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Abstract

Experiments are widely used to investigate the behaviour and cognition of animals. While the automation of experiments
to avoid potential experimenter bias is sometimes possible, not all experiments can be conducted without human presence.
This is particularly true for large animals in captivity, which are often managed by professional handlers. For the safety of
the animals and experimenters, a handler must be present during behavioural studies with certain species. It is not always
clear to what extent cues provided by handlers affect the animals, and therefore the experimental results. In this study, we
investigate handler interventions during the training process for a behavioural experiment with Asian elephants (Elephas
maximus) in Nepal. We show that elephant handlers (mahouts) intervened to guide elephants in performing the learning
task using vocal and behavioural cues, despite experimenters requesting minimal intervention. We found that although the
frequency of mahout interventions did not decrease as the training progressed, the nature of their interventions changed. We
also found more non-verbal than verbal cues across the training. Our results suggest that guidance from handlers may be
common in behavioural studies, and continued consideration should be put into experimental design to reduce or account
for cues that animals may receive from humans. This study also emphasises the need to take into account the presence of
humans in interpreting the results of animal behavioural experiments, which not only presents challenges to behavioural
research, but also represents opportunities for further study.
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Introduction

Behavioural experiments are commonly used to investigate
animal cognition and behaviour (Cuthill 1991). This wide-
spread use has instigated discussions of the responsibilities
of humans towards animals used in research and the impacts
on animals when using these methods, given they involve
animals that cannot consent, or have studies explained to
them in the way that experiments involving human par-
ticipants must (Barnard 2007). The presence of human
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researchers or animal handlers in such studies, while often
necessary, may impose limitations or biases on the study
design and data collection, and may affect the generalisabil-
ity of the findings or even the ability to address the research
question (Marsh and Hanlon 2004). Therefore, a primary
focus has been to reduce the possibility of bias that humans
could introduce to a study (Burghardt et al. 2012). For exam-
ple, human beliefs, assumptions, and other aspects of their
identity or role may introduce confirmation bias into data
collected through observations of animal behaviour (Marsh
and Hanlon 2007; van Wilgenburg and Elgar 2013). The
use of double blind trials to reduce these impacts has been
proposed and sometimes carried out (Tuyttens et al. 2014;
Holman et al. 2015). Equally, if not more concerning is the
possibility that humans directly influence the behaviour of
the animals that are the focus of behavioural studies, for
example, through behavioural cues expressed consciously
or otherwise (Samhita and Gross 2013). This was most
famously demonstrated in the impressive feats of appar-
ently human-like cognitive abilities performed by the horse
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Clever Hans in the early twentieth century, who appeared
able to solve arithmetic problems, tell the time and date,
and spell names of artists when presented with their work.
In fact, he was rather (and perhaps similarly impressively)
responding to subtle behavioural cues from his handler and
other humans (Sambhita and Gross 2013). These issues rep-
resent important points of discussion, because the central
goal of most animal behaviour experiments is to objectively
observe, measure, and analyse animal behaviour, with lim-
ited impact of human observers, handlers, or experimenters.

Researchers have attempted to reduce the impact of
humans in experiments in various ways, such as by automat-
ing behavioural experiments, for example, through the use
of operant chambers, or Skinner Boxes (Mueller-Paul et al.
2014). Automated experiments have been commonly con-
ducted on model species, including rodents, primates, and
pigeons (Mueller-Paul et al. 2014), and other species in cap-
tivity such as the American black bear (Ursus americanus),
bottlenose dolphin (Tursiops truncatus), and red-footed tor-
toise (Chelonoidis carbonaria) (Egelkamp and Ross 2019).
However, not all experiments can be automated, and often,
experiments with animals in captivity require keepers or
handlers to be present or even involved to ensure the safety
of the animals and experimenters. For instance, in experi-
ments investigating relative quantity judgement in South
American sea lions (Otaria flavescens), bottlenose dolphins
(Tursiops truncatus), and beluga whales (Delphinapterus
leucas), the presence of trainers was built into the experi-
mental design to maintain the animal before the start of the
experiment, present them with food rewards, and indicate to
the experimenter when the animals were tired or not will-
ing to participate in the experiment (Abramson et al. 2011,
2013). In another relative quantity judgement experiment,
where dogs (Canis familiaris) judged the quantity using
olfaction, the owner had the role of releasing their dog at the
start of the experiment (Horowitz et al. 2013), while in an
experiment on spatial memory in Asian small-clawed otters
(Aonyx cinereus), a keeper was responsible for ushering the
animals to different test areas (Perdue et al. 2013).

