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Abstract

Effective, continuing professional development opportunities provide veterinarians with the
necessary skills to uphold animal welfare standards. In India, surgical neutering is integral in
successfully managing the large, free-roaming dog population; the delivery of skills-based,
training opportunities which result in long-term behavioural changes remains challenging.
Indian veterinarians attending a 12-day, practically focused, training programme on canine
surgical neutering, completed a questionnaire prior to the commencement of training and
10–12 months afterwards. Questions explored the programme’s impact on their attitudes,
working practices, and retained knowledge. A total of 207 participants completed both ques-
tionnaires. Ten to 12 months after attendance, most participants reported increased confidence
undertaking common surgical and clinical tasks; they felt both motivated and able to use their
newly acquired knowledge and skills in their workplace, with some peer-to-peer skills transfer
opportunities. Many reported high levels of employer engagement resulting in improvements in
the workplace, including equipment investment. Evidence for sustained improvements in
working practices were noted in four key areas: surgical practices, use of perioperative analgesia,
use of perioperative antibiotics, and post-operative wound management. Average knowledge
scores in four areas (surgical skills, peri-operative analgesia, post-operative antibiotics and post-
operative care) increased significantly 10–12months after the training programme as compared
to before, after accounting for other participants’ characteristics. These findings provide
evidence for sustained improvements in workplace practices and patient care after attending
a skills-based training opportunity, with a concomitant positive impact on standards of animal
welfare. Furthermore, it may inform the development and implementation of future, educa-
tional, outcomes-focused training initiatives.

Introduction

The effectiveness of veterinarians’ abilities to oversee and advocate high standards of animal
welfare is strongly underpinned by access to high-quality, educational training opportunities that
are relevant to both their professional roles and their individual requirements. The goal of any
continuing professional development (CPD) programme is in effecting long-term outcomes
evidenced by sustained, behavioural change in the workplace; by inference, this results in
improvements in patient welfare and clinical outcomes, which is the key consideration for
veterinary professionals. CPD activities that are interactive, provide skills-practice, and focus
on outcomes, are more effective at improving practices, and patient health and welfare outcomes
compared to isolated activities undertaken outwith defined structured learning (Wallace & May
2016). However, developing formal assessment protocols for CPD programmes that are reliable
and sustainable, however, is challenging (Gates et al. 2021), not least because there is currently no
formally agreed definition in the literature for what constitutes ‘effective CPD’ (Schostak et al.
2010). Evaluations can focus on various types of outcomes and frameworks have been devised to
assist in this process (Miller 1990; Guskey & Sparks 2000; Moore et al. 2004). Whilst it may be
relatively straightforward to evaluate the immediate impact of CPD programmes on knowledge,
attitude, and skills attainment before and after a training opportunity, demonstrating longer-
term outputs can be more challenging.
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India has the fastest growing major economy globally and is
forecast to become the world’s third-biggest economy in a few
years’ time (Banerji 2024; Oi 2024). Like other countries, its veter-
inary industry must constantly evolve to meet and overcome
diverse challenges; one such challenge is developing and delivering
effective solutions for managing the country’s large, free-roaming
dog population alongside the delivery of rabies control strategies.
Veterinarians must be provided with the knowledge and skills to
undertake spay neuter surgeries to a high standard of patient care,
and to conduct high-welfare, dog population management (DPM)
programmes, through the provision of effective, accessible educa-
tional training opportunities. These skills are applicable to veterin-
arians working in multiple different sectors including government
or private hospitals, charities or academia. The international vet-
erinary charity, Worldwide Veterinary Service (WVS), has been
providing residential 12-day surgical training programmes at its
international training centres (ITCs) in India since 2010, with the
objective of equipping national veterinarians with the surgical skills
and other expertise required for the safe neutering of free-roaming
dogs. The programme focuses on providing ‘hands-on’ training to
enable the improvement of practical skills in a supportive and non-
pressurised environment, closely supervised by nationally trained,
Indian veterinary staff. In addition, the skills-focused training is
augmented by didactic, lecture-based teaching covering a broad
range of surgically related topics, such as animal welfare, multi-
modal analgesia and the responsible use of antibiotics. A recent
paper described the immediate, positive impact of the training
programme on Indian veterinarians’ knowledge and confidence
through a pre- and post-educational programme assessment
(Rayner et al. 2023). However, the longer-term impacts of such
a skills-focused training programme in India is not known; critical
evaluation is needed, not only to facilitate improvements in future
content and delivery using an evidence-informed approach, but
also in the provision of information to the wider community, such
as local governments and NGOs, on the effectiveness of such
approaches.

Using structured questionnaires, pre- and around 12 months
post-training, the aim of this study was to evaluate the longer-term
outcomes of attending a canine surgical-neutering training pro-
gramme on participants’ knowledge, attitudes and practices, and to
evaluate any sustained effect on practices which improve animal
welfare.

Materials and methods

Ethical considerations

This project was approved by the University of Edinburgh Royal
(Dick) School of Veterinary Studies Human Subject Ethical Review
Committee in April 2021 (HERC_686_21). The WVS surgery
programme was approved by the Animal Welfare Board of India
(AWBI), Government of India.

The educational training programme

The structure of the training programme has been described pre-
viously (Rayner et al. 2023). Briefly, the study was conducted at two
WVS international training centres (ITCs) located in the Indian
states of Tamil Nadu and Goa; these were established by the WVS
charity in 2010 and 2016, respectively. They provide practical, sur-
gical training in humane DPM to national and international veter-
inary professionals through regular, 12-day, training programmes

taught in English. The programme focuses primarily on providing
practical experience in spay neuter surgery overseen by experienced
veterinary staff; lectures, practical demonstrations and discussion
opportunities are also provided for, covering several key topics
(anaesthesia, analgesia, responsible use of antibiotics, fluid therapy,
trauma wound management, DPM, animal welfare and rabies).

