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Abstract

Experimental procedures involving farm animals are often associated with stress due to
restraining. Stress can be reduced through use of positive reinforcement training, which then
serves as refinement according to the 3Rs principles. Trainer skills, however, may influence the
feasibility and success of animal training. The potential influence of trainer skills as well as the
education of animal trainers are rarely described in literature but are necessary information for
the implementation of positive reinforcement training as a refinement measure. To investigate
the effect of educational programmes on animal trainers, we compared the training success of
two groups of participants in training goats to elicit a behaviour that would allow simulated
venipuncture. One group was educated in a two-day workshop while the other was provided
with specific literature for self-instructed learning. Training success was evaluated using an
assessment protocol developed for this study. A greater training success in the WORKSHOP
GROUP, reflected by objective and subjective measures, was clearly supported statistically. In
addition, 73 versus only 13% of the participants of the WORKSHOP GROUP and the self-
instructed BOOK GROUP, respectively, stated that they could completely implement the
knowledge gained in the course of this study. Our results indicate that more intensively educated
trainers can train animals more successfully. In conclusion, if animal training is implemented as
refinement, animal caretakers should receive instruction for positive reinforcement training.

Introduction

Fewer farm animals are used in (biomedical) research than rodents, but a fair number of these
animals are regularly subjected to experimental procedures. In 2020, 118,002 mammalian farm
animals, such as pigs, goats, sheep, cattle, and equids, were used for experiments in the EU,
including Norway (European Commission 2023). Experiments with farm animals include basic
research, translational and applied research, as well as regulatory use and routine production.
With further progress in xenotransplantation (Hawthorne 2022), which describes the trans-
plantation of organs, tissue or cells from one species (e.g. pig) to another (e.g. human), and
numerous examples for farm animals as biomedical models (Hamernik 2019), their relevance
may increase in the future.

Special caution is required when handling farm animals due to their size and strength.
Forceful restraining techniques are often implemented for job safety and practicability. These
techniques include manual restraint, livestock crushes, or headlocks. Certain techniques (for
example, the use of a nose plier in cows) restrain the animal and distract it simultaneously by
inflicting modest pain (Rosenberger et al. 1977). Various studies have shown that routine
procedures, for instance separation, blood sampling or restraining techniques can cause stress
in different species of animals (Balcombe et al. 2004; Yardimci et al. 2013; do Vale et al. 2020).
Stress, in turn, affects the welfare of the animals involved and may also affect the reliability of the
results in those studies (Poole 1997; Bailey 2018).

Reducing stress in laboratory animals to an absolute minimum reflects refinement according
to the 3Rs principles (Russell & Burch 1959). Accordingly, refinement is thought to increase
animal welfare. In the desire to strike a balance between reducing animals’ stress while ensuring
procedures are able to be performed, both in terms of safety and practicality, a solution may exist
in the form of husbandry training. Here, we define husbandry training as animal training based
on shaping through positive reinforcement with the intention of encouraging the animal to
co-operate and voluntarily endure husbandry and/or veterinary procedures. The term shaping
was introduced by Skinner (1951) and describes the selective reinforcement of gradually
improving approximations to a specific desired response or behaviour. Some examples in shaping
of farm animals are trailer-loading for horses (Ferguson & Rosales-Ruiz 2001; Slater & Dymond
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2011) or sheep shaped to behave like petting sheep (Fernandez
2020). Shaping involves so-called reinforcers. A primary positive
reinforcer is a reward (e.g. food) following a behaviour, which
increases the likelihood of the animal repeating said (desired)
behaviour. This stimulus is regularly presented after the occurrence
of the behaviour. A clicker works as a so-called secondary reinfor-
cer. A secondary reinforcer is a signal, such as a sound or spoken
word, that serves as a time-bridge between a behaviour and the
pleasant stimulus (primary reinforcer).

Evidence exists of positive effects of husbandry training
(Schapiro et al. 2001; Laule et al. 2003; Bloomsmith et al. 2015;
Leidinger et al. 2017; Lomb et al. 2021). For instance, Schapiro et al.
(2001) describe that positive reinforcement training increases
affiliative behaviour among rhesus macaques (Macaca mulatta),
which may indicate a general increase in welfare through training.
Furthermore, Lomb et al. (2021) demonstrate that positive
reinforcement training reduced avoidance behaviour in cattle dur-
ing and after subcutaneous injections. Husbandry training con-
ducted with positive reinforcement has its origin in zoos
(Fernandez & Martin 2021) and has become an essential compo-
nent of work with zoo animals (Colahan & Breder 2003; Savastano
et al. 2003; Bloomsmith et al. 2015; Melfi et al. 2020). However, it
has rarely been described for farm animals. Some of the few
examples with farm animals are sling (Jonholt et al. 2021) or target
training (Yang et al. 2021) in pigs, or training for subcutaneous
injections in cattle (Lomb et al. 2021).