This is particularly important when working with large
mammals, such as Asian elephants (Elephas maximus),
where experimenters have relied on working closely with
animal handlers to successfully conduct behavioural
experiments (e.g., Plotnik et al. 2011, 2014, 2019; Dale
and Plotnik 2017). However, handlers and experimenters
present during experiments may (intentionally or inad-
vertently) give cues to the animals (Miklosi et al. 1998;
Watters and Krebs 2019). Therefore, it is important for
researchers to consider and account for handler presence,
as they may influence the behaviour of captive animals
during experiments. Furthermore, if data on this are col-
lected systematically, they can also provide insights into
how humans interact with animals. In circumstances where
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humans cannot be removed from a study, these points
represent two options that are not mutually exclusive for
researchers: attempting to measure human—animal interac-
tions in experiments as we would measure other environ-
mental factors, and using the inevitable interactions as an
area of investigation in itself.

Approximately one-third of Asian elephants live in cap-
tive conditions (Sukumar 2006), where they can range in
their natural habitat and are managed by specialised handlers
called mahouts (Locke 2011). Traditionally, the occupa-
tion is passed down through the male family line (Hart and
Sundar 2000), where mahouts learn handling skills through
observation and apprenticeship from a young age (Crawley
et al. 2019). They often work with the same elephant over
many years, sometimes even decades (Locke 2011). Mahouts
are responsible for feeding, cleaning, training, and driving
their elephants (Hart 1994), in addition to participating in
religious ceremonies, tourism activities, and transportation
of materials (Mumby 2019). The elephants have contact
with humans without barriers, and mahouts are physically
close to the elephants they work with during training and
other daily tasks (Highfill et al. 2016). This system, com-
mon throughout south and southeast Asia, requires mahouts
to communicate regularly with elephants, where communi-
cation may be verbal or non-verbal, for example involving
visual signals or physical touch (Lainé 2016). Training ele-
phants in any new task or introducing a new elephant to the
group involves extensive interactions with the mahout (Hart
and Sundar 2000); thus, such interactions are fundamental to
the relationship between elephant and mahout.

Conducting behavioural experiments on captive Asian
elephants often requires the presence of their mahouts for the
safety of both the animals and experimenters (e.g., Plotnik
etal. 2011, 2014, 2019; Dale and Plotnik 2017), which pro-
vides an excellent opportunity to investigate how and when
handlers provide cues to their animals during behavioural
experiments. As the risks of working with an animal weigh-
ing more than two tonnes are high (Mumby et al. 2015), the
presence of their handler is essential. Mahouts can manage
the elephants’ behaviour when needed, as the elephants are
trained to respond to cues and commands used by mahouts,
such as lying down, getting up, and walking forward and
backwards (Hart and Sundar 2000). Although measures have
been taken to minimise the effect of mahouts on elephant
behaviour during experiments, such as restricting the fre-
quency or timing of vocal commands that can be given dur-
ing the experiment (Plotnik et al. 2011; Dale and Plotnik
2017), we cannot eliminate the possibility that behavioural
cues from mahouts may influence the animals’ behaviour.
Therefore, as captive Asian elephants have a complex rela-
tionship with their mahouts, who must be present during
experiments, the species makes an excellent study system
for investigating handler influence in behavioural studies.
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In this study, we investigated the training phase of an
olfactory learning task (choice test) involving captive Asian
elephants to determine the type and frequency of cues given
by mahouts during the task, and the response of elephants to
these cues. This setting highlighted a particular challenge,
where the mahouts’ presence was essential for successful
completion of experimental trials and animal safety, yet the
presence of handlers can generate bias regarding the behav-
iour of the animal. This tension between the necessity of
handler presence and incompatibility with experimental
design is central to our analysis. We sought to investigate
(1) which elephant behaviours elicited verbal or behavioural
cues from mahouts and caused them to intervene with the
training; (2) how elephants responded to these mahout inter-
ventions; and (3) whether the nature of mahout intervention
was consistent throughout the training. Our findings pro-
vide insight into handler—animal interactions and contrib-
ute to improving the experimental design of future research
studies.