Questionnaires

Pre- and post-training questionnaires were compiled which were
designed to explore the effect of the educational training pro-
gramme on participants’ knowledge, attitudes, and practices both
during the programme induction (day 1) and 10–12 months after
completion (see Supplementary material). At the beginning of the
pre-training questionnaire, consent to use the data anonymously
for the purpose of the study was requested from individual parti-
cipants. Participants used a unique identification code for subse-
quent survey responses. Demographic questions comprised age,
gender, professional status and employment sector. A section on
working practices explored participants’ previous knowledge of,
and practices associated with, undertaking spay neuter surgery; a
proportion of these questions were used to assess knowledge.
Where participants had not previously undertaken spay neuter
surgery, they were asked to complete the questions based on their
current knowledge and understanding. This covered areas such as
surgical procedures, use of perioperative analgesia and antibiotics,
and post-operative wound care. A link to a follow-up questionnaire,
alongside their individual user ID for use during completion, was
emailed to the participants between 10 to 12 months after comple-
tion of the training. The first section comprised a series of questions
exploring their professional status since attending the programme;
this included employment status, work sector and type, whether
they had undertaken clinical work, and specifically, spay neuter
surgeries. The second section explored participants’ attitudes
regarding their motivational drive to put into practice their newly
acquire skills, whether this had been achieved and the barriers
which had prevented this. Their attitudes towards their own
confidence in undertaking specific, common, clinical and surgical
tasks since the training event, was also addressed, as well as their
overall confidence as a veterinary professional. A section on
working practices identical to the pre-training questionnaire
was included to enable a direct comparison with pre-training
status; as before, where participants had not undertaken spay
neuter surgery since the training programme, they were asked
to complete the questions based on their current knowledge and
understanding. The final section explored potential impacts of
training attendance on working practices including employer
engagement, changes to equipment, policies and procedures,
and transfer of knowledge and skills to peers. The questionnaires
were piloted initially with WVS staff members, and a small
number of participants and the results evaluated. Feedback was
obtained regarding factors such as clarity and ease of use to
improve wording and content. The amended questionnaires were
then used in the final study.

The pre-training questionnaire was administered face-to-face
using a tablet. Questions were pre-programmed into a mobile
device app designed by the WVS charity for the purpose of offline
data collection in field conditions (Gibson et al. 2018), and this app
was used to input the answers at the time of assessment. The data
were then synchronised to a secure cloud-based server for review
and analysis through a secure website login. The post-training
questionnaire was administered online, hosted by the ‘Jisc Online
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Survey system’ where data were uploaded to a secure server to
enable analysis through a secure website login.

Participant and data inclusion criteria

Indian national participants who attended and completed the
canine surgical neutering training programme at either of the two
ITCs in India and who provided their consent, were included in the
study. Data were included from Indian national participants who
completed both the pre-and post-training assessments. Incomplete
assessments were excluded.

Scoring system for knowledge-based questions

A total of 12 questions were used to assess participants’ know-
ledge of surgical topics both before and 10–12 months after
the training event; these were sub-divided into four categories
comprising ‘surgical skills’ (seven questions), ‘peri-operative
analgesia’ (three questions), ‘post-operative antibiotics’ (one
question) and ‘post-operative care’ (one question). For multiple
choice questions requiring a single correct answer (n = 11), a
score of 1 was assigned for the correct response and 0 for an
incorrect response. For the single question where three correct
responses existed, a score of 1 was awarded for each correct
response chosen and one mark was deducted for each incorrect
response selected.

Statistical analysis

Data analysis was carried out using the R Statistical programme
version 3.6.1(R Core team 2019) within RStudio 2020 v1.3.1073
(R Studio Team 2019). R package ggplot2 (Wickam 2016) andMicro-
soft Excel® (version 2410). was used to generate graphs. The signifi-
cance level was set at 0.05. A mixed-effects, multivariable linear
regression model was built, using questionnaire overall score as the
outcome variable and participant ID as a randomeffect. The aimof the
model was to estimate the difference between pre- and post-training
scores, adjusting for other factors which included age, gender, employ-
ment sector and professional status. Variable selection was carried out
using manual backwards elimination. The final model was selected
based on lowest Akaike information criterion (AIC) and simplicity.

Results

Demographics

The study ran between February 2022 and September 2023 cover-
ing 73 training programmes in total with, on average, five partici-
pants per course at the ITC in Goa and 12 participants per course at
ITC Tamil Nadu. A total of 668 Indian national participants
completed the first questionnaire and 234 participants responded
to the online questionnaire 10–12 months later, resulting in a 35%
response rate. Of these, 207 sets of data were matched and included
in the analysis. Demographic data are summarised in Table 1.

Table 1. Demographics of participants (n = 207) in the study of veterinarians in India taking part in a canine surgical neutering training programme

Pre-training
(0 months)

Post-training
(10–12 months) Missing values

Demographic

Median (range)

Age 26.5 years (22–55) N/A 0

% (number) % (number)

Gender Male 57.0% (118)

Female 42.5% (88)

Transgender 0.5% (1) N/A 0

Non-binary/non- 0.0% (0)

conforming 0.0% (0)

I’d rather not say 0.0% (0)

Professional status Employed / self-employed 62.8% (130) 81.1% (168)

Unemployed 21.3% (44) 3.9% (8) 0

Student-UG 2.4% (5) 0.0% (0)

Student-PG 11.6% (24) 15.0% (31)

Other 1.9% (4) 0.0% (0)

Employment sector Private practice 51.2% (106) 55.9% (105)

Government 22.7% (47) 25.0% (47)

Charity/NGO 8.7% (18) 12.8% (24) 19 post-

University staff 4.3% (9) 2.1% (4)

Other 13.1% (27) 4.2% (8)

Key: PG-post-graduate; UG- undergraduate; NGO-non-governmental organisation
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At the time of the programme attendance, the median age of the
participants attending the programme was 26.5 years (range 22–
55 years). The majority were male (57.0%) and employed or self-
employed (62.8%). The most common employment sector was
private practice which included 51.2% of all participants, whilst
the government was the second largest employer (22.7%). Twelve
months after the programme, 81.1% were employed and
unemployment had reduced from 21.3 to 3.9%. Similar to before
the training programme, private practice (55.9%) and government
(25.0%) were the most common employment sectors.