Animals can be trained with varying efficiency in respect to
invested time and precision of the trained behaviour (Schapiro
et al. 2003; Paredes-Ramos et al. 2020). Schapiro et al. (2003), for
instance, review studies on the effectiveness of positive
reinforcement training with non-human primates focusing on
the time required for training and different training procedures.
However, the influence of the animal trainer and their education
on training efficiency is not discussed (in this text, we use they/
them/their as gender-neutral terms). Since animal training is an
interaction between animals and a human, the animal trainer
and their skills may heavily influence the training outcome.
Training skills include, e.g. the general knowledge of animal
training and learning, the precision in timing of the secondary
reinforcer, and the structured implementation of a training
schedule (Sevenich‐MacPhee 2019). A training schedule outlines
each step of the training (e.g. as described in Leidinger et al.
2017). However, we are not aware of any previous studies on
specific skills necessary for an animal trainer and educational
programmes for animal trainers are seldom described (Lukas
et al. 1998; Sevenich‐MacPhee 2019). This makes it difficult to
compare animal training between studies as shown by Johnen
et al. (2013). Yet, we assume that skills and education of trainers
are essential for the implementation of husbandry training as
refinement and, in turn, an increase of animal welfare in farm
animals. Furthermore, we see the potential for improved animal
welfare through husbandry training as enrichment (Fernandez
2022) and as a tool to improve a positive human-animal rela-
tionship (Rault et al. 2020).

In Germany, animal training is not part of the curriculum of
animal caretakers, technicians or veterinarians. Training skills have
to be acquired ‘on the job’. Due to the limited time and resources of
personnel, education needs to be efficient in respect to duration and
effectivity. Several studies show that practical approaches and
hands-on training lead to improved learning compared with purely
theoretical instructions in husbandry training (Miotto et al. 2010;
Bansal & Aggarwal 2014).

To our knowledge, this is the first study aiming to investigate
the potential influence of two different ‘train the trainer’ pro-
grammes on the success of training an animal. For this, we com-
pared the training success of two differently educated groups of
persons in training goats to show a behaviour allowing simulated
venipuncture. One group was educated in a two-day workshop
(WORKSHOP GROUP), the other studied on their own with the
help of a book on positive reinforcement training (BOOKGROUP).
We hypothesised that those participants instructed in a workshop
would have greater training success compared to those self-
instructed by a book.

Materials and methods

Ethical statement

The study was conducted in accordance with the guidelines of the
German Animal Welfare Act and approved by the Berlin State
Authority (‘Landesamt für Gesundheit und Soziales’, permit num-
ber: StN 0018-20). The study was not considered animal experi-
mentation in the true sense of the law since no pain, suffering, or
injuries were expected. In respect to the human participants, it was
approved by the Ethics Committee of the Thaer-Institute for Agri-
cultural and Horticultural Sciences at the Humboldt-Universität zu
Berlin (permit number 2021-01).

Human participants

We recruited the participants via various announcements includ-
ing a short description of the project. Information was distributed
through social media groups of veterinary students of the Freie
Universität Berlin (FU Berlin; on Facebook), and dog owners
(WhatsApp), as well as in agricultural science lectures at HU
Berlin (by EH), or in direct contact with private acquaintances
(of JM). The only inclusion criteria were availability for the date
of the workshop, and the subsequent 14 days of training. No
previous experience in animal training was requested, but such
experience was not used as an exclusion criterion either. We
registered 36 interested persons on a waiting list and finally
included 31 participants (on a ‘first come, first serve’ basis)
corresponding to the available number of goats. The participants
were randomly allocated into two groups: the WORKSHOP
GROUP (n = 16) and the self-instructed BOOK GROUP
(n = 15) and matched with one specific goat each (using the Excel
function RANDBETWEEN; Microsoft Excel® 2018). In total,
30 participants (15 in each group) joined the training period.
One person from the WORKSHOP GROUP dropped out after
the workshop without stating a reason. All participants either
owned at least one pet at the time of the study or had done so
previously. The majority of participants worked in an animal
related job (n = 18/30) and had prior education and/or experience
with animal training (Table 1). Approximately one-third stated
prior experience in the use of a secondary reinforcer. There were
no prominent differences in previous experience between either
group.

