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Summary
The Comparative Science of Magic: Using sleight of hand as a tool to
investigate cognition in diverse taxa.
Elias Garcia Pelegrin
The use of magic effects in comparative cognition provides a powerful tool to investigate how
diverse species perceive the world around them, by focusing on their shared psychological
constraints rather than their cognitive prowess. In this thesis I explore how humans and nonhuman animals experience these techniques, and some of the nuances moderating this
experience. After introducing the Science of Magic and proposing magic as a tool to investigate
cognition in non-human animals in Chapter 1, Chapter 2 and Chapter 3 explore how
multifaceted is the human experience of magic effects. In Chapter 2, I demonstrate how
experience deceiving others using similar techniques moderate the expectations necessary to
be misled by these effects, as expert magicians do not display the same biases when observing
sleight of hand effects than typical observers. Chapter 3 shows how the order in which magic
effects are presented within a routine moderate how the human audience will perceive the skill
of the magician performing it.
As a first step towards creating a Comparative Science of Magic, Chapter 4 reviews the
similarities and differences in how both human and non-human audiences experience magic
effects, evaluates the evolution of the craft by reviewing the deception tactics of non-human
animals, and offers insight into the use of magic effects in the lab by reviewing potential
candidates for such an endeavour. Chapter 5 takes inspiration from a well-known magic effect
and uses it to investigate how Eurasian jays (Garrulus glandarius) experience illusions.
Eurasian jays are sensitive to similar illusions that humans are, and this sensitivity is moderated
by different nuances such as the type of effect (i.e., either negative or positive), or the social
status of the avian observer. Chapter 6 and Chapter 7 provide comparisons of how diverse
species with dissimilar anatomies and visual systems experience methodologically distinct
sleight of hand effects. Both chapters provide evidence that anatomical ability and experience
performing an action moderate how the pantomime movement of this action will be perceived.
Alongside this, all species tested experienced the effect capitalising on fast motions similarly
to each other regardless of their significant differences in their visual system, thus suggesting
a convergently evolved blind spot or a product of common decent. Finally, Chapter 8
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summarises the findings of this thesis and discusses the implications for the evolution of these
nuances. Overall, the evidence presented in this thesis further reinforces the power and insight
that using magic effects in psychology can apport in reference to the innerworkings and
evolution of the human and the non-human mind.
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Chapter 1: Introduction1
1.1 The birth of the Science of Magic
Magic is an art form that has fascinated, entertained and, most importantly, fooled humans for
centuries. Indeed, magicians use elaborate techniques of deception that have been secretly
passed on from magician to magician to make the naïve observer experience the impossible.
Magic operates with some of the fundamental elements that drive psychological and
neurological investigation such as attention, perception, and complex cognition, yet this
artform has not received the same level of attention from scientists as other forms of art such
as music or painting (Kuhn & Thomas, 2022). Magicians use highly elaborate techniques of
deception, which capitalise on specific mental processes and elicit interesting and researchworthy responses from the observer (Kuhn, 2019). For example, the use of the observer’s
inherent expectations of human actions when watching sleight of hand movements is central
to the effectiveness of these methodologies in misleading the victim (Kuhn & Land, 2006;
Kuhn & Rensink, 2016). The success of these deceptive movements is contingent on the
magicians’ ability to take advantage of these predispositions. Consequently, magic effects
could apport a surmount of information to psychologists in reference to how the human mind
operates, and the blind spots in perception and attention and roadblocks in cognition, which
these techniques exploit. While the investigation of magic and its ability to reveal cognitive
constraints in perception and cognition have been largely ignored in contemporary psychology,
the scientific study of magic has played a considerable part in the establishment of experimental
psychology as a field of study. In 1878, Professor Johann Zöllner observed how a selfproclaimed “medium” (i.e., someone who claims to have mystical powers) could create knots
in a rope with sealed ends, this experience led Zöllner to claim that the medium was using
supernatural powers which science was unable to explain (Zöllner, 1878). Of course, such a
claim led others like Wilhelm Wundt, who was in the midst of creating one of the first
Experimental Psychology laboratories in the world, to argue that Zöllner had been deceived by
the medium who simply used a magic effect (Wundt, 1879). This debate sparked the interest
of other pioneers in experimental psychology who started investigating magic, mysticism, and
their relationship with the human mind (Binet, 1896; Triplett, 1900).
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Although the investigation of magic effects has fascinated psychologists for centuries, with
some of the earliest investigations of magic dating back to 1896, when Alfred Binet presented
his psychology of prestidigitation, the fascination of magic by experimental psychologists
quickly vanished after these initial investigations and has been largely disregarded by the
scientific community for most of the last century (Hyman, 1989; Tomkins, 2019). It wasn’t
until recently when scientists started to apply magic effects as paradigms to investigate the
psychological mechanisms that magic exploits. Kuhn and Tatler (2005) investigated the gaze
position of adults, of which only some were told that they were about to see a magic trick, who
observed how a magician made a cigarette and a lighter vanish in mid-air. Interestingly, results
from this first investigation of how magic effects operate found that detection of how the magic
trick was performed was not influenced by how far the gaze of the observer was to the focal
point of the effect. Thus, implying that the trick was manipulating the observer’s attention, and
not their gaze. Moreover, the results suggest that magic effects need not to rely on the observer
being naïve regarding what they are about to witness, as most spectators who weren’t told that
they were about to observe a magic effect were as significantly fooled by it as the spectators
who were told. Whilst the magic trick appears to be resistant to the observer knowing what
they are about to see, the experiment suggest that the effect elicited by this trick does not
withstand being observed by the same person more than once, as all participants were able to
pinpoint the method of the effect after the second observation of the trick. Certainly, one of the
rules of thumb of the magician is to avoid the repetition of an effect, as, even before having
empirical evidence of this phenomenon, magicians were already cognisant of it. Magicians,
often circumvent this problem, if an audience member asks for the effect to be repeated, by
performing the same effect but utilising a different methodology, thus not compromising the
trick. From Kuhn and Tatler’s (2005) experiment, the psychological investigation of magic has
now grown into a fully-fledged Science of Magic (Kuhn, Amlani, et al., 2008; but see Lamont
et al., 2010), with researchers utilising magic effects as experimental paradigms to investigate
the intersection between magic tricks and the attentional, perceptual, and other cognitive
mechanisms that they exploit.
The resurgence of the psychological interest in magic effects quickly developed into a series
of thought-provoking studies led by diverse researchers with different aims, scopes, and
interests. For example, Kuhn and Land (2006) used a vanishing ball effect – an effect in which
the magician seemingly vanishes a ball in thin air – to investigate whether past experiences and
expectations might alter the observers’ perception. The illusion’s success appears to be reliant
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on the spectator’s expectation of the ball’s movement and the social cues elicited by the
magician (i.e., body language) (Kuhn & Land, 2006). However, while the use of social
misdirection techniques such as joint attention might strengthen a magic effect, these
techniques do not seem to be imperative for their success (Cui et al., 2011; Thomas &
Didierjean, 2016). Beth and Ekroll (2015) investigated whether human observers would retain
the erroneous belief that a coin was concealed inside the hand of a magician in reference to the
time variance in the reveal of the coin. Elongated reveal times decreased the strength of the
effect significantly, thus suggesting a possible deterioration of perceived object permanence
the longer the reveal is delayed. While the science of magic has mainly focused on mechanisms
such as attention and perception, magic also employs techniques that affect complex cognitive
processes such as memory and mental time travel. For example, magicians often alter the
spectator’s recollection of an event and induce fake memories through suggestions. Wiseman
and Greening (2005) observed that spectators that received a suggestion that a previously
“magically” bent key was still bending once the magic effect was over, were more likely to
report having observed how the key was bent on the table.
Other magic effects such as The One Ahead Principle (Figure 1.1) capitalise on the roadblocks
in our mental time travel abilities, a process that allows us to recollect the past, along with the
ability to imagine possible future events and anticipate future needs. The One Ahead Principle
employs the spectator’s inability to effectively deconstruct memories to deceive them into
thinking that the magician can “predict” what the spectator will do. This effect is achieved by
the magician already possessing prior information about the predictions and using it to alter
the order of events the spectator is experiencing (Figure 1.1). This effect is particularly
effective on us as we struggle to reverse engineer events: we jump back to a place in time and
then play our memories of what we think happened forwards as opposed to recalling things
backwards in a continual fashion. Given the reconstructive nature of memory, when
remembering the effect, the spectator will recall their memory of the sequences in the order
they think they occurred, instead of dissecting it into the events that were key for the experience
(Clayton & Wilkins, 2017).
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Figure 1.1 The One Ahead Principle

The examples described in this chapter denote how the use of magic effects can encapsulate a
wide variety of research questions. While this is certainly one of the elements that makes magic
a particularly interesting artform to study, the broad range of possible research questions that
one can conduct can also hinder the field investigating them. Indeed, the wide variety of
research performed under a magic scope, while insightful, it might also be too scattered and
disconnected from each other to grant a cohesive theoretical account of the elements that make
humans liable to magic. To this aim, Rensink and Kuhn (2015) suggested a framework to unify,
both methodologically and conceptually, the research efforts investigating the Science of
Magic. In their framework, Rensink and Kuhn propose the use of the informal terminology
already established by magicians, and thus they dissect a magic trick into two separate parts:
the effect and the method. The effect refers to the subjective phenomena experienced by the
observer of the trick, and the method refers to the methodology employed to achieve the effect.
Alongside this, Rensink and Kuhn suggest that whilst the separate investigation of effect and
methods can already provide insight into the human mind, it is the combination of both aspects
of a magic trick that can grant the most insight, as, when properly controlled, magic tricks can
reveal whether the effect exists, and the elements of the method that make it so. The framework
further proposes that an inventory (i.e., a comprehensive directory of the entities and
nomenclatures being studied) is necessary to further organise the science of magic, and suggest
both two types, and two kinds: An effect-centred type of inventory in which the effects of a
trick are linked to the methods used to achieve it, and a method-centred type of inventory in
which the methods listed are linked to the effects that they can create. These inventories would
be further organised into two kinds; A concrete inventory where existing magic effects are
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described, and an abstract inventory containing descriptions of tricks in less concrete terms
(i.e., descriptions that rely less on the ecological factors of the trick such as the set-up and
storyline, and more with the general elements used to mislead the observer). However, other
researchers have criticised this way of categorising magic tricks as the categories might not
encapsulate the overall variability of magic, which might lead to imprecision and a narrow
account of the craft (Lamont, 2015). Ultimately, the Framework proposes using the
descriptions in these inventories as a starting point by which to start analysing the magic tricks
described in the inventories and explained through psychological and neurological approaches.
Other researchers have focused on investigating the neurological aspects of observing magic
(Macknik et al., 2010). Macknik et al., (2008) coined the term “Neuromagic” when suggesting
that magic effects might be best understood from a neurobiological perspective rather than a
psychological one. Alongside this, Macknik and Martinez-Conde (2009) propose that these
effects might be ideal tools to investigate the neural correlates of consciousness, as magic
manipulates the awareness of the spectator. Indeed, magician’s techniques often rely not only
on highlighting specific movements to capture the awareness of the spectator, but also on the
concealing of other movements, using a plethora of techniques, so these are not perceived by
the observer, thus creating a mismatch between what the observer thinks he has perceived, and
what he has actually perceived (Ekroll et al., 2017; Kuhn, Tatler, et al., 2008). Within this line
of research, Parris et al., (2009) explored the neural correlates of experiencing magic tricks by
mapping the brain activity with fMRI of participants watching video recordings of magic
effects alongside other recordings of the same actions without a magic element. The study
evidenced that the observation of the magic effects activated brain regions associated with error
detection and conflict monitoring; the dorso-lateral prefrontal cortex (DLPFC) and the anterior
cingulate cortex (ACC) (Kerns et al., 2004; Pochon et al., 2008; Veen & Carter, 2006). Other
studies with a similar paradigm have also found similar results in the DLPFC plus bilateral
activation in the caudate nucleus (CN) (Danek et al., 2015). Interestingly, the CN has often
been found to be involved when processing changes in the evaluations of action – outcomes
(Grahn et al., 2008). Certainly, the investigations of the neural correlates underpinning the
experience of magic have a lot of potential in providing insight in how the human brain
processes these techniques of deception, however, the research in this aspect is less abundant
than the psychological investigations.
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1.2 Misdirection
Perhaps one of the most obvious points of commonality between magic and psychological
investigation concerns the field of visual attention (Ekroll & Wagemans, 2016; Peter Lamont
et al., 2010). Magician techniques often rely on making their methodology unseen by the
spectator, as such being able to control what an observer consciously sees is an imperative tool
in the arsenal of a magician. For decades psychologists have been aware of some of the blind
spots in our attention and some of the phenomena like change blindness (Rensink et al., 1997;
Simons & Levin, 1997) and inattentional blindness (Mack & Rock, 1998) that occur when
subjects are asked to concentrate on activities that require a high degree of attentional input.
Change blindness refers to the failure to notice large changes to visual scene (Simons & Levin,
1997). Research in this area has shown how observers fail to notice a different array of changes
when these happen during an eye movement (Bridgeman et al., 1994; Grimes, 1996), and how
even when objects or locations are attended, observers still fail to notice changes (Triesch et
al., 2003; Williams & Simons, 2000). However, changes to semantically central objects are
often detected quicker than other changes, even if the latter are of similar salience (Kelley et
al., 2003; Rensink et al., 1997). Moreover, evidence suggests that expectation plays a key role
in being liable to change blindness, as unexpected changes are more deeply missed. For
example, most observers will fail to notice that a conversational partner has changed by another
conversation partner only when this one is unexpectedly replaced (Levin et al., 2002).
Inattentional blindness refers to the failure to notice the existence of a particular item (Mack &
Rock, 1998). Research on inattentional blindness suggests that humans rarely see what they
are looking at unless they are actively directing their attention to it. For example, experience
aeroplane pilots in a flight simulator proceeded to land their plane even though a strikingly
visible plane was blocking their runaway, thus ultimately crashing their plane (Haines, 1991).
Similarly, Simons and Chadris (1999) told participants to count how many times a group of
people passed a basketball ball to one another while doing so, most observers failed to see a
person wearing a gorilla suit walking across the scene and even briefly stopping halfway and
vigorously beat its chest. Most participants are blind to the person in the gorilla suit because
their attention is placed elsewhere, counting the passes made by the group of people, thus
missing the person in a gorilla suit beating his chest even if directly looking at it (Memmert,
2006).
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Indeed, these phenomena have been the topic of fascination of many psychologists, however,
some could argue that magicians were the first to discover these principles and apply them to
the production of the impossible. Misdirection is an intrinsic skill in magic performing (Kuhn
et al., 2014; Kuhn, Tatler, et al., 2008; Macknik et al., 2010), which refers to the ability to
manipulate the attention of the spectator towards a desired location and away from the
intricacies that would reveal the method of the trick to make the audience experience the
desired effect (Kuhn et al., 2014). The relationship between misdirection techniques used in
magic and inattentional blindness lies in the similarities of attentional control. The effect in
both magic and in inattentional paradigms, occur in full view of the spectator or subject, yet
the subject fails to notice it (Kuhn et al., 2009; Kuhn, Tatler, et al., 2008; Kuhn & Findlay,
2010). However, some have criticised the analogy between misdirection used in magic tricks
and phenomena such as inattentional and change blindness and urged caution about assuming
too close of a relationship between the two (Memmert, 2010). Memmert’s (2010) criticism
stems from the notion that in misdirection paradigms the observers might anticipate some sort
of unexpected event from the magician, as they are cognisant that they are observing a magic
trick. Whilst in paradigms concerning psychological phenomena such as inattentional
blindness, the unexpected event is not anticipated by the observer. However, this criticism
might be misplaced as similar techniques of misdirection, such as pickpocketing (Macknik et
al., 2008) , often successfully occur without the observer being cognisant of it, thus evidencing
that misdirection need not to rely on the spectator anticipating the unexpected (Kuhn & Tatler,
2011).
Misdirection in magic has been dissected and examined by both professional magicians and
psychologists alike, each proposing different frameworks and taxonomies by which to
categorise and scrutinise these intricate techniques. After writing his original book on magic
tricks “The Structural Conception of the Magical Atmosphere” (Ascanio, 1958), Ascanio
divided misdirection into three grades – namely dissolution, attraction, and deviation – which
depended on the level of intensity of the techniques being used (Ascanio, 1964). Later, Sharpe
(1988) divided misdirection into passive actions and active ones depending on whether the
methodology involved either the attraction of the spectator’s spatial attention (which he defined
as “active misdirection”) or the manipulation of the spectator’s mind with the outcome of
changing their reaction to the presented stimuli (defined as “passive misdirection”). In his book
“Anatomy of Misdirection” (Bruno, 1978), Bruno divided the ability into three subsections; i.
Distraction: in which multiple inputs are presented at the same time to the spectator, thus
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exploiting the spectator’s inability to focus on all of them simultaneously. ii. Diversion: in
which, differently from the first element, the spectator is tricked into thinking that there is just
one stimulus to focus on, while in reality, the magician is covertly operating other methods
simultaneously and iii. Relaxation: in which particular moments in a magician’s routine will
create instants in which the attentional faculties of the spectator will fluctuate in intensity and
intention. Lamont and Wiseman (1999) offered an interesting definition of misdirection as
“that which directs the audience towards the effect and away from the method” (p. 31), which
amalgamated all possible techniques under misdirection as an umbrella term. Moreover,
Lamont and Wiseman (1999) offer a simpler approach to misdirection by differentiating
between methodologies that engage with the attentional processes of their audience, and
methodologies that do not. As such, they outline two subcategories of misdirection; i. Physical
Misdirection, which refers to the manipulator of the spectator’s attention by the magician, and
ii. Active Misdirection, which alludes to the social cues and interaction the magician uses to
manipulate the spectator.
Perhaps the most recent attempt to execute a taxonomy of the ability comes from Kuhn et al.,
(2014) psychologically based taxonomy, in which they propose 3 overarching categories that
correspond to the 3 central psychological mechanisms affected (perception, memory, and
reasoning). Kuhn et al., (2014) perception category is somewhat similar to Lamont and
Wiseman’s (1999) Physical Misdirection classification, only that Kuhn and colleagues also
include external triggers that do not overtly influence the attention of the spectator (e.g., social
interaction or emotional affect). With the Memory category, Kuhn et al., (2014) are the first to
purposely dissect the memory altering properties that misdirection techniques can produce.
Indeed, using trigger words or particular phrases during or after a magic effect can induce the
spectator to remember the events differently and enhance the effect (Kuhn & Thomas, 2022;
Wiseman & Greening, 2005). In reference to the reasoning element, Kuhn et al., (2014) suggest
that sometimes spectators might be fully cognisant of the magic methodology being performed
yet the magician can alter or utilise their current reasoning patterns in order to produce the
effect. A good example is a false action (Thomas et al., 2018a) in which the magician will
offer a possible solution to the magic effect and later will reveal that the solution is impossible
(i.e., extinguish the solution), thus engaging the spectator into momentarily thinking they are
seeing how the trick is done while being blind to the real methodology behind the trick. Indeed,
the art of misdirection has fascinated scholars for some time, and the plethora of dissections
and taxonomies bring the scientific community closer to understanding this mesmerising skill.
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Whilst all taxonomies presented here touch on the imperative elements of misdirection, with
perhaps the more recent taxonomy by Kuhn et al., (2014) being the most complete in scope
and in its effort to encapsulate the main elements, which make the spectators liable to the
magician’s techniques. None of the mentioned dissections of misdirection provide
differentiation between two actions, central to misdirection techniques, which seem too often
be combined into one. These being i. The ability to engage a spectator’s attention away from
an action or an object (which we can call misdirection), and ii. the ability to engage a spectator’s
attention towards a desired action or object (which has been anecdotally called “prodirection”
by Wilkins and Clayton (personal communication, 2020)). While one can amalgamate both
actions into one subcategory, such as “perception” (Kuhn et al., 2014) or “physical” (Lamont
& Wiseman, 1999), it is important to note how different the methodology involved in both
actions is. Misdirection techniques do not necessarily require the spectator to be attentive to
anything in particular, just that the attention not be placed in the action of interest, as such
methodologies like Bruno’s (1978) “distraction” category that present a wide array of stimuli
simultaneously (be that auditive or visual) could suffice, yet “prodirection” involves that a
particular action or object is made salient to the attentional mechanisms of the spectator or
audience, which one could argue, is of much more of a difficult task than basic misdirection.
Indeed, for the latter to fully occur the magician ought to be in control of the spectator’s
audience during the entire effect and not just during the misdirection element of the effect, as
such, “prodirection” might embody more elements such as social interaction, joint attention,
magician - audience rapport, alongside the basic methodologies of attentional control also used
in “misdirection”.
As one can observe, the uncanny techniques that magicians use to manipulate their audience
into experiencing the impossible are far from simple, comprised multiple intricate elements
that exploit not only blind spots in perception and attention of the audience but also their
roadblocks in cognition. The efforts by both magicians and scientists to categorise these
intricate techniques provide researchers with concrete definitions that can be used as, following
Rensink & Kuhn's (2015) framework, experimental paradigms and extrapolate psychological
and neurological explanations from.
1.3 Sleight of hand
Sleight of hand refers to a type of magician technique that involves the use of specific motions
and actions to achieve an unexpected outcome (e.g., pretending to transfer one coin from one
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hand to the other, but keeping the coin retained in the initial hand). These purposely devised
actions are often designed in a way where, to the naïve observer, the action resembles a typical
human movement, so as not to raise suspicion, yet these intricate actions of deception are often
the key methodological elements of most magic tricks.
Current research investigating sleight of hand has produced thought-provoking results on how
the techniques operate on the spectator. For example, when observing a classic sleight of hand
effect such as the one described above, curvilinear motions appear to have a larger effect in
misdirecting the observer than utilising rectilinear ones, as the former seems to be more
successful in preventing the observer from looking back at the hand that is truly hiding the coin
(Otero-Millan et al., 2011). Cui et al. (2011) investigated whether the fake transfer of a coin
from one hand to the other was made more powerful by the magician actively directing their
gaze and attention (through joined attention) towards the hand which should, only to the naïve
observer, contain the coin. Interestingly, the eye movement recordings of the participants
revealed that the attention and gaze of the magician did not strengthen the sleight of hand effect,
as there were no significant differences in the eye gaze movements of the spectators between
the condition where the magician used join attention techniques, and a control condition in
which the magician performed the same sleight but with his head covered by a paper bag (Cui
et al., 2011).
In an effort to further examine the nuances that make these actions particularly powerful at
deceiving the naïve observer, Phillips et al. (2015) investigated whether observers would notice
any difference between a sleight performed by an expert magician and the same sleight
performed by a novice. Alongside this, the researchers also analysed the differences in hand
trajectory and muscle activity between both expert and novice magicians. The study suggests
that experience plays a significant role in sleight of hand performance, as observers were more
prone to identifying the novice’s sleights as foul play. Moreover, when comparing expert and
novice’s sleight of hand transfers with their respective real transfer counterparts (i.e., when the
magicians did not fake the transfer of the coin from one hand to the other but instead completed
the transfer), the authors found significant similarity between the fake and real transfer when
performed by the expert magician, yet not when performed by the novice one. Overall, this
study suggests that as far as sleight of hand goes, smooth, precise, and minimal movements
with an exaggerated grasping motion of the object aimed at being manipulated appear to be
characteristic of a more effective sleight of hand movement (Phillips et al., 2015). As
highlighted by the authors, the fact that smooth movements provide a more effective deception
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could be related to the gestalt principle of good continuation, which will make these
movements more likely to be perceived as a continuous grasp rather than 2 disconnected
movements (Köhler, 1929). Alongside this, research by Beth and Ekroll, (2015) suggests that
the belief of the spectator that the object has been fully transferred from one hand to the other
will significantly diminish the longer the magician waits in revealing the contents of his hand,
thus raising the possibility that, to some degree, sleight of hand effects might be moderated by
amodal completion beliefs, which will fill in the gaps of partially occluded scenarios or objects
(Ekroll et al., 2017; Kanizsa & Gerbino, 1982). In this case, the observer’s creation of a
perceptual representation of the hidden object based on the information provided by the
magician (i.e., amodal permanence (Michotte, 1950)) deteriorates the more the illusion is
sustained.
Indeed, sleight of hand effects are particularly powerful because of the surmount of intricacies
that they encompass, and the amalgamation of the distinct perceptual beliefs and phenomena
that they exploit. For these tactics to successfully “fool” an observer, the spectator requires an
expectation of the outcome of making certain hand movements. Such intrinsic knowledge will
lead the spectator to unknowingly overlook the unusual components of the effect that might
reveal foul play. These attribute substitution errors seem to underpin the effects, thus prompting
the naïve spectators to replace an altered sequence of events with their typical counterparts
(Pailhès & Kuhn, 2020; Thomas et al., 2018b). This, in conjunction with the gestalt principle
of good continuation, which will continue the actions of a recognisable movement even when
it is partly omitted to the senses (Barnhart, 2010; Wexler & Klam, 2001), and human’s
propensity to use previously acquired information of an experience to fill in the gaps they do
not entirely perceive (i.e. amodal completion (Kanizsa & Gerbino, 1982; Albert Michotte et
al., 1991)) will make these magic effects hard to distinguish from real transfers (Ekroll et al.,
2017; Ekroll & Wagemans, 2016). As such, when the magician operates the hand movement
without enabling the object to transfer from one hand to the other, the spectator will assume
the transfer has been completed, as this is the most likely outcome (Beth & Ekroll, 2015;
Phillips et al., 2015).
1.3.1 The sleights used in this thesis.
Several chapters of this thesis will use of sleight of hand effects to investigate the blind spots
in attention and perception and the roadblocks in cognition in diverse taxa. As such, it is useful
to first introduce the three main sleight of hand effects that will be used throughout this thesis,
these being i. palming, ii. the French drop, and iii. the Fast pass. These methodologies are an
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intrinsic part of most magic effects, in which their success heavily relies on not being noticed
by the spectator. Magicians often use concealment techniques like palming and the French drop
to mislead the audience into thinking the object of attention has been transferred from one hand
to the other, when, in fact, the object remains concealed in the initial hand. And use Fast pass
techniques to inadvertently swap an object's location between hands without the audience being
cognisant of it.

Figure 1.2 The three sleight of hand techniques used throughout this thesis. (A) Palm
transfer, (B) French drop, and (C) Fast pass.

Palm transfer
Some of the chapters in this thesis (Chapter 2, 6) will employ a sleight of hand technique
called palming. Palming involves concealing an object in the palm, when done with skill, the
hand palming the object appears to not be holding anything. A palm transfer or fake transfer
by palming involves mimicking the transfer of an object from one hand to the other, but instead
of transferring it, the object remains concealed in the palm of the original hand (Figure 1..2.
A).

French drop
Chapter 2, 6, and 7 in this thesis will employ a sleight of hand technique as a French
drop. The technique involves mimicking the grab of an object from one hand to the other by
holding the object between the thumb and the first 2 fingertips and “fake grabbing” it with the
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other hand by performing a precision grip (i.e., pressing the pad of the thumb against the pad
of the middle and index finger (Napier, 1960)) while simultaneously letting the object fall into
the palm of the holding hand (Figure 1.2. B).

Fast pass
Chapter 2, 6, and 7 in this thesis will employ a sleight of hand technique known as a
fast pass. The technique consists of passing the object from one hand to the other with enough
speed so that the transfer is not noticed by the spectator (Figure 1.2. C).
1.4 Towards a Comparative Science of Magic?
As discussed in this introductory chapter, in the last decade the study of magic effects has
started to gain attention from the scientific community, particularly for psychologists and
neuroscientists (Kuhn, Amlani, et al., 2008; Kuhn & Tatler, 2005; Macknik et al., 2008). This
interest stems from what magic effects might reveal about the blind spots in our perception and
roadblocks in our thinking. The study of magic effects may offer researchers opportunities for
new lines of inquiry about perception and attention. Moreover, because magic effects capitalise
on our ability to remember what happened and our ability to anticipate what will happen next,
using magical frameworks elicits ways to investigate complex cognitive abilities such as
mental time travel (i.e., remembering the past and anticipating the future). Moving beyond the
intersection between magic and the human mind, the application of magic effects to investigate
the animal mind can prompt the comparison of behavioural reactions among diverse species,
in which magic effects might exploit similar perceptive blind spots and cognitive roadblocks.
The internet is filled with videos of magicians performing magic effects to animals (mostly
captive primates and domesticated pets), in which the attentive animal spectators appear to
react with awe and exultation when objects or food magically vanish. In a notorious online
viral video (Monkey Sees A Magic Trick, 2014), a human performs a simple banishing magic
effect to an attentive Bornean orangutan (Pongo pygmaeus) through a glass barrier at Barcelona
Zoo. The orangutan watches intently as the human places dried fruit inside a disposable coffee
cup and proceeds to shake the cup to ultimately reveal that the cup is “magically” empty. The
orangutan appears to react with awe and exultation. While, without further investigation, we
cannot assume that the orangutan was amazed and surprised by the magic effect, akin to a
human spectator, the encounter prompts us to question to what extent animals are susceptible
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to the same techniques of deception commonly used by magicians to deceive humans.
Evidently, the thought of animals being deceived by magic is an amusing subject to the
population, given that this clip currently has more than 60 million views on the online platform.