Participants’ experience of performing spay neuter surgeries
prior to attending the educational programme is summarised in
Table 2.

Just over 79% of participants were currently working as a
veterinarian. For most participants (60.9%), spay neuter surgery
did not form part of their current veterinary duties and 42.5% had
never undertaken this procedure. Out of the 57.5% who had, the
majority (39.6%) had done so in the previous 12 months, with the
total, estimatedmedian value of surgeries completed being five dogs
per participant (range of 1 to 80).

Participants’ clinical and surgical experiences 10–12 months
after completing the educational programme are summarised in
Table 3.

Since attendance, 90.3% (n = 187) had been employed as a
veterinarian with duration of employment ranging from 1 to
11 months (median 2 months). Of these, 96.8% (n = 180) reported

Table 2. Participants’ (n = 207) experience of undertaking spay neuter surgery prior to attending a canine surgical neutering training programme in India

Question Response option
% participants (number)

n = 207 Missing values

Are you currently working as a veterinarian? Yes 79.2% (164) 0

No 20.8% (43)

Is canine spay-neuter surgery currently a routine part
of your veterinary duties?

Yes 39.1% (81) 0

No 60.9% (126)

When was the last time canine spay-neuter surgery
was part of your veterinary duties?

Never 42.5% (88)

<12 months 39.6% (82)

1–2 years 10.6% (22) 0

>2–5 years 3.9% (8)

>5 years 3.4% (7)

Median (range)
n = 47

Estimated number of canine spay neuter surgeries completed in last 12 months 5 (1–80) 35

Table 3. Surgical working patterns of participants (n = 187) 10–12 months after attending a canine surgical neutering training programme in India

Question Response option
% participants (number)

n = 207 Missing values

Since attending the surgical training, have you worked as a veterinarian? Yes 90.3% (187) 0

No 9.7% (20)

Of those who have worked as a veterinarian since training (n = 187):

Number of months worked as a veterinarian 2 (median) 0

1–11 (range)

% (value)

Has your job involved clinical work? Yes
No

96.8% (180)
3.2% (6)

1

Is canine spay-neuter currently part of your veterinary duties? Yes 69.6% (130) 0

No 25.1% (47)

Not currently working as a vet 5.3% (10)

Number of participants who have undertaken canine
spay-neuter surgery since the programme*

95.2% (178) 0

Median (range)
n = 174

Number spay-neuter surgeries undertaken per participant 18 (1 to 2,867) 4

*Data calculated from those participants who stated that they had undertaken 1 or more spay-neuter surgeries since attending the training programme
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they had undertaken clinical work. One or more spay neuter
surgeries had been undertaken by 95.2% (n = 178) of participants
since attending the training programme (the median number of
spay neuter surgeries carried out was 18 and ranged from 1 to
2,867); and spay neuter surgery was currently a part of their routine
work for 69.6% (n = 130) of participants.

A comparison of the percentage of participants who had under-
taken spay neuter surgeries, and the number of surgeries performed

per participant, both prior to and after the programme, are shown
in Figure 1.

Knowledge scores

To evaluate longer-term, knowledge retention, scores from all
participants (n = 207) were included in the analyses, regardless of
whether or not they had worked as a veterinarian since attending
the training programme. The maximum score possible for the
12 questions included in the knowledge assessment was 14. The
results are summarised in Figure 2. Regression modelling indicated
that average knowledge scores had increased by 2.20 (95% CI 1.86
to 2.55) points 10–12 months after the end of the training
programme as compared to before, after accounting for other
participants’ characteristics. Those aged > 29 to 34 years and in
employment categorised as ‘other’ were associated with signifi-
cantly lower average scores.

Self-reported confidence

Attitudes regarding self-confidence in carrying out common sur-
gical and clinical tasks of those participants who had worked as a
veterinarian since attending the training opportunity (n = 187) are
summarised in Figure 3. There was a high agreement that their
confidence had increased in all the tasks since attending the training
programme.

Figure 2. Multivariable linear regression model estimating differences in scores for participants (n = 207) before and 10–12 months after attending a canine surgical neutering
training programme in India and adjusting for participants’ characteristics. * Signifies P < 0.05.

Figure 1. Comparison of the percentage of participants who have (a) undertaken spay
neuter surgeries and (b) the number of surgeries performed per individual, both before and
10–12 months after attending a canine surgical neutering training programme in India.
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Motivations and opportunities for knowledge/skills usage and
transfer

Participants’ attitudes regarding theirmotivation to use their know-
ledge and skills, and the availability of opportunities both to imple-
ment these and for transferring these to their colleagues, were

explored and the results are summarised in Figure 4. Out of those
participants who had worked as a veterinarian since attending the
training opportunity (n = 187), 97.8% respondents agreed/strongly
agreed that they felt motivated to use their newly acquired skills in
their workplace; furthermore, themajority (96.3%) had been able to
use these skills at a practical level. Those who were unable to do so

Figure 3. Participants’ (n = 187) self-rated confidence in undertaking surgical and clinical tasks 10–12 months after attending a canine surgical neutering training programme in
India.

Figure 4. Participants’ (n = 187) motivations and opportunities for skills usage and transfer to workplace colleagues 10–12 months after attending a canine surgical neutering
training programme in India.

