HBC)

Access/affordability of
veterinary care

Welfare and
importation

Desire for extreme
conformation

Veterinary
overtreatment/
euthanasia *

Poor understanding of
canine behaviour

Welfare and real-world
problems

Online puppy trading

Common chronic
disorders ©

Breed-related diseases ¢

Public ignorance about
dogs
Ownership—Tlifestyle
and husbandry

Ownership—
acquisition issues
Exotic diseases and
importation °

Social media/popular
culture

Breeding regulation

Cost of living crisis

Canine behaviour

Exploitative breeding
for profit

Training methods

Which breeders
produce healthier dogs

Long term health and
medication/diet

Long term shelter
welfare

Overall (collated) mean priority
score (lower number = higher
priority)

1.00

1.00
1.00

1.57
1.67

1.84
1.92
2.00
2.00

2.00

Total funding in
historical dataset

£0.00

£17,000.00
£541,697.88

£54,800.00
£231,090.00
£201,662.00
£225,293.08

£403,487.00

£330,352.00
£105,690.00
£196,662.00
£8,378,673.10
£11,146,494.50
£305,835.00
£382,638.15
£291,282.00
£2,120,663.00
£0.00

£0.00

£96,375.00
£1,797,760.21

£0.00
£2,000.00
£2,000.00
£100,173.00

£299,540.22

No. of grants in
historical
dataset

108

277

11

Priority | £ rank
rank

1 24
1 21
1 6
4 20
5 13
6 15
7 14
7 7
9 9
10 17
11 16
11 2
13 1
14 10
14 8
16 12
16 3
18 24
19 24
19 19
21 4
22 24
23 22
24 22
24 18
24 11

(Continued)
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Table 2. (Continued)

ID number (used in | Problem category Specific issues Overall (collated) mean priority | Total fundingin | No. of grantsin | Priority | £rank
subsequent data score (lower number = higher historical dataset historical rank
analysis) priority) dataset
27 | 4) Breeding and Population and ) 2.00 £1,406,165.25 88 24 5
supply issues quantitative genetics f

The table includes comparative rankings calculated by total funding in historical dataset and by collated mean priority score and is arranged by collated mean priority
score ranking.

* All concerned euthanasia decisions.

® Two heatstroke studies, one non-accidental injury study.

¢ Includes funding that concerns multiple disorders in primary care practice, such as VetCompass.

4 Previous studies were deemed in scope if clinically relevant.

¢ Includes SAVSNET funding, so not all directed towards exotic diseases.

f Previous studies were deemed in scope if they centred dogs rather than having a multispecies remit.

https://doi.org/10.1371/journal.pone.0313735.t1002

Table 3. Highest priority problem categories from the modified Delphi study that explored issues in canine health and welfare and its research funding, organised
by problem category and compared with historical funding dataset from phase 1 of research project, broken down by wide-scope versus animal-directed funder cat-
egories to show number of awarded grants and total funding awarded.

Problem No. of Total relevant No. of grants Wide-scope | Wide-scope % of | No. of grants | Animal-directed Animal-directed

category grants in | funding in dataset |with wide-scope funding total category with animal- funding % of total
dataset funding funding directed funding category funding

1) Canine 35 £2,671,810.09 4 £959,705.00 35.9% 31 £1,712,105.09 64.1%

behaviour

2) Ownership 19 £673,920.15 0 £0.00 0.0% 19 £673,920.15 100.0%

issues

3) Societal issues 11 £419,210.00 0 £0.00 0.0% 11 £419,210.00 100.0%

4) Breeding and 101 £1,884,920.33 1 £133,989.00 7.1% 100 £1,750,931.33 92.9%

supply issues

5) Breed-related 277 £11,146,494.50 11| £3,391,829.56 30.4% 266 £7,754,664.94 69.6%

diseases (overall)

6) Issues related 9 £2,322,325.00 2| £1,460,920.00 62.9% 7 £861,405.00 37.1%

to importation

7) Clinical 121 £9,219,113.10 22| £4,803,501.00 52.1% 99 £4,415,612.10 47.9%

practice

8) Shelter welfare 7 £299,540.22 0 £0.00 0.0% 7 £299,540.22 100.0%

https://doi.org/10.1371/journal.pone.0313735.t003

Gap analysis of common chronic conditions in primary care practice

As described earlier, the results from a previous VetCompass study were used to create a list of
common chronic conditions in primary care practice together with their prevalence values
[24]. That full study reported 29 individual level common disorders that had an annual diag-
nosis prevalence > 1%. This list was filtered to remove inherently acute or heterogenous con-
ditions. Among the remaining conditions, all non-mass skin disorders were collated and their
prevalence summed, to develop a category that could be compared with the historic data. The
same process was used to collate common undesirable behaviours. ‘Heart murmur’ was
mapped onto ‘heart murmur and mitral valve disease (MVD)’ in the historic data, because
MVD, while the commonest cause of heart murmur in canine practice, is often not specifically
recorded as a diagnosis in primary care records, yet MVD as a term is often identified as the
subject of health research [25]. This cleaning and collating process yielded a final list of ten
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£ rank

Priority rank

Fig 3. Ranked collated highest mean priority scores for points of concern for research topics in canine health and
welfare obtained by modified Delphi study consensus, plotted against ranked total historical funding for each
topic in previously obtained dataset. Diagonal line represents x =y, i.e. parity of ranking between these two
measurements.

https://doi.org/10.1371/journal.pone.0313735.g003

common disorders with a prevalence > 1%, which were considered as chronic and specific
(Table 5).

The historical dataset created during the first phase of the current project was interrogated
to extract the information on how much research funding had been directed towards each of
these ten most prevalent common chronic disorders, as discussed earlier and shown in Table 6
[5]. This revealed that £4,525,023.96 of funding was directed towards these ten disorders in
total, including both support from wide-scope funders (UKRI councils and the Wellcome
Trust) and animal-directed funders. Wide-scope funders contributed £2,277, 725.00 (50.34%)
of this funding, and animal-directed funders contributed £2,247,298.96 (49.66%). However,
the proportion of funding provided by each type of funder varied greatly between disorders, as
shown in Table 6.