Some researchers have previously drawn comparisons between specific behaviours in animals
and magic effects (Clayton & Wilkins, 2019; Garcia-Pelegrin et al., 2020). For example,
humans are not alone in the ability to manipulate the attentional state of others. Instances of
manipulation of the attention of conspecifics can also be found in our closest relatives; the
chimpanzee (Pan troglodytes) (De Waal, 1997; LaFrenière, 1988; Whiten & Byrne, 1988), and
in different taxa such as the Corvidae family (Bugnyar & Kotrschal, 2002; Emery & Clayton,
2004), and the Cephalopoda family (Brown et al., 2012; Amodio et al., 2019), thus suggesting
the possibility of such misdirection techniques having convergently evolved across species.
This raises a plethora of questions regarding the evolution of deception, and the misdirection
techniques that magicians use and their inherent similarities and discrepancies in comparisons
with other species2_ftn1. Other researchers, perhaps unintentionally, have been utilising magic
effects as a methodological tool to explore a diverse range of cognitive abilities in animals. For
instance, violation of expectation paradigms, in which a subject is presented with an
unexpected outcome that they are unlikely to anticipate, have been extensively used in
comparative cognition (e.g. (Auersperg et al., 2014; Singer & Henderson, 2015). Such a
premise is directly comparable to magic effects, given that the result of both magic and
violation of expectation paradigms aim to elicit the same reaction from the observer, namely
being surprised by witnessing the unexpected. While animal subjects do not typically verbalise
their surprise at unexpected events, surprise can be measured using looking time. For example,
if the subject finds an event surprising, they spend significantly longer looking at the event
compared to an event that is deemed ordinary. A good example of magic being used as a
methodological tool comes from Bräuer and Call’s (Bräuer & Call, 2011) Magic Cup
experiment. When investigating how dogs and great apes mentally represent different kinds of
objects, experimenters have used devices inspired by props commonly used in magic effects
such as boxes with false bottoms (Bräuer & Call, 2011). To investigate object representation
in great apes and dogs, Bräuer and Call used a violation of expectation paradigm by presenting
their test subjects with a “magic” cup that has a false bottom. This facilitated the discrete
2

See Chapter 4 section 4.2 for a more detailed review of misdirection in the animal kingdom.
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switching of objects inside the cup and thus, from the perspective of the subject, the object
appeared to magically transform into another form. This apparatus closely resembles a device
known as the Okito box (Figure 1.3), which facilitates a well-known magic effect in which
coins inserted inside a cylindrical metal box magically vanish and reappear at the will of the
magician. Researchers have also investigated causal cognition in New Caledonian crows using
invisible string, a see-through thread frequently used for levitation effects, to determine how
crows respond to objects moving ‘without’ human interaction (Taylor et al., 2012). The use of
magic effects provides an interesting methodology to explore how animals perceive the world
around them, and if their perceptive processes are analogous to human perception. Moreover,
given the plethora of accounts that solidify their effectiveness in humans, magic effects might
prompt the comparison of analogous behaviour and the necessary underlying cognition, in nonhuman animals (Garcia-Pelegrin et al., 2020).

Figure 1.3. (A) The Magic Cup apparatus by Bräuer and Call (2011) and (B) Three
different Okito boxes

Although magical effects have permeated the field of comparative cognition, the scientific
community is yet to study whether animals can be deceived by the same magic methodologies
that would deceive a human observer. This is an interesting query because the use of magic
effects to deceive animals could only be feasible if both human and animal spectators shared
some analogous cognitive processes that capitalise on perceptive blind spots and cognitive
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roadblocks. Investigating the psychology behind magic effects in humans offers comparative
psychologists an accessible pathway to develop initial hypotheses to test in animal audiences.
For example, the vanishing ball trick used in the experiment by Kuhn and Land (2006)
explained in section 1.1 of this introduction could be used to investigate whether past
experiences and current expectations alter the animal’s perception. In humans, the illusion’s
success appears to be reliant on the spectator’s expectation of the ball’s movement and the
social cues elicited by the magician, thus using a similar design with animals could be
insightful, both regarding the animal’s expectations (i.e., throwing a ball towards the ceiling
will make the ball go upwards), and whether the human body language offers an animal
audience social cue when priming such illusions. Beyond perception and attention, other magic
tricks that capitalise on complex cognitive mental processes such as memory and mental time
travel could be used to investigate whether non-human animals are liable to similar cognitive
roadblocks. For example, magicians often alter the spectator’s recollection of an event and
induce fake memories through suggestions. When spectators were presented with a magic
effect, whereby a previously “magically” bent key was deposited on a table while being
suggested that the key continued bending after the effect, the spectators were more likely to
report that they had observed the bending process happening on the table as well as on the hand
of the magician (2005). Such deception techniques exploit interesting pitfalls in our memory.
The application of similar techniques to an animal audience might reveal whether animals that
possess complex memory processes also encounter comparable pitfalls. Indeed, observing
whether some animals like the Clark’s nutcracker (Nucifraga columbiana), which can recollect
the location of an average of 30 thousand caches per year (Balda & Kamil, 1992), is susceptible
to analogous pitfalls in memory, might provide comparative psychologists with insight into the
processes governing memory creation and retrieval in other animal minds.
An effect that capitalises on mental time travel such as the already described One Ahead
Principle (Figure 1.1) could also be translated to a non-human audience. However, it appears
evident that such effects could only be investigated with species that might be able to recollect
past events and plan for future ones, given that one cannot exploit the faults of a non-existent
mechanism. Current research in mental time travel has raised the possibility that species such
as corvids exhibit mental time travel processes. For example, California scrub-jays
(Aphelocoma californica) can remember the what, where and when of a specific past event
(episodic-like memory) and can use this type of memory to discriminately retrieve items based
on what they cached, where they cached it and when (Clayton & Dickinson, 1998). Caching
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decisions may also be based on future planning abilities because jays can make provisions for
a future need, even in a novel context. For example, after experiencing one room that always
offered breakfast and another room that did not, the jays spontaneously cached in the room that
did not offer breakfast (Raby et al., 2007; Cheke & Clayton, 2012, Shaw et al., 2012)3.
To summarise, the psychology of magic offers the scientific community a powerful
methodological tool for testing the cognitive blind spots and roadblocks of a diverse range of
taxa. A tool that would, otherwise, remain hidden behind the secretive world of magic and
magicians, previously only accessible to a few. Moreover, studying whether animals can be
deceived by the same magic effects that deceive humans can offer a window into the cognitive
parallels and variances in attention, perception, and mental time travel in other species.
1.5 Thesis Overview
The central aim of my thesis is to apply magic effects empirically to investigate the
methodological nuances that make these intricate techniques of deception used by magicians
to mislead their audience successfully, and the cognitive mechanisms that they exploit.
Initially, this thesis explores how humans perceive magic tricks in reference to their experience
performing these effects or the sequences in which these are presented. However, the second
aim of this thesis is to explore the evolution of these nuances by investigating whether these
techniques capitalise similar cognitive predispositions in diverse species and taxa. By using the
same techniques that magician’s use to mislead their audience in a rigorous and control
empirical setting, I hope to further elucidate on the evolution of the cognitive constrains
exploited by this popular art form and the methodological intricacies that make it work
To begin examining the methodological nuances that make magic tricks successful in
misleading a human observer, Chapter 2 first rigorously tests my ability as a magician to
perform sleight of hand effects in a controlled environment to a sample of naïve observers. The
results of this initial experiment reveal that I have sufficient skill as a magician to produce the
desired reaction from the observer when performing sleight of hand tricks in an empirical
setting. Following these initial results, I investigated whether magicians, whose expertise
involves the use of misleading movements to deceive their audience, excelled at identifying
both deceptive and real actions compared to non-magicians, by performing the same sleight of
hand effects to a sample of professional magicians with distinct experience levels in magic.
3

See Chapter 4 section 4.2 and 4.3 for a more detailed review of cognitive ability in corvids.
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The results from this experiment reveal that whilst magicians excelled at identifying the sleight
of hand actions presented compared to non-magicians, this ability develops after spending 5
years or more practising magic. Expertise in a particular subject has been seen to significantly
affect the visual recognition of specialised patterns related to it, as evidenced in dentistry
(Hegarty et al., 2009), chemistry (Stull et al., 2012), meteorology (Hegarty et al., 2010), and
geology (Shipley et al., 2009). Therefore, the fact that magicians excelled at identifying
pantomime movements in contrast to non-experienced observers is understandable. Moreover,
evidence suggests that becoming an expert at a particular subject takes several years of
deliberate practice (Ericsson et al., 1993), this is evidence in chess, which takes an average of
10 years to master (Charness et al., 2005; Gobet & Charness, 2018; Simon & Chase, 1988).
Thus, supporting the relationship between the ability to identify movements as misleading
actions, and years of experience practising magic seen in this chapter. Alongside this, I found
that, unlike non-magicians and magicians with less than 5 years of experience in the craft,
experienced magicians had difficulty correctly identifying legitimate movements when these
did not present a clear methodological outcome. I hypothesise that the same expertise in
detecting misleading actions that expert magicians acquired through years of deliberate
practice might be as a double-edged sword, as extensive time practising magic might have
primed experienced magicians to anticipate foul play when observing ambiguous movements,
even when the actions observed are genuine.
The experiment in Chapter 3 investigates the sequences that magicians use when constructing
their magic routines. Anecdotal conversations with different professional magicians suggested
that the construction of a magic routine is an epicentral contributor to the remembered wonder
and amazement experienced by the audience of the magic show. Indeed, evidence suggests that
when remembering experiences, humans use specific heuristics such as the peak-end rule (i.e.,
that the remembered emotional valence of an experience will be moderated by its peak
goodness, and the emotion experienced at its conclusion (Kahneman et al., 1993)) to
discriminate between positive or negative memories. Consequently, this experiment
investigated whether sequencing the effects of a magic routine using a peak-end rule would
significantly influence the naive observer’s perception of it. This experiment provided evidence
that the sequencing of a magic routine does not significantly alter the observer’s level of
enjoyment of the routine, but significantly moderates how the observers perceive the skill of
the magician. Participants who watched the peak-end condition perceived the magician as more
skilled in producing magic effects than participants who watched a routine that contradicted
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the peak-end rule. These results suggest that the sequence of the magic effects in a magic
routine is important, as even though it does not moderate how the spectators will perceive the
magic, it does so for how they will perceive the magician.
The investigation of how magic effects operate in diverse taxa can yield unparalleled insight
in the evolution of cognitive constrains in perception, attention, memory, and consciousness
that these techniques exploit. In an effort to consider the possibility of a comparative science
of magic, Chapter 4 presents a theoretical discussion of the elements that might make magic
unique to humans, such as the experience of wonder and disbelief at the unexpected, and the
elements of magic that can be observed across the animal kingdom. I discuss the tactics used
by cognitively advanced non-human animals such as apes, corvids, and cephalopods to deceive
conspecifics and consider the parallels between their techniques and the ones used by
magicians to make their audience experience the impossible. Alongside this, I also discuss the
social dynamics of magic performance, explore the similarities and differences of human and
non-human social interactions and discuss play behaviour in non-human animals. I argue that
apes, corvids, and cephalopods might be ideal candidates to start a comparative science of
magic, as they appear to naturally exploit analogous blind spots in perception and attention, as
well roadblocks in memory, mental time travel and perspective-taking. Finally, I highlight the
potential of this new and exciting line of research that unlocks alternative avenues for inquiry
and investigation.
Chapter 5 investigates whether Eurasian jays (Garrulus glandarius), a corvid species, are
sensitive to an adapted version of a classic magic effect naked Cups and Balls. Given that these
birds utilize intricate and highly elaborate cache protection tactics, which are comparable to
the deceptive strategies employed by magicians (Garcia-Pelegrin et al., 2020). For example,
by caching food items discretely in among multiple bluff caching events, making it difficult
for the observer to trace the real caching event (Dally et al., 2005). Eurasian jays may be
exploiting similar perceptive and attentional constraints to the ones exploited by magicians.
Thus, making them an optimal model to investigate whether other species and taxa are sensitive
to similar techniques of deception which would typically mislead a human observer. The Cups
and Balls effect was adapted by utilising two different food items (least preferred and most
preferred), and “magically” switch one for the other when depositing it inside one of the two
upside-down coups presented to the jays. This methodology allowed for the exploration of how
Eurasian jays would perceive a Cups and Balls effect, and whether they would show sensitivity
towards positive versus negative types of outcomes. Alongside this, anecdotal conversations
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with magicians suggested that the reactions of human spectators when experiencing a
negatively balanced magic effect (i.e., in this case making £20 bill transform into a less value
bill) might be moderated by their social status. Consequently, this experiment further
investigated whether this was also the case in the jays by measuring their social rank. The
results from this experiment reveal that jays are sensitive to similar (but not the same)
techniques that routinely fool humans such as making magic switches. The jays accepted the
food reward when the food reward remained as expected but were more likely to recheck the
cup when an “magic” switch occurred. Moreover, when observing a negative switch, the jays
took significantly longer to approach the cup than in any other condition. Finally, the sample
of jays tested showed an effect for social status when experiencing a negative switch.
Specifically, the more dominant subjects were more likely to reject food than less socially
dominant birds, thus providing evidence that social hierarchy significantly influences magic
effect responses in the Eurasian jay.
Chapter 6 aims at continuing the investigation of the nuances that make Eurasian jays
susceptible to different magic effects by exploring whether the avian subjects are susceptible
to be misled by the sleight of hand movements used in Chapter 2 to deceive a naïve human
audience. Contrary to the Cups and Balls effect used in Chapter 5, this experiment does not
use an adapted version of the effects, instead the sleight of hand movements were intentionally
performed in the same way a magician would for a human audience. Moreover, to guarantee
that the sleight of hand performances presented to the jays were as authentic as physically
possible, I tested the effectiveness of the performances to the jays on a sample of human
participants. Results from this experiment indicate that Eurasian jays are not misled by sleight
of hand movements, which capitalise on inherent expectations of object transfers between
hands. Given their background in the lab, in which these birds were hand raised by
experimenters and have had considerable experience with human hands, the results from this
experiment suggest that the expectations necessary to be fooled by this type of sleight of hand
effects might not be acquired by observational experience of hand transfers and raises the
possibility that these expectations are a result of first experience manually operating with
objects. In contrast, the avian subjects were deceived by sleight of hand movements that relied
on the speed of the transfer as deceptive action. These results reveal that Eurasian jays can be
misled by the same speed-based effect that deceives humans. However, given the superior
visual acuity of the avian taxa in contrast to humans (Bobrowicz & Osvath, 2019; Boström et
al., 2016; Fernández-Juricic et al., 2004), it is likely that the constrains capitalised by this
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movement are different in both species. I hypothesise that the jays were misled by this sleight
of hand effect because of an attentional blind spot stemming from the lateral movements of the
effect, which forced the subjects to switch their attention from perceiving the movement using
their monocular vision to perceiving it binocularly (Dukas & Kamil, 2000, 2001).
Following from the suggestion that the expectations necessary to be misled by some magic
effects might be moderated by the level of first-hand experience performing manual actions,
Chapter 7 investigated the relationship between manual biomechanical ability performing an
action and its influence on the perception of sleight of hand effects in three species of New
World Monkey with distinct hand anatomy and biomechanical abilities (Yellow-breasted
capuchins (Sapajus xanthosternos), Humboldt’s squirrel monkeys (Saimiri cassiquiarensis)
and Common marmosets (Callithrix jacchus)). The results from this experiment indicate that
the expectations necessary to be misled by the sleight of hand effects that capitalise on an
understanding of object transfers between hands, are significantly moderated by hand anatomy
and biomechanical ability. Specifically, only species that could occlude their thumb with the
index and middle finger (i.e., capuchins and squirrel monkeys (Fragaszy & Crast, 2016; Napier,
1960)) were liable to be misled by the sleight of hand movements that relied on thumb
occlusion. Marmosets, which cannot occlude or oppose their thumb (Fox et al., 2019)
performed similarly than the jays in Chapter 6 when observing these sleight of hand effects.
However, an adapted version of the sleight of hand movement, which contained the same effect
but did not occlude the thumb when producing it, misled the marmosets and elicited similar
reactions from them than the ones elicited by humans, capuchins and squirrel monkeys when
observing the original effect. Alongside this, all three species were, like the human observers
in Chapter 2, significantly misled by the effect that capitalised on the speed of the movements,
irrespective of their hand anatomy or biomechanical ability. The results indicate that the magic
effect capitalised on similar aspects in the visual system of both platyrrhines and humans,
which might have been a blind spot embodied by our last common ancestor around 40k years
ago.
Together, the experiments in these chapters demonstrate the capability of magic effects to be
powerful tools to investigate cognition across diverse taxa. These findings exhibit the plethora
of diverse methodological nuances that magicians use to mislead their spectator and the
cognitive constrains that these methodologies exploit. Moreover, the experiments exhibited in
this thesis support the use of magic effects to investigate the non-human mind by providing
robust paradigms by which to test hypotheses. Considering the techniques of deception used
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by diverse species and comparing their reactions when observing magic effects suggests that,
while there are undeniably unique human elements in both magic performing and observing,
both the techniques and the cognitive roadblocks that they exploit far precede our species.
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Chapter 2: The role of expertise in observing sleight of hand effects4
While magicians use many techniques that successfully mislead their spectators, evidence
reviewed in Chapter 1 suggests that the capability of these techniques to do so is directly
influenced by the skill of the magician performing it (Phillips et al., 2015; Rissanen et al.,
2014). Therefore, in this Chapter, I first investigate whether my sleight of hand ability can
reliably mislead the naïve observer in a controlled environment. To do so, I conducted an
experiment in which a sample of naïve spectators observed my performance of several
videotaped sleights of hand effects and real transfers of coins and asked which hand they
thought contained the coin. Observers of the magic effects and real transfer counterparts
performed as expected and reported in other experiments using videos of similar effects and
real transfer counterparts, by being significantly misled by the sleight of hand but not by my
real transfer movements, thus evidencing my ability as a magician, and establishing the use of
my performances as reliable paradigms to empirically test further psychological queries
throughout this thesis.
The use of magic effects to investigate how they are perceived by the naïve observer has
yielded thought-provoking results, elucidating some nuances that make these techniques
successful. However, little is known about the interplay between experience practising magic
and being deceived by magic effects. In the second experiment, I collected the hand choices of
a sample of expert and novice magicians who watched two of the sleight of hand and real
transfer counterparts videos (French drop and palming) in the first experiment and compared
their results with the choices of the naïve observers. Although, as a group, magicians identified
the sleights of hand as deceptive actions significantly more than non-magicians; this ability
was evident only in magicians with more than five years in the craft. However, unlike the rest
of the participants, experienced magicians had difficulty correctly pinpointing the location of
the coin in one of the real transfers presented. I hypothesise that this might be due to the
inherent ambiguity of this transfer, in which, contrary to the other real transfer performed, no
clear perceptive clue is given about the location of the coin. I suggest that extensive time
practising magic might have primed experienced magicians to anticipate foul play when
observing ambiguous movements, even when the actions observed are genuine.

4

This chapter contains material in press in Garcia-Pelegrin, E., Wilkins, C., & Clayton, N. (2022). Investigating
expert performance when observing magic effects. Scientific Reports, in press.
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2.1 Experiment 1
2.1.1 Introduction
As discussed in Chapter 1, the use of sleight of hand can provide insight into perceptive,
attentional, and cognitive mechanisms that they exploit on the naïve spectator (Kuhn, 2019;
Tompkins, 2019). As evidenced in Phillips et al., (2015), an outlined in more detail in Chapter
1, novice magicians do not appear to produce analogous results than expert magicians when
presenting a French drop sleight of hand trick to a group of observers. Indeed, magicians spend
a considerable amount of time mastering a particular effect before attempting its repeated
performance. Magic performance requires a considerable amount of skill and practise (Corrieri,
2016). Consequently, if one is to use sleight of hand effect performances as a methodology to
gain insight into the mechanisms that they exploit, it is important to first determine the quality
and reliability of both the magic tricks that will be used to do so, and the performer who will
perform them. To this aim, this first experiment investigated my ability as an experimenter and
magician to use sleight of hand to produce a typical reaction from the naïve observer.

Hypothesis and predictions
Human participants observed videos of me performing the 3 main sleight of hand effects
described in Chapter 1, alongside a series of real transfer counterparts of these effects. All 3
magic effects presented in this experiment are common techniques of deception which are
routinely used by magicians to fool their audience. Consequently, if my technical skill as a
magician is on par with that of a reliable performer, my magic effects presented should
significantly fool most observers, whilst my real transfer counterparts should not.

2.1.2 Methods
165 participants (73 male, 2 undisclosed) between the ages of 16 and 60 years (mean age = 37)
of age participated in the online experiment. As the experiment did not require the subjects to
disclose any identifying information, the participants were not from any vulnerable group, and
the interactions with the experiment were not intrusive or posed any risk to the participant, the
experiment did not require ethical approval by the University of Cambridge.

37
I contacted the participants by either email or social media platforms and provided with access
to the survey via a link. The survey was created using Qualtrics and consisted of three blocks
of four questions (one block per experiment). Each block of questions contained four videos
(two videos per magic effect and real transfer, each sleight performed right to left, and vice
versa). The order of the blocks and questions within them were randomised for each candidate.
The videos of the effects consisted of purposely pre-recorded videos of the experimenter’s
hands performing the effects, the experimenter had an O (left hand), or X (right hand) painted
on the back of each corresponding hand for better identification by the participant. Participants
were told that they were participating in a human perception study and were asked to observe
each video of the effect and then identify which hand was holding the coin by choosing O or
X accordingly.

Experiment 1: Palm transfer
In this experiment, I used a magician’s sleight of hand technique called palming described in
Chapter 1. In the real transfer condition, I transferred a coin from one hand to the other using
the same speed and cadence required for a palm transfer but, instead of retaining the coin, I
allowed the coin to transfer from one hand to the other. In the experimental condition, I enacted
a fake transfer using a palming method.

Experiment 2: French drop
This experiment consisted of the use of a French drop further described in Chapter 1. In the
real transfer condition, I visibly transferred the coin from one hand to the other while enacting
the same movements of a French drop. In the experimental condition, I performed a French
drop with the coin.

Experiment 3: Fast pass
This experiment used a magician’s technique known as a Fast pass described in Chapter 1. In
the No pass condition, I showed the coin in one hand and the other empty hand then enacted
the same movements with the same speed and cadence as when performing a coin flip without
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transferring the coin from one hand to the other. In the experimental condition, I performed a
Fast pass.

Statistical Analyses
Statistical analyses were accomplished using JASP (v.0.10.3, http://jasp-stats.org) and RStudio
for Mac (version 1.2.1335). To determine the subjects´ choices per condition I used binomial
tests (against value: 0.5). To determine whether the subjects´ choices were influenced by the
conditions I used non-parametric permutation tests (aovperm function, permuco package).
Significant differences between treatments were further explored using post-hoc pairwise
comparisons and were adjusted using the Holm-Bonferroni method to maintain the overall
alpha level at the nominated value or 0.05 for multiple pairwise comparisons.

2.1.3 Results and Discussion
Experiment 1: Palm transfer
In Experiment 1, the participants were more likely to choose the correct hand when observing
a real transfer (real transfer correct vs. incorrect: p < 0.001; slow transfer correct vs. incorrect:
p < 0.001) but were more likely to choose incorrectly when observing a palm transfer (palm
transfer correct vs. incorrect: p < 0.001) (Figure 2.1).

Figure 2.1. Choices of participants in the palm transfer and the real transfer
counterpart.
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Participants’ choices differed significantly across the conditions (p < 0.001; effect size =
398.5). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that the
participant’s choices significantly differed between the palm transfer and real transfer (p <
0.001).

Experiment 2: French drop
In Experiment 2, participants were more likely to choose the correct hand when observing a
real transfer (real transfer correct vs. incorrect: p < 0.001) but were more likely to choose
incorrectly when observing a French drop (French drop correct vs. incorrect: p < 0.001) (Figure
2.2).

Figure 2.2. Choices of participants in the French drop and the Real French Transfer
counterpart.

Participants’ choices differed significantly across the conditions (p < 0.001; effect size =
117.3). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that
participant’s choices differed significantly between all 3 conditions (French drop–real transfer:
p < 0.001).
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Experiment 3: Fast pass
In Experiment 3, the participants were more likely to choose the correct hand when observing
a no pass (no pass correct vs. incorrect: p < 0.001) but were more likely to choose the incorrect
hand when observing a fast pass (fast pass correct vs. incorrect: p < 0.001) (Figure 2.3).

Figure 2.3. Choices of participants in the Fast Pass and No Pass (real counterpart
control).

Participants’ choices differed significantly across the conditions (p < 0.001; effect size =
752.9). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that the
participant’s choices differed significantly between fast pass and no pass conditions (p <
0.001).
As expected, the magic effects performed elicited a typical reaction from the observers, in
which the observers were significantly misled by the three sleight of hand effects presented,
but where not significantly misled by the real transfer counterparts performed. The results of
this experiment are in accordance with the plethora of anecdotal accounts of these sleight of
hand effects, and the research evidencing the power of these intricate techniques of deception
(Kuhn, 2019). Alongside corroborating the power that these sleight of hand techniques have in
misleading the naïve observer, this experiment also provided with the necessary evidence to
advocate the adequacy of my ability as a magician, which whilst a priory it might sound absurd,
it is of pivotal importance if one is to use these techniques as a reliable paradigm to investigate
cognition.
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2.2 Experiment 2
2.2.1 Introduction
As demonstrated in the last experiment, magicians use intricate techniques of deception that,
when performed properly, capitalise on the spectator’s blind spots in attention and perception
and roadblocks in cognition (Clayton & Wilkins, 2019; Garcia-Pelegrin et al., 2020; Kuhn et
al., 2008). The interest in how magic effects exploit such psychological constraints has been
recently growing within the psychological community, and more frequently new evidence
regarding the qualities that make the observer liable to these techniques is being unearthed (Cui
et al., 2011; Kuhn & Land, 2006; Otero-Millan et al., 2011). However, although the
investigation of magic effects has produced thought-provoking results on how the techniques
operate on the spectator, the investigation of how practising magic affects magicians’
perceptual and cognitive abilities merits further exploration.
As already mentioned in this chapter, to become proficient at reliably fooling their audience,
most magicians spend years training in the craft through meticulous deliberate practise
(Corrieri, 2016; Rissanen et al., 2014). Attaining a high level as a magician is not an easy task,
for example out of an average of 1500 professional magicians at The Magic Circle© only 20%
of them have reached the highest rank (Gold star). Magicians’ extensive training in sleight of
hand grants them specific motor-performance skills (Green et al., 2013; Harte & Spencer,
2014), which allows them to seemly mislead their spectators into experiencing the impossible.
Indeed, it is these abilities that make them experts at manipulating their audience’s perception
and attention (Barnhart, 2010; Kuhn et al., 2014). Consequently, one might justifiably consider
the study of magicians to inherently be the study of expertise.
Experts (i.e., those who, through practise, have perfected a particular domain) have been the
topic of interest of scientists for centuries (e.g., Galton, 1869), and some have aimed to
disentangle whether expertise in a particular domain is a transferable skill and therefore granted
the experts with superior ability in a different array of perceptual tasks (Ericsson & Smith,
1991; Ericsson, 1996; Glaser & Chi, 1988). Research investigating the abilities gained through
expertise across different domains has yielded significant results in many areas of expertise
such as chess (Charness et al., 2005; Gobet & Charness, 2018), music (Gaser & Schlaug, 2003;
Morreale et al., 2013; Wöllner & Cañal-Bruland, 2010), sport (Camponogara et al., 2017;
Mann et al., 2007; Moore et al., 2019; Williams et al., 2002), and even medicine (Ericsson,
2004). It is currently well established that while experts elicit superior performance over
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novices in domain-related tasks, they do not tend to differ significantly outside the construct
of the domain in which they are experts in (Ericsson, 2004; Kirkman, 2013; Ward et al., 2007).
For example, when testing experienced handball goalkeepers and novices in a reaction time
task that was directly related to handball goalkeeping (moving the right or left hand towards a
target in a handball goal), the experienced goalkeepers demonstrated a superior perceptual and
reactionary ability compared to the novices. However, when tested in a similar yet not specific
to goalkeeping task, the expert group did not show a significant effect of expertise in their
reaction times compared to novices (Helm et al., 2016). The occurrence that experts gain
superior perceptual abilities concerning the domain they regularly practise is understandable.
The close link between action and perception is hardly up for debate (Calvo-Merino et al.,
2005; Gallese & Goldman, 1998; Rizzolatti et al., 2001), and this relationship is further
pronounced in the role of expertise, as expert behaviours are mostly directed towards specific
targets. As such, perceptual mechanisms in experts tend to adapt to the niches of the action
patterns that are performed regularly (Ericsson, 2012). The evidence that learning in some
domains can affect the visual recognition of specialised patterns is evidenced in dentistry
(Hegarty et al., 2009), chemistry (Stull et al., 2012), meteorology (Hegarty et al., 2010), and
geology (Shipley et al., 2009) to name but a few examples. The deliberate practice theorem
suggests that expertise in a particular topic is developed and moderated through the amount of
years purposely engaged in the training of the topic (Ericsson, 1996, 2004, 2012). A classic
example is chess, in which at least ten years of intense and regular practice is necessary to
become a master (Charness et al., 2005). However, little is known regarding the intricacies
behind the amount of deliberate practice necessary to develop expert faculties, whether the
pattern holds true for other modalities, and in what way the amount of deliberate practice in
one domain alters the expert’s perception in contrast to novices, or those of other experts that
have less experience.
Therefore, one might pose the question of whether magicians, whose expertise involves being
highly adept at prestidigitation, namely object manipulation and action mimicry, display
domain-specific expertise in such areas when compared to non-magicians, and whether this
expertise is moderated by the amount of experience, for example as measured by the number
of years perfecting the craft. Evidence from expertise studies in magicians reveals that
magicians appear to excel compared to non-magicians in several faculties. For example, when
observing video recordings of people performing reach to grasp actions, sleight of hand
practitioners evidenced an enhanced ability to discriminate real from pantomime actions

43
compared to a sample of non-magicians (Quarona et al., 2020). Moreover, compared to nonmagicians, magic practitioners appear to excel at producing pantomimed grasping actions of
objects (but only when the said object is being observed while producing the pantomime)
(Cavina-Pratesi et al., 2011) and appear to have a more sophisticated mental hand
representation (Cocchini et al., 2018). Consequently, the laborious training in sleight of hand
that magicians undergo seems to grant their perpetrators an advantage when observing and
performing manual manoeuvres. However, little is known about the interplay between the blind
spots in perception exploited by sleight of hand effects and their relationship with magicians’
expertise. Sleight of hand techniques are particularly powerful as they capitalise on the
spectators’ expectations of typical object exchanges between hands. Manipulations of objects
between hands are typically learned early in development, performed regularly, and seldom
pondered upon once mastered (Vauclair & Bard, 1983). Similarly, when observing others
moving objects between hands, we use our previous experience of object manipulation and
observation of others manipulating to assume the most likely outcome (i.e., that the object has
been transferred successfully), thus completing the movement even when we cannot explicitly
see it (i.e., amodal completion (Kanizsa & Gerbino, 1982; Michotte et al., 1991)), and, when
observing sleight of hand, missing the potential cues that might reveal foul play (Ekroll et al.,
2013; Ekroll & Wagemans, 2016).