6 Emma L Rayner et al.



were asked to give reasons; these included: “working at a speciality
clinic. Procedures like spay and castration are not routine”; “non-
clinical workspace”; “I am pursuing my post-graduation in medi-
cine. Unfortunately, I don’t have a good chance of performing OHE
and castration”; “no ample opportunity”; and “I have been prepar-
ing for NAVLE”. Over 97% agreed/strongly agreed that their career
opportunities had been improved through programme attendance.
Questions were asked regarding the wider impact of their pro-
gramme attendance on their workplace colleagues. Participants
reported that their colleagues were interested to hear about their
experience of the training opportunity (95.2% agreed/strongly
agreed) and felt supported by them to use their new skills in the
workplace (94.7% agreed/strongly agreed). Furthermore, 93.0% of
participants agreed/strongly agreed that they had been able to
transfer some of their knowledge and skills through teaching
opportunities.

Impact on workplace practices

The potential impact of the training programme attendance on
improving workplace practices, and participants’ experiences dis-
cussing and initiating these with their employer, were explored and
the findings summarised in Table 4.

Out of those participants who hadworked as a veterinarian since
attending the training opportunity (n = 187), 90.4% were able to
identify areas for improvement in their workplace based on infor-
mation they had acquired during the programme, and out of these,
92.9% felt able to approach their employer to discuss them. A high
rate of employer compliance followed discussions, with permission
for implementation of some (60.9%) or all (29.0%) the proposed
suggestions. Resulting from the training programme attendance,
just over one-quarter (26.0%) of workplaces invested in new equip-
ment. When asked to provide examples of equipment invested, the
following were mentioned: endotracheal tubes, surgical scrub solu-
tion, IV catheters, headlamps, weighing machine, radiography
equipment, orthopaedic instruments, electro-cautery and general
laboratory, surgical and anaesthetic equipment. An autoclave was
also repaired. Furthermore, 32.5% of workplaces invested in new

clinical drugs: these comprised antibiotics (ampicillin, amoxicillin,
ceftriaxone), analgesics (butorphanol, lidocaine, tramadol, bupre-
norphine), anaesthetic agents (propofol, meloxicam) and an anti-
histamine (pheniramine).

The following practices relating to four key components of the
training programme were investigated further: the use of multi-
modal analgesia, the responsible use of antibiotics, surgical prac-
tices and post-operative wound management. Participants were
asked to base their answers either on their direct experience of
undertaking spay neuter or their knowledge and understanding of
the process, either before or after attending the training programme
(n = 207).

Perioperative use of analgesia
Overall, reported standards of practices in the use of peri-operative
analgesia were high; these improved after attending the training
programme.Theprevalence of participants administeringpre-emptive
analgesia routinely before surgery was 84.1% prior to the training
programme, which subsequently increased to 95.7% approximately
12months later. Therewas an increase in the administration of routine
analgesia to bothmale and female patients (86.7 to 93.4%). The routine
use of post-operative analgesia remained similar (77.3% pre- and
78.7% post-training). The median number of days that post-operative
analgesia was routinely provided was three days for both time-points.
Results are summarised in Table 5.

Perioperative use of antibiotics
The routine administration of a pre-operative antibiotic was
reported commonly amongst participants, both prior to and after
the educational programme (70.0 and 87.9%, respectively); the
choice to administer to both male and female dogs also increased
from 62.8 to 89.6% after the programme. Themost popular route of
administration at both time-points was intra-venous, where preva-
lence increased from 72.9 to 87.4%. Results are summarised in
Table 6.

Use of both the intramuscular (19.2% pre- and 8.2% post-
training) and subcutaneous (7.4% pre- and 4.4% post-training)
routes decreased after the programme; the median time-period
from administration to start of surgery remained similar before
and after the training programme for the intravenous route (15min
pre- and post-) and intramuscular (30 min pre- and post-); for the
subcutaneous route, there was an increase from 10min pre-training
to 30 min post-training. The use of post-operative antibiotics
decreased from 85.8 to 55.1% after the programme.

Preferences over the class of antibiotics used are summarised in
Figure 5. Prior to the training programme, participants favoured
the 3rd generation cephalosporins as their drug of choice for both
peri- (56.3%) and post-operative (49.1%) use. This was followed by
amoxicillin or ampicillin peri-operatively (29.9%), post-operatively
(29.6%). After the training programme, there was a decrease in the
use of 3rd generation cephalosporins both prior to (13.1%) and
post- (24.9%) surgery and a concomitant increase in the use of
amoxicillin, ampicillin and amoxicillin-clavulanate. Results from
the question “of those who give antibiotics routinely after surgery,
how many days are they given” were omitted due to a previously
undetected error in the response options which precluded accurate
data evaluation.

Surgical practices
Participants were asked to choose the response that bestmatched their
routine working practices in the following, pre-operative procedures:
endotracheal (ET) intubation, intravenous (IV) canula placement, and

Table 4. Impact on workplace practices of veterinarians (n = 187) 10–12
months after attending a canine surgical neutering training programme in India

Question Yes No

After attending the course, were you able
to identify working practices in your
workplace which could be improved?

90.4% (169) 9.6% (18)

Of those that answered ‘yes’ (n = 169):

Did you feel able to approach employer to
discuss your suggestions for improving
working practices?

92.9% (157) 7.1% (12)

Did your employer allow you to make the
changes?

60.9% (103)
(some)

10.1% (17)

29.0% (49)
(all)

Has your workplace invested in any new
equipment as a result
of you attending the course?

26.0% (44) 74.0% (125)

Has your workplace begun to use any
drugs as a result of you attending the
course?