This analysis revealed clear funding ‘winners’ and ‘losers’ among the common chronic dis-
orders. Three conditions received more than twice their ‘fair share’ of total funding. Osteoar-
thritis and behavioural disorders were heavily funded by both wide-scope and animal-directed
funders, with osteoarthritis receiving more than 10x its ‘fair share’ of wide-scope funding.
Heart murmur/mitral valve disease received over 5x its ‘fair share’ of animal-directed funding,
but was not supported by wide-scope funders. Obesity and skin disorders both received
roughly their expected ‘fair share’ of total funding (measured as between 50% and 200% of
their ‘“fair share’), and were both supported by wide-scope and animal-directed funders. The
other five conditions all received much less total funding than their ‘fair share’; and none of
these received any wide-scope funding. Otitis externa received roughly a third of its ‘fair share’
of animal-directed funding. Periodontal disease and anal sac problems were relatively severely
underfunded, each receiving less than a tenth of their ‘fair share’ of animal-directed funding;

PLOS ONE | https://doi.org/10.1371/journal.pone.0313735 December 4, 2024 16/34


https://doi.org/10.1371/journal.pone.0313735.g003
https://doi.org/10.1371/journal.pone.0313735

PLOS ONE

Prioritisation of issues with UK not-for-profit canine health and welfare research funding

Table 4. Funding rank ratio index for specific issues (highest priority collated points of concern) in canine health and welfare, calculated by dividing priority rank
derived from Delphi study by funding rank derived from historical not-for-profit funding dataset (2012-2022).

ID Problem category | Specific issues (collated highest = Overall (collated) mean priority | Total funding in Priority | £rank Funding rank ratio
number priority points of concern from | score (lower number = higher historical dataset rank index (priority
Delphi study) priority) rank/£ rank)
1| 4) Breedingand | Increasing the supply of healthy 1 £0.00 24 1 24.00
supply issues well-bred dogs
2 | 3) Societal issues | Dog bite attacks 1 £17,000.00 21 1 21.00
3 | 1) Canine Human lifestyle and canine 1 £541,697.88 6 1 6.00
behaviour behaviour
4| 4) Breedingand | Uninformed puppy buying 1.13 £54,800.00 20 4 5.00
supply issues (HBC)
5 | 7) Clinical Access/affordability of veterinary 1.14 £231,090.00 13 5 2.60
practice care
6| 6) Issues related | Welfare and importation 1.15 £201,662.00 15 6 2.50
to importation
7 | 4) Breedingand | Desire for extreme conformation 1.25 £225,293.08 14 7 2.00
supply issues
10 | 7) Clinical Welfare and real-world problems 1.33 £105,690.00 17 10 1.70
practice
11 | 4) Breedingand | Online puppy trading 1.35 £196,662.00 16 11 1.45
supply issues
18 | 3) Societal issues | Social media/popular culture 1.54 £0.00 24 18 1.33
19 | 4) Breeding and | Breeding regulation 1.57 £0.00 24 19 1.26
supply issues
22 | 4) Breedingand | Exploitative breeding for profit 1.84 £0.00 24 22 1.09
supply issues
8 | 7) Clinical Veterinary overtreatment/ 1.25 £403,487.00 7 7 1.00
practice euthanasia
9| 1) Canine Poor understanding of canine 1.29 £330,352.00 9 9 1.00
behaviour behaviour
20 | 3) Societal issues | Cost of living crisis 1.57 £96,375.00 19 19 1.00
23 | 1) Canine Training methods 1.92 £2,000.00 22 23 0.96
behaviour
24 | 4) Breedingand | Which breeders produce 2 £2,000.00 22 24 0.92
supply issues healthier dogs
16 | 2) Ownership Ownership—acquisition issues 1.5 £291,282.00 12 16 0.75
issues
25 | 7) Clinical Long term health and 2 £100,173.00 18 24 0.75
practice medication/diet
14 | 3) Societal issues | Public ignorance about dogs 1.43 £305,835.00 10 14 0.71
15 | 2) Ownership Ownership—lifestyle and 1.43 £382,638.15 8 14 0.57
issues husbandry
26 | 8) Shelter welfare | Long term shelter welfare 2 £299,540.22 11 24 0.46
27 | 4) Breedingand | Population and quantitative 2 £1,406,165.25 5 24 0.21
supply issues genetics
21| 1) Canine Canine behaviour 1.67 £1,797,760.21 4 21 0.19
behaviour
17 | 6) Issues related Exotic diseases and importation 1.5 £2,120,663.00 3 16 0.19
to importation
12 | 7) Clinical Common chronic disorders 1.35 £8,378,673.10 2 11 0.18
practice
13 | 5) Breed-related | Breed-related diseases 1.36 £11,146,494.50 1 13 0.08
diseases (overall)
Higher funding rank ratio index values indicate ‘more underfunded’, i.e. greater indication for future increased funding.
https://doi.org/10.1371/journal.pone.0313735.1004
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Table 5. A) Individual 29 most prevalent (>1%) disorders and B) extracted 10 most common chronic collated disorders in primary canine veterinary care.

A) Data transferred from O’Neill et al (2021) [38,39] (see legend)

Individual disorder term used in
original VetCompass study

Periodontal disease
Otitis externa
Obesity
Overgrown nails
Anal sac impaction
Osteoarthritis
Aggression

Heart murmur
Pruritus

Allergy
Undesirable behaviour
Pyoderma

Atopic dermatitis
Patellar luxation
Diarrhoea
Vomiting
Lameness
Conjunctivitis
Skin mass

Flea infestation
Lipoma

Claw injury
Pododermatitis
Gastroenteritis

Foreign body

Post-operative wound complication

Wound
Skin cyst

Retained deciduous tooth

B) Data from A, collated to list common chronic disorders

Prevalence (%) in original Accepted as chronic/ | Collated chronic disorder term used | Prevalence (%) used for the
VetCompass study recurring in the current study current study

12.52 Yes Periodontal disease 12.52
7.30 Yes Otitis externa 7.30
7.07 Yes Obesity 7.07
5.52 Yes Skin disorders (non-mass) 5.81
4.80 Yes Overgrown nails 5.52
2.34 Yes Anal sac impaction 4.80
2.24 Yes Behavioural disorders 3.74
2.13 Yes Osteoarthritis 2.34
1.63 Yes Heart murmur 2.13
1.57 Yes Patellar luxation 1.04
1.50 Yes
1.46 Yes
1.15 Yes
1.04 Yes
3.81 No
3.04 No
2.65 No
2.24 No
2.07 No
2.05 No
1.44 No
1.38 No
1.36 No
1.33 No
1.27 No
1.19 No
1.12 No
1.10 No
1.01 No

Data taken from O’Neill DG, James H, Brodbelt DC, Church DB, Pegram C. Prevalence of commonly diagnosed disorders in UK dogs under primary veterinary care:
results and applications. BMC Veterinary Research. 2021;17(1):69.

https://doi.org/10.1371/journal.pone.0313735.t005

moreover, the £18K of anal sac disorder funding in the historical dataset concerned anal ade-
nocarcinoma rather than anal sac impaction, which received no funding. Overgrown nails and
patellar luxation received no funding at all within the study dataset.