Methods
Study site

The learning task was conducted at Tiger Tops Tharu Lodge
(27°34'10.5'N 84°06'06.9'E) from January to March 2020.
Situated outside of Chitwan National Park in Nepal, the
lodge owns and houses ten female Asian elephants for wild-
life tourism. Eight of the elephants were able to participate
in this study (Table 1). The elephants spend the majority
of time in corrals where they were kept in pairs (n=6) or
alone (n=2) but within visual, auditory, and olfactory con-
tact with at least one other elephant (Mumby 2019). Each
elephant had a first mahout, who interacts with it throughout
the day and is responsible for training and preparation of the
elephant to participate in tourism activities (Mumby 2019).
Their daily duties include feeding and bathing their elephant,

Table 1 Approximate age of each elephant and time spent with the
first and second mahout (if they participated in the study) in years

Elephant Age Years with first Years with

mahout second
mahout

1 40 12 NA

2 45 3 15

3 50 21 9

4 55 9

5 60 12 3

6 55 8 15

7 45 3 5

8 35 28 NA

cleaning corrals, ‘driving’ their elephant using verbal and
physical commands with their feet during forest trekking
and grass cutting, and checking on the elephants when they
are asleep (Mumby 2019). Each elephant also has a second
mahout, who oversees caretaking responsibilities when the
first mahout is on leave (Mumby 2019). The close relation-
ships each elephant has with two human caretakers offer
opportunities to investigate how elephants respond to each
of them. Throughout these activities, all mahouts interact
closely with the elephants and give them verbal and physi-
cal commands, for example to direct them to move, stop,
or lie down. The specific nature of these commands varies
between mahout-elephant dyads, but in all cases, they serve
to mediate the interaction of the elephants with the environ-
ment (Lainé 2016), and are the primary method of com-
munication from humans to elephants in this system. The
elephants might participate in tourism activities (which did
not include riding by tourists), for example walks through
the forest or bathing in the river (Mumby 2019).

Video recordings

The video recordings used in this study were collected dur-
ing the training phase of an experiment, in which eight cap-
tive female elephants at the lodge were being trained to take
part in olfactory food-based choice tests. The initial train-
ing had four training stages. For each stage, the elephants
repeated sets of six trials until they passed the criterion of
the stage (Table 2).

In each trial, an elephant investigated the contents of
two buckets and was required to indicate their preference
by removing the bucket lid with their trunk (Fig. 1). They
received the food reward inside of the bucket they indi-
cated. Each trial began with a curtain drawn to conceal the
experimental setup from the elephant and mahout. A food
item was placed into each bucket and the lids were placed
securely, following which the curtains were opened. The
elephant was then allowed to move forward and investigate
the contents of both buckets through small holes drilled
into the locked bucket lids. In the first training stage,
if the elephant remained inactive for 10 s and had not
approached either bucket, then the experimenter (standing
behind the facing camera) came forward and tapped both
buckets with their hand at the same time. In the same train-
ing stage, if the elephant approached one bucket and made
no attempts to touch the other, the experimenter would tap
on the untouched bucket after 10 s. After this had been
completed, the mahout was instructed to give the com-
mand ‘back’, and the curtains were redrawn. Finally, the
bucket lids were unfastened before reopening the curtains,
and the elephants were able to make an ‘active’ choice
by removing the lid of one bucket using their trunk and
accessing the food reward inside. This design means that
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Table2 Summary of each training stage with the mean (min—-max) and number of sets (n set) each elephant completed

Training Food choice Criterion for early completion Mean sets

stage (min—
max)

1 Papaya or papaya Complete 4 sets with 30 s between bucket touches in the last 2 consecutive sets 5(4-8)

2 Papaya or watermelon Complete 4 sets with 5/6 of the same food in the last 2 consecutive sets 5(3-7)

3 Watermelon or straw Complete 2 of the sets with 5/6 of the same food to indicate preference 4.4 (3-5)

4 Empty bucket or banana Complete 2 of the sets where 7/8 of the baited (banana) bucket to indicate preference 2(2-2)

Elephants repeated sets until they completed the early criteria, or reached the fixed maximum of sets for each training stage (stage 1 =maximum
of 8, stage 2 =maximum of 7, stage 3 =maximum of 5, stage 4 stopped after maximum of 2 sets because of COVID outbreak), or were unable to

continue due to welfare or safety reasons (e.g., mahout absence)

Fig. 1 Photo showing experi-
mental setup from the front.
The two buckets lodged into the
table are highlighted in white

the elephants had to hold the content of the buckets in
their working memory. The training process was filmed
from the front and the side with two JVC GZ-R495 Everio
camcorders.