Study animals and housing

Thirty-two mixed breed goats were included (White German,
Thuringian, and Peacock goats; 19 females, 13 castrated males)
that had been bred at the Teaching and Research Station for Farm
Animal Sciences (HUBerlin, Germany). They were aged five to six
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months and weaned upon arrival at the experimental farm at the
German Federal Institute for Risk Assessment (BfR). Thirty-one
goats were randomly allocated to the participants; one randomly
selected goat was trained by VT as an expert reference standard
prior to the workshop. Prior to arrival at the BfR, the goats were
managed under standard farming conditions with no specific
handling other than feeding, vaccination (once), weighing, or
cleaning the pen at HU Berlin. The goats arrived at the BfR four
weeks before the training period started (Figure 1) and were
housed indoors on straw in groups of 13 males (on 37 m²) as well
as ten (on 37 m²), and nine females (24.7 m²; Figure 2). In each
pen, a transparent fence with a small gate separated a training area
from the rest of the pen. The training areas each included one
platform measuring 78 × 78 × 78 cm. Apart from during training
sessions, goats had free access to the training areas as well as ad
libitum access to hay (first cut, foliate), provided in hay bags and in
troughs, stocked-up twice a day, mineral salt blocks, and fresh
water. Treats, such as concentrated feed, uncooked pasta, apples,
twigs of beech or birch, were provided during the pre-training

period (only by staff) and during the training period. Participants
were allowed to use their own favourite treat as long as it was
compatible with goats. Concentrate feed, pasta and twigs were
provided at the training site. A maximum of 500 g of treats per
animal per day were given to prevent acidosis. After two weeks of
acclimatisation, BfR-staff habituated the goats to taking treats
from their hands. This took place over a period of two weeks,
once daily, for approximately 30min per pen (pre-training period;
Figure 1).

Study design

In the week prior to the onset of the training period, all participants
received information about the organisational aspects of the train-
ing and the training goal (target behaviour) in an online meeting
(Figures 1 and 3). After this meeting, the same information was
delivered in the form of a written document. All participants were
aware of the outline and objective of the study.

Table 1. Experience of the participants (n = 30) in animal training assessed by the initial questionnaire for the two educational programmes (WORKSHOP/BOOK
GROUP) and in total

Workshop Group Book Group Total

Prior education both 7 4 11 with prior

“Have you previously gathered any information about animal training” practical 1 1 2 education:

theoretical 2 7 9 22

none 5 3 8

Experience years > 10 yrs 3 3 6 with prior

“I have experience in animal training: amount of time…” > 5 yrs 2 1 3 experience:

> 1 yrs 2 3 5 20

< 1 yr 2 4 6

none 6 4 10

Experience with animals >10 2 1 3 with prior

“How many animals have you already trained?”

6-10 0 1 1 animals

2 to 5 4 6 10 trained:

1 4 3 7 21

none 5 4 9

Prior experience with a yes 5 6 11

secondary reinforcer no 10 9 19

“Have you previously used a secondary reinforcer during animal training?”

Figure 1. Time-line of the project.
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The target behaviour was described as follows: (1) Goat jumps
onto a platform and stays standing still; (2) Goat lays its chin on the
participant’s hand and holds this position; (3) Goat tolerates being
touched in the area of the jugular vein with light pressure by a
second familiar person (staff member).

Expert reference standard

The target behaviour was trained with an exemplary goat by
VT. We defined VT’s training outcome as the expert reference
standard due to her experience. VT is a veterinarian with an
additional qualification in behaviour therapy, a diploma in animal
behaviour counselling, and over 20 years of experience in animal
training and the education of animal trainers.

Workshop group

Participants in the WORKSHOP GROUP attended a two-day
workshop at the BfR, Berlin. One of the authors (VT) taught the
workshop. The workshop was composed of theoretical input, last-
ing approximately 9 h, and practical parts, including role-plays,
lasting approximately 3 h. The theoretical input covered the sub-
jects (positive) reinforcement, learning theory, as well as classical
and operant conditioning. Additionally, the use and timing of
positive reinforcement, body language, and the development of a
training schedule were practiced among the participants. Finally,
participants practiced positive reinforcement training with a sec-
ondary reinforcer on sheep. Here, they specifically focused on the
training of the chin position on the trainer’s hand. The develop-
ment of a training schedule, as well as the training on sheep were
case-based education tailored to prepare for the training of the
target behaviour. Case-based education imparts general knowledge
through specific scenarios (cases).

Self-instructed group (book group)

Aweek prior to the start of training, participants were given the book,
Verstärker verstehen (Theby 2020) which included all the basic infor-
mation given in the workshop. Participants were also encouraged to
seek further information using any other resources, e.g. the internet.