3.6.2. Research approaches and methodologies. As previously described, 23 highest pri-
ority points of concern from the Delphi study which concerned research approaches and
methodologies were taken forward for analysis. One point, ‘research that informs human med-
icine’, priority score 2.0, was excluded from further analysis at this stage, because the Delphi
participants had agreed that research primarily intended to advance human medicine was out-
side the remit of the animal-directed funding sector. The remaining points were examined for
overlap and collated where appropriate, creating overall mean priority scores for collated
points as described previously. New problem categories of research design, investigative
approach and research engagement emerged during this process, creating a summarised list of
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7 specific issues that concerned highest priority approaches and methodologies for future
research, as shown in Table 7. The three highest priority collated points of concern in this cate-
gory all related to designing research with maximal effectiveness for improving canine lives.
These were: embedded human behavioural change interventions; built-in project impact; and
focus on welfare in research design.

3.6.3. Research processes and research funding infrastructure. As described earlier, 33
highest priority points of concern from the Delphi workshop which concerned research pro-
cesses and infrastructure were taken forward for analysis. One point, ‘hard to recruit numbers
for valid study’, priority score 1.75, was excluded from further analysis at this stage, because it
concerned a specific difficulty with the execution of research, whereas all the other highest pri-
ority points in this section concerned research processes and funding infrastructure, and thus
contributed to an overview of suggested sector reforms. The remaining 32 points were exam-
ined for overlap and collated where appropriate, creating overall mean priority scores for col-
lated points as described previously. New problem categories of overarching issues, funding
processes and researcher issues emerged during this process, creating a summarised list of 15
specific highest priority issues, as shown in Table 8. The highest priority collated point of con-
cern was the overall lack of funding in this sector (priority score 1.00), which was scored much
more highly than the second highest priority collated point of concern in this category (more
support for early career researchers, priority score 1.48). Overall, there was a strong emphasis
on the need for increased transparency and collaboration in this sector, with 8/15 highest pri-
ority collated points of concern addressing this subject.

4. Discussion

This study deployed a modified Delphi approach to establish group consensus about the high-
est priority topics in UK canine and welfare and its research; to identify the highest priority
future research approaches and methodologies; and to identify highest priorities for future
reform in research processes and infrastructure.

Collated highest priority points of concern that were classified as relating to research topics
in canine health and welfare were inductively grouped within eight problem categories: canine
behaviour, ownership issues, societal issues, breeding and supply issues, breed-related diseases,
issues related to importation, clinical practice and shelter welfare. Notably, almost all these 30
highest priority collated points of concern addressed various aspects of the human-canine rela-
tionship, either considering human decisions that affect canine lives (for example, breeding
and supply issues) or canine problems that also affect people (such as dog bite attacks or exotic
diseases linked to importation). Only two highest priority points in this group—common
chronic diseases and the impact of medication and diet on canine health—could be described
as primarily canine clinical problems with little human factor involvement (and arguably, even
problems in these categories may be influenced by human behaviours: obesity, for example).
This finding emphasises the importance of human-canine interactions to the welfare of both
dogs and people, confirming that understanding human behaviour is a key element of canine
health and welfare research [26,27].

Notably, the finding of frequent human factor involvement in the highest priority points of
concern was not an a priori expectation of this study. As discussed later, well over half of the
participants were veterinary professionals and/or research scientists, and the points of concern
that were discussed at the workshop had all been suggested by the participants themselves, fol-
lowing the Delphi approach. Consequently, physical disease might have been expected to fea-
ture more strongly in the highest prioritisation data than it did. Although 9/27 highest priority
issues in Table 2 do relate to physical disease, most of these points (such as ‘which breeders
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Table 7. Delphi consensus highest priority approaches and methodologies for future research in canine health and welfare.

Problem Original discussion points Type of problem Specific issues Comments from participants, Overall (collated)
category summarised mean priority
score (lower values
reflect higher
priority)
Research Collation of one point from C: HBC inclusion Embedding and testing | Generally agreed that embedding and 1.27
design testing of possible interventions to human behavioural testing HBC interventions is crucial
assess HBC effectiveness (1.25) and change interventions where appropriate, including specialist
one point from D: built-in linking of HBC input where needed—but some
clinical research to HBC research to research doesn’t need it.
aid implementation, where
appropriate (1.29).
Collation of two points from B: Research with Need to prioritise Some caution that outcomes are not 1.46
funding overlooks real world impact/ | impact projects with practical always anticipated at the start of
implementation (1.40) and pathway impact and build it into | research, so excessive focus on impact
to impact not built into project project design can be counterproductive, but overall
design (2.00); one point from C: prioritising impact for dogs in research
translating research findings into design was considered very high
practical actions (1.0); and two priority.
points from D: prioritising problems
with more impact (1.33), and more
focus on impact (1.57).
Collation of three points from C: Broad focus of Focus on welfare in Generally agreed very high 1.36
reasons for neglect/poor welfare research research design fundamental priority. Some emphasis
(1.00); investigative approach that on specifically investigating legislative
focuses on welfare (1.00); and efficacy.
improving/enforcing welfare
legislation (2.00); and one point from
D: more research that investigates
underlying reasons for welfare issues
(1.43).
D Research designed to fit | Generally agreed research should fit the 2.00
needs of sector needs of dogs, but some discussion
about what this means in reality.
Investigative | Collation of one point from B: Humanities and More HSS research: Generally all considered high value and 1.56
approach funding misdirected, overlooks social | social science a) social science often overlooked (some score
science/HBC research (1.25); one approaches (HSS) b) humanities reduction from people who were
point from C: anthrozoology of dog ¢) anthrozoology unaware of these approaches, arguably
ownership (1.33); and two points demonstrating that they are sometimes
from D: more social science/applied overlooked!)
research (1.67) and more humanities
research (2.00)
Collation of 3 points from Band C, | Specific types of a) Not enough Generally felt more studies of these 2.00
which are described in the ‘specific | clinical study prospective studies types would be useful, but various
issues’ column; all with priority score b) Not enough factors besides funding limit their
0f 2.00 randomised controlled deployment.
trials
¢) Not enough studies on
complex issues
Research Collation of one point from A: Research outreach | Ineffective Emphasis on effectiveness of 1.76
engagement | obstinacy/polarised views/reluctance | communication communication, barriers | communication outreach to different
to change (1.67); one point from C: to change groups to ensure public engagement
more owner/vet engagement (1.75); with research outputs
and one point from D: more effective
communication to owners and sector
professionals (1.86).
https://doi.org/10.1371/journal.pone.0313735.1007
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Table 8. Delphi consensus highest priorities for future change in research processes and research funding infrastructure for future research in canine health and