32.5% (55) 67.5% (114)

Animal Welfare 7



IV fluid administration. Results are shown in Table 7. Routine ET
intubation of all dogs was performed by 55.7% of participants prior to
the training programme and this increased to nearly 80% of partici-
pants 10–12 months afterwards. A reduction in the other response
options for when ET tubes are used were also noted after the training
programme, namely only female dogs (3.6 to 2.4%), only dogs with
underlying health concerns (15.5 to 5.9%), only if there is an emer-
gency (6.2 to 3.4%), ET tubes are not available (8.8 to 7.2%) and ET
tubes are not used (10.2 to 1.4%). Regarding placing an intravenous
cannula routinely during spay neuter surgery, the reported use in all
dogs prior to the training programme was already high (86.5%);
approximately 12 months after training programme attendance, this
had increased to 95.7%. The other response options were low initially
and changed only slightly after the training programme; the most
notable change was a decrease in the response option “only dogs with
an underlying health concern” from 5.0% pre- to 1.3% post-training.

The absence of placement due to IV catheters not being available
decreased from 2.5% (pre-) to 1.0% (post-). Intravenous fluids were
administered routinely by nearly 89% of participants before the
training programme, increasing to nearly 97% after the event.
Whilst 3.6% only gave fluids if there was an underlying health
concern prior to training, this subsequently reduced to 1.4% post-
training. Preclusion of administration due to IV fluids not being
available decreased from 2.0% (pre-) to 0.5% (post-).

Post-operative wound management
Participants were asked about their working practices involving
post-operative wound management. The responses are illustrated
in Figure 6. The prevalence of performing both wound and pain-
scoring assessments increased after the surgical training, with an

increase from 55 to 81% for wound scoring and an increase from
44 to 78% for pain scoring. A reduction in wound bandaging was
noted from82 to 50%; similarly, there was amodest reduction in the
use of an Elizabethan (e-collar) from 85 to 69%.

Lastly, participants were asked to list the areas where they had
they had been able to improve working practices within their
workplace. Out of the 187 participants who had been employed
as a veterinarian since attending the training programme, 169 listed
one or more areas: responsible use of antibiotics (n = 123), aseptic
practices (n = 119), surgical neutering practices (n = 114), post-
operativewound assessment (n= 112), anaesthesia protocols (n = 103),
rabies vaccination programmes (n = 94), animal welfare assessment
(n = 91), traumatic wound management (n = 81), euthanasia
decision-making (n = 73), and rabies diagnosis (n = 62).

Discussion

The aim of this study was to assess the longer-term impacts on
Indian veterinarians who had attended a training programme on
canine surgical neutering 10–12months previously. This follows on
from a recently published report demonstrating the immediate
improvements in knowledge and attitudes regarding their own
confidence amongst a similar cohort attending the same training
programme (Rayner et al. 2023). Here, we were interested in
exploring the sustained effects of the training programme; these
included participants’ attitudes regarding their ownmotivations for
using newly acquired knowledge and skills in the workplace setting,
their ability to effect changes and how receptive their employers
were to this; the type of changes implemented; and opportunities
for skills transfer with their colleagues. The period of 10–12months

Table 5. Self-reported routine use of perioperative analgesia during spay-neuter surgery by veterinarians in India (n = 207) before and 10–12 months after attending
a canine surgical neutering training programme

Question
Response
option

% participants (number)
n = 207

Missing responsesPre-training
(0 months)

Post-training
(10–12 months)

Do you give pre-emptive analgesia given
routinely before surgery?

Yes 84.1% (174) 95.7% (198)

No 9.1% (19) 4.3% (9) 0

I don’t know 6.8% (14) N/A

Choose the option that best
describes your practice.

I routinely give analgesia to
all female dogs only

2.9% (5) 1.0% (2) 34 pre-
9 post-

I routinely give analgesia to
all male dogs only

0.0% (0) 1.0% (2)

I routinely give analgesia to both
male and female dogs

86.7% (150) 93.5% (185)

It depends on the circumstance 9.8% (17) 4.5% (9)

I don’t know 0.6% (1) N/A

Do you give analgesia
routinely after surgery?

Yes 77.3% (160) 78.7% (163)

No 19.3% (40) 21.3% (44) 0

I don’t know 3.4% (7) N/A

Median (range) Median (range)

How many days after surgery is
analgesia routinely given?

3 (1–15) 3 (1–20) 0

N/A- ‘I don’t know’ not given as response option for post-course questionnaire.
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was chosen as this was deemed adequate time for the development
of these described effects within the context of a busy working
environment. The practical training programme had a strong
‘hands-on’ ethos which focused specifically on practical sessions
to improve skills; this has been shown to address a current, key
training need for this specific target audience of Indian veterinar-
ians (Rayner et al. 2025). The educational programme was struc-
tured with the intention of creating a supportive, non-pressurised
environment for participants to develop, practice and consolidate
common surgical and clinical skills necessary for conducting canine
spay neuter surgeries, as well as other, related, surgical and clinical
procedures whilst upholding patient welfare. Therefore, a key
programme objective was to improve participants’ confidence in
their practical abilities and, thereby, attain the competence neces-
sary to integrate these skills into their future professional activities.
It is relatively straightforward to demonstrate short term success of
a CPD opportunity using methods such as pre-and post-training
assessments; however, to provide evidence of sustained behavioural
changes in the workplace and improvements in patient care, an
outcome-focused approach is necessitated. Various models for
assessing outcomes of CPD activities have been developed; most
notably that devised by Moore et al. (2009) which has incorporated
several other frameworks with the intention of integrating planning
and assessment throughout learning activities. Within this over-
arching assessment, they have incorporated the four levels of

competency defined by Miller’s (1990) pyramid, namely: “knows”
(declarative knowledge), “knows how” (application of knowledge),
“shows how” (competency) and “does” (workplace performance).
An alternative, five-level approach has been described by Guskey
and Sparks (2000) focusing on CPD outcomes’ assessment within
the teaching profession. In addition to capturing aspects of useful-
ness of the training to participants, it also importantly considers the
role of the employer in facilitating the adoption of learning in the
workplace. Their five level approach comprises: level 1 - partici-
pants’ reactions, such as enjoyment, usefulness and opinions on the
learning experience; level 2 - participants’ learning, i.e. knowledge
and skills acquisition as defined by the learning objectives; level 3 -
organisational (employer) factors to support changes suggested by
the participant as a result of training programme attendance; level
4 - use of knowledge and skills, enabling implementation in every-
day practice in their workplace; and level 5 - clinical outcomes,
i.e. notable improvements in patient care and other areas. These
levels provide opportunities for assessment of CPD impact on
participants at different stages which can be integrated into an
overarching strategy for measuring outcomes (Balmer 2013).