Training

In seeking to train their goat, participants were able to book as
many time-slots as desired during the two-week training period
and an online booking system consisting of 45-min time-slots was
set up for participants. Slots could be booked between 0900 and
1800h and each 45-min slot included time for preparation (chan-
ging clothes, moving the goat to the training pen) and 30 min of
training with the goat. Participants could stop each training
session at any time. Each slot allowed only one participant per
training pen, with a maximum of two participants per barn during
the same slot. In 76% of the training slots used, only one partici-
pant trained their goat per barn, whereas in the remaining 24%,
two participants trained their goats simultaneously. The partici-
pants were given no instructions on how to structure their training
nor how to train the target behaviour. Two to three training
sessions per week were recommended, but not obligatory. Parti-
cipants used between two and ten time-slots for training and each
session was video-recorded (Sony HDR-CX240E Handycam,
Sony Tokyo, Japan). The camera was fixed on a flexible tripod
on a rail of the pen partition and a staff member was always on
hand to set up the camera, start the recording, and set an alarm to
notify each 30 min. They also responded to any organisational
questions and would touch the goat if participants so requested
(target behaviour step 3). The member of staff did not help with
training nor offer any advice. Additionally, participants were
asked not to talk about the training with each other.

Figure 2. Layout of the barn. Nine female goats were housed in pen A and ten female
goats in pen B. The male goats (n = 13) were housed in an identical barn in the same
type of pen as pen B. In the barn for the males, the training pen of Pen A was also used
for their training. Black squares represent platforms; rectangles in the alley represent
feeding troughs.

Figure 3. Target behaviour: Goat is standing still on platform, chin laid on trainer’s
hand, and is tolerating being touched on the neck by a second person. Demonstrated
by Viviane Theby (VT) as the expert reference standard.
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Survey on experience and training success

The start of the training period saw participants asked to complete an
initial questionnaire reporting information on their age, gender,
occupation, ownership of pets, and previous animal training

experience (Figure 1, Table 2). A week after the training period,
participants received a second questionnaire which included ques-
tions regarding a self-assessment, and an evaluation of the training
and the corresponding educational programme (Figure 1, Table 2).

Table 2. Names, definitions, and coding of the predictors and outcome variables collected by questionnaires and video analysis. Initial questionnaire as the basis
for the predictor variables and 2nd questionnaire (self-assessment) as well as assessment protocol for video analysis as the basis for the outcome variables

Variable Definition Coding

Predictors (initial questionnaire)

Educational programme Workshop or Self-Instructed 1 / 0 = WORKSHOP / BOOK GROUP

Sex of goat 1 / 0 = female / male castrated

Age Age of participant 5 / 4 / 3 / 2 / 1 = >40 / 34-40 / 26-33 / 18-25 / <18

Job with animal Do animals play a role in the participant´s profession? 1 / 0 = yes / no

Prior education Did the participant have prior education in animal training? 3 / 2 / 1 / 0 = both / practical / theoretical / none

Experience years How many years of experience in animal training did participant
have (self-assessment)?

4 / 3 / 2 / 1 / 0 = >10 yrs / >5 yrs / >1 yr / <1 yr / none

Experience with animals How many animals did the participant train before (self-
assessment)?

4 / 3 / 2 / 1 / 0 = >10 / 6-10 / 2-5 / 1 / none

Video analysis (assessment protocol, see Supplementary material)

Session [#] The total number of sessions conducted

Duration [min] Total duration of training sessions

Jump Grade (1-6) for “goat on platform” (element I in the Supplementary
material

1 = equivalent to expert reference standard 2 to 5 = deviations
from expert reference standard 6 = not showing any of the
target behaviour

Chin Grade (1-6) for “chin on hand” (element II) see jump

Touch Grade (1-6) for “touch of the neck” (element III) see jump

Standing still Grade (1-6) for standing still (element IV) see jump

Trait trainer Grade (1-6) for behaviour of participant (element V) see jump

Respectfulness Grade (1-6) for respectfulness of the goat (respectful goat: keeps a
certain distance from the human and does not make body
contact; element VI)

see jump

Goal achieved Overall grade (1-6) for achieving the three tasks (jump, chin, touch;
element VII)

see jump

Self-assessment (2nd questionnaire)

Time slots “The offered training slots were sufficient for me” 1 / 0 = yes / no

Former experience “I mostly trained based on my former (training) experiences” 1 / 0 = yes / no

Personal instruction “I would have trained more effectively with individual instruction” 1 / 0 = yes / don’t know or no

Implement content “I was able to implement the content of the book / workshop
during training”

2 / 1 / 0 = completely / partly / not at all

Content use helpful “The implementation of the book’s / the workshop’s content
improved my training”