welfare.
Problem Original discussion points Specific issues Comments from participants, summarised Overall (collated)
category mean priority score
(lower values reflect
higher priority)
1) Collation of one point from B: overall lack of | Overall lack of funding/too few A universal and unsolvable problem, which 1.00
Overarching | funding/too few funders (1.00) and one from | funders certainly does significantly limit the scope and
issues D: more money! (1.00). quantity of canine relevant research.
Collation of one point from B: overarching Reducing gaps and barriers, Includes planning research with real-world 1.68
issue of gaps/barriers between sectors— increasing overall collaboration and | factors in mind where needed, overcoming
charity/veterinary/academic/breeders (1.60); | communication between sectors. misconceptions and barriers between sectors
and two points from D: linking academia to which impede research to improve canine
frontline sector to improve relevance of welfare (e.g. disconnects and lack of visibility
research (1.43), and collaboration between between various stakeholder groups).
sectors (industry/charity/pharma, etc) (2.00).
Collation of one point from B: government/ | Canine sector not prioritised by Generally agreed that this is true and has 1.88
wide-scope funders overlook/exclude canine | government and wide scope funders | various causes. Variation in whether
sector (1.75) and one point from D: more participants thought this was inevitable or could
government funding/political prioritisation be changed.
(2.00)
B Largest (UKRI and similar) grants | Generally agreed that this is true, that it limits 2.00
usually restricted to One Health/ what is funded and that it drives canine
public health researchers to spin proposals to fit this agenda,
which can be detrimental.
2) Funding D More transparent and accessible Agreed that more accessible funding is always a 1.71
processes industry funding good thing. Definition of industry can be very
broad—includes any non-charitable business;
not all such funding is advertised openly, so
improving access could be useful.
Collation of one point from B: centralised Collaborative centralised discussion | Generally agreed that this would be very helpful 1.75
coordination of strategic priorities (1.40); and | of priorities and funding gaps to in theory to improve efficiency for all parties
two points from D: collaborative centralised | develop overall strategic plans for and maximise welfare value of research, but
identification of priorities and funding gaps future funding with caveats that it would need to be hosted
(1.86), and more long-term strategic planning independently to avoid giving power to one
to prioritise work most likely to improve contributor, that it might be difficult to
welfare (2.00). implement, and that planning cannot foresee or
account for all eventualities.
Collation of one point from C: ‘big’ Collaboration between funders to Generally considered a good thing, but caveats 1.81
investment into any major area of canine support ’big’ projects with greater that it may divert funds from worthwhile
health, e.g. cancer, pain (2.00); and two points | scope and impact. smaller projects and that the politics or logistics
from D: more larger/collaborative grants of collaboration may be difficult.
(allowing broader scope/higher quality
studies (2.00), and collaboration between
funders, to support larger projects (1.43).
Collation of one point from B: lack of Centralised visibility of future Generally agreed that this is lacking and would 1.86
centralised opportunities for collaboration opportunities for collaboration, for | be very helpful if it could be implemented. No
(2.00); and one point from D: clearer visibility | funders AND researchers clear vision of preferred platform/
of opportunities for collaboration (1.71). infrastructure, however.
Collation of two points from D: better Better visibility of past funding Consensus that public visibility of funding 2.00
visibility of current funding patterns (2.00) patterns, ideally through patterns currently varies enormously between
and collaborative centralised live database of | collaborative centralised live funders, and that improving this would be
funded projects and their progress/outputs database useful, especially to researchers. However,
(2.00). concerns re cost, logistical and political
feasibility. N.B., UKRI councils do this already.
D Collaborations between research Generally agreed that intellectual collaboration 1.86
centres investigating same topic, between research centres is positive and can
facilitating larger or ’better advance canine health and welfare, although
powered’ projects some caveats that it can be politically or
logistically difficult.
C More funding for start-ups/pilots to | Multiple views here—some thought this was 2.00
lever sector change high priority to encourage innovation, some
thought this was low priority on the basis that
pilot projects seldom seed bigger studies.
(Continued)
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Table 8. (Continued)

Problem
category

Original discussion points

3) Researcher
issues

Collation of two points of concern from B:
not enough support/funding for PhD and
ECR roles (1.25) and lack of career structure,
ECRs marginalised (1.25); and two points
from D: more support for ECRs (1.43) and
built-in ECR support within bids (2.00).

Collation of one point from B: grant writing
takes much time, extra to main (heavy)
workload (1.75); and one point from D:
ability to submit same grant application to
multiple funding bodies (1.57).

Collation of two points of concern from B:
accessibility as career path, e.g. if part time/
employed (1.50) and networking/personal
contacts too important, process mysterious
for outsiders (1.75); and one point from D:
more outreach to researchers/opportunities to
connect (2.00).

Collation of one point from B: useful feedback
not given if proposal rejected (2.00) and one
point from D: better feedback (1.57).

https://doi.org/10.1371/journal.pone.0313735.t008

Specific issues

More support for early career
researchers

Burden of writing individual grants
for each funder

Networking, accessibility and
outreach initiatives

Better feedback if grant proposal
rejected

Overall (collated)
mean priority score
(lower values reflect
higher priority)

1.48

Comments from participants, summarised

Agreed that ECR career structure is a massive
issue, particularly post-PhD, where much talent
is lost because of precarity, little funding and
poor remuneration. Arguably therefore also a
problem for canine welfare. Funding and
mentorship within bids/grants would help.

Researchers felt very strongly that writing
separate applications for each funder is a huge
time burden which impacts both human and
canine welfare. They would welcome any level
of simplification of this process: a common
online portal for preliminary applications, a
common preliminary application form, or even
just a common agreed format for CVs. Some
funders did not want to see proposals that had
been sent elsewhere.

Agreed that barriers to entry to research,
difficulty of establishing a network, etc., reduce
diversity and lose talent, which potentially
impacts canine welfare. Funder initiatives could
improve outreach and encourage wider
participation—but also caution that this could
’poach’ research ideas or cause false hope in
those not later funded.

Agreed by researchers that this is a big issue
because they don’t know how to improve
proposals, thus also potentially impacts canine
welfare; also not transparent. Funders argue no
time to provide individual feedback.