Hypothesis and predictions
In this study, I investigated whether magicians were more proficient at identifying sleight of
hand movements from real transfers of objects than non-magicians. I performed two of the
sleight of hand techniques presented in Chapter 1 (palming and fast pass) and their real transfer
counterparts to a sample of 93 magicians with different expertise levels and compared them
with the results of naïve observers presented in Experiment 2.1. The sleight of hand techniques
used (palming and French drop) are typically employed to mislead the spectators into believing
that one object has successfully been transferred from one hand to the other, while in truth the
object remains concealed in the initial hand. These are common methodologies used in most
close-up magic routines and typically learnt early on when studying sleight of hand. While
similar in its importance for a good grasp of magic performance, both palming and French drop
techniques differ greatly in the visual cues given to the observer. Palming involves the retention
of an object between the palmar muscles of the hand whilst simultaneously mimicking the
transfer of the object from one hand to the other. In contrast, the version of the French drop
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used in this study involves mimicking the grab of the object with one hand, whilst
simultaneously dropping the object so that it falls out of the hand that was holding it. Given
the plethora of evidence suggesting that experts in one domain tend to excel at perceptive tasks
which are related to such domain, I hypothesise that magicians will outperform non-magicians
at differentiating real from sleight of hand transfers.

2.2.2 Methods
I obtained the choices of the 165 non-magicians for the first experiment presented in this
chapter (section 2.1 Experiment 1). The sample of magicians (n = 93) was recruited from The
Magic Circle©, the Leicester Magic Circle, and the Cambridge University Magic Society
social media platforms and all these participants were provided with access to the survey via a
link. The sample consisted of magicians with a diverse amount of experience practicing magic
(1 to 4 years (n = 28, mean age = 23, 15 males); 5 to 10 years (n = 35, mean age = 30, 31
males); and > 10 years (n = 30, mean age = 45, 29 males). Both magicians’ and non-magicians’
surveys contained the same videos of the French drop and palming magic effects and real
transfer counterparts. Both surveys were designed using Qualtrics, the magician survey
consisted of four videos for each of the two experiments (i.e., two videos per magic effect, two
videos per real transfer counterpart, each one being performed right to left, and vice versa), the
non-magician survey is described in Section 2.1 of this chapter. The videos of the effects
consisted of purposely pre-recorded videos of my hands performing the effects, I had an O (left
hand), or X (right hand) painted on the back of each corresponding hand for better identification
by the participant. Participants were asked to attentively observe each video of the effect and
then identify which hand contained the coin by choosing O or X appropriately. The order of
the videos was randomised for each candidate. All participants were provided with the relevant
information of the study and gave their informed consent before their participation. As the
experiment did not involve subjects disclosing any information about their individual identity,
the participants were not from any vulnerable group, and the conditions of the experiment did
not pose any risk to the participant, the experiment did not require ethical approval by the
University of Cambridge. All procedures were performed in accordance with relevant
guidelines.
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Statistical Analyses
The data were analysed using JASP (v.0.10.3, http://jasp-stats.org) and RStudio for Mac
(version 1.2.1335). To determine the subjects´ choices per condition and their relationship to
both treatment and experience as explanatory variables I used binomial tests (against value:
0.5), and performed generalized linear mixed models (GLMM) with subject specified as a
random term in the model to control for repeated measures (Schall, 1991). Significant
differences between treatments were further explored using post-hoc pairwise comparisons and
were adjusted using the Holm-Bonferroni method to maintain the overall alpha level at the
nominated value or 0.05 for multiple pairwise comparisons.

2.2.3 Results
Experiment 1: Palm transfer
Non-magicians versus Magicians.
As shown in Figure 2.4, in Experiment 1, both non-magicians and magicians significantly
chose the correct hand when observing the real transfer counterpart (binomial test: p < 0.01 for
both). However, only magicians significantly chose the correct hand when observing a palm
transfer (binomial test: p < 0.01), while non-magicians significantly choose incorrectly
(binomial test: p < 0.01) i.e., non-magicians were significantly misled by the motions of the
magic effect, whereas the magicians were not.

Figure 2.4. Choices of non-magicians and magicians in palm transfer and real transfer counterpart
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A GLMM revealed that there was a significant effect on the participants’ choices for condition
(χ2 = 135.695; df = 1; p < 0.001), a significant effect for skill (i.e., non-magician or magician)
(χ2 = 26.134; df = 1; p < 0.001), and a significant interaction between condition and skill (χ2 =
31.701; df = 1; p < 0.001). Post-hoc pairwise comparisons with the Holm-Bonferroni
adjustment showed that both non-magicians and magicians’ choices in the real transfer
significantly differed from their respective choices in the palm transfer (p < 0.001 for both).
Non-magicians and magicians’ choices did not significantly differ in the real transfer (p =
0.07), but they did so in the palm transfer (p < 0.001).

Effect of experience practising magic.
To investigate the effects of experience on the participants’ choices, the magician’s group was
split into 3 levels of experience (1 to 4 years (n = 56); 5 to 10 years (n = 70); and > 10 years (n
= 60)). Binomial tests showed that all participants were more likely to choose the correct hand
when observing a real transfer independently of their level of experience performing magic
(binomial test: p < 0.001). When observing a palm transfer, however, non-magicians, and
magicians with 1 to 4 years of experience significantly chose incorrectly (binomial test: p <
0.001, and p = 0.044 respectively). By contrast, magicians with 5 to 10 years of experience and
more than 10 years of experience significantly chose correctly (binomial test: p < 0.001)
(Figure. 2.5).
A GLMM showed that there was a significant effect of condition (χ2 = 118.347; df = 1; p <
0.001), a significant effect of experience practising magic (χ2 = 26.210; df = 3; p < 0.001), and
a significant interaction between condition and experience (χ2 = 46.508; df = 3; p < 0.001). To
investigate this further a series of post-hoc pairwise comparisons with the Holm-Bonferroni
adjustment were performed. The choices of all magicians differed significantly between their
choices in the real transfer and their respective choices in the palm transfer (p < 0.001 for all).
There was no significant difference in the palm transfer condition between non-magicians and
magicians with 1 to 4 years of experience (p = 1), and no significant difference between
magicians with 5 to 10 years of experience and magicians with more than 10 years (p = 1).
When observing a palm transfer, both the choices of magicians with 5 to 10 years of experience
and magicians with more than 10 years significantly differed from non-magicians’ choices (p
< 0.001 for both), and the choices of magicians with 1 to 4 years of experience (p < 0.001 for
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both). There was no significant difference in the real transfer condition between non-magicians
and magicians irrespective of their level of experience performing magic.

Figure2.5. Choices in palm transfer, and real transfer counterpart separated by levels of experience
practicing magic.

Experiment 2: French drop
Non-magicians vs Magicians.
Figure 2.6 shows the choices for both non-magicians and magicians in Experiment 2, in which
both non-magicians and magicians significantly choose correctly when observing a real
transfer (binomial test: p < 0.001 for both). However, non-magicians significantly chose
incorrectly when observing a French drop (binomial test: p < 0.001), while magicians
significantly chose correctly (binomial test: p = 0.01).
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Figure 2.6. Choices of Non-magicians and magicians in French drop and real
transfer counterpart.

Similar to Experiment 1, to investigate the effect of experience practising magic in the
participants’ choices, the magician’s group was split into their levels of experience. As shown
in Figure 2.7, when observing the real transfer, non-magicians, and magicians with 1 to 4 years
of experience were more likely to choose the correct hand (binomial test: p < 0.001 and p =
0.005 respectively). There was no significant difference in the choices of magicians with 5 to
10 years of experience (binomial test: p = 0.72), and more than 10 years of experience
(binomial test: p = 0.89). Magicians with one to four years of experience were more likely to
choose incorrectly when observing a French drop (binomial test: p < 0.001 for both).
Conversely, magicians with more experience were more likely to choose correctly (five to ten
years of experience and magicians with more than ten years of experience (binomial test: p <
0.001).
The GLMM revealed that there was a significant effect in the participants’ choices for
condition (χ2 = 95.6946; df = 1; p < 0.001), and a significant interaction between condition and
experience (χ2 =135.0624; df = 3; p < 0.001). Binomial tests were conducted to investigate the
number of correct vs incorrect choices per group, and a series of post-hoc pairwise comparisons
with the Holm-Bonferroni adjustment were performed. Magicians’ with 1 to 4 years of
experience choices significantly differed between the real transfer and French drop (p < 0.001).
Magicians’ with 5 to 10 years of experience and magicians’ with more than 10 years of
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experience choices did not significantly differ between the real transfer and French drop (p =
0.059 and p = 0.12 respectively).
There was no significant difference in the real transfer condition between non-magicians and
magicians with 1 to 4 years of experience (p = 0.8), and there was no significant difference in
the real transfer condition between magicians with 5 to 10 years of experience and magicians
with more than 10 years of experience (p = 1). However, the choices of both magicians with 5
to 10 years of experience and magicians with more than 10 years significantly differed from
non-magicians’ choices (p < 0.001 for both), and magicians with 1 to 4 years of experience (p
< 0.001 for both). There was no significant difference in the French drop condition between
non-magicians and magicians with 1 to 4 years of experience (p = 1), and no significant
difference between magicians with 5 to 10 years of experience and magicians with more than
10 years of experience (p = 1). Both the choices of magicians with 5 to 10 years of experience
and magicians with more than 10 years significantly differed from non-magicians’ choices (p
< 0.001 for both), and magicians with 1 to 4 years of experience (p < 0.001 for both).

Figure 2.7. Choices in French drop, and real transfer counterpart separated by levels of
experience practicing magic.

50
2.2.3 Discussion
In this experiment, magicians were better than non-magicians at differentiating real from fake
transfers using both the palm transfer (Experiment 1) and the French drop (Experiment 2).
Furthermore, there was a clear relationship between the years of experience practising magic
and the ability to detect sleight of hand effects. As expected, spectators of magic effects with
no prior engagement in the craft could not differentiate a fake transfer from a real one in either
experiment.
There was also a clear effect of expertise. The choices made by magicians with a limited
amount of experience (i.e., 1 to 4 years of experience practising) did not significantly differ
from the choices of non-magicians. By contrast, magicians with more than 5 years of
experience practising magic excelled at not being misled by the sleight of hand techniques
presented. Remarkably, while both participants with none or little experience and experienced
magicians excelled at choosing correctly when observing the real transfer emulating the
palming technique, only participants with none or little experience did so when observing a
real transfer emulating the French drop movements. In this case, experienced magicians
appeared to have difficulties at correctly identifying the hand containing the coin.
While, as a group, magicians in Experiment 1 performed significantly better than nonmagicians at identifying a magic effect, further inspections of the magician’s experience
revealed that only magicians that had trained in sleight of hand for more than five years could
significantly choose the correct hand when observing a palm transfer technique. This five-year
threshold is worth further exploration: one might wonder whether a magician must have
mastered the sleight to be able to recognise it in others, or whether it is a case of having had
more experience observing other magicians performing it. These results are in accordance with
most evidence substantiating the level of ability that deliberate practise across time in a
particular domain can elicit (Farrington-Darby & Wilson, 2006). However, it should be noted
that these skills are not necessarily prompted by the number of years practising per se. Indeed,
the opposite might be true in some capacity, the lower performance of individuals with years
of experience auditing or performing medical diagnostics when compared to less experienced
individuals shows that experience might not necessarily be related to expertise (Ericsson,
2008). As such, the expertise skill might be moderated by the type, intensity, and quality of
the practice, rather than simply the number of years of expertise (Ward et al., 2007). For
example, in singers, amateurs tend to focus on emotional expression amongst other factors
when practising, while expert professional singers tend to focus on precision and technique
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(Grape et al., 2002). Such differences in the type of practise might be the cause of the effects
seen with magicians when identifying false movements. For example, expert magicians might
focus more on making their movements as similar to real transfers as possible when practising,
and this focus might grant them the skills necessary to perceive the same technique when
performed by others. Whilst newer magicians might focus more on mastering the central
mechanics of the techniques. The positive effect that spending extensive time deliberately
practising a skill has on the level of expertise of the individual has been discussed in detail (for
a review see Ericsson and Lehmann, 1996). Moreover, even for those with already significant
experience, evidence suggests that on average 10 years practising a particular domain is
necessary for both full expert dominion over it, and success at a professional level (Ericsson et
al., 1993; Simon & Chase, 1988; Bryan & Harter, 1899). As such, further experimental
evidence should investigate whether the level and quality of the practise that magicians
undergo elicit a similar relationship in sleight of hand recognition than the one presented here.
When observing the real transfer described in Experiment 1 in this chapter, all participants
excelled at identifying the location of the coin regardless of their level of experience practising
magic. This was expected as the movement itself reveals the location of the coin. When the
experimenter performed the real transfer, the coin was tossed from one hand to the other, thus
the observer physically sees the coin move. Moreover, as the movement is a common method
of transferring an object from one hand to the other, which is mastered early in child
development (Eppler, 1995; Hinojosa et al., 2003; Soska et al., 2010), it is reasonable to assume
that any spectator with an unimpaired visual and attentional system would easily locate the
hand in which the coin has been transferred to. It is intriguing that, while a very small
percentage, some observers in every group still failed to locate the coin. Perhaps this is just the
result of lack of attention when observing the performance, or errors in their response, namely
clicking the wrong button by mistake.
In Experiment 2 (French drop) described in this chapter similar patterns were found to those
reported for Experiment 1, in terms of the magic effect condition: namely magicians did, as a
group, perform significantly better than non-magicians at identifying the sleight of hand. Nonmagicians and magicians with less than 5 years of experience were significantly misled by the
French drop technique, while more experienced magicians could recognise that the motion
presented was mimed, and thus not a real transfer of object.
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Regarding the real transfer counterpart in Experiment 2, non-magicians and magicians with
little experience excelled at significantly choosing the correct hand, whereas there was no
significant difference in the choices of experienced magicians. These results stand in contrast
to the pattern found in Experiment 1, in which all participants (including experienced
magicians) significantly chose the correct hand. To further explain these results, it is important
to reiterate that there is a clear difference between the techniques used in Experiment 1 and in
Experiment 2, not only methodologically but also regarding the amount of perceptual
information that the techniques provide to the observer. In the palming technique used in
Experiment 1, whilst there is a simulation of a normal transfer of objects, the movement is
unambiguous (i.e., with attentive observation, the observer can identify that the hand
mimicking the transfer is not actually transferring the coin). Similarly, the real transfer
technique used in Experiment 1 offers visual clues to the attentive observer, indicating that a
real transfer has occurred (such as the visible drop of the coin from one hand to the other). This
is not the case for either condition in Experiment 2, in which the index and middle finger fully
cover the coin (Figure 1). As the coin is fully covered for both the initial grab of the coin and
its retention, the observer cannot be certain whether the transfer of objects is real or not (as the
coin cannot be seen either way).
The performance exhibited by experienced magicians in the real transfer counterpart of
Experiment 2 may be explained by the magician’s mindset rather than their discriminatory
ability. Given the ambiguity of the movements observed, it is possible that magicians with
several years practising how to fool others by utilising sleight of hand have a more pessimistic
mindset than non-and less experienced magicians when a motion does not provide clear and
observable information. When observing an ambiguous movement, experienced magicians
might consider the possibility of foul play and choose accordingly, whilst non-magicians and
less experience magicians might not suffer from similar pessimistic perceptive biases. The
superior ability of magicians to detect mimed movements from real ones has already been
documented by Quarona et al., (2020), where magicians performed significantly better when
discriminating the mimed motion of an individual reaching to grasp a glass than non-magicians.
However, given these results, this superior ability seems to be developed after several years of
training in the craft. Moreover, as evidenced by the experienced magicians' poor performance
in the real French drop transfer, this prowess does not seem to grant the experienced magicians
with a superior ability to discriminate between mimed and non-mimed movements when such
movements are perceptually ambiguous. It is important to note that the magician sample
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reported in Quarona et al., (2020) had more than 10 years’ experience practicing magic, like
the expert magicians reported in this manuscript. However, when observing real reach to grasp
actions towards an occluded object, there was no significant difference between magicians and
naïve observers in Quarona et al., (2020). This contrasts with my results, in which I found a
significant difference between expert magicians and naïve observers in the real transfer of the
ambiguous French drop. It is important to remark that the movements (whether real or
pantomimed) displayed by Quarona et al., (2020) were not magic techniques. Consequently, it
is possible that this negative bias elicited by our expert sample when observing ambiguous real
an ambiguous movement per se. Further evidence is needed to explore whether this is the case.

It is important to note that, in this study, I adopted a broad-brush approach to magicians’
expertise, and as such the five-year threshold presented ought to be appraised with caution.
Given that the experience level of the participants in this study was measured as four broad
groups, the data do not offer insight into the experience variation within the groups (i.e., the
exact number of years practising magic), or other variables that might have contributed to such
differences in responses (such as the amount of time spent per day practising for example).
Consequently, further research is merited to provide insight into the relationship between the
number of years of deliberate practise of magicians, and their ability to discriminate deceptive
movements. It is worth mentioning that these results could also be influenced by the
experimenter performing the sleights of hand. Indeed, evidence suggests that individual motor
styles can influence observers’ perception of actions (Hilt et al., 2020; Koul et al., 2016), and
therefore further tests with different magicians are warranted to fully solidify the responses
presented here.
Taken together, the results suggest that whilst, as a group, magicians are better at perceiving
deceptive motions in contrast to non-magicians, this ability appears to be moderated by the
quantity of experience practising magic: with expert magicians excelling at the recognition of
deceptive movements, and non-magicians and magicians with little experience being unable to
recognise the fake transfers as deceptive actions. Interestingly, the ability to distinguish mimed
from real movements does not seem to grant the expert magicians any advantage when these
motions are ambiguous. In this case, non-magicians and less experienced magicians seem to
be more likely to be correct. I suggest that this might be because expert magicians who have
heavily trained in the art of deception, and routinely use their movements to mislead a naïve
audience, tend to adopt a pessimistic approach when a movement does not offer clear
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perceptive clues and consequently, they are more prone to suspect foul play even when the
movements are genuine.
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Chapter 3: The role of sequences when observing magic routines
Chapter 2 investigated how expert magicians and typical observers experience individual
magic effects. However, magic effects do not happen in a vacuum and are seldom performed
on their own. Magicians not only spend a considerable amount of time practicing magic (as
reflected in the last chapter) but also in planning and arranging the sequence of their magic
routines to create dynamic performances that astonish and amaze their audiences. The way in
which these routines are constructed can be considered a magic technique on its own, as
magicians will reportedly use specific rubrics within the construction of their routines to
maximise how their performance will be perceived and remembered. Indeed, the way an
audience recalls an event such as having witnessed a magic performance is a crucial part of the
entertainment economy, as it is this memory that will most likely moderate whether the
audience member will support the artist or art form in the future. This chapter will investigate
whether the sequencing of the magic effects within a magician’s routine can influence how it
will be perceived and remembered by naïve observers. To do so, I constructed two different
routines consisting of the same magic effects but with altered order (from best to worst and
vice versa). To construct these routines, I asked a sample of 30 participants to rate three tricks
on a scale of 1 (very bad) to 10 (very good). These scores were then used to decide the order
of the magic tricks. Following this, a different sample of 154 participants were asked to observe
one of the routines and, after completing a distractor task, they were asked to score their
remembered level of enjoyment, rate the magician’s ability, and briefly describe what the
routine consisted of. Participants did not significantly differ in their level of enjoyment between
the two conditions but did so in their perceived ability of the magician’s ability to perform the
effects. Participants who watched the condition, which involved magic effects increasing in
quality, perceived the magician as significantly more skilled than participants who watched a
routine in which the effects were presented decreasing in quality. Magicians are often judged
not only by their audience’s enjoyment of the routine experienced, but also by their audience’s
perception of the magician’s skill. Indeed, the talent of a magician is often commented on when
describing the qualities of a magic show. For a magician, the way an audience perceives them
is important, as most magicians depend on word to mouth marketing to gain a steady fanbase,
book gigs, and ultimately be successful. Consequently, I conclude that even though the
sequencing of magic effects might not necessarily influence a routine’s enjoyment, the effect
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it has in moderating the perceived ability of the magician might be enough to warrant the
careful planning and construction of these routines that magicians undergo.

3.1 Introduction
The Constructive Episodic Simulation hypothesis argues that the episodic memory system
most likely did not evolve for the preservation of an accurate record of our memory of previous
experiences, but rather as a method to plan for future events (Schacter et al., 2007, 2008, 2012).
Indeed, our memories are the basis by which we decide our future behaviour, and perhaps the
only thing we retain from our experiences, as most likely we do not remember events as they
truly happened, but just the way we think they did (Kahneman & Riis, 2005). Emotions appear
to play a pivotal role in moderating the memories we keep from our experiences. Events which
have evoked strong emotions within us will be more vividly remembered than non-emotional
experiences (Kensinger, 2004, 2009), and the type of emotion will play an important role in
determining whether the experience is repeated or not (Kahneman et al., 1997; van Hagen &
Bron, 2014). Consequently, the way individuals remember events will be as important as the
event itself, as it will significantly influence whether the individual will repeat it. Such a notion
has, for example, been the business model of the service industry, which relies on causing a
great first impression to new consumers to encourage their recurring business. Similarly, in the
entertainment business producing long lasting positive memories to the spectator is equally
important, as creating an experience that is favourably remembered will be epicentral to the
formation of a solid fanbase. Moreover, most entertainers will rely on word to mouth
recommendations from their previous spectators. Thus, investigating how spectators remember
an entertainment event can provide with direct implications to the production of such events.
Anecdotal evidence of magicians suggests that the sequence in which a magician performs
magic effects can significantly alter the spectators’ reactions to a magic show. For example,
magicians often leave the showstopper (i.e., the biggest effect in their routine) as the last trick
they present, so to ensure that the audience leaves the show feeling amazed and astonished.
Moreover, some magic effects have sequences within their performances in which the magician
will sequentially increase the impossibility of the effect produced (i.e., making one coin appear
in the first part of the effect and then start increasing the number of coins appearing
exponentially).
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A common theme in this thesis is the statement that magicians have been intuitively aware of
the biases and blind spots of the human mind prior to the active psychological investigation
and consequent experimental evidence of them. In accordance with this theme, by sequentially
crafting their magic performance magicians might have been capitalising on specific human
heuristics that affect how human observers remember events. Instead of evaluating the memory
of an experience holistically, humans most typically evaluate it by exclusively focusing on
their personal responses to two particular time points of the experience itself: the experience’s
peak goodness or badness, and the end point (or conclusion) of the experience. In 1993,
Fredrickson and Kahneman made participants continuously rate their ongoing affective
experiences (i.e., whether they felt emotionally negative or positive) while observing a series
of short plotless video clips with either positive or negative valences.

Following this

experience, the participants provided a self-reported score rating of their overall remembered
emotional valence when observing the movie clips presented. Fredrickson and Kahneman
(1993) found that the remembered emotional valence of the participants was best predicted by
the combination of the most extreme emotional moment in each of the participants rating (i.e.,
the peak emotional valence), and emotional valence experienced during the conclusion of the
movie clips (i.e., the end emotional valence).
This human heuristic (i.e., that human memory of events is moderated by the combination of
both the peak emotional valence of the event, and the conclusion of it) is most commonly
known as the peak-end rule (Kahneman et al., 1993). Research in the peak-end rule has found
support for this heuristic when remembering painful experiences, when asked to recall a painful
experience like holding one’s hands in cold water, participants tended to remember the painful
experiences that lasted longer yet ended well as less painful, than when the experience was
shorter but ended poorly (Kahneman et al., 1993). Systematic work by Ariely and colleagues
(Ariely & Carmon, 2000; Ariely & Levav, 2000; Ariely & Zauberman, 2000), in which
participants underwent actual pain procedures in the laboratory or real-world experiences, such
as bone marrow transplants, offers support for the main principles of this heuristic involved in
memory recollection. Their work mainly suggests that the conclusion of the event and its
sequence (i.e., rising in intensity or otherwise) are strong modulators of remembered pain.
Besides pain, there is also evidence suggesting that peak-end rule moderates positive
remembered experiences, children and adults appear to rate their experience as more positive
when receiving a high reward on its own, than when receiving the same reward but followed
by a lower valued reward (Do et al., 2008). This heuristic appears to operate across a different
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array of modalities, Baumgartner et al., (1997) showed that participants rated an advertisement
more positively when the interval between their peak-positive emotional valence and the end
of the advert was shorter than when there was a longer timespan between the two. Evidence
with rhesus macaques (Macaca mulatta) suggests that peak-end heuristics also moderate nonhuman primates’ recollections of events and their consequent decision making. Blanchard et
al., (2014) habituated their macaques to several different reward sequences and allowed their
monkeys to choose between the sequence they just presented to them or a basic neutral
sequence, which was the same in every condition. The authors found that the macaques’
choices where moderated by the end of the first sequence presented; if this one ended on a high
note, they were more likely to want to repeat it. Moreover, and in common with humans,
offering a low valued reward at the end of a highly valued sequence appeared to reduce the
monkeys’ preference for the sequence presented. It is important to note however, that the effect
of peak-end heuristics in monkeys does not seem to produce consistent results (see Xu et al.,
2011).
Whilst the evidence for peak-end effects in some modalities such as pain are strong and well
documented (Ariely & Carmon, 2000; Ariely & Levav, 2000; Ariely & Zauberman, 2000;
Kahneman et al., 1993; Redelmeier et al., 2003; Redelmeier & Kahneman, 1996; Schneider et
al., 2011; Stone et al., 2005), little is known about how such biases in remembering experiences
operate when observing entertainment. Rozin et al., (2004) monitored listeners emotional
responses to an array of different music pieces ranging in style and genre and made them report
the remembered emotional intensity of each piece. The study found that peak emotional
intensity predicted for remembered affect. However, due to the nature of music, which
normally fades out in a decrescendo, the authors could not test for an end effect. As already
stated, the success of an entertainer or entertaining event depends on the creation of a steady
fanbase, which will not only repeatedly consume the act/event/product of the entertainer but
will also introduce new people to it. Given that word to mouth transmission is so inherently
important in this business, creating positive lasting memories as an entertainer is imperative.
Investigating the connection between these heuristics and magic performing is of interest for
several reasons, the first one being that magic naturally elicits strong reactions from the
observer, thus investigation on whether the memory of such reactions is biased in reference to
the sequence in which these reactions have been elicited is interesting on its own. Awe and
astonishment are reactions that hover between both negative and positive valence, as the
emotions that observing magic elicits are complex and multifaceted, with traditionally positive
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elements such as happiness and wonder, but also negative such as confusion, deception, and
even fear for some (Joffily & Coricelli, 2013). Moreover, as already noted, magicians
inherently sequence their own routines in a manner that appears to naturally consider the peakend rule, by ensuring the peak of the routine (in this case the magic effect that will amaze their
audience the most) is at the end of the sequence, so to ensure that the last thing that the spectator
experiences is the maximum amount of astonishment in the sequence.
Hypothesis and predictions
Evidence suggests that the final few moments of an experience have a disproportionately large
influence on our memories by moderating whether the experience is remembered favourably
or not. Anecdotal conversations with magicians suggest that they might be constructing their
magic routines in a way that capitalises on this bias. Consequently, this chapter will investigate
if the final moments of a magic routine influence how this routine will be remembered by the
spectator. In this study, human participants observed two magic routines consisting of the same
three magic effects, arranged from best magic effect to worst (bland-end), and from worst
magic effect to best (peak-end). Following this observation, and the completion of a distractor
task, participants were asked to evaluate their enjoyment of the routine and the skill-level of
the magician, and to describe what they had seen in the magic routine. Given the evidence
suggesting that humans often evaluate their experiences based on the event’s peak goodness
(or badness), and the conclusion of the event, I hypothesise that participants observing the
magic routine, which culminates in the highest rated magic effect will i. have significantly
higher enjoyment scores than the other magic routine, and ii. have significantly higher
magician ratings than the other routine. Alongside this, I hypothesise that a thematic analysis
of the observer’s descriptions will evidence this significant disparity in enjoyment and rating
of the magician, as descriptions will have more negative connotations for the group that
observed the “bland-end” magic routine than for the group that observed the “peak-end” magic
routine.