3 / 2 / 1 / 0 = yes / rather yes / rather no / no or did not implement
the content

Goal self-assessment “I accomplished the training’s task” 1 / 0 = yes / no

Chin self-assessment “The goat laid its chin calmly on my hand” 1 / 0 = yes / no

Questions of 2nd Questionnaire for descriptive evaluation

“What was the training goal?”
Complete description of goal included: “calm” OR “stand still” AND “jump on platform” AND
“chin in hand” AND “touch of neck”

1 / 0 = complete/ incomplete description

“Training goals were achievable” 1 / 0 = yes / no

“Training goals were clear to me” 1 / 0 = yes / no

“Available time slots were sufficient” 1 / 0 = yes / no

“I created a training schedule” 1 / 0 = yes / no
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Data recording

To evaluate the relative success of the training, a specific assessment
protocol was created (see Supplementary material). A video
sequence showing a goat (trained by VT and touched by CFT)
performing the target behaviour was defined as the expert reference
standard (Figure 3).We then defined criteria to assess how well this
expert reference standard was met by the participants. This was
based on a score including six grades (as in German schools), with
‘1’ equivalent to the expert reference standard and ‘6’, if the goat did
not show the desired behaviour at all (Supplementary material).
The protocol was provided to two observers (students of agricul-
tural science), who had no contact with the participants. JM trained
these observers to evaluate video sequences based on short sample
videos (taken from the training period of the goats). These
sequences were not included in the final analysis. Further adjust-
ments were made to the protocol, with more distinct descriptions
included where definitions had not been clear to the observers.

Prior to the analysis of the final videos, we tested the inter-
observer agreement of our assessment protocol. To do so, we used
the Kendall’s coefficient of concordance (R package ‘irr’; Gamer
et al. 2019). The data used for this assessment consisted of the
evaluation of six test video sequences with 12 criteria each graded by
the three observers (6 × 12 = 72 grades for JM and the two HU
students each; for the criteria, see Supplementary material; criteria
III 1–3were combined for calculating the inter-observer reliability).
This evaluation resulted in a Kendall’s coefficient ofW = 0.86 and,
accordingly, a good overall agreement. Subsequently, both obser-
vers evaluated all the ‘final’ video sequences using the assessment
protocol. They were blinded to the educational programme of the
respective participants. A video sequence was designated as being
‘final’ when a participant announced that the task was accom-
plished or, if this did not happen, the last training session conducted
was used. From this final video we assessed the most successful
attempt in the sequence of the last three repetitions of the goat
showing the target behaviour (or what was closest to that).

We also assessed the inter-observer agreement for the final
videos. Observers assessed 210 grades (seven elements of the assess-
ment protocol for 30 goats each; elements I–VII in the
Supplementary material). The observers agreed in 69% of the grades
(with a difference of, at most, one grade) and deviated in their
assessment by more than one, two, three and four grades in
21, 4.5, 5, and 0.5%, respectively. According to this agreement, the
means of the two observers’ evaluationwere used for further analysis.

Statistical analysis

Data visualisation and analysis were carried out using R 4.2.2
(R Core Team 2022). The potential predictor variables were col-
lected in the initial questionnaire. We further defined two groups of
potential outcome variables. A first group included the data based
on the video analysis (‘video analysis’), and a second included the
data on self-assessment as reported in the second questionnaire that
the participants filled out after the training period ended (‘self-
assessment’; Table 2). For the statistical analysis, the grades of the
two observers were averaged and then inversed such that a high
value (6) reflected a good quality of the training and a low value (1) a
failure of the training. To reduce the number of variables, and to
avoid collinearity and multiple testing, we performed three Prin-
ciple Component Analyses (PCA), one each for the group of
potential predictors, for ‘video analysis’, and for ‘self-assessment’.
The predictor ‘educational programme’ was not included in the

PCA in order to be able to assess a potential difference between
WORKSHOP GROUP versus BOOK GROUP more directly.
Moreover, a first preliminary PCAof the predictor variables includ-
ing the variable ‘educational programme’ had shown that this
variable did co-vary only weakly with the other potential predictors
and varied, in this sense, in an independent way (no collinearity).
Most of the participants were female (n = 26). Therefore, the
participants’ gender was not included in the further analyses. For
every group of variables, the first two principal components (PCs)
were used for further analyses (see Results).

The PCs were then used in linear models calculated using the
function gls (R package ‘nlme’; Pinheiro et al. 2021). We used the
first two PCs of the PCA for the ‘video analysis’ and the ‘self-
assessment’ each as an outcome variable in four different models.
‘Educational programme’ (factor with two levels: WORKSHOP
GROUP or BOOK GROUP; sum-contrasts) as well as the first
two PCs of the PCA for the predictors (as continuous variables)
and their interactions were used as the fixed effects.