Mahouts were present during the training to ensure the
safety of the elephants and experimenters. However, the
task was designed with the expectation of minimal mahout
intervention, where mahouts were instructed only to bring
the elephant to the training, encourage the elephant into
the training corral, and give the command ‘back’ after
elephants investigated both buckets when the lids were
closed or accessed the food reward inside when the lids
were open. Otherwise, they were asked not to intervene.
They were verbally informed of how the experiment would
be conducted in an initial briefing session where a camp
manager translated the instructions, but they were not
aware of the specific aims of the experiment. They and
the elephants had also not been involved in behavioural
studies before. The second mahout took part in the training
when the first mahout was on leave, which occurred for six
of the elephants in the study.
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Data collection

We constructed an ethogram of elephant behaviours
(Table 3) and used Behavioural Observation Research
Interactive Software (BORIS; Friard and Gamba 2016)
to manually annotate the video recordings. An observa-
tion period started when the curtains were completely
opened and ended when the elephant investigated the first
bucket. As all roles of the mahout built into the experi-
mental design were outside of our observation period, all
mahout behaviours during our observation period were
regarded as interventions. To investigate the elephant
behaviours which elicited mahout interventions and the
behavioural responses of elephants to interventions, we
noted all instances of mahout interventions (Table 4). We
defined mahout interventions as single mahout behaviour
or consecutive mahout behaviours in quick succession
directed at the elephant within the observation timeframe,
i.e., a single intervention can include one single mahout
behaviour or multiple consecutive mahout behaviours. We
also noted the elephant behaviour based on the ethogram
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Table 3 Elephant ethogram

Behaviour Group Behaviour Description
Locomotion Backward Walk backward
Forward Walk forward
Turn Turn to face another direction
Stand Stand in place, facing bucket
Bucket Pull Wrap trunk around the bucket and pull upwards, possibly dislodging the bucket
from the experimental setup
Sounds Vocalisation Produce a loud vocalisation
Exhale Produce an audible exhale
Others Face away Stand in place, facing away from bucket
Scratch Rub trunk or body on object in the experimental area (e.g., bucket, table, and tree)

Definitions of all elephant behaviours observed directly prior to and following mahout intervention

Table 4 Mahout ethogram

Modality Behaviour Description
Non-verbal Pull ear Hold or pull elephant ear with one hand
Pull tail Pull elephant tail with one hand
Hand on trunk Place hand on elephant trunk, with or without force
Hand on body Place hand on elephant torso or legs, with or without force
Touch trunk Tap elephant trunk with hand
Touch body Tap elephant torso or legs with hand, with or without force
Object to head Tap elephant head with unsharpened stick or mat mahouts sit on, with or without force
Object to body Tap elephant torso or legs with object, with or without force
No contact Approach elephant with confidence stance while facing elephant, causing elephant to
move in the direction the mahout walking towards
Verbal Move Commands for come and move left or right in Nepalese, ‘agath’ and ‘ae mar’
Back Commands for move back in Nepalese, ‘peechu’ and ‘peeche hat’
Eat Commands for eat in Nepalese, ‘kha’ and ‘dhar’
Stop Commands for stay or leave it in Nepalese, ‘ra’, ‘chow’ and ‘chee’
Command Other vocalisations directed at elephant

Definition of all mahout behaviours directed at the elephant or mahout interventions. Commands in Nepalese reproduced from verbal commands

used by mahouts

in Table 3 observed directly prior to and following each
mahout intervention.

Statistical analysis

All statistical analyses were conducted in R version 4.0.3 (R
Core Team 2020) using RStudio version 1.4.1103 (RStudio
Team 2020).

Elephant behaviours prior to/following mahout
interventions

To investigate which elephant behaviours occurred immedi-
ately prior to interventions from mahouts (‘prior behaviour’),
we used a generalised linear mixed effect model (GLMM).