produce healthier dogs’) concern physical health issues framed in terms of human activity and
choices, rather than as entirely clinical phenomena, even though there were several partici-
pants in every discussion group with deep clinical expertise. As discussed later, the finding of
high prioritisation of human factors will inevitably have been culturally influenced by the
experiences of these UK participants, and the balance of priorities might have varied in other
countries. Nevertheless, this insight confirms that those research funders who direct resources
towards investigating human factors in canine wellbeing or in driving human behavioural
change are responding to a widely perceived highest priority need in this sector in the UK.
Moreover, discussions between the Delphi participants repeatedly emphasised the complex-
ities of the human-canine relationship. For example, general agreement was frequently
expressed that the various issues linked with ownership and breeding are highly interconnec-

ted; to quote one participant, ‘I think it’s all tied up with the same thing about poor understand-
ing of dogs’ needs, expecting them to fit around our needs completely, and a supply and demand
issue linked to instant gratification and getting a dog that looks right.” Where points of concern
addressed issues in canine welfare that were currently topical, comments frequently revealed
deep understanding and widespread awareness of these problems among the participants, who
tended to score such issues as higher priority. For example, issues related to importation, con-
formation-related disease and the cost-of-living crisis were all rated highest priority. All these
were topical in the UK at the time of the workshop: however, conformation-related disease has
been a consistent major concern for over a decade, whereas the cost-of-living crisis was fre-
quently described in workshop transcripts as a recent change [28]. In a few cases, prioritisation
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scores were perhaps more surprising. There was widespread pushback against the original
point of concern ‘breeding for money’ in part A (which was consequently reworded), with
most groups agreeing that, while exploitative breeding for profit was ‘the dark end of dog breed-
ing, there was nevertheless a need for ethically bred puppies to be produced in sufficient num-
bers to satisfy consumer demand, and that therefore responsible high welfare commercial
breeding should perhaps be supported more; ‘I don’t have a problem with it, and I never would
have thought I'd have said that (voiced by a charity worker). Similarly, in part C, ‘how to
increase the supply of healthy well-bred dogs’ was rated highest priority by all groups that
scored this point, with almost no discussion deemed necessary to come to this consensus. On
this subject, the Delphi format arguably thus captured perspectives that might not have been
anticipated and which may reflect highly topical changes in stakeholders’ positionalities, with
the overall consensus supporting the need for ethical dog breeding, despite the inclusion of
charity workers and veterinary professionals in every discussion group who might have been
expected to hold different views.

The comparison of the highest priority research topics with previous funding for these top-
ics in the historical dataset revealed some interesting insights [5]. Animal-directed funders
supported a much wider range of highest-priority research topics than wide-scope funders,
although the individual grants awarded by wide-scope funders tended to be larger. Wide-
scope funding of high priority topics tended to fall into two broad categories. There was sub-
stantial wide-scope funding for several clinically relevant topics, much of which came from
BBSRC grants for large-scale projects framed in a One Health or multi-species context. Per-
haps more surprisingly, wide-scope funders also provided several large grants to investigate
canine-relevant veterinary issues, such as the ethics of companion animal euthanasia, from a
humanities perspective. Animal-directed funders dominated in problem categories related to
more practical aspects of the human-canine relationship, such as ownership issues and issues
related to breeding practices. Surprisingly, however, no specific historical funding at all was
identified for several highest priority topics, such as the role of social media/popular culture in
canine welfare and exploitative breeding for profit (criminology, etc), although some previ-
ously funded research did provide some contextual insights into such topics. These topics may
have been less researched because they have only recently been recognised (as in the example
of the role of social media), are hard to define, difficult or even dangerous to investigate, or
require a complex methodological approach. Funding bodies’ areas of remit, limited resources
and prioritisation decisions also inevitably mean that some potentially valuable topics go
unfunded or ‘under’ funded, as discussed further below.

Highest priority topic rankings were plotted against previous funding ranking and com-
pared through a funding rank ratio index to assess relative ‘under’ and ‘over’ funding in the
historical funding allocation dataset. As shown in Table 4, the ‘most underfunded’ topics all
concerned real-world issues relating to canine welfare. Since this table only included topics
that were rated highest priority during the Delphi study, all these topics were by definition
considered important by stakeholder consensus (which included multiple people who make
funding decisions) at the time of the workshop. These topics may have previously been rela-
tively neglected because they are potentially challenging to investigate, because they are genu-
inely new problems (for example, exotic diseases related to importation in the UK), or because
rather than actually being new issues, they are currently in the process of being identified as
matters that need attention as stakeholders’ understandings evolve (for example, the top ‘most
underfunded’ topic, ‘increasing the supply of healthy well-bred dogs’, discussed previously
above). Moreover, not all funders are willing to finance research into real-world canine issues
relating to canine welfare. Our previous analysis of historical funding data revealed that most
wide-scope funders are unlikely to support canine-focused research projects, and that some
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animal-directed funders primarily support clinical topics, so that UK-funded research into
real-world issues relating to canine welfare is largely dependent on support from a small num-
ber of animal-directed funders, despite its high prioritisation in the current study [5]. Since
these animal-directed funders must decide how to divide limited resources across the whole
spectrum of canine-focused research topics, potentially also including all types of clinical dis-
ease, the high prioritisation of human factor real-world issues is an important finding from the
current study that may usefully inform these difficult decisions. Funders who are concerned
about assessing the relative merits of research proposals could use standardised tools, such as
the ‘benefit for the dog’ and ‘pathway to impact’ metrics presented in our previous paper from
the current research project [5], to overcome any difficulties and biases that hamper the com-
parative evaluation of research proposals across a wide range of potentially important topics,
thus better ensuring that their resources are distributed to most advantage.

The main areas of attention indicated for increased research funding from the current work
are clearly the breeding and supply of dogs. Of the twelve ‘most underfunded’ topics with a
funding rank ratio > 1 (i.e., above parity), six were in this problem category: increasing the
supply of healthy well-bred dogs; addressing uninformed puppy buying through human beha-
vioural change; the human desire for extreme conformation; online puppy trading; breeding
regulation; and exploitative breeding for profit. Two other ‘most underfunded’ topics, namely
welfare issues related to importation and social media/popular culture, also concern related
subjects. Of the remaining four ‘most underfunded’ topics, two (dog bite attacks and access/
affordability of veterinary care), were highly topical at the time of the workshop in autumn
2023. The participants revealed their subject knowledge in rating dog bite attacks as a highest
priority topic (score 1.0), just a few weeks before the UK Government introduced new legisla-
tion to control the breeding, sale and ownership of XL Bullies—a possible measure mentioned
in some workshop discussions [29]. The cost of veterinary care was also a major current issue
in the UK at the time of the workshop, as shown by the expected subsequent publication of the
UK’s Competition Markets Authority’s report on veterinary pricing [30]. The lack of past
research funding on these topics in the historical dataset (which included research funded as
recently as the end of 2022) in part reflects the inevitable time lag between the need for
research and its execution. However, the prioritisation of these topics within the ‘most under-
funded’ quadrant reveals their topical importance within the canine sector at the time of this
study, some weeks before these issues reached the mainstream media.

The final topics in the ‘most underfunded’ category were the impact of human lifestyles on
canine behaviour, which was flagged by this metric because of its highest prioritisation, despite
having attracted more historical funding than any of the other ‘most underfunded’ points of
concern, and specific real-world problems that cause welfare issues. The illustrative example
provided by the Delphi participant who suggested this point of concern was the issue of para-
lysed dogs in carts. There was no funded research on this specific subject in the historical data-
set, but previously funded research into heatstroke disorder and non-accidental injury were
mapped onto this topic as comparable real-world issues. Issues of this kind, which arise from
specific real-world external circumstances and are not necessarily directly related to fields of
clinical specialism, could easily be overlooked by researchers and funders, although arguably
there is a great need for good evidence to inform interventions with problems of this type,
since by definition they impact welfare. Therefore, there is considerable potential value for
canine welfare in highlighting this ‘most underfunded’ topic as a possible area for future
attention.