Model assumptions were inspected by a visual analysis of resid-
uals with a focus on normal distribution and homogeneity of vari-
ance. No major deviations from these assumptions were observed.

Results

Participants

Participants of the WORKSHOP GROUP offered up a precise
description of the target behaviour more often (n = 10/15) and
created a training schedule more often (n = 10/15) than those in
the BOOK GROUP (n = 3/15 and n = 4/15, respectively). The
training task seemed both achievable and clear to n = 13/15 parti-
cipants of theWORKSHOPGROUP, compared to n = 9 (clear) and
n = 11/15 (achievable) in the BOOKGROUP.All participants used a
primary reinforcer, and almost every participant used a secondary
reinforcer (n = 27/30). The three participants training without a
secondary reinforcer were all in the BOOKGROUP but one of them
achieved the goal well. With one exception, all participants of the
BOOK GROUP read the book completely (n = 8/15), or at least
partly (n = 6/15). Approximately half of this group used additional
resources to learn about animal training (n = 8/15) and thought that
they could have trainedmore effectively with a workshop in advance
(n= 7/15). All theWORKSHOPGROUPparticipants (n= 15) stated
that the available time-slots were sufficient. In the BOOK GROUP
n = 6/15 indicated that the available time-slots were not sufficient.
Expert reference standard training took 34 min. In contrast, parti-
cipants on the WORKSHOP GROUP spent 103 min on average to
train their goats (range: 30–172 min), participants of the BOOK
GROUP 148 min (range: 66–325 min). The target behaviour was
completely achieved by only three of the participants, all of whom
were in theWORKSHOPGROUP. Yetmore participants came close
to the expert reference standard (Figure 4).

Assessment of training

To choose the number of principle components (PCs) from a PCA
that will be considered in further analyses, a balance has to be
reached between, on the one hand, the variance of the single
PCs, their cumulative variance and, on the other, a small number
of PCs and their ease of interpretation. Here, we reached a
reasonable amount of cumulative proportion of variance
explained with two PCs in each analysis and a solid interpretation
when a threshold for the loadings was chosen at 0.3 (Table 3). In
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the PCA for the predictor variables, we found that the variables
‘age’, ‘prior education’, ‘experience’ (in years) and ‘experience
with animals’ loaded strongly on the 1st PC, which was considered
to reflect overall ‘training experience’ correspondingly. On the 2nd

PC, observations reached high values with female goats (positive
sign of loading) and participants that had no job with animals
(negative sign). This PC is called ‘female goat’ here. For the ‘video
analysis’, all original variables, except ‘jump’ and ‘respectfulness’,
loaded strongly on the 1st PC. The assessment of the seven
elements did so with a positive, the time taken for training with
a negative sign. This PC can be considered, therefore, as ‘objective
success’. Observations with respectful goats that received weak

grades for jumping reached high values on the 2nd PC which can,
accordingly, be interpreted as ‘self-control’. In the last PCA
including the ‘self-assessment’ variables, ‘time-slots’, ‘implement
content’, ‘content use helpful’, ‘goal self-assessment’, and ‘chin
self-assessment’ loaded strongly on the 1st PC. This PC
accordingly reflects ‘subjective success’. On the 2nd PC variables,
‘time-slots’, ‘former experience’ and ‘goal self-assessment’ pre-
dominantly loaded positively and ‘personal instruction’ nega-
tively. This PC reflected ‘confidence’ of the participants.

Participants of theWORKSHOPGROUP reached higher values
of ‘objective success’ than those of the BOOKGROUP (F1,26 = 5.37;
P = 0.030; Figure 5). On average, ‘objective success’ was higher for

Figure 4.Distribution of grades 1–6 of ‘Goal achieved’ for the two educational programmes. 1 = equivalent to expert reference standard, 1.5 to 5.5 = deviations from expert reference
standard and 6 = not showing the target behaviour. The grades were later inversed for the further statistical analysis such that high values reflected a high training quality. The bars
represent the number of participants per grade (left Y-axis). The lines represent the cumulative proportion across grades (right Y-axis). WORKSHOP Group is represented in black,
BOOK-GROUP in grey.