We first tallied instances of each prior behaviour for each
elephant in each observation period (‘prior tally’). The tally
for a behaviour in the ethogram that did not occur in a given
observation period was zero. We excluded behaviours that
were observed fewer than 5 times in the data (exhale: n=3,
trumpeting: n=2, pull: n=1). As we found the data to be
zero-inflated (check_zeroinflation function, performance
package; Liidecke et al. 2020) and overdispersed (overd-
isp_func; Bolker 2017) when fit with a Poisson GLMM,
we fitted a constant zero-inflation GLMM with a negative
binomial distribution (glmmTMB package; Brooks et al.
2017) to model the prior tally as a response variable, with
prior behaviour as the fixed effect (factor with 9 levels). We
included the observation period nested within elephant iden-
tity as a random effect. Then, to compare the likelihood of
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each behaviour occurring prior to mahout intervention, we
conducted Tukey’s post hoc comparisons (emmeans pack-
age; Lenth 2022).

To investigate how elephants responded to mahout inter-
ventions, we repeated the above analysis using the tally of
elephant behaviours recorded immediately after mahout
interventions as the response variable. We excluded behav-
iours that were observed fewer than 5 times in the data
(exhale: n=4, scratch: n=4, trumpeting: n=3, and pull:
n=1). To explore the response of elephants to verbal and
non-verbal mahout behaviours, respectively, we added an
interaction term between behaviour and modality (factor
with 2 levels: verbal and non-verbal). As an intervention
may consist of multiple behaviours, which can include both
verbal and non-verbal behaviours, we classify the interven-
tion as verbal when the mahout behaviour immediately prior
to the elephant behaviour was verbal and non-verbal when
it was not.

Mahout interventions across trainings and sets

To investigate whether the number of mahout interven-
tions changed as the training progressed, we modelled the
frequency of mahout interventions across training and set
number. We excluded training stage 4 from this analysis as
only seven of the eight elephants participated in this train-
ing stage and each elephant only completed two training
sets, because we had to halt the training at the start of the
COVID-19 pandemic. We first tallied the number of mahout
interventions in each training set within each training stage,
where training sets with no interventions had a tally of zero.
As the data were zero-inflated (check_zeroinflation func-
tion, performance package; Liidecke et al. 2020), we fitted
a zero-inflated negative binomial GLMM with the mahout
intervention tally as a response variable (glmmTMB pack-
age; Brooks et al. 2017) after testing for overdispersion
(overdisp_func; Bolker 2017). The model had training stage
(factor with 3 levels) and set number (numeric variable from
1 to 8) as an interaction term for the fixed effects, elephant
identity (n=28) as a random effect, and the logarithmic dura-
tion of each set as an offset term to standardise the number
of interventions per unit of time in each set. To compare
the occurrence of mahout interventions across trainings and
sets, we conducted Tukey’s post hoc comparisons (emmeans
package; Lenth 2022).

To determine whether the nature of the interventions
changed as the training progressed, we repeated this analysis
with the tally of individual mahout behaviours (as opposed
to interventions) as the response variable. We also explored
how the use of verbal and non-verbal mahout behaviours
changed as training progressed. We did so by fitting the
same zero-inflated negative binomial GLMM with num-
ber of mahout behaviours as the response variable, but we
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replaced the fixed effect with a three-way interaction term
between training stage, set, and modality.

We compared each model with its equivalent intercept-
only model using a likelihood ratio test (LRT; Anova func-
tion, car package; Fox and Weisberg 2019) to determine the
statistical significance of each fixed effect term.

Results

A total of 131 sets from the 4 training stages, which
amounted to 19.45 h of footage, were analysed. The aver-
age set length was 10.33 min (range 5.63—19.83 min). We
found 997 instances of mahout interventions, comprising
2439 instances of individual mahout behaviours in total
across all training stages, with 522 verbal behaviours and
1917 non-verbal behaviours (Table 5).

Elephant behaviours prior to mahout intervention

Model results suggested that the number of interventions
differed across elephant behaviours (y*>=478.43, p <0.001).
Tukey’s post hoc comparisons revealed that ‘Stand’ was the
most frequent behaviour prior to interventions, which was
4.82 times as likely to occur as the next most frequent behav-
iour, ‘Forward’ (p <0.001) (Fig. 2, Supplementary Informa-
tion Table S1).