3.2 Methods
Magic effect ratings
Before performing the experiment and to select the display order of the three magic effects I
recruited 30 participants between the ages of 18 and 60 years of age to complete an online
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rating of each individual effect. This experiment did not require the subjects to disclose any
identifying information, the participants were not from any vulnerable group, and the
interactions with the experiment were not intrusive or posed any risk to the participant,
consequently, the experiment did not require ethical approval by the University of Cambridge.
The participants were contacted by either email or social media platforms and provided with
access to the survey via a link. The survey was created using Qualtrics and consisted of three
questions and one magic trick per question. Participants were asked to observe each magic trick
individually and rate each magic effect using a scale of 1 (very bad) to 10 (very good)
immediately after the individual observation of it. To avoid any effect of order by which the
participants observed the magic effects, the display of each individual magic trick was
randomised for each participant. The participants were shown three different magic effects
performed by a professional magician (Clive Wilkins MMC) that involved manipulating a
permanent marker.
Appearance: In this magic effect the magician showed that his hands where empty,
then after a quick motion, made a permanent marker appear out of thin air.
Vanish: In this magic effect the magician showed a permanent marker to the audience,
then after a flourish with the marker the magician made the pen vanish by inserting it
inside his nostril.
Levitation: In this magic effect magician showed a marker pen to the audience, then
proceeded to make the pen float in mid screen whilst gently waving his hands around
the pen to demonstrate the absence of strings holding it.

Experiment
154 participants (90 of them female, mean age 24.3 years) were recruited to complete the online
survey using Prolfic.ac and were paid a rate of £8 per hour. This experiment received ethical
approval by The Cambridge Psychology Research Ethics Committee on the 21st of May, 2021
(Approval no: PRE.2021.044). The survey was created using Qualtrics, after giving informed
consent participants were asked to observe either a magic routine that started with a bland
magic effect and finished with a better effect, or with a routine that started with a better magic
effect and finished with a bland effect. After observing the magic routine, and as a distractor
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task, participants were asked a series of questions, which were an updated version of the survey
on animal cognition beliefs by Eddy et al., (1993). In this distractor task, participants had to
rate questions regarding their opinion on animal intelligence and to rate animals depending on
their level of cognitive. Following this, participants were asked to recall the magic routine and
answer a couple of questions such as their overall level of enjoyment, their opinion on the skills
of the magician, and a description of their recollection of the routine.
Statistical Analysis of the Magic Effect Ratings
Statistical analyses for the Magic Effect Ratings were accomplished using JASP (v.0.10.3,
http://jasp-stats.org). To determine whether there was any significand difference in the
individual scores of each magic effects I used One-Way-ANOVA. The relationship between
each individual magic trick was further explored using post-hoc pairwise comparisons and
were adjusted using the Holm-Bonferroni method to maintain the overall alpha level at the
nominated value or 0.05 for multiple pairwise comparisons.
Statistical Analyses of Experiment
Statistical analyses for the main experiment were accomplished using JASP (v.0.10.3,
http://jasp-stats.org). To determine whether the subjects´ level of enjoyment and magician
skill-level opinion were influenced by the conditions I used a series of T-Tests. To determine
whether the alteration in the sequence of the magic routine had any effect on the subjects´
descriptions of the routine I conducted a thematic analysis and further explored the significance
of the differences found using Binomial tests and T-Tests.
The thematic analysis consisted of the categorisation of the descriptions in reference to their
content. The descriptions were sorted into 4 main categories:
General: This category consisted of all descriptions that did not allude to any effect, and only
spoke about their general impression of the effect. Descriptions in this category where further
categorised into 3 subsections.
Negative: This entailed all the general negative descriptions
Positive: This entailed all the general positive descriptions
Neutral: This entailed all the descriptions that did not allude to the quality of the
routine.
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Specific: This category consisted of all descriptions that only commented on a particular effect.
The particular effect alluded to in the description was also recorded.
Sequence: This category consisted of all descriptions that described all 3 effects. In this
category, the specific order of the description was also recorded.
Magician: This category consisted of all descriptions that commented on the magician. As with
the General category, the descriptions in this category were also compartmentalized into
Negative, Positive, and Neutral subcategories.

3.3 Results
Magic Effect Ratings
The participants scored the levitation trick the highest (mean = 5.5), followed by the vanish
effect (mean = 2.66), and the appearance effect being the lowest scored (mean = 2.33) (Figure
3.1).
Th One-Way-ANOVA revealed that there was a significant effect of the type of magic effect
shown on the scores given by the participants, F(2,88) = 97.76, p < .001. Post-hoc pairwise
comparisons with the Holm-Bonferroni adjustment revealed that the participant’s scores
significantly differed between the levitation trick and the appearance trick (p < .001), and the
levitation trick and the vanish trick (p < .001), but not between the appearance trick and the
vanish trick (p = 0.552).
Consequently, the magic routines presented din the experiment were constructed as follows:
Peak ending: Appearance – Vanish – Levitation
Bland ending: Levitation – Vanish – Appearance
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Figure 3.1. Enjoyment scores for each magic effect

Experiment – Level of enjoyment
Whilst participants who watched the peak-end routine seemed to have enjoyed the routine more
than participants who watched the bland-end routine (Figure 3.2), the T-test revealed that,
given the amount of individual variation of the subjects within each group, there was no
significant difference in the level of enjoyment of the routine for the peak-end (M = 6.30, SD
= 2.23 ) and bland-end (M = 6.02 , SD = 2.21) conditions; t(154) = -0.791, p = 0.430.

Figure 3.2. Enjoyment scores per condition
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Magician’s perceived ability
Participants in the peak-end condition rated the magician’s ability higher than the participants
of the bland-end condition (Figure 3.3). The T-test revealed that there was a significant
difference between the level of perceived ability of the routine for the peak-end (M = 7.14, SD
= 1.98) and bland-end (M = 6.16, SD = 2.2) conditions; t (154) = -2.9, p = 0.004.

Figure 3.3. Magician's ability scores per condition.

Thematic analysis
In the thematic analysis, most participants described the routines sequentially (i.e., by naming
all the magic effects one after the other) in both conditions, with all participants in each
condition describing the events in the sequence that they saw them. General descriptions of the
events were the second most common outcome in both participants, with every single
description being classified as neutral. Alike the general descriptions, specific descriptions of
magic effects were also all classified as neutral, with only descriptions of the levitating and
vanishing magic effects in both conditions (Table 3.1).
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Table 3.1. Frequencies of descriptions per condition and category.
Treatment

Bland-end

Peak-end

Response

Frequency

Percent

S. pk - bl
General
Levitate
Vanish
S. bl - pk
General
Vanish
Levitate
No Description

54
15
5
2
49
16
6
5
1

71.053
19.737
6.579
2.632
63.597
20.779
7.792
6.494
1.299

In reference to the descriptions of the magician’s ability, there were no neutral descriptions
found. The bland-end had significantly more negative references to the magician’s ability to
fool an audience than positive ones (binomial test p = 0.004). Conversely, the peak-end routine
had more positive references to the magician’s ability than negative (binomial test p < .001)
(Table 3.2). Moreover, the T-test revealed that there was a significant difference in the number
of positive and negative reviews between the peak-end (M = 0.923, SD = 0.272) and bland-end
(M = 0.158, SD = 0.375) conditions; t (43) = -7.95, p < .001.
Table 3.2. Frequencies of magician's ability references per condition.
Treatment
Bland-end

Peak-end

Magician Score

Frequency

Percent

Negative

16

84.211

Positive

3

15.789

Positive

24

92.308

Negative

2

7.692

3.4 Discussion
Anecdotal conversations with professional magicians suggest the possibility that magicians
exploit specific heuristic biases their spectators have when remembering an event as positive
or not. In this chapter, I investigated whether the memories of having experienced a magic
routine were influenced by the distributions of the quality of the magic effects within the
routine. Participants were presented with two magic routines, which consisted of the same
magic effects but differed in their sequence, one consisted of the highest rated magic effect as
the opening act of the routine and concluded with the lowest rated magic effect (bland-end),
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and the other consisted of the lowest rated magic effect as the opening act and culminated with
the highest rated magic effect (peak-end). Participants were, after a distraction task, asked to
describe what they remembered, to rate their liking score for the magic routine, and to score
the magician's ability.
Comparisons between the enjoyment scores of the magic routine did not show any significant
difference between the two conditions, thus suggesting that the participant’s subjective
memory of the routine was not affected by the order in which the magic effects were presented.
As reviewed in the introduction of this chapter, most experiments in pain research (Kahneman
et al., 1993; Schneder et al., 2011) and other studies in different modalities such as advertising
(Baumgartner et al., 1997), music (Rozin et al., 2004), and even academic conferences
(Godovykh & Hahm, 2020), have found clear evidence of peak-end heuristics. However, more
recent research in some other modalities have failed to find peak-end rules in memories of
experienced meals (Rode et al., 2007), virtual reality experiences (Strijbosch et al., 2019), and
recording quality of a video clip (De Guzman et al., 2017). Thus, it is possible that the peakend rule heuristic operates only when remembering experiences in some specific sensory
modalities. Another possible reason as to why there were no differences in the participants
liking scores could be due to the short length of the routines presented. Overall, the routines
presented to the participants lasted 1 minute and 16 seconds, which might be a relatively small
amount of time to process an event as the elicitor of three different emotions/reactions.
Moreover, whilst the overall routine lasted 1.16 minutes, it is important to note that 1 minute
of this routine consisted of the levitating effect (i.e., the levitating trick occupied 86% of the
overall time), whilst the other two effects were only 8 seconds each (7% of the overall time).
Consequently, it is possible that the two smaller magic effects were to brief and insignificant
to leave an impression on the participants, and thus, resulting in the bland condition final effect
not being long enough to be considered a qualitatively different end. Indeed, the dramatic
difference in duration from the magic effects presented to the participants is, at post-hoc, a
great oversight, which calls for a replication of this experiment with effects of equal lengths.
However, it is important to note that the thematic analysis of the participant’s descriptions
revealed that most participants (71% for bland-end and 63% for peak-end) encoded the routine
as having 3 different sections, one section per magic effect, these being described according to
the sequence observed. Consequently, it would be fair to assume that, despite the abysmal
difference in length of the magic effects presented, participants still mentally encoded the
routine as three independent magic effects.
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Interestingly, whilst there was no difference between the participants’ scores regarding their
level of enjoyment, there was a significant difference in the participants’ scores pertaining to
the perceived ability of the magician in the video clips. Participants who watched the peak-end
condition rated the magician’s ability significantly higher than participants who watched the
bland-end condition. Moreover, the thematic analysis of the descriptions found a similar pattern
in which most descriptions that involved any comments referring to the capability of the
magician in the peak-end condition where significantly positive in nature (92% positive out of
26 comments), whilst in the bland-end condition, the participants’ comments were significantly
negative in nature (84% negative out 19 comments). These results suggest that, to some degree,
the routine that had followed a peak-end rule in its sequence was perceived as harder to
accomplish, but not as more enjoyable, than the routine in the bland-end condition. This could
explain why magicians instinctively construct their results following a peak-end sequence, as
part of the spectators' rating of how skilled a magician is might be influenced by the audience’s
subjective perception of how hard their routine is to accomplish. To test this, a follow-up of
this experiment could include a question asking participants to score the degree of impossibility
of the magic routine witnessed, alongside the current question regarding magician ability. This
would offer insight in the relationship between perceived magician ability, perceived
impossibility of the magic effects witnessed, and the effect of sequencing (i.e., peak-end rule).
It is interesting that the perception of how skilled a magician is, did not moderate the
astonishment of the participants. Recent evidence suggests that enjoyment of a magic trick is
independent of the audiences’ perception of how hard said trick is to accomplish. Kuhn et al.,
(in press) made participants watch different versions of the same magic effect in which the
magician asked the participant to think of a number between different ranges (depending on
the condition), then proceeded to reveal what number the spectator was thinking of.
Participants were also asked to give a score regarding their level of enjoyment and how difficult
they thought the trick was to accomplish. The methodology of the effect allowed the
experimenters to efficiently manipulate the perceived odds that the magician would have in
guessing the name at random by changing the number range in which the participant was
allowed to pick a number from (e.g., 1 – 4 (20 % odds of guessing), 1 – 1000 (0.1 % odds of
guessing)). Results by Kuhn et al., (in press) revealed that whilst participants subjective opinion
on the difficulty in performing the trick was influenced by the odds of guessing at random (the
lower the odds the higher the difficulty of the effect), their level of enjoyment was not, as
participants seemed to enjoy the effect regardless of how hard they thought it was to
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accomplish. These results are in accordance with the results of this experiment, in which even
though participants in the peak-end routine scored the magician’s ability significantly higher
than participants in the bland-end routine, this perception did not moderate their overall level
of enjoyment.
Overall, peak-end heuristics do not seem to moderate an audience’s memory of their level of
enjoyment when having observed a magician routine. However, this could be a result of the
lack of temporal homogeneity in the effects presented. Further testing with effects of similar
duration would offer more reassuring results in reference to the relationship between the peakend rule and enjoyment when remembering magic routines. Whilst this heuristic does not
moderate remembered enjoyment when observing the routine, it appears to significantly
influence the level of perceived ability of the magician performing it. This peak-end effect in
the perceived ability of the magician could explain why magicians are so adamant in
sequencing their magic routines in accordance with a peak-end rule. Further testing should
investigate whether this heuristic not only moderates perceived ability, but also perceived
difficulty of the effects presented. This would provide insight into the factors that aid to the
disparities in perceived magician’s ability found between both conditions.
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Chapter 4: Could it be proto magic? Comparing the human and the nonhuman experience of magic effects. 5
As I discussed in Chapter 1, the psychological study of magic effects has fascinated
psychologists for decades if not centuries. More recently, the application of magic and the
mechanisms that it exploits have been used to gain a better understanding of the constraints on
human cognition and consciousness. The investigation of such intricate techniques of deception
have already started to yield interesting results on the human experience of sleight of hand
(Barnhart & Goldinger, 2014; Phillips et al., 2015), misdirection (Kuhn et al., 2008, 2014;
Otero-Millan et al., 2011; Thomas et al., 2018), and choice forcing techniques (Pailhès & Kuhn,
2020b, 2020a). Given the plethora of accounts that solidify the effectiveness of magic effects
in humans, such effects might also prompt the comparison of analogous behaviours and the
necessary underlying cognition in non-human animals (Garcia-Pelegrin et al., 2020).
Following this line of thought, comparative psychologists have recently started making the
move beyond using magic exclusively as a methodological tool in order to investigate if similar
responses can be provoked in non-human animals, and whether non-human animals can utilise
analogous methodologies of misdirection to their advantage (see Garcia-Pelegrin et al., 2021;
Schnell et al., 2021). Indeed, the use of magic effects provides interesting methodology to
explore how animals experience the world around them, and whether this is analogous to the
human experience of magic (Garcia-Pelegrin et al., 2020). Magicians use these techniques of
deception to elicit wonder and amazement in their audience by capitalising on specific aspects
of their audience’s phenomenal consciousness such as metacognition (i.e., how did the
mentalist know what I was thinking?), mental time travel (i.e., is what I remember what actually
happened, or was I tricked in some way?), as well as reflections about self (i.e., I chose the
card myself, so how can the magician know which card I picked?). The question of whether
animals are capable of such an intricate experience when observing magic is a complicated one
in principle. Traditionally, whether non-human animals have such a level of consciousness is
impossible to test in the absence of agreed behavioural markers of non-linguistic consciousness
(Boly et al., 2013; Clayton & Dickinson, 1998, 2010; Griffiths et al., 1999). Indeed, the lack
of linguistic hallmarks hinders our ability to attribute dimensions of consciousness to animal
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behaviours. However, the combination of behavioural, cognitive and neurological criteria for
conscious experience displayed by some animals grants insight into the possibility of
consciousness in non-human minds (Birch et al., 2020). In this chapter I explore the conscious
elements that make the magic craft unique to our species while also considering the elements
that might be shared with other non-human species. To do so, I divided this chapter into three
main sections. The first section titled “Deception for entertainment purposes” considers the
parallels and differences between experiencing and performing a magic effect and experiencing
any other form of deceptive tactic such as pickpocketing. Alongside this, I will propose a divide
between the human experience of magic, which inherently involves aspects related to
consciousness, and what it might be an animal experience of magic. The second section titled
“Misdirection in the animal kingdom” investigates the tactics used by cognitively advanced
non-human animals such as apes, corvids, and cephalopods to deceive conspecifics, and
considers the parallels between their techniques and the ones used by magicians to make their
audience experience the impossible. Lastly, in the third section titled “The social aspect of
magic”, I will consider the social dynamics intrinsic in magic performing such as social
exchange, cooperation, and play. These will be discussed using a comparative scope by
reviewing the evidence of, or lack thereof, these behaviours in non-human animals.
4.1 Deception for entertainment purposes
Magic is often described as deception, indeed even in this thesis I often use wording such as:
‘techniques of deception’ or ‘deceive their audience’. This is because the tactics used by
magicians when ‘fooling’ spectators unswervingly manipulates them into seeing, hearing,
thinking, and even remembering the events of a magic effect, not as they truthfully occurred,
but as the magician wants them to be perceived and remembered. I define magic here as “the
intentional use of deception for entertainment purposes”. On the intentional use of deception,
I would like to raise the point that magic is comprised of specific tactics of attentional,
perceptual, and memory control purposely created to mislead the spectator without revealing
the methodological intricacies used to achieve such an effect. Certainly, the comparison
between a magic effect and any other deceptive action is understandable. However, I specify
“entertainment purposes” to highlight the fact that magicians create their effects for
performance purposes only, this is an integral part of experiencing magic as a spectator. Notice
that spectators of magic performances react differently when observing magic compared to
when experiencing other deceptive actions such as lying. Indeed, lying is often in the arsenal
of a magician, as they will frequently tell their audience that they are performing a particular
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action when, in fact, they are not really performing it, or will encourage the audience to infer
an erroneous belief about a particular event. If similar situations were translated to other
scenarios within human society, one can be sure that the reaction of the ‘duped’ counterpart
who is aware of being cheated would not be of awe and astonishment but of anger and
retribution. As pointed out by Kuhn (2019), experiencing straightforward deception does not
seem to elicit the same reaction that being “fooled” by magic does. This might be because there
are several factors involved when experiencing magic effects that are not inherent in deception.
For instance, in most magic effects the risks of the deception are lower or non-existent, the
magician might make your coin disappear, but it is implied in the spectator-magician
relationship that the coin will be returned at the end of the effect. It is the “magical” return of
the coin that completes the effect in most cases. Indeed, it is the existence of the relationship
between the spectator and the magician that marks the greatest differentiator between magic
and other kinds of deception. Magicians are entertainers, benevolently utilising techniques of
deception with the aim of producing enjoyable experiences of awe and amazement in their
audience. Thus, ultimately most magician-spectator interactions will culminate in an enjoyable
experience for the “fooled” spectator. This cannot be said for other forms of deception like con
artistry, in which the con artist will egocentrically disregard how their actions will affect the
“mark”. Moreover, most spectators make an active choice of experiencing magic with full
knowledge of the deception about to take place. Indeed, it might be the sheer curiosity of
whether one can perceive such manoeuvres that attracts some of the members of the audience
to a magic show. Such complex intricacies, which stem from the ever-present performative
aspect of magic, might be uniquely human given they require not only complex cognitive
abilities but also consciousness at its core. Thus, making it harder for animal researchers to
reliably test whether such interactions are analogous in non-human animals.
While it is difficult to deny that the entertainment element of magic is a keystone of the human
experience, it is also difficult to deny some of the parallels that the art form has with less
reputable activities such as pickpocketing and con artistry. See for example, an act by Apollo
Robbins, a Las Vegas renowned performer who often uses misdirection techniques to pick
pocket naïve spectators. Unquestionably, such techniques can and are often used for more
nefarious outcomes than to entertain a paying audience. A compelling case could be made that
such techniques of deception used for magic effects stem from its more morally questionable
relative, the con artist. The first-ever magic trick in recorded history has been argued to date
back to ancient Egypt 2500 B.C., in the walls of a burial chamber in Beni Hasan, where two
men are depicted performing what it is suggested to be a cups and balls effect (Christopher,
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1996) (Figure 4.1), yet rudimentary misdirection techniques can be found in non-human
primates such as our closest relative, the chimpanzee (Pan troglodytes) (de Waal, 1986).
Therefore, it is unlikely that such tactics evolved for the purpose of entertaining conspecifics,
but rather that the tactics often used to trick and deceive others were repurposed to astonish
and amaze them instead.

Figure 4.1. Recreation of Egyptian painting in Beni Hasan. A painting on the walls of a burial chamber in Beni Hasan
(Egypt) dating back to 2500 B.C, is said to depict a magician performing a cups and balls effect – a well-known effect in
which a ball will be hidden inside one of a set of two upside-down cups and the magician will make the ball appear in
different locations at will.

4.2 Misdirection in the animal kingdom
“Imagine this; you are at a party having a drink at your table when a man in a white
shirt and rolled-up sleeves introduces himself as a magician. He makes eye contact and asks
you to choose a card, emphasising the fact that you are free to choose whatever card you want,
and gives you a chance to change your mind and choose a different card if you need to, but
you stick with your first choice. The magician asks you to sign the card and place it on top of
the deck. As soon as you comply, the magician takes the deck with both hands, squares the
cards, and then proceeds to flamboyantly cut the deck in front of you with one hand, an
impressive feat of “cardistry” for someone not used to seeing ornamental ways of shuffling a
deck of cards. Following this, he tells you that your card is “lost” in the deck whilst implying
that it would be an amazing feat if he could magically make the card jump from the middle of
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the deck to the top. You agree that it would be impressive so the magician proceeds. However,
when he snaps his fingers and shows you the card at the top of the deck, it is not the one you
signed. The magician looks at you confused and then, suddenly, he smiles and mentions how
sometimes the card jumps too high and misses the top of the deck. He then points at the top of
his ear where a rolled-up card is resting. Even though you already know that it is going to be
yours, you feel astonished when he unrolls it and presents the card with your signature. That
was magic!”
Without revealing much about this effect, there is an important methodological aspect that is
interesting. Evidently, at some point during the effect, the magician seized the card you signed,
rolled it up and placed it behind his ear without you noticing. This was done by offering you
(the spectator) something else to focus on, thus purposefully redirecting your attention towards
the desired object (i.e., the deck of cards being cut with one hand) and away from the deceptive
one (i.e., the magician rolling the card and placing it behind his ear). While this may be a
complex procedure, it is, by no means, unique to humans.
Chimpanzees (Pan troglodytes) and baboons (Papio cynocephalus) can divert the attention of
others towards a desired object by actively manipulating their own attention (i.e., looking
somewhere else and avoid glancing at the direction of the desired object) (Whiten & Byrne,
1988). Furthermore, non-human apes have been observed redirecting the attention of other apes
by looking towards a particular object or place, thus actively sending the “mark” off course
from a desired item (de Waal, 1986). These examples suggest that some non-human primates
naturally exploit the cognitive constraints of their conspecifics by using misdirection. It is thus
likely that such an ability evolved to exploit our primate relatives rather than astonish them
with unexpected experiences. Even though chimpanzees live in close societal ecosystems (de
Waal, 1986), deceptive behaviour in chimpanzees is rare, nevertheless, deception is a
characteristic trait of the primate behavioural repertoire. Deceptive behaviour, however, is not
confined to the primate lineage, it extends to other taxa as well. For example, some octopus
species can mimic inedible or venomous animals to potentially deceive predators. These
octopuses can disguise themselves as marine sponges (Hanlon et al., 2008), lionfish, and
banded sea snakes (Norman et al., 2001). Birds are also known to perform diversionary
displays to alter a predator’s behaviour. For example, some ground nesting birds perform the
broken wing display, in which they will feign an injured wing in order to lure the predator
towards their location and away from the nests (Gómez‐Serrano & Valenciana-Vaersa, 2018),
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or to avoid predation altogether (Armstrong, 1949). In the wild, not all deception is used to
mislead potential predators. Indeed, deceptive techniques may also be used on conspecifics.
For example, dolphins, large-brained marine mammals that possess complex cognition and
evidence of self-recognition (Janik, 2015; Kuczaj et al., 2009; Marino, 2004; Morrison & Reiss,
2018; Reiss & Marino, 2001; Singer & Henderson, 2015), have been observed employing
diverse tactics of deception and attentional control to mislead conspecifics (Connor & Mann,
2012). For instance, Kelly, a female bottlenose dolphin (Tursiops truncates) regularly
participated in dolphin shows whereby she was trained to retrieve objects that had been thrown
into her pool and return them to the trainers to receive a reward. Kelly soon begun to collect
random objects left behind by some spectators and hide them inside a sunken box in her pool.
She would later retrieve these random objects and hand them to the trainers during the show to
receive more rewards. The interesting case of Kelly is that she only hid and retrieved the
spectator’s objects from the box when the other dolphins were not paying attention to her
behaviour. Her ‘secretive’ manner raises the possibility that Kelly was considering the
attentional state and perspective of her conspecifics and using that knowledge to her advantage
(Kuczaj et al., 2001). However, while deceptive behaviour might be intricate, the use of
deceptive actions to mislead others does not consequently demand sophisticated cognitive
ability such as perspective taking for its production. The deceptive response of an animal might
just be a product of simpler cognitive mechanisms such as conditioning or a genetically
determined behavioural action (Mitchell, 1986; Mitchell & Thompson, 1986). At the pinnacle
of cognitively demanding deceit stands the ability to transmit misinformation to alter another
animal’s behaviour in a specific context that misleads the other individual. This ability, known
as tactical deception, has been linked to complex cognition because it is thought to be governed
by the capacity to infer that the perspective of the target individual (i.e., the individual that is
being deceived) is different from one’s own perspective (i.e., Theory of Mind) (Byrne &
Whiten, 1985).
Premack and Woodruff coined the term Theory of Mind upon the observation of the deceitful
tactics that Sarah, a chimpanzee in David Premack’s psychological laboratory, would inflict
on her trainers. Sarah was subject to a dilemma in which if a kind trainer would find a hidden
banana, she would share it with her, whilst if a different trainer would find it, she would not
share the fruit with the chimp. Interestingly Sarah would behave by either directing the kind
trainer to the banana or trying to misdirect the selfish trainer’s attention away from the banana’s
location. This seemingly intricate behaviour led Premack and Woodruff to infer that the
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chimpanzee was altering her actions in reference to the trainer’s intention, and thus Sarah
possessed the ability to infer them (Premack & Woodruff, 1978; Woodruff & Premack, 1979).
However, this interpretation remains contentious as the behaviour elicited can be easily
explained by simpler associative learning processes (Savage-Rumbaugh et al., 1978). Even
Premack and Woodruff, in later contemplation of chimpanzee behaviour, admitted that they
might have prematurely jumped to the conclusion that Sarah possessed sophisticated inference
ability (Premack, 1988). Indeed the whole premise that chimpanzees possess a sophisticated
Theory of Mind, akin to humans, is highly debatable as apes are unable to pass other hallmarks
of Theory of Mind including (i) desire state attribution such as understanding the
epistemological features of visual perception (Povinelli et al., 1996), (ii) attributing knowledge
to others (Povinelli et al., 1994), and (iii) nonverbal false belief tasks (Call & Tomasello, 1999).
The conflicting results in the Theory of Mind literature has led researchers to infer that
chimpanzees might not have a belief-desire understanding but more of a perception-goal one
(Call & Tomasello, 2011). While the degree of Theory of Mind embodied by chimpanzees is
still a topic of much debate, their use of deceitful tactics, alongside their propensity to create
temporary and long term alliances or “friendships” (Silk, 2002), led Whiten and Byrne to coin
the term Machiavellian intelligence (Whiten & Byrne, 1988a). Specifically, in the
Machiavellian intelligence hypothesis, heightened deceptive abilities and social cognition in
hominids are suggested to be an adaptation of social complexity (Whiten & Byrne, 1988b). It
proposes a runaway positive feedback loop in which the social competition between
conspecifics elicited an increase in intelligence in the primate lineage (Byrne, 1996).
Corvids, large-brained birds in the crow family including jays, ravens, and magpies, are also
known for their deceitful behaviour. They often steal food from conspecifics as well as other
species and have been shown to flexibly alter their pilfering tactics by adopting different
thieving behaviours dependent on whether they are stealing from a conspecific or a more
dangerous species like a wolf (Bugnyar & Kotrschal, 2002). Moreover, pilfering corvids will
also adapt their thieving tactics in reference to the identity of the cacher observing them pilfer,
by staying away from the caches made by a more aggressive dominant cacher, but readily
searching the caches made by a less aggressive but still dominant observer (Bugnyar &
Heinrich, 2006). Furthermore, this family of birds can alter their caching behaviours depending
on the conditions they predict will be present when they come to recover their caches in the
future (Clayton et al., 2005), and this includes securing their caches from potential pilferers
who may steal the caches at a later date. These cache protection tactics might be intrinsic for
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the success or failure of the retention of the cache as corvids can remember the cache location
that they have seen others make and attempt to pilfer those regularly (Shaw & Clayton, 2012;
Watanabe & Clayton, 2007).
Caching behaviour in corvids is optimized through complex memory processes, namely mental
time travel – a capacity that was once thought to be unique to humans (Suddendorf & Corballis,
1997, 2007; but see Corballis, 2013 and Boeckle et al., 2020). Mental time travel is the ability
to recollect episodic memories (i.e., unique past memories based on what happened, where and
when) and imagine possible future events with strong links to the human conscious experience
(Nyberg et al., 2010). However, given the lack of non-linguistic markers of consciousness, the
work in animals on episodic memory has focused on developing behavioural criteria for this
capacity, under a new nomenclature (episodic-like memory (Clayton & Dickinson, 1998;
Griffiths et al., 1999)) which does not include aspects of phenomenal consciousness that play
a crucial role in humans (namely autonoetic consciousness – awareness of authorship of
memory, and chronesthesia – awareness of the subjective aspect of time (Jelbert & Clayton,
2017; Klein, 2013; Osvath, 2016; Templer & Hampton, 2013). California scrub-jays
(Aphelocoma californica) show the strongest behavioural evidence of episodic memory, they
recollect what they cached, where they cached it, and when and discriminately retrieve items
based on these factors (Clayton & Dickinson, 1998). Caching decisions are also based on future
planning abilities because jays can make provisions for a future need (Raby et al., 2007), and
can do so independently of their current motivational state (Correia et al., 2007).
Alongside this, corvids keep track of who is watching while they cache and what the observer
might know about their cache location; and adjust their cache protection strategies accordingly
(Bugnyar & Heinrich, 2005; Clayton et al., 2007a; Dally et al., 2006). When observed by
competitors, they use a combination of cache-protection strategies to deprive rivals of visual
or acoustic information that might reveal the location of the cache (Dally et al., 2006; Emery
et al., 2004; Shaw & Clayton, 2013; Stulp et al., 2009). For example, ravens and jays
preferentially cache in shaded sites or behind barriers to reduce the quality and transfer of
visual information to potential thieves (Bugnyar & Heinrich, 2005; Dally et al., 2005; Legg &
Clayton, 2014), and have been reported to actively misdirect onlookers away from food sources
(Bugnyar & Kotrschal, 2004). Jays also prefer to cache in quiet substrates to conceal auditory
information, particularly when a competitor cannot see them but is within earshot (Shaw &
Clayton, 2013). In addition to manipulating the sensory access of their competitors, jays also
retrieve food from old sites and re-cache in new sites once the competitor has departed, but
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impressively, if, and only if, the cachers have had prior pilfering experience (Emery & Clayton,
2001). These tactics will also flexibly change depending on the observer. Jays will not alter
their caching behaviour if the bird observing them is a mate with whom the cache will later be
shared. Moreover, if they are being observed by a competitor, jays adjust their cache-protection
strategies in response to the status of the observer, i.e., if the observer is subordinate or
dominant (Dally et al., 2006). The flexible use of these deceptive tactics in reference to the
observer and the experience of the perpetrator (i.e., whether they have had experience pilfering
others or not) suggests that some corvids not only appear able to consider the perspective of
others, but might also be projecting their own experiences onto them (Dally et al., 2010). The
ontogeny of this deceptive behaviour in corvids deserves further exploration as, aside from the
role of experience (Clayton et al., 2007b; Emery & Clayton, 2001), little is known regarding
how corvids acquire these intricate methodologies and the cognitive processes that underpin
their development.
Akin to jays, magicians often change and flexibly adapt their routines in response to the
observer and will use similar methodological techniques than the jays to trick the spectator
(Clayton & Wilkins, 2019; Garcia-Pelegrin et al., 2020). Indeed, concealing visual and auditory
information to spectators (also known as Masking) are imperative techniques in misdirection
that are regularly used by magicians in a wide range of effects (Kuhn et al., 2014). Moreover,
while a magic effect might be perfectly rehearsed, the social and environmental components in
which this effect will be enacted will always be outside of one’s control. As such, the ability
to be flexible with the strategies and methodologies gained by prior rehearsals of the effect
grants the magician control over the situation by not making an effect solely reliant on the
environmental context in which this is performed. Furthermore, consistent with the caching
strategies employed by jays, magicians usually avoid repeating the same effect twice because
the attention of the spectator might be more difficult to control the second time around.
Therefore, if asked to repeat a particular effect by the audience, magicians often employ
different methodological manoeuvres to arrive at the same outcome so as not to compromise
the prior effect performed.
As previously outlined, there is often a need for corvids to protect their caches from the
possibility of theft (e.g., Bugnyar & Kotrschal, 2002; Grodzinski & Clayton, 2010). These birds
utilise intricate and highly elaborate cache protection tactics comparable to the deceptive
strategies employed by magicians. For example, corvids can make genuine caches amongst
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fake caches, inserting the food item discretely during multiple bluff caching events, which
makes it difficult for the observer to trace the event (Dally et al., 2006). Correspondingly,
moving an object in quick motions to make it harder for the spectator to track is one of the
central techniques employed in the cups and balls routine – a well-known effect performed by
most magicians in which a ball will be hidden inside one of a set of two upside-down cups and
the magician will make the ball appear in different locations at will. Moreover, corvids conceal
items in their throat pouch, akin to a magician’s use of false pockets (Figure 4.2) and will
manipulate food items within their beak similar to sleight of hand techniques performed by
magicians (Clayton & Wilkins, 2019). This interesting ‘sleight of beak’ technique consists in
the motion of pretending to deposit a food item in the ground with their beak (i.e., fake
caching), while simultaneously sliding the food item inside their throat pouch with their tongue.
The enactment of such a motion suggests that the caching individual considers that the observer
might have a desired interest in the action being performed and adapts it to produce a deceptive
action instead. Furthermore, the mechanics involved in ‘sleight of beak’ are very similar to
concealment techniques used in magic. Certainly, some magicians reading this paper might
find the above example particularly reminiscent of some classic sleight of hand techniques used
in sponge ball effects, in which the magician will magically make a single red ball multiply
inside the hands of the spectator.