Table 3. Results of the Principle Component Analysis conducted on the potential predictor variables, variables from the video analysis, and variables from the self-
assessment. The first two components for each analysis are shown including the proportion of explained variance, cumulative proportion of explained variance and
the loadings. Loadings > 0.3 in bold. For the description of the variables, see Table 2

Predictors (initial questionnaire) Video analysis Self-assessment

1st PC 2nd PC 1st PC 2nd PC 1st PC 2nd PC

Training
experience

Female Goat Objective
success

Self-Control Subjective
success

Confidence

Proportion of variance 0.450 0.205 0.505 0.158 0.408 0.192

Cumulative proportion 0.450 0.655 0.505 0.663 0.408 0.600

Sex of goat –0.006 0.719 Session –0.323 –0.103 Time slots 0.359 0.457

Age 0.410 –0.251 Duration –0.320 –0.053 Former experience –0.220 0.586

Job with animal 0.004 –0.622 Jump 0.244 –0.492 Pers. instruction 0.130 –0.464

Prior education 0.493 0.180 Chin 0.395 0.117 Implement content 0.500 –0.006

Experience years 0.538 0.027 Touch 0.365 –0.247 Content use helpful 0.451 –0.154

Experiencewith animals 0.547 0.011 Standing still 0.349 0.172 Goal self-Assessment 0.365 0.437

Trait trainer 0.359 0.302 Chin self-assessment 0.468 –0.132

Respectfulness –0.023 0.736

Goal achieved 0.439 –0.087
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Figure 5. Outcome variables ‘objective success’, ‘self-control’, ‘subjective success’ and ‘confidence’ plotted against the predictors ‘educational programme’, ‘training experience’,
and ‘female goat’, reflecting the results of the Principal Component Analysis (PCA) presented in Table 3. All figures including model estimates (thick lines) and 95% confidence
intervals (thin lines).
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participants with higher ‘training experience’ although this effect
could not be supported statistically (F1,26 = 2.60; P = 0.12; Figure 5).
Statistical support for all remaining effects was lower (all P > 0.29).

‘Self-control’ was somewhat higher in goats trained by the
WORKSHOP GROUP than in goats trained by the BOOK
GROUP, although this effect could not be supported statistically
(F1,26 = 2.17; P = 0.15; Figure 5). Goats were less respectful on
average with participants who had higher training experience (F1,26
= 3.04; P = 0.095). All other effects had weaker statistical support
(all P > 0.55).

Participants of theWORKSHOPGROUP reached higher values
of ‘subjective success’ (F1,26 = 41.63; P < 0.0001; Figure 5). All other
effects had no statistical support (all P > 0.30).

There was no average effect on ‘confidence’ by ‘educational
programme’ (F1,26 = 0.01; P = 0.91; Figure 5). Yet, higher ‘training
experience’ was related to higher ‘confidence’ (F1,26 = 2.98; P =
0.098). All other effects had low statistical support (all P > 0.45).

‘Objective success’ and ‘subjective success’ correlated positively
(Spearman’s rank correlation: rho= 0.573; P < 0.0001).

Discussion

The aim of this study was to evaluate the influence of trainer
education on success in animal training. The assessment of training
success confirmed our hypothesis that participants educated in a
two-day workshop (WORKSHOP GROUP) had a greater ‘objective
success’ than participants of the BOOKGROUP. Accordingly, goats
trained by this group achieved the target behaviour more closely.
This is in agreement with LaFollette et al. (2020) who evaluated
different educational programmes to implement rat tickling in an
animal facility as refinement technique. Their study showed that
participantswithhands-on training supplementing online education
learned more effectively than participants trained purely online.
Workshops, as used in the current study, are an active learning
method, which is known to lead to good learning outcomes (Lim
et al. 2019). Furthermore, participants of theWORKSHOPGROUP
could define the target behaviour more accurately at the end of the
training than participants of the BOOK GROUP. Such an accurate
definition is needed to develop a structure for training. Accordingly,
the specific instructions participants received during the workshop
could have led to more structured and, therefore, successful training
of the goats. This is also seen in the higher number of participants
creating a training schedule before training their goats in the
WORKSHOP GROUP compared with the BOOK GROUP.

The participants’ prior training experiences had only a minor yet
positive influence on the ‘objective success’. This indicates that
specific instruction, or further education for specific target behav-
iours are still helpful, even when knowledge and experience in
animal training is present. Previous studies only speculated on the
influence of trainers’ experience on training success, asmentioned in
scent detection training for dogs (Johnen et al. 2013), or in positive
reinforcement training on monkeys (Fischer & Wegener 2018). To
compare the efficiency of different training methods, the effect of
animal trainers has to be evaluated. However, it is difficult to assess
the quality of previous training experience as part of training skills.
In our study, only the quantity of training experience was self-
reported by the participants. Subjective biases can, therefore, occur
and it is possible that participants overestimated their own experi-
ence. Such an assessment would be eased if there were consistent
educational programmes or certificates for animal training.