Participants’ feedback on their experiences (aka level 1 of Guskey
& Sparks’ approach) and the immediate impacts of any training
programme of factors such as knowledge (level 2), are relatively
straightforward to evaluate through a pre- and post-training evalu-
ation. Thesemay include knowledge and skills testing, self-evaluation

Table 6. Self-reported routine use of perioperative antibiotics during spay-neuter surgery by veterinarians in India (n = 207) before and 10–12 months after
attending a canine surgical neutering training programme

Question

% participants (number)
n = 207

Missing responsesResponse option
Pre-training
(0 mths)

Post-training
(10–12 mths)

Do you give antibiotics given
routinely before surgery?

Yes 70.0% (145) 87.9% (182)

No 27.5% (57) 12.1% (25) 0

I don’t know 2.5% (5) N/A

Choose the option that best
describes your practice

I routinely give antibiotics to
all female dogs only

1.4% (3) 2.7% (5) 0 pre-

I routinely give antibiotics to
all male dogs only

0.5% (1) 0.0% (0)

I routinely give antibiotics to
both male and female dogs

62.8% (130) 89.6% (164) 24 post-

It depends on the circumstance 24.2% (50) 7.7% (14)

I don’t know 11.1% (23) N/A

Route of administration used Intravenous
Median time*:

72.9% (148)
15 mins

87.4% (160)
15 mins

4 pre-
24 post-

Intramuscular
Median time*:

19.2% (39)
30 mins

8.2% (15)
30 mins

Subcutaneous
Median time*:

7.4% (15)
10 mins

4.4% (8)
30 mins

Other
Median time*:

0.5% (1)
1 min

0.0% (0)
0 mins

Do you give antibiotics
routinely after surgery?

Yes 85.8% (175) 55.1% (114) 3 pre-
0 post-

No 11.3% (23) 44.9% (93)

I don’t know 2.9% (6) N/A

N/A- ‘I don’t know’ not given as response option for post-course questionnaire. * refers to the time-period between drug administration and start of surgery.
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of confidence and general feedback on their experiences (Shea &
Shaw 2012; Schnabel et al. 2013; Shaw et al. 2016; Rayner et al. 2020,
2023) and, depending on their format, assess three of the four levels
inMiller’s pyramid of competency (‘knows’, ‘knows how’ and ‘shows
how’). The fourth level in Miller’s (1990) pyramid of competency
(‘does’) requires an assessment focus in the workplace, with a focus

on long-term changes in practices and patient outcomes, which was
the primary focus of this study. Of particular interest to us was
whether participants feltmotivated in their workplaces to applywhat
they had learnt. Numerous reports have shown that simple attend-
ance at a CPD event to be insufficient tomotivate behavioural change
(Gates et al. 2021). Recent research has highlighted the need for

Figure 5. Participants’ (n = 207) choice of antibiotic for using during the (a) pre- or (b) post-operative periods, both before and 10–12 months after attending a canine surgical
neutering training programme in India.
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skills-based learning opportunities for Indian veterinarians and a
shortage of such opportunities (Rayner et al. 2025).

The WVS surgical training programmes in India are heavily
oversubscribed resulting in high competition for places, including

newly graduated, unemployed veterinarians wanting to improve
their practical skills and, thereby, chances of employment; it is likely
that the attending participants were already motivated to seek out
this specific opportunity and, by inference, may bemore inclined to

Table 7. Self-reported routine use of ET intubation, IV catheter placement and IV fluid administration during spay-neuter surgery by veterinarians in India (n = 207)
before and 10–12 months after attending a canine surgical neutering training programme

Question Response

Percentage of respondents(number)

Missing responses
Pre-training
(0 months)

Post-training
(10-12 months)

Which dogs are routinely intubated
during spay-neuter surgery?

All dogs 55.7% (108) 79.7% (165) 13 pre-
0 post-

Female dogs only 3.6% (7) 2.4% (5)

Only dogs with an underlying health concern 15.5% (30) 5.9% (12)

Only if there is an emergency 6.2% (12) 3.4% (7)

ET tubes are not available 8.8% (17) 7.2% (15)

None 10.2% (20) 1.4% (3)

I don’t know 0.0% (0) NA

Which dogs have an IV cannula placed
routinely during spay neuter surgery?

All dogs 86.5% (174) 95.7% (198) 6 pre-
0 post-

Female dogs only 1.5% (3) 1.0% (2)

Only dogs with an underlying health concern 5.0% (10) 1.3% (3)

Only if there is an emergency 0.0% (0) 0.5% (1)

IV catheters are not available 2.0% (4) 0.5% (1)

None 2.5% (5) 1.0% (2)

I don’t know 2.5% (5) NA

Which dogs have IV fluids given routinely
during spay neuter surgery?

All dogs 88.8% (175) 96.6% (200) 10 pre-
0 post-

Female dogs only 2.0% (4) 0.5% (1)

Only dogs with an underlying health concern 3.6% (7) 1.4% (3)

Only if there is an emergency 3.6% (7) 0.5% (1)

IV fluids are not available 2.0% (4) 0.5% (1)

None 0.0% (0) 0.5% (1)

I don’t know 0.0% (0) NA

N/A- ‘I don’t know’ not given as response option for post-course questionnaire. * refers to the time-period between drug administration and start of surgery.