Figure 4.2. The false pockets of magicians and corvids. (A) An illustration of a magician’s false pocket and (B) a rook
(Corvus Frugilegus) concealing food in its throat pouch.
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The corvid family appears to also possess similar deception and perspective-taking abilities
exhibited by apes (Clayton et al., 2007; Dally et al., 2006; Emery & Clayton, 2004b, 2004a),
this is particularly interesting to contemplate as corvids have different social structures than
apes. Indeed, most corvids only utilise social cognition abilities within their monogamous pair
bond (Emery et al., 2007), thus reducing the need for social competition. Rooks (Corvus
frugilegus), however, live in fission-fusion societies creating large groups during breeding
season and then separating into dyads once their young become independent (Roselaar, 1994).
This kind of social complexity, while different to ape social life, could account for the
emergence of similar mental processes in these disparate lineages (Emery et al., 2007).
Moreover, the necessity to protect caches from pilfering social competitors, suggests that the
Machiavellian intelligence hypothesis could also explain the evolution of complex social
cognitive abilities in these large-brained birds.
Moving beyond vertebrates, noteworthy deception capabilities have also been reported
amongst invertebrates – namely a group of large-brained molluscs, the cephalopods, which
include octopus, cuttlefish, and squid. This family of molluscs have received particular
attention from comparative psychologists as some members possess a variety of complex
cognitive abilities once thought to be unique to large-brained vertebrates. For instance,
common cuttlefish (Sepia officinalis) parallel the self-control abilities of corvids and great apes
by overcoming instant gratification in favour of a delayed but more preferred food item for up
to several minutes (Beran, 2002; Hillemann et al., 2014; Rosati et al., 2007; Schnell, Boeckle,
et al., 2021; Wascher et al., 2020). Moreover, this species can optimise their foraging behaviour
using episodic-like memory. Specifically, they can discriminately search for prey with
reference to what they had previously eaten, where they had sourced their last meal and how
much time had elapsed since they had last eaten (Jozet-Alves et al., 2013). This ability to recall
specific past events is also evident in aged cuttlefish (i.e., cuttlefish approaching senescence),
thus suggesting that contrary to humans and other primates (Gaesser et al., 2011; Nagahara et
al., 2010), this type of memory in cuttlefish is preserved with age (Schnell, Clayton, et al.,
2021). Another recent study has demonstrated that cuttlefish can adjust their foraging
behaviour in response to proximate-future expectations. Specifically, cuttlefish can rapidly
learn and remember patterns of food availability to prioritise their meals, for example by eating
less crab for lunch when they expect shrimp will be available for dinner (Billard et al., 2020).
This flexible foraging behaviour requires the integration of temporal information because the
decision-making processes involved are influenced by both past experiences and proximate-
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future forecasting. However, further research is required to determine whether this type of
flexible foraging in cuttlefish is also governed by the ability to plan for the future in a novel
context.
Alongside their impressive cognitive capacities, these large-brained molluscs are renowned for
changing their entire body appearance within milliseconds, including the pattern and texture of
their skin as well as the shape of their body (Hanlon, 2007). The dynamic ability to change
their appearance allows cephalopods to use deceptive resemblance to mimic inanimate objects
to deceive potential predators. For example, when predators are nearby, some species of
cephalopods masquerade as a rock or moving algae (Panetta et al., 2017). Cephalopods also
use deceptive resemblance to deceive conspecifics, particularly during mating. Specifically,
various species of cuttlefish and squid change their appearance both in colour and posture to
mimic members of the opposite sex (Brown et al., 2012; DeMartini et al., 2013; Hanlon et al.,
2005). Intriguingly, some species can produce deceptive signals bilaterally across one side of
their body for a target audience. For example, male mourning cuttlefish (Sepia plangon) can
display a courtship display towards a female on one side of their body and display female
patterning on the other side of their body towards a rival male, in an attempt to deter the rival
from interfering with his courtship behaviour (Brown et al., 2012). Although sexual mimicry
in cephalopods has been described as a form of tactical deception (Brown et al., 2012), it is
important to note that further research will be required to establish whether this form of
deception in cephalopods is governed by complex cognitive abilities such as perspective-taking
(i.e. Theory of Mind).
While magicians do not possess the ability to transform their appearance or to emit signals
from their body in a similar manner to cephalopods, conjurors often transform their magic
routines and narratives in reference to the behaviour elicited by the audience. The reaction of
the audience when observing a magic routine will always depend on the individuals observing,
as such, a good magician should not expect that a one-size-fits-all routine will make everyone
react positively. A more dominant spectator might not see the funny side of being the public
target of a magic effect in which the magician “fools” him. Rather, the dominant audience
member might relish the magician making him look like he is the one that made the effect
possible. Thus, a sophisticated magician will, in an effort not to demean some audience
members, survey the audience and balance the individual’s personality with the deception
being enacted to create an illusion that amazes the audience instead of demeaning it. Could
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cephalopods, similarly to magicians, be taking the perspective of their audience into account
when performing their shapeshifting marvels?
Given that apes, corvids, and possibly cephalopods naturally employ tactics of misdirection,
which are similar to the tactics used in magic effects, it is possible that these species are
exploiting similar cognitive constraints like the ones exploited by magicians. Consequently,
these groups of animals are a suitable starting point to apply magic-centred frameworks to
investigate the animal mind. Moreover, the use of a magical framework on such taxonomically
diverse species would not only highlight the nature of such constraints, but also provide insight
into the convergence of deceptive tactics in the animal kingdom and to what extent they parallel
the tactics employed by magicians.
4.3 The social aspect of magic
Although methodologies often used in tactical deception are also used in magic, magic and any
form of deception differ on the intentionality of the perpetrator eliciting the behaviour. Indeed,
while in deception the perpetrator typically has an egocentric reasoning behind the committed
behaviour, often disregarding or wilfully ignoring the damage that manipulating their
counterpart might provoke. In magic, the perpetrators’ principal purpose is to elicit a particular
pleasurable reaction from the spectator. Therefore, while methodologically similar, magic and
deception differ in their goal, in which one aims to entertain their conspecifics and the other
one aims to deceive them. Certainly, the capacity to participate in deceptive behaviour as a
form of entertainment is a complex notion because to partake in such an interaction, the
spectator must forego the negative qualities or outcomes resulting from that experience.
Therefore, making the ability of the spectator to infer the benign mental state of the magician
an imperative quality of the magician–spectator relationship. Given that an inability to do so
would result in the encoding of the behaviour observed as malicious intent (i.e., the magician’s
deception ought to be encoded as benign for the enjoyment of deception to occur). Such an
ability is synonymous with sophisticated Theory of Mind as it is dependent on attributing the
desire to deceive or to entertain by the spectator to the perpetrator of the act (i.e., the magician).
It is thus probable that the emergence of deception tactics and the development of a
sophisticated mental state attribution on early hominids was followed by the emergence of
social dynamics that allowed humans to enjoy deception as a form of entertainment.
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4.3.1 Magic as Cooperation
Social exchange, an interaction between two or more participants in which they will exchange
resources (be that actions or materials) in an agreement that benefits all parties involved
(Cosmides, 1989), is an intrinsic behaviour of Homo sapiens. Without the ability to engage in
social exchange, the economic development or advancement of any society would be unlikely.
Without exchange behaviour, organisational living is unlikely as there would be no tracking of
goods given to the individuals of the society vs the goods received by them. Even magic is a
sophisticated form of social exchange, in which the magician elicits wonder and surprise in
exchange for other rewards (such as monetary). Indeed, the ability to partake in social exchange
with others is a large intrinsic part of our social ecology, and a possible point of distinction
between humans and other primates. While examples of social exchange behaviour in nonhuman animals are simultaneously rare and controversial (for a discussion see Carter, 2014;
Clutton-Brock, 2009; Hammerstein, 2003; Hauser et al., 2009; Taborsky, 2013), cooperation
between conspecifics has been observed in several species (Dugatkin, 1997). The hunting
behaviour of chimpanzees, for example, has often been described as multifaceted in its
collaborative effort, with different roles for each of the participants (Boesch & Boesch, 1989).
However the cooperative efforts of non-human animals, while present, might not contain the
same richness than human collaboration (Melis & Semmann, 2010).
Reciprocal altruism denotes the behavioural interaction between individuals whose help is
restricted only to those that will aide them in response (Trivers, 1971). This has often been
conjectured to be an evolutionary step towards cooperation between conspecifics (Packer,
1977). There is both observational and experimental evidence of such behaviours in nonhuman animals, however, the degree to which non-human animals can interact in reciprocity
is still unclear (Taborsky, 2013). Indeed, in non-human primates, evidence is often criticised,
as this type of selective helping can be explained by kin selection (Clutton-Brock, 2009).
However, such behaviour is also present between non-kin (see Schino and Aureli (2010), and
Schweinfurth and Call (2019)). While there is evidence of reciprocal altruism across different
species and taxa from vampire bats (Carter & Wilkinson, 2013) and rats (Rutte & Taborsky,
2007) to finches (Larose & Dubois, 2011); chimpanzees have received the most attention when
investigating reciprocity in non-human animals. This is understandable as the close link with
humans can offer insight into the social and evolutionary pressures that led to cooperation in
humans. Specifically, our closest relatives have often been observed, both in the wild and in
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captivity, engaging in reciprocal exchange of social grooming (see Schino and Aureli (2008)),
and food (Jaeggi & Gurven, 2013). Moreover, chimpanzees have also been observed
reciprocating across different behaviours such as exchanging food for grooming or sex (de
Waal, 1997; Mitani, 2006). There is also evidence of reciprocity and prosocial behaviours
occurring in monkeys such as Capuchins (Cebus apella) (de Waal, 2000). As such, it appears
that such an intrinsic part of human socioecology precedes, to some degree, our common
ancestor with chimpanzees, and raises the possibility of reciprocal interactions between
conspecifics being an ever-present behaviour during a large part of primate evolution.
Exchange behaviour and cooperation has also been observed in corvids. For example, rooks
(Corvus frugilegus) develop alliances with conspecifics (Emery et al., 2007) and have been
shown to cooperate with them in problem solving tasks (Seed et al., 2008). Ravens (Corvus
corax) exchange preening behaviours to strengthen bonds with social partners (Fraser &
Bugnyar, 2010). Interestingly, evidence suggests that these large-brained birds do not
necessarily engage in this behaviour solely to exchange a behaviour for another (i.e. tit for tat),
but that they might be considering the utility of the reciprocated support before exchanging it
(Fraser & Bugnyar, 2012).
4.3.2 Magic as Play
While cooperative behaviour might be present in apes, corvids, and other species, it is clear the
spectator-magician relationship denotes higher socio-cognitive abilities. Certainly, the ability
to understand the difference between benign and malicious deception in reference to the mental
state of the perpetrator is an imperative aspect of the magician-spectator relationship that, in
absence, would have made the evolution of magic improbable if not impossible. It is perhaps
this fundamental ability which diverges the evolution of deception from the evolution of magic.
The former being independent from such a differentiation would have carried on evolving into
the behavioural repertoire of deceptive techniques which we currently see today (all of which
are in turn constantly adapting and evolving into new forms of con artistry and deceit).
While there is investigation in ape and corvid’s active engagement in deceitful activities, little
is known about how both species react to being deceived and the cognitive processes
underlying such an experience. Corvids and apes might possess the ability to infer, to a certain
extent, the mental states of conspecifics. However, whether these can disassociate the negative
qualities commonly attached to deceptive behaviour in reference to other’s intentions is yet to
be tested. As such, the question as to whether cognitively advanced animals can voluntarily
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partake in playful deception may pose an interesting and challenging question for future
researchers.
The question of whether non-human animals possess the ability to partake in deception as a
form of play still needs to be investigated. Nevertheless, there are many accounts of behaviours
displayed which suggest that non-human animals might have the capacity to engage in a wide
variety of playful activities (Power, 1999). Play behaviour in non-humans has often been
defined as unprompted or spontaneous self-centred actions that ensue, exclusively, in the
absence of stress (Bateson & Martin, 2013). Animals can engage in three different types of
play according to the direction, nature or quality of the interaction (Emery & Clayton, 2015):
Locomotor play, which, as the name might suggest involves the use of motor skills as the sole
active agent in play (e.g., in birds this could involve aerial acrobatics). Object play, which
involves the direct manipulation of objects (other than food), which the animal might find
interesting. This type of play has been suggested to be a precursor to tool use (Kenward et al.,
2011) and has been linked to advanced physical cognition and problem solving (Auersperg et
al., 2015). Goodall reported data on Gombe chimpanzees self-tickling with sticks and playing
catch witch stones (Goodall, 1986), similarly ravens have been observed manipulating sticks
and stones without the intention of using the structures to obtain food (Bugnyar et al., 2007).
Other species of corvids have been observed repeatedly sliding down steep snow-covered
inclines (i.e. ski slopes, roofs, car windscreens) either on their backs (Heinrich & Smolker,
1998) or using the lid of a plastic container (Emery & Clayton, 2015). Corvids and apes also
engage in social play, which involves the interaction of two or more individuals whilst playing.
For example, ravens play chase in flight, play tug of war with sticks, and engage in mutual bill
biting whilst grasping each other’s claws (Emery & Clayton, 2015; Heinrich & Smolker, 1998).
Similarly, chimpanzees have also been observed playing tug of war, play chasing each other,
and wrestling (Lewis, 2005; Mendoza-Granados & Sommer, 1995; Smith & Pellegrini, 2004)
Play has also frequently been reported in octopuses. In the wild, various species of octopuses
have been observed collecting and manipulating bivalve and conch shells as well as other
objects (i.e. plastic or glass bottles) (Mather, 1994). In captivity, octopuses are eager to explore
inanimate plastic objects (e.g. Lego pieces), they tow items around their aquarium and pass the
items from arm to arm (Kuba et al., 2003; Kuba & Byrne, 2006). Play behaviours that transcend
tactile exploration have also been reported. For example, giant Pacific octopuses (Enteroctopus
dofleini) have been observed manipulating floating objects (i.e. plastic bottles) by squirting jets
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of water at the object, sending it to the far end of their tank and repeating this behaviour once
the object returns by the current of the incoming aquarium water (Mather & Anderson, 1999).
All factors of play described could be hypothesised to be vital features for the evolution of
magic as a craft and a form of entertainment. The social exchange between magician and
spectator seems to be a key component of magic as a form of social play. Furthermore, as object
play is linked with learning about object properties and their manipulation (Auersperg et al.,
2015), it is possible that such a drive could have in hominins developed into a more
sophisticated understanding of object manipulation which, in turn, could have evolved into
magic-like methodologies such as sleight of hand. Consider again the example of the magician
performing the flamboyant object way of cutting the cards to distract the audience member:
such methodology can only be created with extensive knowledge and interaction with the
object being manipulated.

4.4 Conclusions and future directions
Abilities analogous to the misdirection techniques used by magicians appear to be present in
species that possess complex cognitive abilities such as apes, corvids, and potentially
cephalopods. By considering possible examples in these animal groups, I suggest that some
non-human animals may interact with conspecifics in a manner that is analogous to some of
the methodologies used by magicians to mislead others. The clear similarities between the
strategies used by animals and magic effects suggest that this craft as we know it might have
evolved in humans as the successor of the amalgamation of complex cognition and deceptive
aptitudes. The experience of wonder and amazement that characterises the human experience
of magic appears to be the main differentiator between the behaviour elicited by the non-human
species presented here, and the behaviour elicited between magicians and their audiences.
However, while the phenomenology of magic is characteristic of the experience, its deeprooted links into consciousness mean that investigation with non-human animals might never
be able to fully apport conclusive evidence of whether non-human animals experience magic
like humans. In the absence of agreed behavioural markers of consciousness, it is difficult to
corroborate conscious experience in animals. Nevertheless, research shows that animals
possess complex cognitive capacities, show analogous forms of misdirection, and might also
be vulnerable to similar roadblocks in cognition. These lines of evidence suggest that, at some
level, the animal mind might also be capable of conscious experience when executing certain
cognitive abilities (i.e., remembering, planning, deceiving). Investigating diverse taxa to test
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whether magic effects elicit comparable responses to that of humans might be a good starting
point to investigate this line of enquiry. However, researchers must take caution when doing
so. As one should not merely assume that just because an effect will exploit a mechanism in
humans, the same effect will exploit the same mechanism in a non-human animal. Additionally,
even if the effect were to successfully “fool” the non-human audience, the effect alone might
not offer conclusive evidence of it exploiting a similar mechanism. Nevertheless, given the
discussion of this review, demonstrating that some non-human animals are effectively using
analogous mechanisms to fool others, one could assume that they might already possess the
necessary pre-requisite factors to get fooled: thus, prompting an inquiry into the “how” not just
the “if”.
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Chapter 5: Exploring Eurasian jays’ sensitivity to magic techniques6
In Chapter 1 I claim that whilst the Science of Magic (Kuhn et al., 2008) has centred on the use
of magic tricks to investigate the cognitive abilities that these intricate techniques exploit on
the human observer, the use of magic effects to investigate the non-human animal mind can
provide animal behaviour researchers with a powerful tool to investigate the discrepancies and
similarities between human and non-human cognition. In Chapter 4 I further elaborate on this
idea by exploring the experience of magic from both a human and a non-human perspective,
and by suggesting that primates, corvids and cephalopods might be good models to investigate
the Comparative Science of Magic. In this chapter, I collaborated with other researchers to
investigate whether Eurasian jays (Garrulus glandarius) are liable to be misled by a classic
magic routine named cups-and-balls. The cups-and-balls routine involves the use of opaque
cups to make items vanish or to “magically” switch them into other items. We used this adapted
version of cups-and-balls to further explore whether Eurasian jays are sensitive to the content
of hidden food items and the type (whether positive or negative) of switch. Moreover, as
anecdotal evidence from magicians suggests the possibility that the reactions of a human
spectator to a negative switch might be moderated by their social status, we investigated
whether this was also the case in our sample of jays by measuring their social rank. We
presented jays with control conditions (where no “magical” switch was performed), and two
experimental conditions in which food was manipulated to violate their expectations by
switching their 2nd preferred food for their preferred food (up-value) or vice versa (de-value).
Our avian subjects rapidly accepted the food reward when this one was not “magically”
switched (i.e., when the food reward remained as expected) but appeared to be more likely to
recheck the “magic” cup when an unexpected switch occurred. When being presented with a
negative switch the jays exhibited significantly longer latencies to consume the food reward
than in any other condition. Moreover, only in this condition, our avian subjects exhibited food
rejection, in which the jays did not consume the “magically” switched reward. In accordance
with magician’s anecdotes, our more dominant subjects were more likely to reject food than
less socially dominant birds, thus evidencing that, at least in jays, social hierarchy influences
magic effect responses.

6

This chapter contains material published in Schnell, A. K., Loconsole, M., Garcia-Pelegrin, E., Wilkins, C., &
Clayton, N. S. (2021). Jays are sensitive to cognitive illusions. Royal Society Open Science, 8(8), 202358.
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5.1 Introduction
As reviewed in Chapter 4, members of the corvid family such as the Eurasian jay (Garrulus
glandarius) cache food in different places to retrieve in the future and can not only precisely
remember the location of their own caches, but also the location of those caches they observed
others make. Eurasian jays depend on their spatial memory ability to retrieve their own caches
and to successfully pilfer the caches made by others (Bednekoff & Balda, 1996; Bugnyar &
Kotrschal, 2002; Clayton et al., 2001; Watanabe & Clayton, 2007).
In Chapter 1, I suggest that the use of magic effects in animal psychology provides with new
and innovative ways for investigating the animal mind. In the chapter, I also state that whilst
the techniques used by magicians to make their audience experience the impossible have yet
to be utilised in animal cognition research, animal researchers have for some time been utilising
ingenious ways to defy their non-human subjects’ expectations as a paradigm to uncover a
surfeit of research questions. Specifically, researchers have used the violation of expectation
paradigms on a range of taxa including primates (e.g. Cacchione & Krist, 2004; Tinklepaugh,
1928), dolphins (Singer & Henderson, 2015), dogs (Pattison et al., 2010), and corvids (Bird &
Emery, 2010), whereby subjects are presented with both expected and unexpected events.
Violations of expectation paradigms are comparable to magic effects because both aim to
evoke surprise in the observer by presenting the unexpected. However, in these experiments,
researchers primarily rely on looking time as a behavioural measurement, with longer looking
times representing ‘surprise’ when expectations are violated. This single scale measurement
makes it difficult to draw cognitive parallels between the human and animal mind when
experiencing the unexpected.
Violation of expectation paradigms have also been used to elicit both negative and positive
surprises to the non-human observers. These paradigms often entail making bad or less
preferred food “magically” transform into a more preferred reward and vice versa (Bräuer &
Call, 2011; Tinklepaugh, 1928). These studies often supplement the single behavioural
measurement (i.e., looking time) with other measures such as latency to approach the reward
that has “magically” transformed and likelihood of rejecting said reward. For instance,
Tinklepaugh (Tinklepaugh, 1928) tested Rhesus macaques (Macaca mulatta) on a food
transformation paradigm and found that they only responded with an increased latency to
approach the transformed food when the transformation was negative (i.e., when the food was
substituted with a less prefer one), but not when this transformation was positive (i.e., when
the food was substituted with a more preferred one). By contrast, Bräuer and Call (Bräuer &
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Call, 2011) found that apes (Pan troglodytes, Pan paniscus, Pongo pygmaeus, Gorilla gorilla)
and dogs (Canis familiaris) reacted to both negative and positive transformations with
increased looking time and increased olfactory stimulation. However, contrary to
Tinklepaugh's (1928) results, Bräuer and Call’s (2011) subjects did not reject the food when
the transformation was negative and did not differ in latency to retrieve the food reward across
expected and unexpected trials. The differences in responses between the subjects in both
studies could be attributed to the number of trials given to the subjects, which significantly
differed across studies. Specifically, Bräuer and Call’s (2011) subjects observed a limited
amount of “expected” trials before being exposed to the “unexpected” trials, whereas
Tinklepaugh’s (1928) macaques received hundreds of repeated “expected” trials before being
shown an “unexpected” one. Indeed, the high number of trials in Tinklepaugh’s study hinders
our ability to determine whether the subjects were sensitive to the content of the hidden food
and thus surprise when this “magically” transformed or whether they were only responding to
the negative contrast effect between the expected and unexpected trials. Negative contrast
responses have been demonstrated in other species (Flaherty et al., 1983; Maxwell, 1976). For
example, evidence in rats suggests that when an expected reward is omitted from a trial, they
respond with increased aggression (Gallup, 1965) and their stress hormones are activated
(Papini & Dudley, 1997).
Whilst transformations of objects and food such as the ones performed by Tinklepaugh (1928)
and Bräuer and Call (2011) are common in magic, the methodologies used in these experiments
are very rudimentary and unlikely to fool a human observer. This is an important notion to gain
an understanding between the commonalities and discrepancies in the blind spots in attention
and perception and the roadblocks in cognition that magic effects exploit between human and
non-human animals, non-human subjects should be presented with magic effects that would
deceive a typical human observer. Moreover, violation of expectation paradigms are seldom
interactive (i.e., the subject is relinquished to be a passive observer of this “magical”
transformation), whilst in magic the audience is often asked to participate in the effect, either
by being asked to guess where they think a particular object is, or to tightly hold on to a sponge
ball that will “magically” multiply inside their hand. Indeed, magic effects can be amplified if
the spectator is given the opportunity to interact with the magician or the props used in the
effect (Marshall et al., 2010). Although the experience of magic is typically a mental
phenomenon, it has also been referred to as a social phenomenon because experiencing the
impossible can be influenced by the social dynamics between the magician and the members
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of his audience (Lamont, 2017). Anecdotes from magicians reveal that human spectators
exhibit varied responses to magic performances and that this variation might be linked to social
dominance (Brown, 2010). Specifically, spectators that have a higher social dominance rank
appear to be more likely to react negatively towards a cognitive illusion. Cache-protection
tactics performed by jays can also be described as a social phenomenon because jays will
flexibly change their tactics depending on the observer. For instance, jays deprive competitors
of visual and acoustic information that might reveal the location of a cache. By contrast, jays
refrain from applying these cache protection tactics if they are being watched by their mate
with whom they will share their cache at a later time (Dally et al., 2006). Food-caching jays
are thus a particular suitable candidate to investigate whether social factors can influence
responses to cognitive illusions in non-human minds.