However, the identification of underfunded research topics in the current study certainly
had methodological limitations. In particular, the historical funding dataset was confined to
identified UK not-for-profit funders, excluding any in-scope funders that were not identified,
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international research, UK research with international funding, research funded by corporate
practices, commercial funding and any research carried out internally by salaried staff in any
organisation [5]. Moreover, specifically identified research topics in the historical dataset were
confined to those that could be individually ascertained from project descriptions. Conse-
quently, the historical dataset inevitably excludes many possibly relevant research projects. For
example, as noted above, the current analysis identified dog bite attacks as a highest priority
yet relatively underfunded topic, only addressed by two research grants in the historical data-
set. One of these was an Economic and Social Research Council PhD award to the University
of Stirling, listed in the UKRI database but with no linked specific funding award; the other
was a £17,000 award from an animal-directed funder to Professor Carri Westgarth at the Uni-
versity of Liverpool. Yet a substantial volume of research into dog bite attacks has been carried
out at Liverpool, by Westgarth’s research group and by Dr John Tulloch, supported by grants
with other primary aims or funded by other means, and hence excluded from this historical
dataset [31-34]. Some conditions that were studied within larger umbrella projects will have
been omitted from the dataset because they were not individually identified by specific
research grants: for example, the VetCompass and SAVSNET epidemiological surveillance
projects have produced many papers that investigate specific clinical problems in dogs and
other species, but which were funded by general umbrella grants, so that this funding could
not be precisely mapped to all destination topics that these projects address [35,36]. Historical
research topic funding may thus well be under-recorded within the project dataset. Rarely, it
may also have been over-recorded, when umbrella grants were mapped onto relevant research
topics that certainly accounted for some, but potentially not all, of the recorded expenditure.
Therefore, the findings in the current study should be interpreted with care, considering other
funding sources and contextual factors. It would have been impractical to address this limita-
tion by conducting a full literature review to identify out-of-scope research for every topic dis-
cussed in the current paper. However, where the current study flags a topic as relatively
underfunded, it would be wise to conduct a supplementary literature search to identify any
out-of-scope research before assuming that this inference is definitive.

The detailed comparative analysis of previous funding of ‘common chronic’ disorders pro-
vided a novel way of surveying the distribution of research resources across a wide range of
conditions which, because of their high prevalence and chronicity in primary care practice,
have substantial impact on canine welfare [4]. The current analysis did not consider the rela-
tive severity of these conditions and made some other methodological approximations (such
as mapping heart murmurs onto MVD). While it could be argued that overgrown nails, which
received no research funding at all, are a clinically simple problem to address, it is perhaps
more surprising that there was no funded research on patellar luxation in the historical dataset,
despite it being a commonly reported cause of lameness that is both poorly understood and
increasing in prevalence [37]. Anal sac disease and periodontal disease are also very common
conditions that received surprisingly little research attention in this dataset [38,39]. Periodon-
tal disease has long been recognised as the ‘most commonly diagnosed . . . and most under-
treated’ companion animal health problem, is known to be a painful condition that has
considerable impact on systemic health and wellbeing, and had the highest prevalence in the
reference study used here, yet received only 3.59% of its total ‘fair share’ of research funding
[40]. This disorder is therefore a strong candidate for further clinical research aimed at maxi-
mising welfare outcomes.

The 22 highest priority Delphi points of concern that concerned research approaches and
methodologies were collated into three problem categories, highlighting areas for future
change. The first category, research design, included a focus on human behavioural change,
where appropriate; research designed with impact in mind; research focused on welfare; and
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research designed to fit the needs of the sector. The second category, investigative approaches,
included two types of approach that were scored as highest priority for future research: proj-
ects with a humanities and/or social science perspective; and various specific types of clinical
study which were considered under-utilised: prospective studies, randomised controlled trials
and studies on complex issues (it was recognised that practical and financial constraints often
restrict this type of investigation). The final category to emerge from this section of the analysis
was research engagement: participants agreed that embedded public engagement with relevant
stakeholders to communicate research outputs and thus increase their impact was a high prior-
ity for future projects, where appropriate. Overall, therefore, participants strongly prioritised
real-world considerations in the design and execution of canine health and welfare research
and had a strong focus on research that engaged with the human factors in canine welfare,
apart from the points that concerned specific clinical topics.

It was generally impractical to compare the consensus highest priorities in research
approaches and methodologies with the historical dataset, because there was often insufficient
information to analyse the historical data in terms of these parameters. For example, it was
impossible to establish if past projects had considered human behavioural change interven-
tions or routes to public engagement without access to either the full research proposal or any
published outputs, and for many grants neither was available. However, the previous paper
from the current research project does evaluate the historical dataset in terms of a customised
pathway to impact metric, although that considered effective impact rather than exploring
whether impact was explicitly built into project design [5].

Finally, 32 Delphi consensus highest priorities for future change in research processes and
research funding infrastructure were condensed into three problem categories: overarching
issues, issues with funding processes and researcher-facing issues, with 15 collated points of
concern between them. One aim of this section was to provide insight for funders, to inform
their future research processes. Three of the four points grouped within overarching issues
(overall lack of funding; canine sector not prioritised by wide scope funders; largest grants usu-
ally restricted to One Health/public health), while considered highest priority, did not concern
matters within the control of animal-directed funders, and thus cannot serve as action points
emerging from this study. The fourth overarching issue, the importance of reducing gaps and
barriers to increase overall collaboration and communication between sectors, again reflects
the emphasis on real-world impact and human factors in canine health and welfare that was a
recurring theme throughout this Delphi study.

The second problem category within the section on research funding infrastructure and
processes concerned highest priority issues with funding processes. Here, there was a strong
consensus opinion on the importance of collaboration and transparency, which were
addressed by 5/7 collated points in this category. These suggested reforms were: collaborative
centralised strategic discussion of funding gaps and future funding priorities and funding
gaps; collaboration between funders and between researchers investigating the same topic, in
both cases to enable projects with greater scope; and better visibility of past funding patterns
and of future opportunities for collaboration, for funders AND researchers, ideally through a
collaborative centralised live database. The remaining two points in this category were the pro-
vision of more transparent and accessible industry funding and of more funding for start-up
and/or pilot research projects to lever sector change. Overall, therefore, Delphi participants
strongly supported a shift towards more collaborative funding processes, albeit with some
caveats and nuances in the discussion, which are captured in the transcription summaries.