‘Subjective success’ was also higher in the WORKSHOP
GROUP than in the BOOK GROUP. Furthermore, there was a
positive correlation between ‘objective’ and ‘subjective success’.
This indicates that participants in both groups tended to self-assess
their training success in accordance with their ‘objective success’.
Self-assessment may help to facilitate skills, as seen in a study about
veterinary students learning basic surgical skills (Tobias & Bailey
2020).

As there are no evidence-based protocols in the literature to assess
the training success of animal trainers objectively, we developed a
non-dichotomous assessment to analyse video sequences of training
sessions. With this, we could also reflect partial achievement of the
target behaviour. Using this protocol, the inter-observer agreement
with the assessment protocol had a strong agreement (0.86; Landis &
Koch 1977) indicating that the preceding observer training was
sufficient and that the assessment protocol described the behaviour
adequately. The protocol did not include the frequency nor the
timing of the rewards, given the technical limitations of the videos
and the necessary training experience of the observers. However, we
hope to address this aspect in future research.

Only three WORKSHOP GROUP participants achieved the
training goal completely. It is apparent that a two-day workshop
did not adequately equip participants with the necessary skills to
accomplish the training goal. This is in agreement with Lukas et al.
(1998) where students educated through a book and practical
sessions, had to train different species of zoo animals for specific
target behaviours. Some students successfully trained the target
behaviors in full, while others achieved partial success. Participants
of the BOOK GROUP invested more time in training their goats,
and were less successful. Furthermore, ‘duration’ and ‘time’ loaded
with negative signs on ‘objective success’. This indicates that less
training time is needed when the trainer is more skilled. Accord-
ingly, VT trained the expert reference standard goat much faster
compared to the participants (in only 34 min). Hence, further
research is necessary to understand the optimal intensity of animal
training education required for trainers to effectively implement
training methods. Johnen et al. (2013) reviewed studies about scent
detection with dogs and described a wide variation in the duration
of dog training between seven days and 16 months. Concerning
animal research, this wide range has to be considered when plan-
ning the duration of a training period prior to the onset of an
experiment.

According to LaFollete et al. (2020), rat tickling can reduce stress
in both rats and humans. Husbandry training could have the same
effect. One outstanding feature of this study was that in their oral
feedback all the participants emphasised how much they enjoyed
training the goats, regardless of their training success. Furthermore,
our animal caretakers reported that handling of the goats was easier
and less stressful for them and the animals after the two-week
training period. Their statements and our own impressions suggest
that the training furthered a positive human-animal relationship.
According to Rault et al. (2020), a positive human-animal-
relationship is a key for animal welfare and can be achieved,
amongst other things, through positive reinforcement training.
Therefore, the results of this study suggest that positive reinforce-
ment training, independent of the target behaviour, has a high
potential to improve animal welfare. However, the more precisely
a voluntary behaviour is trained, the less restraint is needed. There-
fore, more successful husbandry training may have a greater con-
tribution to animal welfare regarding stress reduction. In our study,
we were able to show successful husbandry training to be based on
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intensive education in positive reinforcement training and this
training requires time.

Study limitations

In video analyses, there is always a risk of bias due to the observer’s
conscious or unconscious predispositions. Disguising participants
was not possible due to the importance of gestures and body
positions for evaluation. Therefore, body type (Puhl & Brownell
2001), voice (Mileva et al. 2018) or age (Voss et al. 2018) could have
had an influence on the observer’s assessment. However, the obser-
vers were blinded for the educational programme.

All participants trained the goats in their free time. Personal
resources, travel time to BfR, or other factors may have influenced
the number of training sessions each participant undertook. How-
ever, only participants of the BOOKGROUP stated that the allotted
time-slots were insufficient.

Animal welfare implications

Husbandry training as a refinement measure for animals has been
shown to have a high potential to improve animal welfare. Specific-
ally trained farm animals, which participate voluntarily in a proced-
ure, require less restraining. Our study focused on the education of
animal trainers as one potential key for successful husbandry train-
ing. The results show that with intensive education, implementation
of animal training can serve as a refinement measure. Furthermore,
we want to highlight the potential of animal training as enrichment
as well as a tool to improve a positive human-animal relationship.
We see a high potential of further education in husbandry training
and its implementation as a refinement measure to increase the
welfare of the animals concerned.

Conclusion

This study shows benefits of hands-on training in husbandry
training compared with self-instruction. To implement husbandry
training effectively as refinement in farm animals in biomedical
research, we highly suggest specific education on animal training.
Hands-on and case-based training with experienced trainers as
with our workshop is recommended. A protocol to assess training
success can be useful to guide the animal trainer in identifying
potential for improvement in their training skills.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/awf.2023.94.
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