Elephant behaviours following mahout intervention
The model results suggested a significant interaction

between elephant behaviour and intervention modality
(LRT: y*=22.13, p <0.001), meaning that mahout use of

Table 5 Occurrence of each mahout behaviour and its percentage out
of all occurrences across 4 training stages

Modality Behaviour Occurrence Percentage (%)

Non-verbal Hand on body 586 24
Touch body 442 18
Pull ear 403 17
Object to body 262 11
Hand on trunk 146 6
Touch trunk 36
Pull tail 20 1
Object to head 18 1
No contact 4 0.2

Verbal Eat 345 14
Command 91 4
Back 60 2
Stop 18 0.7
Move 8 0.3
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Fig.2 Model predicted number
(with 95% confidence intervals)
of mahout interventions occur-
ring immediately after each
elephant behaviour (for a single
mahout-elephant dyad)
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verbal and non-verbal interventions differed across elephant
behaviours. Tukey’s post hoc comparisons revealed that
‘Forward’ was the most frequent behaviour immediately
after both verbal and non-verbal interventions, and ‘Stand’
was the next most frequent behaviour. After verbal interven-
tions, ‘Forward” was 2.1 times as likely as ‘Stand’, while
after non-verbal interventions, it was 2.074 times as likely
as ‘Stand’ (Fig. 3, Supplementary Information Table S2).
Post hoc analysis also suggested that non-verbal interven-
tions were used more frequently before ‘Forward’ (4.6 times
more likely, p <0.001) and ‘Stand’ (4.7 times more likely,
p<0.001).

Mahout interventions and behaviours
across training and sets

Our first model showed no effect of training stage or set
(p>0.05) on the number of mahout interventions. Our
second model, with number of individual mahout behav-
iours instead of number of mahout interventions (which we
defined as a single mahout behaviour, or multiple mahout
behaviours occurring in quick succession) as a response
variable. In this second model, we also included modality
as an interaction term with training stage and set, and found

forv:/ard tulrn

face 'away backlward screlltch

Elephant behaviour

a significant interaction between modality and training stage
(LRT: *=10.617, p=0.005). Post hoc analyses showed
that non-verbal behaviours occurred more frequently than
verbal behaviours in training stages 1 (f=1.856, p <0.001,
p values adjusted for multiple comparisons; Fig. 4) and 2
(#=0.998, p=0.002), but not in training stage 3 (p =0.303).
Post hoc contrasts also showed that the mahouts used fewer
verbal behaviours in training stage 1 compared to training
stage 3 (f=— 1.052, p<0.001), but there was no differ-
ence in the occurrence of verbal behaviours between training
stages 1 and 2 (p > 0.05), and between training stages 2 and
3 (p=0.611). Non-verbal behaviours did not differ across
training stages (1-2: p=0.941, 1-3: p=0.951,2-3: p=1).
Controlling for training stage and modality, we found no
significant effect of set on the number of mahout behaviours

(p>0.1).

Discussion

In this study, we investigated mahout intervention during the
training phase of a behavioural experiment with Asian ele-

phants. We examined the impact of interventions on elephant
behaviours occurring immediately prior to and following
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Fig. 3 Model predicted number
(with 95% confidence intervals) 54
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the interventions. We found that mahouts frequently inter-
vened verbally and non-verbally despite being instructed
not to do so. Mahouts most commonly provided cues to the
elephants by giving verbal commands (e.g., ‘Back’, ‘Stop’,
and ‘Move’) and non-verbal commands through physical
contact (e.g., touching elephant body with an object or their
hands), and used more non-verbal cues than verbal ones. The
mahouts most frequently intervened when an elephant was
standing still or, much less frequently, when the elephant
was moving forward. Similarly, the elephants responded to
mahout cues most frequently by moving forward or, much
less frequently, standing still.