The final problem category within the section on research funding infrastructure and pro-
cesses concerned highest priority issues for researchers. The four points in this category were
split between issues for junior and senior researchers. Participants felt strongly that there
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should be greater structured support for early career researchers, both in terms of more spe-
cific provision within grant arrangements (particularly provision of salary support for postdoc-
toral researchers) and in terms of providing networking, accessibility and outreach initiatives.
They noted that the barriers to accessing a research career, to career stability and to progres-
sion not only cause practical difficulties for those trying to follow a career in research, particu-
larly for people from non-traditional research backgrounds, but also, through the consequent
ongoing attrition of trained researchers from this sector, impacts the efficacity of research in
advancing canine health and welfare, although they acknowledged that these are systemic
issues that extend far beyond this sector [41-43]. The strength of feeling on this subject
prompted the current authors to undertake a subsequent study within this overall research
project, which will consider career outcomes as at August 2024 for early career researchers
who received master’s or PhD funding for canine-relevant health and welfare research between
2012 and 2018. Similarly, there was a strong consensus that the burden of grant writing is a
huge temporal challenge for senior researchers, which occupies time that could be better spent
elsewhere, and that they would find great value in reform to reduce duplication of effort by
standardising application processes across funders and by providing more feedback on failed
applications to inform resubmissions. These issues are addressed further by the current
authors in a subsequent report, currently in preparation.

Variations on the Delphi research approach are now widely used within health sciences
because of their value for investigating the current state of knowledge or opinion in fields that
cannot be studied experimentally [7]. Critical appraisals of the Delphi approach note that the
methodologies employed vary between studies in their investigative rigor [11]. However,
although ‘expert opinion’ is situated on the lowest level of the evidence pyramid, the Delphi
approach is nevertheless widely regarded as a valuable tool for investigating the range and
direction of informed understanding within a field, particularly with regard to real-world
problems [11,44]. Therefore, variations on the Delphi approach are commonly used to investi-
gate complex problems such as determining policy and setting future goals, making it a suit-
able methodology for the current study [10].

Any research that employs a Delphi approach must balance investigative rigor with practi-
cality. The current study was designed as a modified group Delphi with two rounds of partici-
pation. Although iterative discussion is central to the Delphi methodology, the logistical issues
of cost, time and participant attrition mean that, in one previous metanalysis, the majority
(90%) of Delphi studies surveyed employed two or three rounds of debate, with 48% involving
two rounds, like the current study [8]. However, the current study included more participants
than most Delphi studies. Between 55 and 60 people contributed to each round of the current
study (although not all points of concern in the second round were considered by all partici-
pants), whereas 78% of Delphi studies in the previous metanalysis involved 50 or fewer partici-
pants [8]. Moreover, in the current study, there was a very low rate of attrition between the
two rounds. While this is partly explained by the short duration of the study process, informal
conversations with the participants also revealed that many, particularly those working in
research, were highly motivated to contribute, both because of their personal enthusiasm for
advancing canine health and welfare and because they had strong views about issues in the
research sector which they wanted to ensure were included in the analysis. This high motiva-
tion was also visible in the 95% response rate observed in the first online participation round.

In this first round, points of concern were suggested freely by participants, then condensed
and collated with minimal editorial alteration into structured parts for discussion and prioriti-
sation at the in-person workshop. This approach had advantages and disadvantages. It resulted
in a large set of 202 points of concern, which helped to generate rich and comprehensive dis-
cussions, where eventual consensus was sometimes facilitated by iterative conversations that
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returned to similar topics repeatedly. However, with so many overlapping points, few discus-
sion groups fully covered all the material during the available time.

Study participants were deliberately selected to encompass a wide range of expertise in the
canine health and welfare sector. Among those who completed the demographic information
in the pre-workshop questionnaire, 78% were female, which is likely to be broadly representa-
tive of the overall workforce in this sector, given the high proportion of women in the British
veterinary profession (64% in 2021) and the even higher proportion in related occupations
such as veterinary nursing (97% in 2021) [45]. Despite efforts to recruit more younger partici-
pants at the beginning of their careers, only one participant was aged under 25 years. This was
partly because the in-person workshop took place in early September, when RVC students
were mostly unavailable, and also reflects that the pathway to veterinary and/or doctoral quali-
fication is so extended that even early career researchers are usually aged over 25 years. How-
ever, the deliberate efforts to recruit participants across veterinary, research, funder, welfare
and breeding sectors, and to balance these perspectives across discussion groups, were largely
successful. All academic career stages were represented, ranging from several full professors to
an MSc student (and senior researchers also recalled and empathised with the experiences of
junior researchers, thus representing their perspectives).

Moreover, partly because many participants offered multiple skillsets, the quality of the dis-
cussions were rich and nuanced. Most participants had at least ten years of experience in the
canine health and welfare sector, and many commented on changes that they had personally
noticed during their careers, either as societal attitudes to canine health and welfare have
shifted over time or as genuinely new issues have arisen. For example, in discussions about
possible veterinary overtreatment and euthanasia, multiple groups noted that this ‘has become
more a problem over the years ... and . .. that young vets have difficulty in managing client
expectations’; similarly, multiple groups commented on the ‘pandemic puppy’ phenomenon,
describing subsequent problems with poorly-socialised young dogs that are rehomed, over-
whelming rescue centres—a major new issue at the time of the workshop. Discussion of both
these issues led to overall high prioritisation of the related points of concern, showing that par-
ticipants brought reflective and topical insights to their decision making.

In general, participants across all types of expertise made insightful responses to the ques-
tions in the online Delphi round that preceded the workshop, suggesting a wide and compre-
hensive range of points of concern between them. However, among the 28 respondents who
had never worked in research, 14 (50%) answered ‘don’t know’ to one or more question/s
about research and its funding. This offered useful insight that even otherwise expert stake-
holders within the canine health and welfare sector may lack knowledge about research pro-
cesses if not personally involved. This was reflected during the workshop; during the
discussion sessions, researchers sometimes had to explain issues that other participants were
entirely unaware of, such as the reluctance of some universities to accept charitable research
funding because of its exemption from overhead costs, for example.

Since all participants in the current study were actively involved in the UK canine health
and welfare sector at the time of the Delphi study, the knowledge and experience which
informed their contributions were inevitably skewed towards currently UK-relevant topics,
such as exotic diseases linked to importation or the overarching problems with the breeding
and supply of puppies. Therefore, although some UK-based not-for-profit funders of canine-
relevant research do direct considerable resources towards international concerns such as the
control of rabies [5], such topics were seldom mentioned in the discussion transcripts. Conse-
quently, the priorities identified in the current study might differ significantly in other regions,
particularly in developing countries where the trade in dogs is less lucrative, cultural hus-
bandry practices vary and patterns of enzootic disease are dissimilar from the UK [46-48].
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However, in other affluent regions where patterns of dog ownership are similar to the UK,
such as Western Europe, North America and Australasia, it is likely that similar concerns
might be identified: prior research has already identified comparable human attitudes to
extreme conformation in dogs across multiple developed countries, for example [28,49-51].