Hypothesis and predictions
In this collaborative study we investigated whether Eurasian jays (Garrulus glandarius) can be
misled by the same methodologies that would fool a typical human observer. To do so, we
employed a very common magic effect named cups-and-balls. The cups-and-balls routine is
typically described as a cognitive illusion (Rieiro et al., 2013) because it is used to manipulate
human perception and cognition by creating an illusion in which balls ‘magically’ appear and
disappear under the cover of opaque cups (Caffaratti, 2017; Kuhn & Martinez, 2012).
Moreover, the methodology of this effect granted us the perfect paradigm to test whether our
avian subjects where sensitive to the content of hidden items, and to behaviourally measure
whether their responses where augmented and/or diminished by the nature of the “magical”
transformation they observed (i.e., either negative or positive). In this study, we presented jays
with a series of control and experimental conditions which varied on the type of
transformations

made

(no

transformation,

negative

transformation,

and

positive

transformation). These manipulations were achieved by using the classic method in the cupsand-balls effect to switch the contents inside the upside-down opaque cups. Alongside this, we
measured the social rank of the subjects to determine whether social dominance influenced the
jays’ responses to the magic tricks observed. As jays often rely on caching and cache recovery
as a sole method of sustenance, it appears evident that they would be sensitive to the contents
of hidden foods. Moreover, given the literature on violation of expectation paradigms review,
we hypothesised that our avian subjects would react to both positive and negative surprises but
responses to the negative surprise would be stronger. We also predicted that, like the anecdotal
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evidence from magicians regarding the reactions of their audience members in reference to
their social dominance, the more dominant jay subjects would exhibit stronger responses to the
negative surprises.

5.2 Methods
We tested the maximum number of jays in our laboratory that would voluntarily participate in
the experiment and maximised trial numbers per subject (i.e., 25 trials per condition) (Lakens,
2021; Rouder & Haaf, 2018). Nine sub-adult jays (5 y old) from a long-term, stable social
group of 16 birds participated in this study from October 2019 to January 2020. However, three
jays stopped interacting with the apparatus and only six jays (four females and two males)
completed all training and testing. Birds were housed at the Sub-Department of Animal
Behaviour, University of Cambridge in Madingley, Cambridgeshire, UK. Housing consisted
of an outdoor aviary (20 ´ 10 ´ 3 m) with indoor compartments (2 ´ 1 ´ 2 m) at one end. Birds
were able to enter the indoor compartments from the aviary via opaque flap doors (0.5 ´ 0.5
m), whereby access was controlled by the experimenter. Birds were provided with a
maintenance diet (a mixture of soaked dog biscuits, vegetables, eggs, seeds, and fruit) in the
outside aviary and had ad libitum access to water.
To ensure the jays were mildly hungry and thus, motivated to participate in the food-rewarded
experiments, the maintenance diet was removed from the aviary one hour prior to testing.
Subjects initiated the daily training and/or testing session on a voluntary basis by entering the
open flap doors and moving into the final indoor compartment, which was reserved as a testing
chamber. Inside the testing chamber, individual subjects were required to sit on a perch in front
of a testing platform that was adjacent to a testing window. The experimenter stood in an
adjacent compartment and completed the training and testing via the testing window.

Pre-Test Training
As mentioned in Chapter 2, object permanence is an intrinsic ability in order to experience a
magic effect, consequently for this study all subjects were first tested in an object permanence
experiment comprised of 4 tasks (Salwiczek et al., 2009; Uzgiris & Hunt, 1975; Zucca et al.,
2007) in which performance hinged on understanding that an object continues to exist even if
it can no longer be seen (Table 5.1).
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Table 5.1: Object permanence stages for pre-training.
Task

1

2

3

4

Method
Attach a mealworm to a piece of string. Before starting the test, shake the string in order to catch
the bird’s attention then move the mealworm slowly along a horizontal plane through an arc of
180°.
Successful criterion: subject follows the object continuously through an arc of 180° (3 consecutive
trials).
This task mirrors task 1 except that an opaque screen is now partially obstructing the bird’s line of
sight so that when the worm on a string is slowly moved along a horizontal plane it passes behind
the screen and temporally disappears from sight.
Successful criterion: subject looks at the point where the mealworm disappears, and after several
presentations, its glance moves to the point of reappearance before the mealworm reappears (10
consecutive trials).
A mealworm is presented to the bird and then placed inside an opaque circular container and
partially hidden under a single cover (i.e., container lid).
Successful criterion: the subject obtains the partially hidden mealworm by pulling it out from
under the cover or by taking the mealworm after removing the cover (10 consecutive trials).
A mealworm is presented to the bird and then placed inside an opaque circular container and
completely hidden under a single cover.
Successful criterion: the subject obtains the hidden mealworm by removing the cover and taking
the food item (10 consecutive trials).

Subjects were then trained to lift an upside-down cup, which was fixed with a piece of string
(0.4 cm diameter cotton string) to create a handle that the birds could manipulate using their
beaks. Jays were first presented with a worm covered with a clear cup, providing the birds with
a clear view of the food item inside. Training with the clear cup ceased once the jays were able
to pick up the clear cup using the attached string in 10 out of 10 consecutive trials. Individual
subjects were then presented with a worm covered with an opaque red cup, whereby birds were
unable to see the food item inside the cup. Jays were trained until individuals had reached the
same acquisition criterion used during the clear cup training (i.e., 10 out of 10 consecutive
trials).
One week prior to testing, we conducted food preference trials to determine individual
preferences in which we identified a preference rank for three commonly consumed food items
including waxworms, peanuts, and cubes of cheese (0.5 ´ 0.5 ´ 0.5 cm). Preference trials were
tested across three sessions of 12 trials with an inter-test session interval of 24–48 hours. In
each session, subjects were offered each possible combination of the different food items four
times (i.e., waxworms versus peanut; waxworm versus cheese; peanut versus cheese) and each
trial was spaced approximately 30 seconds apart to allow the individual to consume the chosen
food item or store the item in its throat pouch. The experimenter presented each combination
of the different food items on a raised platform directly in front of the perch approximately 150
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mm apart and at equidistant to the bird. The position of the food item (located to the left or the
right of the subject) was randomly switched but counter-balanced across each session. The item
that the subject initially approached was given to the bird and rated as the preferred food item
and the alternative food item was immediately removed by the experimenter. Individual food
preferences differed across subjects (Table 5.2). The most preferred and 2nd preferred food
items pertaining to each individual were subsequently used as their rewards during the magicswitch experiment.
Table 5.2: Food preferences for each subject.

Subject

Most preferred

2nd preferred

Chinook

Peanut

Waxworm

Dolci

Waxworm

Cheese

Homer

Peanut

Waxworm

Jaylo

Waxworm

Cheese

Poe

Waxworm

Cheese

Stuka

Peanut

Waxworm

Magic-Switch Experiment
This experiment was inspired by the well-known magic routine cups-and-balls*. Traditionally,
the routine involves three empty cups and three small balls with countless adaptations.
Typically, a magician makes the balls appear in random cups, disappear entirely, or ‘magically’
transforms them into unexpected items. In our adapted version of cups-and-balls, we used food
items instead of balls and we used two cups fitted with a piece of a string so that the birds could
lift them using their beaks. Specifically, jays were presented with two identical up-turned red
cups on a raised platform directly in front of the perch approximately 150 mm apart at
equidistant to the bird. They were first presented with a baiting process in one of the two cups
and then the experimenter flipped both cups upside-down. Subjects were subsequently able to
uncover either cup to retrieve the hidden food reward (Figure 5.1).

*

Other variations of this magic routine include ‘Chop Cup’ and the ‘Pea & Shell Game’.
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Figure 5.1. The baiting procedure for the de-value condition: (1) out of sight of the bird, a piece of cheese (2nd preferred food item) is
inserted into one of the two cups; (2) both cups are then placed in front of the subject and the bird is presented with the worm (most
preferred food item); (3) a dummy-drop is conducted, whereby the worm is inserted into the cup but instead of actually dropping it into
the cup, it is concealed within the experimenter’s fingers and subsequently withdrawn; (4) both cups are then turned upside down; (5)
the bird is allowed to lift either cup using a beak-sized handle to obtain the hidden food item.

Subjects were presented with four different baiting conditions including two control conditions
in which the hidden food item was consistent with the birds’ expectations and two experimental
conditions in which the hidden food item was manipulated to violate the birds’ expectations.
In control 1, the subject’s most preferred food item was baited in full view and the same food
item subsequently appeared when the subject uncovered the cup. In control 2, the subject’s 2nd
preferred food item was baited in full view and the same food item subsequently appeared
when the subject uncovered the cup. In the up-value condition, the subject’s 2nd preferred food
item was bluff baited, but the most preferred food item subsequently appeared when the subject
uncovered the cup. This condition was conducted to simulate a positive surprise. In the devalue condition, the subject’s most preferred food item was bluff baited, but the 2nd preferred
food item subsequently appeared when the subject uncovered the cup. This condition was
conducted to simulate a negative surprise (Figure 5.1 (above)).
Manipulations in the experimental trials were achieved by placing an unexpected food item
inside one of the two cups out of sight of the bird. The two cups were subsequently placed in
front of the subject and the bird was presented with the expected food item in the
experimenter’s hand. The experimenter then conducted a dummy-drop, whereby the expected
food item was inserted into the cup but instead of actually dropping it into the cup, it was
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concealed within the experiment’s fingers and subsequently withdrawn. To ensure that the
dummy-drop technique was effectively deceiving the birds, we also conducted a subset of the
control trials using the same procedure. Specifically, out of sight of the bird, the expected food
item was placed inside one of the two cups, and then in full view of the bird, the experimenter
used a dummy-drop to bluff bait the same cup with the expected food item. We found no
significant differences in the birds’ responses between the standard control trials and the subset
of control trials that were completed using the dummy-drop technique, and thus these data were
pooled.
Testing sessions were completed across a period of 14 days. Subjects received between 8 and
10 testing sessions comprised of up to 12 trials. Each session consisted of three trials of each
of the four conditions presented in pseudo-randomised order so that they did not receive more
than two trials of the same condition in successive order. As participation was voluntary, some
subjects left the testing compartment prior to completing all 12 trials. When this occurred,
testing would then resume on the following day. For example, if a subject completed six trials
in a single session, the following day they would start the session on the 7th trial. In order to
prevent the subjects from developing a side bias, the placement of the food item was pseudorandomised across both cups but counter-balanced across each session so that the food item
was never inserted more than twice in a row into the same cup. Given that we were limited by
resource constraints, we maximised the number of trials per condition for each subject to help
maintain statistical power (Rouder & Haaf, 2018). However, trials per condition did not exceed
25 since over-exposure to the cups-and-balls routine in humans can improve perceptual
performance (Rieiro et al., 2013). Testing sessions were recorded using a GoPro® Hero 6
video-camera and later analysed.

Scoring Social Rank
We determined the social rank of each subject within our sample by conducting a series of
observational feeding sessions. The sessions were conducted for 15 minutes every weekday for
4 consecutive weeks. Their daily maintenance diet was placed in an elevated feeder where the
subject sample could feed and interact for 15 uninterrupted minutes while being recorded.
Social interactions were recorded using the same video camera used for the testing procedure
and later analysed. Dominant behaviours were defined as aggressive actions that were
exhibited by one subject to another, including chasing the other bird away from the feeding
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platform, beak snapping, and attacking. For a subject to be considered dominant over another
subject, the bird would have to exhibit a minimum of 4 dominant behaviours towards the
subordinate bird. Once all feeding sessions were analysed, we calculated an overall degree of
dominance percentage (DDP) for each subject using the following formula:
DDP = (Nd – Ns/S) ´ 100%
Where Nd represents the total amount of dominance, Ns represents the total amount of
subordinance, and S represents the subject sample. For example, our analysis of the feeding
sessions demonstrated that Dolci was dominant over 3 subjects (Stuka, Poe, and Jaylo) and
subordinate to 2 subjects (Homer and Chinook) (DDP = (3 – 2/6) ´ 100%) giving her an overall
dominance score of 17% (Table 5.3).
Table 5.3: Dominance rank of our sample (N = 6 Eurasian jays).
Subject

Dominant

Subordinate

Degree of Dominance %

1. Homer

Stuka, Dolci & Chinook

-

50 %

2. Dolci

Stuka, Poe & Jaylo

Homer & Chinook

17 %

3. Stuka

Jaylo & Chinook

Dolci & Homer

0%

4. Poe

Chinook

Dolci

0%

5. Chinook

Dolci

Stuka & Poe

-17 %

6. Jaylo

-

Stuka & Dolci

-33 %

Data Scoring and Statistical Analyses
All trials were analysed using the video recordings. We coded behaviours for a 30 s period for
each trial because trials were spaced approximately 30 s apart. The start of this period started
the moment the subject lifted the cup to uncover the food reward and ended after 30 s. We later
reduced the scoring period to 10 s because all subjects would either approach and consume the
uncovered food item within 10 s or outright reject the reward within this time period. Rejection
occurred when the subject would uncover the food reward but instead of retrieving it, the bird
would leave the testing perch and platform only to return once the rejected food reward was
removed and the experimenter motioned to the subject that a new trial was about to commence.
Specific behavioural measurements included latency to consume and checking behaviour. We
coded the latency to consume the uncovered food reward by recording the number of seconds
that elapsed from the moment the subject lifted the baited cup to the moment when the subject
retrieved the food reward. Instances when the subject rejected the food reward were assigned
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a maximum latency of 10 s. We also coded whether subjects re-checked the baited cup after
the initial uncovering by either lifting it again or looking inside the cup. Moreover, we coded
whether subjects checked the alternative cup after uncovering the baited cup.
Statistical analyses were completed using JASP (version 0.10.2) and RStudio for Mac (version
1.2.1335). To assess inter-rater reliability, another experimenter scored a pseudo-random
selected sample of 20% of the trials (N = 120), which included a balanced number of the four
conditions. Reliability was excellent for latency to consume (Cohen’s Kappa = 0.87), for rechecking the baited cup (Cohen’s Kappa: 0.90), for checking the alternative cup (Cohen’s
Kappa: 0.95), and for rejection of the uncovered food reward (Cohen’s Kappa = 0.96).
To investigate the influence of condition on the subjects’ latency to consume the food reward,
checking behaviour, and reject behaviour, we conducted repeated measures analyses. First, we
checked parametric assumptions using Shapiro-Wilks tests. Results revealed that our data were
not normal (latency: W = 0.620, p < 0.001; re-check: W = 0.332, p < 0.001; check other: W =
0.247, p < 0.001; reject: W = 0.383, p < 0.001) (electronic supplementary material). We thus
proceeded with non-parametric permutation tests (aovperm function, permuco package).
Significant differences were further explored using pairwise permutation t tests with a HolmBonferroni adjustment to maintain the overall alpha level at the nominated value of 0.05 for
multiple pairwise comparisons (pairwise.perm.t.test function, RVAideMemorie package). To
investigate whether rejection behaviour was correlated with social rank, we used a two-tailed
Kendall’s tau correlation coefficient, which is appropriate for small samples (< 25) (Long &
Cliff, 1997). The variables in the correlation analysis included rejection rate and the degree of
dominance. Given that we had a limited sample size of 6, we also examined these data to
determine the strength of the evidence in support of the alternative or the null hypothesis. To
do this, we calculated a Bayes factor using Bayesian Information Criteria (Wagenmakers,
2007), comparing the fit of the data under the null and the alternative hypothesis (BF10 =
alternative/null).

5.3 Results
Latency to consume food
We measured the subjects’ latency to consume the food reward once they uncovered the red
cup. Latency to consume the food reward was significantly different across conditions (F3 =
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117.50; p < 0.001). The de-value condition that simulated a negative surprise elicited the
strongest response in the jays, with individuals exhibiting longer latencies to consume the
uncovered food item compared to all other conditions (all pholm < 0.001) (Figure 5.2 a).
Latencies were also significantly different between the up-value condition and both control
conditions (both pholm < 0.001). In response to both controls, when the food items were
consistent with the birds’ expectations, subjects readily accepted the hidden food item; and
latencies to consume the most preferred food and 2nd preferred food were comparable (pholm =
0.085 (Figure 5.2 a).

Likelihood of re-checking the baited cup
We measured the subjects’ likelihood to re-check the cup after the initial uncovering. Rechecking was significantly different across conditions (F3 = 91.98; p < 0.001). The jays were
more likely to re-check the baited cup after the initial uncovering in response to the de-value
condition compared to both control conditions (both pholm < 0.001) and compared to the upvalue condition (pholm < 0.01) (Figure 5.2 b) (electronic supplementary material). Similarly, the
jays were significantly more likely to re-check the baited cup in response to the up-value
condition compared to both controls (both pholm < 0.01). In contrast, the jays scarcely rechecked the baited cup in response to control 1 and control 2 and re-checking behaviour was
comparable across both controls (pholm = 0.994) (Figure 5.2 b).

Figure 5.2. Responses to the four baiting conditions, N = 6 Eurasian jays. Boxplots depict (a) latencies to
consume food item; (b) the proportion of instances when subjects re-checked the baited cup; (c) the
proportion of instances when subjects; and (d) the proport
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Likelihood of checking the alternative cup
We measured the subjects’ likelihood to check under the alternative cup once they had
uncovered the baited cup. The subjects’ likelihood to check the alternative cup was
significantly different across the conditions (F3 = 18.96; p < 0.001). The jays were more likely
to check the alternative cup in response to the de-value condition compared to both control
conditions (both pholm < 0.001) and compared to the up-value condition (pholm < 0.01) (Figure
5.2 c) (electronic supplementary material). Checking the alternative cup was rarely observed
in response to control 1, control 2, and the up-value condition and this behaviour was
comparable across these three conditions (control 1–control 2: pholm = 1.00; control 1–up-value:
pholm = 0.65; control 2–up-value: pholm = 1.00) (Figure 5.2 c).

Rejection rate
To further investigate the discrepancy between the responses evoked by the positive and
negative surprise, we also measured whether any of the conditions in the adapted cups-andballs routine evoked rejection behaviour in the jays, whereby the subject would refuse to take
the food item once they uncovered the baited cup. Rejection was significantly different across
the conditions (F3 = 52.49; p < 0.001) (electronic supplementary material). We found that the
jays were significantly more likely to reject the food item in response to the de-value condition
(average rejection = 46.67%) compared to all other conditions (all pholm < 0.001). Moreover,
rejection of the food item did not occur in any of the other conditions (all pholm = 1.00) (Figure
5.2 d).

Rejection rate and social rank
We found that subjects that exhibited a higher rejection rate tend to be more dominant.
Specifically, rejection rate in response to the de-value condition was significantly correlated
with the degree of dominance within our sample (Kendall’s Tau B = 0.828, p < 0.05) (Figure
5.3). This suggests that less dominant jays were more likely to accept the de-valued food item,
whereas more dominant jays were more likely to reject the de-valued food item. To determine
the strength of the evidence in favour of there being a correlation, we also analysed the
relationship between rejection behaviour and social rank using a Bayesian correlation matrix.
This analysis demonstrated that the strength of evidence is moderate (BF10 = 4.178). The
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estimated Bayes factor indicates that our data were 4.178 times more likely to be observed
under the alternative hypothesis (i.e., significant correlation) than the null hypothesis (i.e., no
correlation).

Figure 5.3. Rejection behaviour and social rank in N = 6 Eurasian jays. Relationship between the reject rate in response to
the de-value condition (N trials = 24 per subject) and the degree of dominance within our sample. The relationship is indicated
by a Pearson’s Correlation Coefficient with a 95% confidence interval. Correlation analyses between the other conditions
and social rank were not conducted because rejection of the reward was only observed in the de-value condition, whereby the
most preferred food item was magically switched for the 2nd preferred food item; * p < 0.05.

5.4 Discussion
The incorporation of magic effects into animal cognition research can elucidate whether nonhuman animals are sensitive to similar methodologies of deception. In this study we used a
classic magic trick called a cups-and balls effect to elucidate whether a completely different
taxon was liable to be misled by its methodology. The results from our experiment revealed
that jays liable to the same techniques of deception inherent in the cups-and-balls magic trick
than humans typically fall for. The jays were only sensitive to the magic trick when the
condition elicited an unexpected “magical” outcome, as our jays only appeared to elicit
different behavioural reactions when the value of the hidden reward was “magically”
manipulated. This suggests that the jays’ responses cannot solely be explained by their food
preferences, but by the combination of their preferences and the unexpected switches presented
to them. As already mentioned, jays’ food provisioning is highly dependent on the production
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and retrieval of their caches. Research suggests that jays are sensitive to the content of their
own caches and are able to discriminately retrieve their caches in reference to their food
preferences and the perishability of the food cached (Clayton & Dickinson, 1998, 1999). The
results from our study suggest that, when observing food manipulations made by others (in this
case by the experimenter), jays impose the same content sensitivity that when caching
themselves.
As evidenced by the differences in latency to approach and cup re-checking behaviour elicited
by the jays across conditions, our subjects behaviourally responded to both negative and
positive transformations. Specifically, jays appeared to be more tolerant of the magic effect
when the transformation was positive (i.e., when the less preferred reward “magically”
switched to the more preferred reward) but appeared to be more propense to rejecting the
reward when this one “magically” transformed from their most preferred to their less prefer
(i.e., when the expected value unexpectedly diminished). This pattern of behaviour suggests
that jays, like some primates, respond asymmetrically to positive and negative events (Bräuer
& Hanus, 2012; Brosnan & De Waal, 2003; Camerer & Ho, 1994; Tversky & Kahneman,
1992). For example, monkeys respond more aggressively when they expect an item of higher
value (i.e., piece of banana) but receive a less-valued food item (i.e., piece of lettuce)
(Tinklepaugh, 1928). In humans, negative events tend to receive more attention and can prompt
increased cognitive processing compared to positive events (Baumeister et al., 2001; Maratos
et al., 2001; Taylor, 1991; Waugh et al., 2010). This disparity has been investigated within the
context of gains and losses and previous research has demonstrated that humans can experience
stronger emotional responses towards a loss as opposed to a gain (McGraw et al., 2010), a
pattern consistent with loss aversion (Kahneman & Tversky, 1979; Ruggeri et al., 2020).
To put this into context:
“Imagine this; you are still at the same party you were in Chapter 2, enjoying another
drink at your table when you are approached by the same magician with rolled up sleeves. He
allures you with the promise of gifting you the currency note that he holds in his hand. First,
the magician holds out a £5 note for your inspection and then proceeds to fold the note again
and again until it resembles a tightly folded package. The magician presents you with the
package and asks you to unfold the note. You unfold the package to reveal that the £5 note has
‘magically’ transformed into a £20 note, a positive surprise that generates a sense of wonder
and elation. That was magic!”
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Now consider that the magician had created the reverse effect and “magically” transformed a
£20 note into a £5 note, a negative surprise that might generate feelings of dissatisfaction and
frustration. In both scenarios, the cognitive illusion elicits a violation of expectation, and the
spectator uses the same amount of cognitive and physical effort to observe the magic effect
and unfold the note, respectively. However, the surprise aspect might vary in strength and
evoke considerably different responses depending on whether the cognitive illusion simulates
a loss or a gain. Like the heuristic biases that moderate specific memories of experiences further
explored in Chapter 4. It is possible that the reaction to this magic effect was moderated by a
framing heuristic in which the simulation of a loss will enact a stronger reaction that the
simulation of a gain.
Our avian subjects might be processing the magic tricks presented to them in a similar manner.
Certainly, regardless of the similar level of cognitive effort used to track the occluded reward
in the cups-and-balls trick, the influence of the jays’ losses (i.e., de-value) was greater than
their gains (i.e., up-value), as evidenced by the jay’s significantly higher likelihood to re-check
the cup that performed the negative “magical” transformation alongside their significant
increase in reward rejection in the de-value condition. However, as noted in Chapter 1, just
because our avian subjects appear to react in a manner, which is analogous to the reactions
elicited by humans when watching the cups-and balls routine, it does not consequently provide
evidence that the magic trick exploited the same constraints in cognition. Moreover, in this
experiment we used an adapted version of the effect, thus the effect that the jays experienced
will likely differ from the effect typically used on humans. Further research with comparative
analyses are required to pinpoint the similarities and differences between human and nonhuman observers when perceiving cognitive illusions. Perhaps the demonstration of the same
cups-and-balls methodology and effect to a human sample would elucidate on the differences,
or lake thereof, between our adapted version of the effect and a typical cups-and-balls routine.
As hypothesised, reward rejection was more likely in socially dominant jays. Even though we
had a relatively small sample size, the Bayes factor suggests of at least moderate evidence
supporting a correlation between reward rejection rate and social rank. Patterns between reward
rejection and social rank might have ecological relevance because less dominant individuals,
who have less access to food resources, need to accept less favourable food (Langen &
Rabenold, 1994). In contrast, more dominant individuals, who have greater access to optimal
food resources, can afford to be more discerning (Ekman & Lilliendahl, 1993; Schneider, 1984;
Whitten, 1983).
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Overall, this study evidenced that Eurasian jays can be misled by similar techniques used by
magicians to deceive their audiences. Moreover, the results suggest that jays are sensitive to
the content of hidden food items, which they reliably remember, and that this sensitivity is
magnified when observing a magic effect that simulates loss. This pattern raises the possibility
that jays might be using a plethora of cognitive abilities such as memory, future planning, and
evaluating their expectations when choosing to pilfer from other conspecifics.
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Chapter 6: Using sleight of hand to investigate human action perception in
Eurasian jays 7
In Chapter 5, I described a collaborative project in which we investigated whether Eurasian
jays are sensitive to the methods used by magicians to trick their audiences. To do this, we used
a classic magic methodology named cups-and-balls. The results of the experiment suggested
that jays were liable to be misled by similar methodologies. However, it is important to note
that the experiment described in Chapter 5 consisted of an adapted version of the effect, and as
such it remained unclear whether the methodology used would have also fooled a human
observer. In this chapter, I performed three different experiments using a sample of six Eurasian
Jays (Garrulus glandarius), in which I utilised the same three sleight of hand methodologies
described in Chapter 1 and performed on a sample of naïve humans and expert magicians in
Chapter 3. These magic effects were specifically chosen as they use different cues and
expectations that mislead the spectators into thinking one object has or has not been transferred
from one hand to the other. Moreover, to ensure that the sleight of hand performances presented
to the jays were authentic sleight of hand effects that would deceive a typical human observer,
I also tested the effectiveness of the performances on a sample of 80 human participants, who
observed a subset of the same conditions that were presented to the Jays. Results from the Palm
transfer and French drop experiments suggest that Eurasian jays have different expectations to
humans when observing some of these effects. Specifically, Eurasian jays were not deceived
by effects that required them to expect an object to move between hands when observing human
hand manipulations. However, like humans, Eurasian jays were misled by magic effects that
use fast movements as a deceptive action. I suggest that the Eurasian jays might be utilising
observational cues to decide which hand to choose when observing the magic effects and real
transfer conditions. If the jays do not see the reward explicitly move from one hand to the other,
they will always assume that the reward has not left the hand. This would explain why the jays
were not “fooled” by the French drop and Palm techniques. Moreover, this also suggests that
Eurasian jays did not have the same expectations regarding human hand movements than
humans do. Alongside this, I hypothesise that Eurasian jays were being “fooled” by the Fast
pass because of an attentional blind spot stemming from the lateral movements of the sleight
of hand effect (i.e., swiftly sending the reward from one hand to the other in a lateral motion),

7

This chapter contains material published in Garcia-Pelegrin, E., Schnell, A. K., Wilkins, C., & Clayton, N. S.
(2021). Exploring the perceptual inabilities of Eurasian jays (Garrulus glandarius) using magic effects.
Proceedings of the National Academy of Sciences, 118(24).
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which forced the subjects to adjust their attention from perceiving the movement using their
monocular vision to perceiving it using a binocular modality, and miss the quick switch of the
object in the process.