Figure 6. Participants’ (n = 207) post-operative wound practices before and 10–12 months after attending a canine surgical neutering training programme in India.
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implement changes. Indeed, nearly 90% agreed or strongly agreed
that they had felt motivated to make improvements in their work-
ing practices. However, it is known that intrinsic motivation is also
more likely to occur through attainments in knowledge and com-
petency; evidence for this was noted in the significant improve-
ments in knowledge after the training programme compared to
before, alongside high, sustained levels of confidence in their abil-
ities. It is suggested that implementing changes in their workplaces
and witnessing positive outcomes likely consolidates confidence and
an ensuing sense of achievement.Whilstmotivation is a driving force
required for change, a key factor in the successful implementation of
this is the degree of employer compliance (level 3), and this is seldom
evaluated (Gates et al. 2021). Lack of employer engagement can act as
an impediment to veterinarians’ ability to implement their acquired
knowledge and skills to improve workplace practices (level 4) and
patient care and welfare (level 5), both of which are considered by
many as the ‘gold standard’ for evaluating effective outcomes of a
training programme attendance. Our study focused on evaluating
changes in practices nearly a year after attendance which was
considered a sufficient period for these opportunities to occur.
We found a high level of support in engagement from employers
in both willingness to engage with participants by listening to
suggestions for improvements and agreeing to these. It was
interesting to note that nearly 98% felt they could approach their
employer, with employers supporting implementation of some
(63%) or all (30%) of their changes. Whilst the employers
included in this study may not be a representative sample of
the general veterinary workforce in India, these findings are
encouraging; however, it is evident that a degree of resistance
from the workforce exists. Of notable consideration is that many
of the participants were likely to be junior veterinarians (median
age: 26.5 years) and may have only been recently employed in
their current positions; as such, this may have been a barrier to
the implementation of suggested changes by their employer.
Around a quarter of workplaces invested in new equipment
and a third in implementing the use of new drugs. Examples of
newly purchased equipment comprised: endotracheal tubes for
securing the airway during general anaesthesia; surgical scrub
solution for facilitating surgical asepsis and reducing the inci-
dence of nosocomial infections; and anaesthetic equipment for
improving patient safety and comfort during surgery. Invest-
ments in key pieces of equipment are foundational steps in raising
standards of clinical care, enhance patient safety and improve
their overall welfare experience.

We chose to investigate aspects of the educational programme’s
teaching content which we felt were of key importance in conduct-
ing canine spay neuter surgery, as well as having wider implications
for animal welfare in other surgical and clinical scenarios; these
were peri-operative analgesia, the responsible use of antibiotics,
surgical practices and post-operative woundmanagement. The aim
was to demonstrate, via subjective, self-reporting evaluation, evi-
dence that veterinarians had critically reflected on their current
practices and had, subsequently, altered their behaviours accord-
ingly (level 4). The effective use of analgesia throughout the peri-
operative period has a profound improvement on the welfare
experience of the individual patient undergoing and recovering
from a surgical procedure. Our findings showed that the prevalence
of routine delivery of peri-operative analgesia improved after the
training programme with the largest improvement seen pre-
operatively (a rise from 80 to 95% for both male and female dogs).
Published findings on the use of pre-operative analgesia in surgical
procedures vary amongst veterinary general practitioners globally.

In one study, analgesic drugs were routinely administered before
and during canine OHE by Brazilian veterinarians (Lorena et al.
2014); Swiss veterinarians routinely used pre-operative analgesics
for dogs and cats 71–96% of the time for a surgical procedure
(Perret-Gentil et al. 2014); 98% of Canadian veterinarians reported
using analgesics for canine OHE and castration (Reimann et al.
2017); and for canine surgeries, 72% of Australian veterinarians
reported administering pre-operative analgesia, but only 24% dis-
charging their patients with ongoing analgesia for OHE (Weber
et al. 2012). It was encouraging to see most veterinarians in our
cohort using a pre-emptive approach to pain management, as well
as high post-operative pain support, which contributes to a smooth
anaesthetic experience, reduced post-operative pain and the pro-
motion of uncomplicated wound healing (Lamont et al. 2024).

An important influence on both animal and human welfare is
the responsible use of antibiotics. Antimicrobial resistance (AMR)
remains a critical, global, health threat and it is estimated that AMR
was directly responsible for 1.27 million human deaths in 2019 and
contributed to 4.95million deaths (Murray et al. 2022). In India, the
use of antibiotics is high, with alarming rates of antibiotic resistance
reported (Manesh & Varghese 2021; Vijay et al. 2021b, 2023).
Veterinarians are intrinsically positioned in the heart of the human-
animal-environment, or One Health, triad and, consequently, hold
a position of great responsibility in influencing outcomes. There-
fore, they must lead the way in upholding and promoting anti-
microbial stewardship (Caneschi et al. 2023). There is an urgent
need for improved awareness of AMR amongst veterinarians glo-
bally; in India, specifically, recent studies have highlighted the focus
for clearer prescribing guidance and legislations around antibiotic
use by policy-makers (Rao et al. 2015; Kumar et al. 2019; Mutua
et al. 2020; Vijay et al. 2021a; Eltholth et al. 2022). The judicious use
of a single, intravenous, pre-operative, narrow spectrum, penicillin-
based antibiotic for spay neuter surgeries conducted during the
course, with a follow-up dose if surgery time exceeds 90 min, have
been considered prudent to mitigate the potential increased risk of
surgical site infections whilst participants are learning. However,
the course curriculum clearly explains this reasoning to participants
as part of a wider, comprehensive teaching session on the respon-
sible use of antibiotics in both routine spay neuter surgeries and
other clinical/surgical scenarios in the workplace, in accordance
with global guidelines on the responsible use of antibiotics (OIE
2020; WSAVA 2024) and advocate the principles of the British
Small Animal Veterinary Association/Small Animal Medicine
Society ‘ProtectMe’ guidelines (BSAVA/SAMSoc 2024). Our find-
ings showed that participants’ working practices had changed
favourably in several areas after attendance, with a decrease in their
routine use of antibiotics post-operatively and an increase in a
single dose administered pre-operatively. Furthermore, there was
a decrease in the first line use of Category B classes (highest priority
critically important antibiotics), such as fluoroquinolones and
third-generation cephalosporins (EMA 2020), with a concomitant
increase in ampicillin, amoxicillin and amoxy-clavulanate usage.
An important consideration when contextualising these findings is
that, although the focus of the training programme was on the safe
approach to canine spay neuter surgeries in free-roaming dogs, the
majority (66%) of participants were employed in private practice
after attending, with only 13% employed in a charity/NGO setting.
It is possible that participants faced varying degrees of resistance
from their employers, particularly those working in private prac-
tice, where long-standing practice policies and entrenched attitudes
regarding antibiotic use may have prohibited change. By contrast,
one could argue that veterinarians overseeing large-scale spay-
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neuter campaigns to manage dog populations may have more
influence on antibiotic protocols. Whilst these findings, overall,
are encouraging, further research is necessary to understand cur-
rent attitudes towards, and barriers preventing, change. Addition-
ally, from a broader perspective, whilst educational initiatives are
needed, theymust form part of a higher-level, structured andmulti-
faceted approach to understand the factors influencing the appro-
priate use of antibiotics (Fazaludeen Koya et al. 2022) which can
then inform regulatory changes, and support initiatives such as
antibiotic stewardship programmes and awareness campaigns.