As the training required elephants to stand still until
the curtains were completely opened before approaching
the buckets, it is unsurprising that elephants standing still
elicited the majority of interventions from mahouts, and
elephants in turn responded to most of these interventions
by moving forward. However, mahouts also intervened fre-
quently when elephants moved forward after the curtains
had been opened, which was the desired behaviour for the
training. This seems to be because the elephants had already
started moving forward before the curtains were fully opened
and the mahouts intervened to stop such behaviour. The
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most common mahout behaviours were “touch body” and
the command “eat”. The former is likely to be a command
for the elephants to stay in place and not go forward before
the curtains open, and the latter is likely to encourage the
elephants to go to the buckets and obtain the food reward.
It is also interesting to note that non-verbal behaviours
were used more frequently than verbal behaviours before
elephants moved forward or stood still, and across training
stages and sets in general. This may be because although ani-
mals are more likely to follow non-verbal cues, as previous
research has shown in working dogs (D’Aniello et al. 2016;
Scandurra et al. 2017). The mahouts were specifically told
not to intervene during the training and therefore might have
preferred non-verbal interventions, which they might have
viewed as less disruptive than verbal interventions.
Elephant behaviour can be affected by many factors
and potentially influenced by cues that we did not meas-
ure. Therefore, we should be cautious in interpreting the
elephants’ responses to mahout interventions. Plotnik et al.
(2013) found that Asian elephants did not follow pointing
cues from mahouts to locate hidden food, although mahouts
often reported successfully using pointing to direct elephants
to pick up objects for tourists. This suggests that rather than
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Fig.4 Model predicted change
of verbal and non-verbal
mahout behaviours across sets
of six trials in the three training
stages (with 95% confidence
intervals)
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responding to the pointing behaviour itself, the elephants
may have been responding to other cues, such as the orienta-
tion of the mahout’s body, verbal cues, and other contextual
cues. Apart from responding to commands differently than
expected, the elephants may also have been responding to
cues that we did not record in our training, for example the
emotional states of their mahouts. In the same study, Plotnik
et al. (2013) found that the elephants’ performance in the
experiment was negatively affected when mahouts showed
visible frustration to subject noncompliance, which suggests
that elephants may be sensitive to the emotional state of their
mahouts. This finding is consistent with previous research in
700 stockmanship, which demonstrates that animals respond
more positively and readily to handlers with a positive atti-
tude (Ward and Melfi 2015).

We expected mahouts to intervene less as the elephants
became more experienced with the experimental design.
It was surprising that the frequency of mahout behaviours
(individually categorised actions) and interventions (which
could be constituted of single behaviours or several con-
secutive behaviours in quick succession) did not decrease
as the training progressed. This may be because mahouts
were accustomed to their role as a trainer, which requires
them to initially introduce elephants to daily tasks and later
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continue to direct them in their activities. Therefore, even
when the elephants became more experienced with the train-
ing task, mahouts still intervened with the same frequency.
However, when we analysed the number of verbal and non-
verbal behaviours in each training stage, we found that the
nature of mahout behaviours was different across the training
stages in terms of intervention modality, and the frequency
of verbal mahout behaviours was different across training
stages. Non-verbal behaviours occurred more frequently
than verbal behaviours in training stages 1 and 2, but not in
training stage 3; and the average number of verbal mahout
behaviours in training stage 3 was higher than in training
stage 1. This may have been due to the increased difficulty
and reduced average pay off in training stage 3, meaning that
although the mahouts were told not to intervene and may
have been less likely to use verbal cues in previous stages,
they resorted to them in this stage. In training stage 1, both
buckets contained the same food reward as the purpose of
this stage was simply to familiarise the elephants with the
experimental setup. While in training stages 2 and 3, the
elephants had to make a choice between two different food
rewards, both fruit in stage 2 and fruit or grass in stage 3.
We suggest that the elephants may have behaved with less
certainty in these stages, prompting mahouts to guide the
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behaviour of their elephants. Furthermore, with previous
research suggesting that animals perform better when given
larger rewards (Ferrucci et al. 2019), consideration should
be given to reward type and quantity during experimental
design to maximise the motivating effects of the reward dur-
ing behavioural experiments. For example, in the case of
our study, fewer interventions may have been made by the
mahouts at the start of the experiments if the elephants were
highly motivated by the food rewards. We note again that
despite the focus on reducing potential for handler impact on
experiments, we do not intend to frame all mahout interven-
tions here as negative. In fact, their presence is necessary for
the elephants to be able to participate in any experiments and
training elephants to interact with the experimental appara-
tus with no interventions from the researcher or mahout is
impossible. Further research may be conducted to examine
whether and how handler interventions may affect the per-
formance of animals in the actual experimental stage after
moving on from the training stage.