Because workshop participants were asked to observe Chatham House rules (‘participants
are free to use the information received, but neither the identity nor the affiliation of the
speaker(s), nor that of any other participant, may be revealed’), they could participate in a per-
sonal capacity informed by their own experiences and beliefs, rather than feeling compelled to
adhere to their official organisational viewpoints, although many participants also referred to
official viewpoints and contributed insights informed by the perspectives of their organisa-
tional colleagues, thus enriching group discussions and further validating the prioritisation
process [23]. Consequently, discussion transcripts sometimes captured participants finding
surprising congruence across expected sector divisions; for example, front line charity workers
agreeing with people from the show dog world about breeding practices. The variety of exper-
tise within each group meant that points of concern were often considered by people with high
expertise on that topic in dialogue with others who were ‘informed outsiders’ and therefore
challenged the established thinking, allowing useful and novel insights to be generated and
captured. Nevertheless, the tone of discussions was invariably respectful and accepting,
although sometimes impassioned. Some critics of the group Delphi format have argued that
power imbalances can cause weaker participants to be manipulated or bullied into consensus
[7]. Participants in the current study generally spoke with confidence and engaged freely in
robust debate, however. The transcripts recorded multiple participants who consciously
engaged collaboratively during the discussion process, as shown in the direct quote used in the
title of this paper, ‘Maybe we should think outside the box?’ The in-person format allowed par-
ticipants to provide contextual justification for their viewpoints and to modify individual
points of concern which they considered problematic, arguably facilitating an eventual output
with more nuance than a questionnaire-only format would have achieved. Moreover, both
within the transcripts and in the post-workshop feedback survey, some participants expressed
satisfaction at benefiting from the opportunity to speak openly with differently skilled sector
experts whom they might not otherwise have met, thus demonstrating the value of open com-
munication between stakeholder groups even during the study process itself.

Metanalyses of Delphi methodologies often challenge how consensus is agreed and evalu-
ated [8,10]. In the current study, a combination of quantitative and qualitative techniques was
used to capture both consensus and dissent. For each point of concern, the overall tenor of
discussions across all groups was captured and summarised in a short entry on sheets A-D in
S1 Dataset, which described what consensus opinion was reached. This format also captured
dissent where it occurred, both by noting where recorded verbal feedback was used to modify
the original points of concern (for example, changing ‘unregulated online trading’ to ‘lack of
regulation or regulatory enforcement for online trading’) and by noting where there was dis-
agreement within or between groups. For example, although participants agreed that ‘humani-
sation of dogs’ is a common phenomenon, there was no between-group consensus on whether
this is a priority issue that impacts canine health and welfare. This lack of consensus was coded
both qualitatively in the discussion summary and quantitatively, since this point of concern
received all possible priority scores from 1-4 across the seven discussion groups.

Despite the degree of inevitable subjectivity inherent to the Delphi process, the number of
participants and the overlap in points of concern meant that the priority scoring process was,
in general, fairly rigorous, with sufficient nuance in the transcripts to overcome some prob-
lems with the original wording of the points of concern. Time restrictions prevented all discus-
sion groups from considering all points of concern. However, at least two groups (thus a
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minimum of about 15 people, depending on group size) discussed each point, and 94% of
points were considered by at least 3 groups. This, combined with the overlapping content
across points of concern, means that most topics were considered in depth by multiple groups.

Because all group priority scores for each point of concern were averaged to create a mean
score across all participating groups, mean priority scores of < 2.0 inherently revealed which
points of concern had universally been scored higher priority, whereas points of concern with
low between-group consensus, or which were rated lower priority by all participating groups,
inevitably received larger mean priority scores (> 2.0). Points of concern which did not
achieve consensus high priority were consequently excluded from later analysis by the 2.0 pri-
ority score cut-off. However, fuller information on these lower-priority points of concern and
the accompanying scores are provided in the raw data in the S1 Dataset, and also offer valuable
insights. This material ranges from medium priority points that only just missed the 2.0 cut-
off for inclusion in the high priority groups (for example, poor husbandry of breeding dogs
(score 2.14) or active cruelty such as physical punishment or mutilation (score 2.17)) to low
priority points that were genuinely considered unimportant by almost all participants, such as
limitations of veterinary technology (score 3.86, generally considered neither a limitation nor
lacking) or duplication of research that has already been undertaken (score 4.0, generally
agreed that repeatability of research is highly desirable in the medical world and thus likely to
be undervalued in the veterinary sector).

In summary, this novel study provided broad insight into current problems in canine health
and welfare, indicating highest priority topics for more funding and investigating which topics
have been relatively underfunded in the past. Overall, there was a strong emphasis on real-
world problems and research with practical impact, with more attention directed towards
aspects of the human-canine relationship than on clinical disease. Communication across
stakeholder groups, outreach and impact were also prioritised highly, with emphasis on
increasing collaboration to maximise the effectiveness of research in advancing canine health
and welfare while also supporting the careers and wellbeing of researchers and other human
stakeholders involved with canine lives. A subsequent report by the same authors will summa-
rise the overall outputs of the complete research project from which the current study is
drawn, and will translate the findings described in the current paper into possible pathways to
sector reform, discussing how the highest priorities for change revealed here could be imple-
mented through practical innovations in research practices.

5. Conclusions

This Delphi study drew on the expertise of 59 UK-based participants involved professionally
and personally with the companion dog sector in various ways to determine which points of
concern they deemed of highest importance to canine health and welfare, its research, and to
the funding and infrastructure of this field. The themes that emerged from these discussions
centred on the importance of human factors, both in driving issues in canine health and wel-
fare and in influencing how research initiatives are structured and funded. Participants recom-
mended that engagement and real-world impact should be integral to the design of research
projects, where appropriate. Topics considered highest priority for increased future research
funding included the breeding and supply of dogs, topical issues that may need urgent investi-
gation via reactive funding, such as the cost-of-living crisis, specific real-world problems that
may not fall into disciplinary specialisms, and common chronic diseases that may be over-
looked because of their ubiquity, such as anal sac disease and periodontal disease. There was
an overarching emphasis on the benefits of collaboration and transparency in ensuring the
optimal deployment of resources throughout the canine research funding sector. Overall, this
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study provides broad and informed insights about the overall highest priorities for change in
UK canine health and welfare research and may therefore usefully inform future reform and
innovation in this sector. A subsequent report by the current authors will provide further com-
mentary and suggestions for how the suggested priorities for change in UK canine health and
welfare research could be practically achieved.
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