The most notable improvement in the participants’ surgical
practices was the routine use of an ET tube to secure patients’
airways during surgery (increasing from 56 to 80%). Patient safety
is improved multi-fold through the provision of a patent airway,
facilitation of mechanical ventilation and protection of lower air-
ways from aspiration of fluids (Mosely 2024). The routine use of
IV cannula placement and the administration of IV fluids also
increased post-attendance. Improvements were also noted in the
management of the surgical wound healing with, for example, fewer
veterinarians bandaging the wound, and a greater uptake of routine
patient pain and wound scoring. All these contribute to improved
standards of care during surgical neutering and recovery.

A component of an outcomes-based evaluation of a learning
opportunity may also include the knowledge and skills transfer to
workplace peers. Indeed, there was a high degree of such sharing of
their experiences, with their colleagues reportedly interested and
supportive. Peer-to-peer learning has been shown to be effective
within the context of undergraduate learning (McMichael et al.
2021; Ormandy 2021; Kelly et al. 2022) and whilst studies are
lacking in the effectiveness of this more ad hoc approach to learning
in the workplace setting, it is reasonable to assume that this is
beneficial, especially when receptivity is high amongst colleagues.
This sharing of information may show a degree of similarity with
the more formally assembled ‘communities of practice’ (CoP)
which is a system of social learning where individuals come
together to share knowledge and collaborate around a common
theme. The type and extent of peer-to-peer learning was not
examined in this study, and whilst it is known that Indian veterin-
arians communicate and share information regularly through
social media (Rayner et al. 2025), knowledge sharing may be
occurring outwith the workplace via these types of platforms.

The authors acknowledge that there were limitations in the
methodology. Firstly, logistical restrictions prevented the inclusion
of a comparative control group of veterinarians who had not
attended the training programme. Consequently, improvements
in variables such as knowledge assessed by the pre- and post-
programme assessmentmay have been influenced by other learning
opportunities, such as attendance at other CPD opportunities or
peer-to-peer interactions. We also acknowledge that the data were
reliant upon participant self-reporting. This approach has the
potential to introduce bias, such as social desirability bias, and
may have influenced response choices to ones that were predicted
to appear more ‘favourable’ by the participant. However, as the
follow-up questionnaire was completed online and anonymity was
maintained, it was predicted that this likelihood was reduced. The
response rate for the second questionnaire was low (35%) and is in
accordance with other published data (Moore et al. 2004; Wu et al.
2022). It is possible that the data may be skewed to include a
disproportionately larger number of more motivated respondents,
who may be more willing to implement changes. Furthermore, the
younger median age (26.5 years) of participants may also be asso-
ciated with this, as well as other unknown characteristics. Lastly,

participants who did not have practical experience of any of the
scenarios explored in the pre-training questionnaire were asked to
respond from a theoretical perspective based upon their current
knowledge and understanding; this may have resulted in some
differences in responses compared to their more experienced coun-
terparts. Despite these limitations, the results provide evidence of a
sustained improvement inmultiple aspects of the working practices
of the Indian veterinarian participants, as well as identifying poten-
tial opportunities to refine training methods to enhance long-term
benefits.

Animal welfare implications

This study has evaluated the long-term impacts of a skills-focused
training opportunity delivered to veterinarians in India; the over-
arching outcome being to ensure competency in performing their
roles to the best of their ability and upholding the welfare standards
of animals in their care. We have demonstrated evidence for
improvements in long-term knowledge retention and in self-
reported practices which will promote enhanced welfare of dogs,
and potentially other species, under their care. Within the context
of canine surgical neutering of free-roaming dogs, specifically,
there are multiple opportunities for animal welfare to be com-
promised from catching through to release (Bacon et al. 2017) and
a recent welfare assessment highlighted such parameters that are
directly related to the quality of veterinary care, such as analgesia,
aseptic technique, surgeon’s experience, length of surgery and
dedicated anaesthetic monitoring (Bacon et al. 2019). With the
current need for relevant CPD opportunities, especially skill-
based training, demonstrating their effectiveness provides assur-
ance for positive impacts in patient care and welfare. Overall,
these findings will contribute to the current knowledge gap in the
literature regarding the long-term effects of this type of training
and can help inform the development and implementation of
future, educational initiatives.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/awf.2025.30.
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