6.1 Introduction
As expressed in this thesis, corvids have often been observed to alter their caching behaviour
to secure their caches from potential pilferers (Bugnyar & Kotrschal, 2002; Dally et al., 2006;
Shaw & Clayton, 2013). As cache pilfering is a common behaviour for corvids like the Eurasian
jays, these large-brained birds display a plethora of protection techniques used to mitigate
pilferage which parallels the techniques used by magicians to deceive their audience. For
example, jays prefer to cache in quiet substrates to conceal auditory information, particularly
when a competitor cannot see the cacher but is within earshot (Shaw & Clayton, 2013; Stulp
et al., 2009). These intricate and highly elaborate cache protection tactics are not only similar
in effect to the deceptive strategies employed by magicians but also comparable
methodologically (Garcia-Pelegrin et al., 2020; Wilkins & Clayton, 2019). Moving an object
in a series of quick motions to make it harder for the spectator to track is a common technique
in magic. Moreover, jays manipulate food items within their beaks, akin to the magician's use
of ‘sleight of hand’, to discretely make genuine caches amidst bluff caches. During caching
events, jays also conceal items in their throat pouch similar to the magician’s use of false
pockets (Wilkins & Clayton, 2019). Given that corvids naturally employ behaviours that are
similar to the tactics used in magic effects, these species may be exploiting similar perceptive
and attentional constraints in their conspecifics to the ones exploited by magicians. However,
the incognita resides in whether these constraints can be exploited utilising the same
methodological techniques.
Chapter 1 outlined the three sleight of hand methodologies that will be used in this study (i.e.,
Palm transfer, French drop, and Fast pass), are a fundamental element of most magic routines,
as magicians will use them in order to accomplish a surfeit of different purposes such as making
objects appear and disappear at will, to retain playing cards, or to transfer objects between
hands without the audience being aware of it. As further denoted in Chapter 1, the audience's
expectations are of intrinsic importance when being misled by sleight of hand effects as, it is
these expectations, which makes them liable to be “fooled” by them. When naïve observers
watch a sleight of hand movement such as the French drop or Palm transfer, they will expect
the most likely outcome of these movement to be a completed successful transfer of objects
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between hands. This expectation will lead them to miss the small movements revealing the
action as foul play. Thus, to be “fooled” by Palm transfer and French drop techniques, the
spectator inherently needs some knowledge regarding the motions they are about to observe
and their typical outcome because, without this primordial expectation, there would be no
preconceptions for the effect to rely on.
Little is known about corvids’ preconceptions of human hand motions. Given that birds do not
possess similar appendages, the interest lies in either the birds having the notion of such
appendages due to either experience or evolutionary pressure, or the absence of such
preconceptions even if the birds have extensive experience observing human hand
motions. The third experiment (i.e., Fast pass) might require neither of those principles as its
modus operandi relies on the fast motion of the effect, thus relying on human’s inability to spot
the moment in which the object is quickly transferred from one hand to the other. Birds have
different visual perception than human and non-human apes, possessing a much wider field of
view with both binocular and monocular vision (Fernández-Juricic et al., 2004; Martin, 2007).
Consequently, the performing of the three sleight of hand effects described in Chapter 1 to
avian subjects can elucidate on similarities and discrepancies in human and jay expectations of
human movement, and highlight convergent blind spots in attention and perception, which
might make humans and corvids susceptible to similar deception tactics.

Hypothesis and predictions
While we know that humans are often deceived by sleight of hand effects, little is known
concerning how non-human animals perceive these intricate techniques of deception. Here, I
investigated the susceptibility of six Eurasian jays (Garrulus glandarius) to be misled by three
different sleight of hand transfers (French drop, Palm transfer, and Fast pass), and two control
transfers per effect (described in further detail in the methods section).
Expectations are an intrinsic part of what makes humans liable to be misled by two of the
sleight of hand movements (i.e., French drop and Palm transfer) used in this chapter. While
little is known on the expectations that Eurasian jays have when observing human hand
movements, one can, considering each movement of every single sleight of hand effect,
hypothesize the expectations that my avian subjects might have when observing them.
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Palm transfer: In this sleight of hand technique the muscles used to retain the object
from falling onto the other hand are muscles hardly used when holding objects. Thus, the naïve
human spectator might not expect those muscles to hold the object when the rest of the hand is
doing motions of release. Furthermore, the motion employed to retain the coin in the hand is
very subtle and not visible when masked by a bigger movement (i.e., the fingers opening and
the hand motioning upwards and downwards). It is likely that the factors that moderate
human’s propensity to be misled by the Palm transfer’s methods are due to years of experience
operating with their own hands and observing other people’s hands. Therefore, when the naïve
human observer watches a Palm transfer, he will anticipate the familiar movement of
transferring one object from one hand to the other, causing him to miss the particular cues that
would reveal the difference between a real transfer and a fake one. This being the case, it is
reasonable to assume that jays, which do not possess hands, might not have the ingrained
preconceptions of hand mechanics that we do. Thus, their expectations regarding how hands
usually work, might not be sophisticated enough (or existing) to be “fooled” by the sleight of
hand technique. Moreover, they might be more likely to focus their attention on the reward
instead of the hand (in the same way when we are presented with a dish we really like, we don’t
necessarily look at the serving plate but the food itself). Thus, if they do not see the reward fall,
they might just assume that the reward didn’t move. These reasons may explain that jays may
choose the correct hand during Experiment 1 and not be “fooled” by the magic effect. With
this in mind, the sample of jays used in this experiment has been heavily trained by humans
and used in several experiments involving the experimenter manipulating objects (e.g., Amodio
et al., 2019; Davidson et al., 2017; Schnell et al., 2021), thus they may have had enough
exposure to human hand movements through the course of their life to have some base
knowledge and expectations about them.

French drop: In this sleight of hand technique, the magician fakes a grabbing motion
of an object (or food reward in this case) by performing a pantomimed precision grip (i.e.,
grabbing the object with the thumb and index and middle finger). This motion entails operating
with the thumb outside of visual access to the observer (i.e., covered by the rest of the hand).
As such, to be “fooled” by the sleight of hand movement, one must either inherently understand
the thumb as a prehensive appendix, and thus assume a precision grip movement on the object
or correlate the movement of the hand (without the thumb) as a grabbing action. As already
discussed, given that jays do not have similar limbs nor possess any appendix analogous to the
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thumb, it is possible that such mechanical intricacies of hand biomechanics will not be
registered by them. Moreover, even if the avian subjects have a basic understanding of hand
biomechanics because of having had substantial experience observing hands, the intricate
operations of an outside of view thumb might still no be internalised by the subjects (at least
to the level necessarily to give an ingrained expectation necessary for the effect to be
misleading). Certainly, it is possible that such complex expectation of thumb prehensility is
acquired only by having opposable thumbs. If this was the case, I would i. Expect jays to either
choose the correct hand (i.e., not be fooled) or choose at random in the French drop condition.
ii. Expect the jays to choose correctly in the Thumbs up condition, as the thumb is fully visible
during this condition. iii. Expect all jays to choose correctly in French drop’s real transfer
counterpart condition, as the reward can be visibly seen being transferred from one hand to
the other.

Fast pass: As already remarked in Chapter 1, this sleight of hand technique does not
capitalise on the expectations of the observer or their knowledge of human biomechanics in
order to work. Instead, the technique simply utilises speed to send the target object in the air
from one hand to the other. Whilst, as demonstrated in Chapter 2 of this thesis, the speed-based
effect is very powerful in humans, it might not be so for jays. Certainly, for flying animals like
birds, the ability to precisely distinguish and track fast moving objects is imperative for their
survival. Therefore, the ability to quickly resolve visual detail in birds is driven by strong
selection pressure. Indeed, birds’ visual system seems to outshine the human visual system in
its fast acuity of vision. For example, typically human observers will experience the contents
of a movie screen as a smooth uniform movement when looking at static images that change
at 24 frames per second. In contrast, Blue tits (Cyanistes caeruleus) can recognise on average
129 frames per second, collared flycatchers 127 frames per second and pied flycatchers as
much as 146 frames per second (Boström et al., 2016). Specifically in corvids, Bobrowicz and
Osvath (2019) measured the duration of the single gazes of objects in an object choice task of
both human participants and a sample of ravens (Corvus corax). The study reported that the
gaze durations of the avian subjects were significantly shorter (50% shorter) than the durations
of the human gazes, thus evidencing the proficiency of birds for the visual world compared to
mammalian vision. Consequently, I hypothesise that Eurasian jays will not be “fooled” by the
Fast pass, as the movements of the sleight, while being too fast for a typical human observer
to identify, will be slow for the jay’s visual system. Similarly, the jays will choose correctly in
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the Slow pass condition as the transfer of reward is even slower than in the Fast pass.
Additionally, I hypothesise that the jays will choose correctly in the No pass condition as the
jays will not see the reward move.

While these are my initial hypothesis, it is important to note that in the same way that there is
an overall lack of evidence of how birds perceive general human hand movements, and sleight
of hand. There is also a lack of concrete evidence of the exact factors that make sleight of hand
movements mislead most human spectators. Consequently, there is a possibility of factors
which are not accounted for in this discussion being integral to the success of the effect. These
unaccounted-for factors could determine the likelihood of a member of a different species
and/or taxa being “fooled” by the same methodologies that would mislead a typical human
observer. As such, the level of insight that this experiment might apport is not only regarding
the data that it can offer about the preceptive abilities of other animals and taxa compared to
ours, but also about the innerworkings of these effects that seem to undermine human
perceptive and attentional abilities.

6.2 Methods
Jays
As with Chapter 5, I tested the maximum number of jays in the laboratory that would
voluntarily participate in the experiment and maximised trial numbers per subject (i.e., 30 trials
per condition) (Lakens, 2021; Rouder & Haaf, 2018). Six Eurasian jays (Garrulus glandarius)
(three males and three females, all five years old) were used in this study. The jays were housed
in an aviary with outdoor (20 ´ 10 ´ 3 m) and indoor (2 ´ 1 ´ 2 m) compartments in Clayton’s
Comparative Cognition Laboratory at the Sub-Department of Animal Behaviour, University of
Cambridge in Madingley, UK. Birds were provided with ad libitum access to a maintenance
diet (a mixture of dog kibble, vegetables, eggs, seeds, and fruit) and always had access to water.
To ensure that the subjects were motivated to participate in the study, their maintenance diet
was removed from the aviary one hour before testing. The experiments were reviewed and
approved by the University of Cambridge and conducted under a non-regulated licence (zoo
64/19). The experimenter interacted with the birds through a window in the indoor
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compartment. The birds participated on a voluntary basis and perched in front of the window
just prior to the experimenter beginning the trials.

Training
Subjects were first trained to peck at the thumb of a closed fist to gain access to the edible
reward inside the hand. Following this, subjects were trained to determine which hand
contained the reward by observing how I visibly transferred a reward from one hand to the
opposite hand. Once the transfer finished, I held out both fists in front of the subject
approximately 100 mm apart at equidistance to the subject, who was then allowed to choose.
After a minimum score of 8/10 correct trials, the subjects were trained to determine which hand
contained the reward even when the reward was hidden inside the hand. To do so, I presented
the reward with one hand, visibly transferred it to the other hand, and then simultaneously
closed both hands, thus covering the reward. The subject was then allowed to choose a hand
by pecking at the thumb of the chosen hand. The starting hand in every interaction was pseudorandomised so that the subject experienced retrieving rewards from both right and left hands.
Once the subject successfully retrieved 8/10 rewards in two consecutive sessions (10 trials per
session, average nº of sessions = 4), the subject moved to the testing phase.

Testing
All three experiments consisted of 9 sessions of 10 trials each (30 trials per condition). During
each session, the food reward was first shown to the subject with one hand and then either
transferred to the opposite hand or retained in the same hand (as per condition). Following this,
the subject was allowed to choose which hand contained the reward, and the hand was opened
upon selection. If chosen correctly, the subject was allowed to consume the reward within. The
starting hand and conditions were pseudo-randomised across trials; thus, all subjects
experienced fake and real transfers from both hands and not in any specific pattern. If, after the
transfer was demonstrated, the subject chose the hand that contained the reward, the subject
scored “1” on the trial otherwise, the subject scored “0”.
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Humans
80 participants (36 males, 44 females) between the ages of 16 and 60 years of age were
recruited to complete the online experiment. As the experiment did not require the subjects to
disclose any identifying information, the participants were not from any vulnerable group, and
the interactions with the experiment were not intrusive or posed any risk to the participant, the
experiment did not require ethical approval by the University of Cambridge.

Procedure
The participants were contacted by either email or social media platforms and provided with
access to the survey via a link. The survey was created using Qualtrics and consisted of 3 blocks
of 6 questions per block (one block per experiment). Each block of questions contained 24
videos (4 videos per magic effect, each effect performed twice right to left, and twice left to
right), the participants observed a random subset of these videos that contained two videos of
each condition (right to left, and vice versa). The order of the blocks and questions within them
were randomised for each candidate. The videos of the effects consisted of purposely prerecorded videos of the Jays participating in the experiment. The videos were edited for the
human sample so that the bird’s choice of hand was cut from the recording (see SI Appendix).
The experimenter had an O (left thumb), or X (right thumb) painted on the pad of each
corresponding thumb for better identification by the participant. Participants were told that they
were participating in a human perception study and were asked to observe each video of the
effect and then identify which hand was holding the worm by choosing O or X accordingly.

Magic Effects
Experiment 1: Palm transfer
This experiment used the magician’s technique called palming described in Chapter 1.
In the Palm transfer’s real transfer counterpart, the experimenter transferred a reward from one
hand to the other using the same speed and cadence required for a magician’s Palm transfer
but, instead of retaining the reward, the experimenter allowed the reward to transfer from one
hand to the other. In the Slow transfer condition, the experimenter transferred the reward from
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one hand to the other, using a slower speed and more noticeable cadence. In the experimental
condition, the experimenter enacted a fake transfer using a palming method.

Experiment 2: French drop
This experiment used a magician’s technique known as a French drop described in
Chapter 1. In the French drop’s real transfer counterpart, the experimenter visibly transferred
the reward from one hand to the other while enacting the same movements of a French drop.
In the Thumbs up condition, the experimenter performed a French drop, while maintaining the
thumb of the hand performing the fake grab in the eyesight of the subject at all times. In the
French drop condition, the experimenter performed a French drop of the reward.

Experiment 3: Fast pass
This experiment used a magician’s technique known as a Fast pass described in Chapter
1. In the no pass condition, the experimenter showed the reward in one hand and the other
empty hand then enacted the same movements with the same speed and cadence as when
performing a coin flip without transferring the reward from one hand to the other. In the slow
pass condition, the experimenter transferred a reward from one hand to the other using a slower
speed and cadence than required for a Fast pass. In the experimental condition, the
experimenter performed a Fast pass.

Analysis
The jay data for all three experiments was recorded while being coded in situ and subsequently
cross-referenced with the recordings. Inter-rater reliability was measured by a naïve coder
scoring a pseudo-random selection of 10% of the trials per experiment, the trials included a
balanced quantity of all conditions. Reliability was excellent for all experiments (Cohen’s
Kappa = 1).
Statistical analyses for both humans and jays were accomplished using JASP (v.0.10.3,
http://jasp-stats.org) and RStudio for Mac (version 1.2.1335). To determine the subjects´
choices per condition I used binomial tests (against value: 0.5). To determine whether the
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subjects´ choices were influenced by the conditions I used non-parametric permutation tests
(aovperm function, permuco package). Significant differences between treatments were further
explored using post-hoc pairwise comparisons and were adjusted using the Holm-Bonferroni
method to maintain the overall alpha level at the nominated value or 0.05 for multiple pairwise
comparisons.

6.3 Results
Experiment 1: Palm transfer
Jays
In Experiment 1, the birds were more likely to choose the correct hand when observing a Palm
transfer (Palm transfer correct vs. incorrect: p = 0.009) and the same pattern was revealed when
they observed the slow transfer (slow transfer correct vs. incorrect: p < 0.001). However, there
was no significant difference between correct and incorrect choices during the Real transfer
(real transfer correct vs. incorrect: p = 0.062) suggesting that the jays were using a random
choice pattern during the real transfer (Figure 6.1 a).
Jays’ choices differed significantly across the conditions (p < 0.001; effect size = 21.4).
Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that their
choices differed significantly between all three conditions (Palm transfer–real transfer: p =
0.002; real transfer–slow transfer: p < 0.001; slow transfer–Palm transfer: p = 0.01).

Humans
In Experiment 1, the participants were more likely to choose the correct hand when observing
both a real transfer and a slow transfer (real transfer correct vs. incorrect: p < 0.001; slow
transfer correct vs. incorrect: p < 0.001) but were more likely to choose incorrectly when
observing a Palm transfer (Palm transfer correct vs. incorrect: p < 0.001) (Figure 6.1 b).
Participants’ choices differed significantly across the conditions (p < 0.001; effect size
= 211). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that the
participants’ choices significantly differed between the Palm transfer and real transfer (p <
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0.001) as well as the Palm transfer and the slow transfer (p < 0.001), but no significant
differences were found between slow transfer and real transfer (p = 1).

Figure 6.1. Hand choices of jays (n = 6) and humans (n = 80) in response to three different palming conditions.

Experiment 2: French drop
Jays
In Experiment 2, the birds were more likely to choose the correct hand in all conditions (French
drop transfer correct vs. incorrect: p < 0.001; real transfer correct vs. incorrect: p < 0.001;
thumbs up transfer correct vs. incorrect: p < 0.001). There was no significant effect of condition
(p = 0.072; effect size = 3.43) in experiment 2, thus I did not conduct post-hoc pairwise
comparisons (Figure 6.2 a).

Humans
In Experiment 2, participants were more likely to choose the correct hand when observing both
a thumbs up transfer and a real transfer (real transfer correct vs. incorrect: p < 0.001; thumbs
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up transfer correct vs. incorrect: p < 0.001) but were more likely to choose incorrectly when
observing a French drop transfer (French drop transfer correct vs. incorrect: p < 0.001) (Figure
6.2 b).
Participants’ choices differed significantly across the conditions (p < 0.001; effect size
= 91.47). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that
participant’s choices significantly differed between all three conditions (French drop–real
transfer: p < 0.001; real transfer–thumbs up transfer: p < 0.001; thumbs up transfer–French
drop: p < 0.001).

Figure 6.2. Hand choices of jays (n = 6) and humans (n = 80) in response to three different French drop conditions.

Experiment 3: Fast pass
Jays
In Experiment 3, the birds were more likely to choose the correct hand when observing both a
no pass and a slow pass (no pass correct vs. incorrect: p < 0.001; slow pass correct vs. incorrect:
p < 0.001) but were more likely to choose the incorrect hand when observing a Fast pass (Fast
pass correct vs. incorrect: p < 0.001) (Figure. 6.3 a).

116
Jays’ choices differed significantly across the conditions (p < 0.001; effect size =
77.93). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that
Jays’ choices significantly differed between all three conditions (Fast pass–no pass: p < 0.001;
no pass–slow pass: p < 0.005; slow pass–Fast pass: p < 0.001).

Humans
In Experiment 3, the participants were more likely to choose the correct hand when observing
both a no pass and a slow pass (no pass correct vs. incorrect: p < 0.001; slow pass correct vs.
incorrect: p < 0.001) but were more likely to choose the incorrect hand when observing a Fast
pass (Fast pass correct vs. incorrect: p < 0.001) (Figure 6.3 b).
Participants’ choices differed significantly across the conditions (p < 0.001; effect size
= 597). Post-hoc pairwise comparisons with the Holm-Bonferroni adjustment revealed that the
participant’s choices significantly differed between Fast pass and no pass conditions (p <
0.001) and between Fast pass and slow pass conditions (p < 0.001), but no significant difference
was found between no pass and slow pass (p = 0.75).

Figure 6.3. Hand choices of jays (n = 6) and humans (n = 80) in response to three different Fast pass conditions.

117
6.4 Discussion
In accordance with my hypothesis for Experiments 1 and 2, the magic effects that capitalised
on the spectator’s expectations of human hand biomechanics did not deceive the jay subjects
but did deceive the human participants. These results suggest that jays have different
expectations to humans when observing these transfer techniques. However, contrary to my
hypothesis for Experiment 3, both Eurasian jays and humans were misled by the magic effects
that involved fast movement. As birds have a far superior flicker rate than humans (Bobrowicz
& Osvath, 2019; Boström et al., 2016), it is doubtful that the susceptibility of the jays to be
misled by the Fast pass is a result of the speed of the motions used in the sleight effect. I further
discuss these results and hypothesise as to their significance in this section.
The results from Experiment 1 suggest that jays are not misled by the same palming methods
that deceive humans. The jays’ choices in this experiment appear to be moderated by what is
observable rather than by what is expected. The slow palm condition revealed that jays were
more successful in choosing the hand that obtained the reward when the transfer was conducted
in slow motion. This suggests that the jays had enough time to observe the reward being
transferred from one hand to the other during the slow palm condition. In the palm condition,
the jays did not observe the transfer of the reward, thus the jays were more likely to choose the
hand that had previously been holding the reward item. In the Palm transfer’s real transfer
counterpart condition, which emulated the speed and cadence of a fake transfer but not the
retention of the reward, the jays were not skilful at choosing the correct hand. One explanation
for this result is that the movement was ambiguous, thus not offering the jays enough
observable cues to make a clear choice.
In Experiment 2, the bird subjects excelled at choosing the hand containing the reward in all
conditions, this reinforces the notion that jays appear to use what they can observe to make a
choice. In the French drop’s real transfer counterpart, the reward was observably transferred
from one hand to the other, thus it is not surprising that the jays were successful in choosing
the correct hand. Interestingly, jays also succeeded in both the French drop and Thumbs up
conditions. The French drop technique typically misleads human spectators because of their
inherent expectations associated with hand mechanics. Humans often pre-empt the movement
of hand motions and use this when deciding whether an object has been successfully transferred
or not. Thus, when the human participants in this study observed the Thumbs up condition, the
effect did not typically mislead them, as the thumb, which is always in sight, cannot perform
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the grabbing motion. It is important to note, however, that the human sample did present
significantly less correct choices in the Thumbs up condition than in the real transfer
counterpart. A possibility for this is that identifying the causal cue of the effect (i.e., the thumb
not performing the necessary motion) requires the participant to assess the situation more
carefully, instead of utilising intuitive automatic processing (Kahneman & Frederick, 2005).
By contrast, the bird subjects did not appear to have the same expectations when observing
hand transfers of objects, this is perhaps because jays lack the appendages themselves, thus
also lacking the attached inherent expectations regarding their mechanics and manoeuvres. As
previously discussed, the jays were raised in captivity, hand-reared and have participated in a
plethora of experiments, some of them involving intricate hand manipulations by the
experimenter (Amodio et al., 2019; Davidson et al., 2017; Miller et al., 2016). Thus, it is
possible that, at least in Eurasian jays, such intricate expectations regarding hand mechanics
cannot be gained through observational experience.
In Experiment 3, the jays were deceived by the Fast pass technique, this technique relies on the
fast-paced motions of the hands. Thus, the spectator misses the transfer, not because of any
expectations, but because of the inability to perceive the key motion that successfully transfers
the object. The jays reacted similarly to a typical human spectator observing the Fast pass
effect. Specifically, the jays were misled by a Fast pass but were mostly successful when
observing the same technique at a slower pace and when no transfer occurred at all. While this
technique elicits a reaction similar to the human audience, the response might be moderated by
different underlying mechanisms. First, birds have different visual abilities to primates, most
notably because most avian species have their eyes positioned laterally, on either side of their
head (Rogers, 2012). As such, the optic axes are not parallel, but instead, they are directed
outwards. This affords birds with a small binocular and a large monocular field of view (Martin,
2007). Accordingly, the jays likely observed the effect with only one eye (i.e., through
monocular vision). Further, faster horizontal movements that cross the midline, were likely
more difficult for them to perceive than slower ones because there was inadequate time to gaze
follow and move their head as they might do during slow movements. Moreover, the use of
monocular vision by the birds while observing the effect might also make them liable to other
perceptual constraints. Birds are not only likely to observe different events with the right eye
than the left eye (Koboroff et al., 2008; Rogers & Kaplan, 2006), but they are specialised to
process the information they observe with those eyes differently. Each eye sends information
to the brain hemispheres contralaterally, and these hemispheres are highly specialised to
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perform different functionalities. Specifically, the right hemisphere pays attention to novelty
and assumes functional control when the individual is in distress, whereas the left hemisphere
pays attention to learned categories in more relaxed environments (Rogers, 2008). It is thus
possible that these different functionalities affected the way the birds perceived the effects in
reference to the eye they were using to observe the effect. Future research might highlight
whether animals with laterally placed eyes exhibit different responses to magic effects when
they observe the effect with the left or the right eye.
Blind spots in the attentional abilities of the jays might be another potential contributing factor
for their failure in perceiving the transfer observed in the Fast pass effect. A previous study on
Blue jays (Cyanocitta cristata), a relative of the Eurasian jay, shows that their attentional
abilities can decrease when they are presented with a complex task (Dukas & Kamil, 2000,
2001). Specifically, the ability of blue jays to detect peripheral targets substantially decreased
when placing their attention on cryptic foraging tasks. This limited attention was attributed to
the blue jays requiring more focused spatial attention when presented with a difficult foraging
task compared to a simple foraging task. Certainly, when presented with any observational
task, the birds ought to choose what zone of the visual field they should place their attention
on. The Eurasian jays in the current study might initially place their attention on the hand
holding the reward, however, the hand motions send the reward outwards towards the
peripheral side of the observing bird. Consequently, the reward’s transfer in the Fast pass
condition may go unnoticed by the observer bird due to similar blind spots in attention than the
ones affecting blue jays.
Other factors could also influence the reactions of the jays. A magic effect such as the French
drop might only be as good as the magician performing it (phillips et al., 2015), thus it is
possible that the jays might exhibit different reactions to the effects if they were performed by
a more experienced magician. Further, as a single experimenter performed the magic effects,
the observable behavioural responses of the birds and humans might be moderated by other
factors besides the “magical experience”, such as particular movements or mannerisms the
experimenter unknowingly has when performing live. It is important to note, however, that the
human sample observing the jay conditions elicited reactions similar to the magic effects that
the sample of 165 participants in Chapter 3 who observed the magic techniques performed in
a more typical and consistent manner (i.e., purposely pre-recorded coin effects, rather than live
recordings with worms). Finally, the field scrutinising magic effects often utilises filmed
performances rather than live ones, this is, of course, due to the inherent probability that a
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human cannot ensure that all performances are identical, in all conditions and for all
participants. While the human sample was tested using video recordings, logistically this was
a hurdle that I could not overcome when testing the birds. It is important to note that the human
participants experienced the same trials as the jays, and that the reactions elicited by both,
whether alike or dissimilar, are a by-product of observing the same magic effect, thus, making
their reactions comparable irrespective of whether these are a product of the techniques
performed or the magician’s performance. Moreover, current evidence on magic effects and
their effectiveness when watched through video suggests that the strength of a magic effect
typically stays similar (Kuhn et al., 2008; Otero-Millan et al., 2011; Phillips et al., 2015) or
even decreases (Olson et al., 2015; Shalom et al., 2013) when compared to a live performance.
Thus, it is fair to assume that the reactions of our human sample stem from the magic effects
observed, and not the method of visualisation.
In conclusion, Eurasian jays appear to lack the necessary expectations of hand movements to
be deceived by magic techniques that routinely “fool” human spectators but seem to be misled
by similar fast-paced actions. These results raise the question of whether magic effects that can
capture the way in which the Eurasian jays themselves manipulate objects would, if performed
properly, capitalise on the inherent expectations of the birds. Finally, the results showing that
Eurasian jays fail to perceive fast-paced movements raise the intriguing question about whether
the jays themselves take advantage of such constraints when pilfering or protecting caches from
thieving conspecifics.
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Chapter 7: Investigating New World monkey’s perception of sleight of
hand and the link between action-expectation and action-experience.
The results of the choices by humans in Chapter 2 and Eurasian jays in Chapter 6 when
observing sleight of hand effects that capitalise on different blind spots in perception and
roadblocks in cognition evidenced clear differences between the two species. Perhaps the most
revealing being that Eurasian jays do not appear to have similar expectations than humans
when observing sleight of hand effects that rely on an understanding of hand motions and
typical transfer manoeuvres of objects between hands. Humans clearly evidenced a strong bias
towards expecting a pantomime transfer of objects to be real, whilst Eurasian jays did not
display such a bias. Furthermore, in Chapter 6 it was hypothesised that given the jays’
upbringing, namely that they were hand reared by experimenters in the lab, their reactions
when observing the French drop effect were a product of the inherent lack of experience using
similar appendages and not their experience of observing human hand movements. In this
chapter, I investigate the relationship between experience and ability performing an action and
their influence on the expectations of the individual when observing the actions that other’s
make. To do so, I performed two of the sleight of hand effects outlined in Chapter 1(French
drop and Fast pass) and a series of control transfers to three species of New World Monkey
with distinct hand anatomies and biomechanical abilities (Yellow-breasted capuchins (Sapajus
xanthosternos), Humboldt’s squirrel monkeys (Saimiri cassiquiarensis) and Common
marmosets (Callithrix jacchus)). Moreover, to further investigate whether the ability to oppose
the thumb influenced the expectations necessary to be misled by pantomime movements, I also
performed an adapted version of the French drop effect and its accompanying control transfer
(i.e., the Real transfer used in Chapter 3) named Grab drop and the Grab drop real transfer
counterpart, which utilised a power grip to take hold of the reward instead of the precision grip,
thus removing the opposable thumb as the causal agent of the effect. All monkeys reacted
similarly when observing a Fast pass, in which they all three species significantly chose
incorrectly, but chose correctly when observing the controls conditions (like the humans in
Chapter 3 and jays in Chapter 6). This suggests that the effect capitalised on some of the similar
aspects in the visual system of both New World Monkeys and humans, which might have been
a blind spot embodied by our last common ancestor with them around 40k years ago. The
results from the French drop effect suggests that not being able to perform certain movements,
in this case occluding the thumb with the other digits of the hand, significantly influences the
expectations of others’ manual actions. Specifically, capuchins (which can oppose their thumb

122
enough to produce a precision grip (Costello & Fragaszy, 1988)) and squirrel monkeys (which
whilst they cannot produce a precision grip, they can oppose their thumb enough to occlude it
with the other digits of the hand (Costello & Fragaszy, 1988)) made similar choices in all
conditions, being unable to differentiate a real transfer from a French drop and being
significantly correct when observing a Thumb drop condition. Moreover, their choices in the
first two trials of each condition strongly resembled the choices made by the human sample in
Chapter 2 (i.e., being misled by the French drop, and correct when observing the real transfer
condition). Contrary to capuchins and squirrel monkeys, when observing the French drop
effect, marmosets (which cannot oppose their thumbs (Fox et al., 2019; Fragaszy & Crast,
2016)) performed comparably than the jays in Chapter 6. Marmosets significantly chose the
correct hand in the French drop condition, significantly incorrect in the French drop real
transfer counterpart, and significantly correct in the Thumb drop condition. Therefore,
suggesting that the marmosets were using a similar heuristic than the jays in which, unless they
explicitly saw the reward move from hand to hand, they always assumed that the reward was
in the hand that was holding it prior to occlusion, regardless of the real or pantomime
movements I performed. Interestingly, when observing the new conditions aimed at emulating
their hand biomechanical ability (i.e., Grab drop and Grab transfer), marmosets performed
similarly than capuchins and squirrel monkeys in repeated trials, by not making significantly
different choices in or between either condition, and when only accounting for their two initial
trials all monkeys mostly chose incorrectly in the Grab drop condition and correctly in the real
transfer counterpart. A pattern of choices that strongly resembles the pattern seen in capuchins,
squirrel monkeys and humans when observing a combination of two French drop and two Real
transfer trials. Overall, the data presented in this chapter strongly suggests an evident
interaction between manual biomechanical ability and manual anatomy, and the expectations
that primates have when observing the manual actions of others.