This study highlights some of the difficulties faced by
experimenters seeking to reduce the impact of human pres-
ence in animal cognitive and behavioural studies, particu-
larly when animal handlers are necessary for the safety of
both the animals and the humans involved. We have shown
here that handler behaviour is associated with animal behav-
iour in a choice test and therefore may affect the results of
the behavioural experiment. We suggest that experiment-
ers should record instances of handler intervention and take
account of them when analysing results of animal behav-
ioural experiments where handlers are required, as it may be
difficult to for handlers to completely avoid providing cues
to their animals when this is an integral part of their rela-
tionship. Extra measures such as better communication with
the handlers may be needed to minimise interventions and
other possible handler biases. Furthermore, studies could
be designed to minimise intervention points. In our case,
interventions took place around times elephants were meant
to approach or move back from the experimental equipment.
One way to reduce this could be to take and withdraw the
apparatus from them, for example with the help of a sliding
table as in a choice test by Plotnik et al. (2019), rather than
having the subjects’ movement built into the study design.
With reduced possible intervention points in experimental
design, further research may also be conducted to inves-
tigate the effect of human presence without any interven-
tions on behavioural studies. It is also important to note that
animals may be responding to less salient cues from the
environment and their handlers, and their performance dur-
ing experiments may be influenced by their affective states
or other individual motivations such as the rewards given.
Therefore, overgeneralization and simplification should be
avoided when interpreting behavioural responses from ani-
mals. Although it may be challenging in outdoor settings
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like elephant camps, which are not designed for experiments,
careful consideration should be taken during experimental
design to eliminate the effect of other environmental factors
when possible, for example, by reducing the potential people
and objects in the surrounding the animals may respond to.

More broadly, our results are relevant to any behavioural
studies conducted on animals in captivity with human pres-
ence. As captive settings such as zoos allow researchers to
control for many variables, many behavioural experiments
have been conducted with animals in captivity, largely on
mammals, particularly on primates (Anderson et al. 2008;
McEwen et al. 2022), but also on other taxa such as reptiles
(Egelkamp and Ross 2019). Nevertheless, studying captive
animals that are trained to respond to human cues requires
careful measures to avoid experimenter bias, the effects of
which are expected to vary with species and keeping style.
As cognitive abilities in perceiving cues from humans vary
greatly across different species and captive animals are
trained for different purposes (Schusterman et al. 2013;
Wynne 2016; Melfi et al. 2020), differences in the type and
effect of handler intervention can be expected.

Our study may also be of interest in the light of human—ani-
mal interactions in behavioural experiments. We have high-
lighted the challenges associated with the presence of human
caretakers in animal behaviour experiments. We note that sub-
stantial efforts are made to reduce the potential impact of these
caretakers to ensure that animals are influenced by handlers
as little as possible during experiments, for example using the
sliding table design in Plotnik’s study to reduce the poten-
tial for handlers to encourage the elephants to move towards
or away from equipment (Plotnik et al. 2019). However, an
alternative way of approaching the challenge of having han-
dlers present is to use it as an opportunity to investigate other
research questions that do not require the mahout and animal
to be separated, such as how handlers and animals interact
when presented with a novel task, or how animals learn from
their trainers. For example, Lit and colleagues (2011) were
able to investigate whether information they gave to handlers
of dogs trained for drug and/or explosive detection affected
how and whether the human and dog teams alerted for drugs
or explosives when cues for neither were present. They found
that handler beliefs that a scent associated with drugs or explo-
sives was present potentiated handler identification of detec-
tion dog alerts (Lit et al. 2011). We note that in our system,
with captive social animals that have a high degree of inter-
action with handlers, the presence of handlers during tasks
such as those used in behavioural experiments is a much more
frequent scenario in their lives than being separated from both
their handler and other animals. Our study shows that there is
further potential for investigating human—animal interactions
through behavioural studies (Davis and Balfour 1992), includ-
ing analysing what, when, and how the interactions take place
and how the animals respond. Further research in quantifying
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human—animal interactions may provide more insight into
these questions, in addition to focusing on reducing human
influences in behavioural studies with the aim of reducing
experimenter bias (Tuyttens et al. 2014).
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