7.1 Introduction
In Chapter 6, I performed sleight of hand magic to a sample of six Eurasian jays, which, unlike
the human observers, were not misled by the sleight of hand movements that capitalised on the
expectations of human hand movements, although, like the human sample, they were misled
by the swift lateral movements in the Fast pass effect. Following this, I hypothesised that given
the inherent anatomical differences in the avian subjects in contrast with a typical human
observer, the Eurasian jays tested lacked the expectations necessary to be fooled by this type
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of effect. Strikingly, the Eurasian jays used in Chapter 6 were hand-reared by human
experimenters and therefore had extensive experience observing human movements for
example when being fed and they had participated in several experiments in which attention to
human hands and their actions was a required component of the study. Thus, it seems that the
necessary expectations to be misled by this type of sleight of hand techniques might not be
acquired through observational experience and be a product of personal experience
manipulating objects in a similar manner. In view of this, an obvious next step to further
investigate this phenomenon is to perform sleight of hand techniques to animals that have
similar morphological features to humans, namely monkeys as from the thumbless spider
monkey to the rigid thumb of marmosets, and the long opposable and multiuse thumb of
hylobatids, the primate family is comprised of a plethora of species with distinct hand anatomy
(Fragaszy & Crast, 2016; Napier, 1962). As such, this provides an optimal model to study
whether expectations about hand movement are embodied on individual experience producing
similar actions.
Being able to anticipate other’s actions is a crucial ability for social animals as it allows for
coordinated reactions. For example, while driving a car and seeing someone crossing the street,
the driver will typically predict whether the person will have crossed the street before the car
reaches the person crossing and adjust the speed according to that prediction. This ability
develops considerably early in humans with seven to nine-month-old children being able to
perceive the reaching and grasping actions of others as goal directed (Guajardo & Woodward,
2004; Thoermer et al., 2013; Woodward, 1998). Moreover, evidence suggests that the
children’s perception of this type of action as goal directed, varies in reference to their own
action experience (Sommerville et al., 2005). When observing an adult use a sticky mitten to
reach for a novel toy, three-month-old children who have had previous experience reaching for
a toy with a similar mitten look longer at the action of the adult than children who have not had
this experience (Sommerville et al., 2005). Moreover, 12-month-old children appear to be able
to use their own experience to ponder specific qualities of an observed action such as difficulty
level. Infants who experienced wearing a blindfold looked longer at an adult’s failed action
than the successful one when the adult was not wearing a blindfold yet looked at the successful
action longer when the demonstrator was blindfolded. Thus, suggesting that the children used
their experience of wearing a blindfold to infer the meaning of the adult’s actions (MyowaYamakoshi et al., 2011). Alongside this, experience performing similar movements seems to
moderate the observer’s perception of causally relevant movements of an observed action. For

124
instance, Wood et al., (2013) investigated the differences in action perception of irrelevant cues
by comparing the actions of a group of five-year-old’s that learnt how to extract a reward from
a container by observing an adult successfully perform the action, and the actions of a group
that had been left alone with the container to spontaneously learn. Following these initial
phases, both groups observed how an adult retrieved the reward from the container by utilising
an amalgamation of causally relevant and causally irrelevant actions to do so. Comparisons of
the children’s manual operations when extracting the reward from the container revealed that
the children who had learnt on their own copied the causally irrelevant manoeuvres less than
the children who had learned purely from observation. Thus, further enforcing the role of
experience when observing other’s actions (Wood et al., 2013).
Whilst the evidence that one’s own experience influences the perception of other’s actions is
strong in children, the evidence for non-human primates is mixed. Buttelmann et al., (2013)
made one group of chimpanzees (Pan troglodytes) learn either a sliding or a handle action to
open an apparatus holding a reward through personal experience, whilst another group
observed an experimenter open the apparatus by using either action instead. Following this,
both groups were made to observe another experimenter perform both actions. Chimpanzees
that had the initial observation phase looked at the experimenter trying to retrieve the reward
with the familiar action for longer than when the experimenter used the more unfamiliar action.
Contrarily, chimpanzees that had learnt through personal experience did not show any
difference between observing either action, therefore suggesting that their experience
performing the action might have not been triggered when observing an experienced action
(Buttelmann et al., 2013). Contrary to chimpanzees, tufted capuchin monkeys (Sapajus apella)
showed evidence of experience influence when observing human actions. Kuroshima et al.,
(2014) made monkeys observe a human experimenter opening a container to access a reward
with either a familiar or an unfamiliar action, in which the capuchins observed significantly
longer at the familiar action. Afterwards, the experimenters made their subjects observe an
actor opening the container using two unfamiliar actions, in which the monkeys looked at both
actions for an equal duration. Following this, the capuchins were trained one of the two novel
actions observed to open the container. Finally, they were shown the same two actions once
again, in which the monkeys observed the action they had learned for significantly longer

125
duration than the unfamiliar action., thus suggesting that their experience performing the action
moderated the way they perceived it (Kuroshima et al., 2014).
Observing others making actions can activate one’s own motor system, this is easily observable
when we watch sports such as hockey and football in which our limbs tend to twitch in the
action of passing the ball or trying to score as if we, ourselves, are taking part in the game being
watched. The common-coding theory (Hommel et al., 2001; Prinz, 1997) provides a tenet for
these phenomena. According to the common-coding principle, actions are coded in reference
to the causative effects that they should produce. Alongside this, it is theorised that
representations (i.e., common-codes) of the causative effects of actions determine the
perception and production of those actions. Research in neuroscience has produced substantial
evidence of common-codes occurring at the level of single neurons in the brain, the so-called
mirror system (Rizzolatti & Arbib, 1998). When recording the electrical activity of single
neurons in two Sothern pig-tailed macaques (Macaca nemestrina), Gallese et al., (1996) found
that neurons in the area M5 in the premotor cortex fired when the macaques made a grasping
motion as well as when they observed an experimenter perform the same grasp. Thus, attesting
to the link between perception and action that common-coding theory suggests. Moreover,
similar results have been found in humans under functional magnetic resonance imaging
(FMRI) (Decety & Grèzes, 1999; Iacoboni et al., 1999). When we produce actions, our
common-codes moderate our movement, whilst when we perceive actions, our common-codes
allow us to detect the goal of the action being perceived. Consequently, perceiving and
performing a particular action should activate the same common-codes, and the more similar
an observed action is to the way the observer would perform it, the stronger the activation of
these common-codes. This is evidenced in a study by Calvo-Merino et al., (2005, 2006), in
which the activation of the mirror system of capoeira dancers was stronger when watching
videos capoeira dances than when observing videos of a ballet piece.
Expectations of the causal effects of actions seem, to some degree, to be moderated by once’s
experience performing an action both in human and in non-human primates. However, little is
known regarding non-human primates’ expectations of human hand movements and their
relationship with their own hand anatomy and biomechanical ability. If experience producing
an action moderates the expectations that one will have when observing a similar action in
others, a physiognomic inability to perform said action (i.e., by not having evolved the causal
limbs that perform it) should result in different expectations than the ones embodied by
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observers with similar physiological features. Sleight of hand effects pose a very suitable
paradigm to test this as for some of the most basic magic effects to succeed in misleading the
spectator the audience ought to have some expectations about hand mechanics and thumb
opposability. For example, the French drop technique used throughout this thesis occludes the
thumb when pretending to grab the focal object. This is a key component of the illusion as
instead of performing a normal garbing motion of the object, the thumb allows the object to
fall to the opposite hand whilst simultaneously pretending that an object has been pinched
between the thumb (D1), D2, and D3 (see Figure 7.1), also known as a precision grip.
Therefore, for this effect to mislead the observer, the movements of the thumb and object even
when occluded by the rest of the hand ought to be inferred. This poses an interesting
methodology to explore the understanding of human hand biomechanics in diverse species of
primates, as the ability to infer the movements of the thumb might just be specialised for those
animals that have undergone selection pressures to evolve that type thumb in the first place.
Do primates differ in their perceptual biases that lead them to be liable to be, or not to be,
misled by deceptive hand gestures because they do or do not share similar hand anatomy? The
answer to this question is of vital significance for understanding how physical features of the
body determine cognitive traits across the animal kingdom.

Figure 7.1. Methodology of the French drop sleight of hand effect.

Whether hand morphology and biomechanical ability influences cognitive mechanisms has
been scarcely studied. Zander et al., (2013) investigated whether variability in anticipatory
motor planning was moderated by morphological differences in the hand such as being able to
perform a precision grip. To this end, Zander et al., compared two species of New World
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monkey with inherently different hand morphology and biomechanical ability: the Common
squirrel monkey (Saimiri sciureus), which cannot perform a precision grip, and the more
dexterous tufted capuchin, which can perform a precision grip and regularly uses tools
(Costello & Fragaszy, 1988; Kenward et al., 2011). The monkeys were presented with baited
upside-down cups, which the monkeys had to grab, lift, and then turn towards them to extract
the reward inside. In the study, squirrel monkeys where more likely than capuchin monkeys to
invert their grasp when grabbing the cup (i.e., so the thumb was facing downwards rather than
upwards), a manoeuvre that eases the action that will succeed grabbing the cup and aids in its
comfortable production. These findings suggest that as a result of the morphological constrains
of squirrel monkeys, the primates developed more consistent motor planning abilities than the
capuchins, given that the limited prehension of the squirrel monkeys' thumb makes it harder to
compensate for any inefficient initial posture, in contrast to the capuchins, which can perform
precision grips and thus flexibly change their manoeuvres in mid action.
Hypothesis and predictions
In this chapter, I will test whether other members of the primate family with similar and
different hand anatomy have similar expectations to adult humans when observing hand
transfers, and whether these expectations are moderated by their ability to approximately
produce the movement or not. I will investigate whether three non-human primates with
inherently different hand anatomy and biomechanical abilities (i.e., Yellow-breasted capuchins
(Sapajus xanthosternos), Humboldt’s squirrel monkeys (Saimiri cassiquiarensis) and Common
marmosets (Callithrix jacchus)) are sensitive to two sleight of hand manoeuvres: Fast Pass and
French drop.
The sleight of hand technique known as the French Drop requires the performer to occlude
their thumb to give the impression that their thumb has grabbed the focal object (when in fact
it has not). Therefore, for this technique to mislead the observer, the movements of the thumb
even when occluded by the rest of the hand must to be inferred by the observer. Commoncoding theory suggests that intrinsic expectations about action production and perception are
most likely not acquired by observation of conspecifics but by performing these actions, this
is further reinforced by neurological research in the mirror system (Gallese & Goldman, 1998;
Rizzolatti et al., 2001; Calvo-Merino et al., 2006). Consequently, I expect the results of the
French drop to be moderated by the hand morphology and biomechanical ability abilities of
the subjects.
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Capuchin monkeys: Capuchin monkeys (Figure 7.2 C) have gained a reputation for their
manual ability and the varied actions they employ in object manipulation (Fragaszy et al.,
2004). This is likely due in part to their hand physiognomy, which allows them to individually
control their finger digits (as evidenced in their single digit proving actions, and their scissor
grip capability (i.e., getting hold of an object by holding it in between the sides of two fingers
(Napier, 1967; Reynolds et al., 1969)) (Christel & Billard, 2002; Spinozzi et al., 2007; Spinozzi
et al., 2004)). Alongside this, capuchin monkeys are the only member of the New World
Monkeys to be able to perform a precision grip by bringing the thumb towards the index or
middle finger in a pad-to-pad motion (Costello & Fragaszy, 1988), which has independently
evolved in this species of monkey. Moreover, while exploring objects with their hands,
capuchin monkeys will employ similar exploratory actions than humans such as probing,
pinching, enclosing the item with both hands, and following the contour of the object (Lacreuse
& Fragaszy, 1997). Capuchins are also renown for being the only platyrrhines to systematically
operate tools with their dexterous hands (Ottoni & Izar, 2008). For instance, yellow-breasted
capuchins and wild bearded capuchin monkeys (Sapajus libidinosus) will routinely use stone
tools to crack nuts in the wild (Fragaszy et al., 2013), and captive tufted capuchins demonstrate
a wide array of tool use ability (De Resende et al., 2008; Fragaszy & Visalberghi, 1989; Fujita
et al., 2003; Ottoni & Mannu, 2001).
Squirrel monkeys: While squirrel monkeys (Figure 7.2 B) are comparably less dexterous
than capuchin monkeys (Costello & Fragaszy, 1988), these monkeys have been observed
rudimentarily use tools in some rare occasions (Buckmaster et al., 2012). This species of New
World Monkey possesses what was defined by Napier as a pseudo-opposable thumb (Napier,
1960). Their hinge like carpometacarpal joint limits the rotation of their thumb, thus restricting
their range of motion with their thumb in relation to the pads of the index and middle finger
and making full opposition impossible. However, these primates can still oppose their thumb
so to touch the side of their index or middle finger in a pad-to-side movement, and thus still be
able to experience, to a degree, the occlusion of the thumb when hidden behind the index and
middle fingers, and the interaction that the thumb has with these digits when occluded.
Marmosets: Marmoset’s hands (Figure 7.2 A) have evolved mainly for vertical locomotion
(i.e., vertically climbing tree trunks) (Napier, 1967). Consequently, as even with a fully
opposable thumb it is not possible to grasp the entirety of a trunk with the hands, evolving one
would not be of much use (Schmitt, 2003; Young & Chadwell, 2020). Instead, marmosets

129
spread their five digits, which are equidistant form each other, as widely as possible so to
increase the amount of suffice area and dig in with their claws by flexing all their digits at
unison (Fragaszy & Crast, 2016; Novikova & Kuznetsov, 2017). To allow for this, their thumb
is substantially shifted distally so to align with the rest of the fingers. Whilst their thumb can,
to a very small degree, be abducted with a larger amplitude than the other fingers, they cannot
oppose their thumb. The different hand morphology in marmosets makes them unable to
operate a precision grip (in contrast to capuchin monkeys), perform a pad-to side precisionlike grip (like squirrel monkeys can), or even to occlude their thumb behind the rest of their
fingers. Instead, to manipulate objects these primates use a combination of power grips (which
every member of the primate family can perform (Napier, 1960; 1962)) (Figure 7.3), and
scissor grips (Tia et al., 2017).

Figure 7.2. The three species of New World Monkey used in this Chapter: (A) Marmoset monkey, (B) Squirrel monkey,
and (C) Capuchin monkey.
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Figure 7.3. Common marmoset grabbing
food using two power grips. Notice how the
thumb is aligned with the rest of the fingers.

If the expectations of a particular movement are embodied by the manual ability of the
observer, primates that have experienced enacting a precision grip (i.e., Yellow-breasted
capuchins) should infer the causal effect of my opposable thumb and expect my transfer to be
completed. By contrast, primates that cannot perform a precision grip (i.e., Squirrel monkeys
and marmosets), should not have the necessary expectations to code my action as a transfer of
objects between hands, and thus not be misled by the French drop effect (likely eliciting results
like the Eurasian jays in Chapter 6). Another possible hypothesis is that expectations of the
manual transfer are not precisely based on the ability to perform the exact manoeuvre (i.e., a
precision grip) but on the ability to infer than an occluded thumb can hold items if pressed
against the opposing fingers. If this were true, I expect both the Capuchin and Squirrel monkeys
to be misled by the French drop, given that both can oppose their thumb to a certain extent. I
would also expect marmosets, which do not have this biomechanical ability to not be misled
by the French drop.
The Fast pass relies on speed to quickly send the focal item form one hand to the other without
being perceived by the naïve observer. Therefore, regardless of their hand anatomy and
biomechanical ability, I expect all three species of primate to be misled by the Fast pass sleight,
given that, while they differ in their colour vision ability (Jacobs et al., 1996), all three primates
have, to a certain extent, similar binocular overlap and visually experience the world in a
similar frame rate than humans (Howard & Rogers, 1995; Mitchell & Leopold, 2015; Usrey &
Reid, 2000).
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7.2 Methods
In this chapter I tested three species of monkey residing in different zoos and laboratories in
the UK. I tested the maximum number of subjects per species that would voluntarily participate
in the study and maximised trial numbers per subject (Lakens, 2021; Rouder & Haaf, 2018).
This study did not require food restriction or any dietary changes.
The subjects used in this study consisted of the following:
-

Three female Yellow-breasted capuchins (Sapajus xanthosternos) residing at Shepreth
Wildlife Park (UK). The capuchins are housed in an enclosure with outdoor (30 ´ 20 ´
3) and indoor (5 ´ 3 ´ 2) space. The monkeys were feed their regular daily feed by the
animal care team and always had access to water. I used peanuts as the main reward
food. Two of the subjects were tested as a pair, whilst the other subject who was less
dominant and prone to being chased away by the other two monkeys was tested
separately. I interacted with the monkeys through the holes in the mesh of the outdoor
enclosure (when testing the monkeys as a pair), and the indoor enclosure (when testing
the monkey individually), both being large enough for the subjects to reach the
experimenter’s hands through the mesh.

-

Three male Humboldt’s squirrel monkeys (Saimiri cassiquiarensis) housed at
Cotswolds Wildlife Park (UK). The squirrel monkeys resided in an enclosure with both
outdoor (20 ´ 10 ´ 5) and indoor (4 ´ 5 ´ 4) space. The monkeys were feed their regular
daily feed by the animal care team and always had access to water. I used dried
mealworms as the main reward food. All subjects were tested in a group setting in the
outdoor space. I would interact with each monkey individually by distracting the other
two monkeys with a scatter feed of dried mealworms. The experimenter interacted with
the monkeys through the holes in the mesh of the outdoor enclosure, which were large
enough for the subjects to reach the experimenter’s hands through the mesh.

- Eight Common marmosets (Callithrix jacchus) (4 female) kept in a conventional barrier
facility in the University of Cambridge’s Marmoset Colony. The monkeys used belong
to a breeding colony that was not used in research. The monkeys are housed in pairs in
indoor enclosures measuring (1´ 2 ´ 5). The monkeys were fed their regular daily feed
by the animal technician team and always had access to water. I used small
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marshmallows as the main reward food. I tested the monkeys in their usual paired
enclosures by distracting one subject with a surplus of marshmallows and focusing on
a target subject per session. I interacted with the marmoset through the holes in the
bared enclosure, which was large enough for the subjects to reach the experimenter’s
hands through the mesh.

Training
Subjects naturally reached for my hand through the holes in their meshed enclosures to grab
the food reward without any need of initial training. Subjects were fist trained to understand
that touching a closed fist would result in the hand immediately opening to reveal the insides
by receiving a series of trials in which I would present the reward with one hand (the hand was
pseudorandomised per trial), then would close my hand into a fist and would not open it until
touched by the primate. Monkeys quickly learned this (average nº of trials = 2 (capuchins); 2
(squirrel monkeys); 4.3 (marmosets)) and systematically touched my fist to pry it open. Once
this was learnt, subjects were taught than in the presence of two closed fists, they would only
have access to the first fist they touched. This was accomplished by showing the reward in one
hand (which was pseudorandomised per trial) alongside the empty palm of the other hand, and
then simultaneously closing both hands into fists. Once the subjects successfully retrieved 8/10
consecutive rewards (10 trials per session, average nº of sessions = 1 (capuchins); 1 (squirrel
monkeys); 2.3 (marmosets)) they moved to the next stage of training. The final stage of training
consisted in the monkey subjects learning to determine which hand contained the reward after
observing it being transferred between hands. To do so, the subjects observed me visibly
transfer the reward from one hand to the other and then close my hands into tight fists. Once
the subject successfully retrieved 8/10 rewards in two consecutive sessions (10 trials per
session, average nº of sessions = 1.5 (capuchins); 1 (squirrel monkeys); 2.5 (marmosets)), the
subject moved to the testing phase.
Testing
During each session, the food reward was first shown to the subject with one hand and then
either transferred to the opposite hand or retained in the same hand (as per condition).
Following this, the subject was allowed to choose which hand contained the reward, and the
hand was opened upon selection. If chosen correctly, the monkey was allowed to consume the
reward within. The starting hand and conditions were pseudorandomised across trials thus, all
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subjects experienced fake and real transfers from both hands and not in any specific pattern. If,
after the transfer was demonstrated, the subject chose the hand that contained the reward, the
subject scored “1” on the trial otherwise, the monkey scored “0”. For the French drop and Grab
drop experiment I performed 15 sessions of 10 trials each (30 trials per condition) for both the
capuchin and the squirrel monkeys, and 10 sessions of 10 trials each (20 trials per condition)
for the marmosets. The Fast pass experiment consisted of 5 sessions of 9 trials each (15 trials
per condition) for all subjects.
Magic Effects
Experiment 1.1: French drop
This experiment used a magician’s technique known as a French drop described in Chapter 1.
In the French drop real transfer counterpart condition, I transferred the reward from one hand
to the other while enacting the same movements of a French drop. In the Thumbs-up condition,
I performed a French drop, while maintaining the thumb of the hand always performing the
fake grab in eyesight of the subject. In the French drop condition, I performed a French drop
with the reward.
Experiment 1.2: Grab drop
Alongside the French drop conditions, the monkeys also received two extra conditions; Grab
drop, and Grab drop real transfer counterpart. The grab drop consisted of a condition similar
in premise to the French drop, in which I pretended to grab the record with one hand whilst
dropping it in the palm of the other hand. However, in this version of the fake transfer I did not
use a precision grip for the pantomime action. Instead, I pantomime a variation of power grip
reported in marmosets (Fox et al., 2019; Tia et al., 2017) in which the object is grabbed without
opposing the thumb or it being occluded from view (Figure 7.4). In the real transfer counterpart,
I transferred the reward from one hand to the other while enacting the same movements of a
Grab drop.
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Figure 7.4. Grab drop and real transfer counterpart conditions. Notice how the thumb is in plain sight and can be observed grabbing the
coin alongside the rest of the fingers.

Experiment 2: Fast pass
This experiment used a magician’s technique known as a Fast pass described in Chapter 1. In
the No pass condition, I showed the reward in one hand and the other empty hand then enacted
the same movements with the same speed and cadence as when performing a coin flip without
transferring the reward from one hand to the other. In the Slow pass condition, I transferred a
reward from one hand to the other using a slower speed and cadence than required for a fast
pass. In the fast pass condition, I performed the Fast pass.
Analysis
Alike Chapter 6, the monkey data for both experiments were recorded while being coded in
situ and subsequently cross-referenced with the recordings. Inter-rater reliability was measured
by a naïve coder scoring a pseudo-random selection of 10% of the trials per experiment, the
trials included a balanced quantity of all conditions. Reliability was excellent for all
experiments (Cohen’s Kappa = 1).
Statistical analyses for were accomplished using JASP (v.0.10.3, http://jasp-stats.org) and
RStudio for Mac (version 1.2.1335). To determine the subjects´ choices per condition I used
binomial tests (against value: 0.5). To determine whether the subjects´ choices were influenced
by the conditions, and to compare the choices between species I used a series of Generalised
Linear Mixed Models (GLMM) with subject as a random effect and condition and species as
main effects. Significant differences between treatments were further explored using post-hoc
pairwise comparisons and were adjusted using the Holm-Bonferroni method to maintain the
overall alpha level at the nominated value of 0.05 for multiple pairwise comparisons.
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7.3 Results
Experiment 1.1: French drop
Table 7.1. Binomial tests for all conditions in Experiment 2
BINOMIAL TEST
VARIABLE

Level

Counts

Total

Proportion

p

CAPUCHINS. FD

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

47
43
13
147
44
46
45
45
150
10
53
37
18
72
8
152
30
60
45
45
75
85
48
42
48
42
8
152
48
42

90
90
160
160
90
90
90
90
160
160
90
90
90
90
160
160
90
90
90
90
160
160
90
90
90
90
160
160
90
90

0.522
0.478
0.081
0.919
0.489
0.511
0.500
0.500
0.938
0.063
0.589
0.411
0.200
0.800
0.050
0.950
0.333
0.667
0.500
0.500
0.468
0.531
0.533
0.467
0.533
0.467
0.050
0.950
0.533
0.467

0.752
0.752
< .001
< .001
0.916
0.916
1.000
1.000
< .001
< .001
0.113
0.113
< .001
< .001
< .001
< .001
0.002
0.002
1.000
1.000
0.412
0.412
0.598
0.598
0.598
0.598
0.333
0.333
0.598
0.598

MARMOSETS. FD
SQUIRREL M. FD
CAPUCHINS. FRT
MARMOSETS. FRT
SQUIRREL M. FRT
CAPUCHINS. TD
MARMOSETS. TD
SQUIRREL M. TD
CAPUCHINS. GD
MARMOSETS. GD
SQUIRREL M. GD
CAPUCHINS. GRT
MARMOSETS. GRT
SQUIRREL M. GRT

Note. Proportions tested against value: 0.5.

Table 7.1 shows the binomial tests for all species and conditions in this experiment. Capuchins
and squirrel monkeys showed no significant difference between their choices when observing
a French drop (binomial test: p = 0.753 for capuchins; p = 0.916 for squirrel monkeys). In
contrast, marmosets were more likely to choose the correct hand when observing a French drop
(binomial test: p < 0.001). When observing the Real transfer, marmosets significantly chose
the incorrect hand (binomial test: p < 0.001), whilst there was no significant difference in the
choices of both capuchin and squirrel monkeys. All species of monkey significantly chose the
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correct hand when observing the Thumb drop transfer (binomial test: p < 0.001 for marmosets
and capuchins; p = 0.002 for squirrel monkeys).
A GLMM revealed that there was a significant effect for condition, significant effect of
condition (χ2 = 93.299; df = 2; p < 0.001), a significant effect of species (χ2 = 13.281; df = 2; p
= 0.001), and a significant interaction between treatment and species (χ2 = 122.404; df = 4; p
< 0.001). To investigate this further I performed a series of post-hoc pairwise comparisons with
the Holm-Bonferroni adjustment.
The choices made by capuchin monkeys did not significantly differ between the French drop
condition and the Real transfer condition (p = 1). However, there was a significant difference
between the capuchin’s choices in the French drop condition and the Thumb drop condition (p
> 0.001), and their choices between the Real transfer condition and the Thumb drop condition
(p > 0.001) (Figure 7.5). Squirrel monkeys did not significantly differ in their hand choices
between the French drop condition and the Real transfer condition (p = 1) or between the
French drop condition and the Thumb drop condition (p = 0.313). There was a significant
difference between their choices in the Thumb drop condition and the Real transfer condition
(p = 0.008). Marmosets’ hand choices significantly differed between the French drop condition
and the Real transfer condition (p > 0.001), and the Real transfer condition and the Thumb drop
condition (p > 0.001), but not between French drop condition and the Thumb drop condition
(p =1).
In the French drop condition, there was no significant difference between the choices of
capuchins and squirrel monkeys (p = 1), but there was between both the capuchins and the
marmosets’ choices (p > 0.001), and the squirrel monkeys and the marmosets’ choices (p >
0.001). Similarly, there was no significant difference in the capuchins’ and squirrel monkeys’
choices in the Real transfer condition (p = 1), but there was a significant difference between
their respective hand choices in the Real transfer in comparison with the choices of the
marmosets (p > 0.001for both). Finally, the choices of both capuchins and squirrel monkeys in
the Thumb drop condition did not significantly differ from each other ((p > 0.359) but did
significantly differ from the choices made by marmosets (p = 0.007 for capuchins; p > 0.001
for squirrel monkeys).
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Figure 7.5. Hand choices of capuchin monkeys, squirrel monkeys, and marmoset monkeys in Experiment 1.1(French drop)

Experiment 1.2: Grab drop
There was no significant within condition differences between the hand choices of marmosets,
capuchins or squirrel monkeys when observing the Grab drop (binomial test: p = 1 for
capuchins; p = 0.598 for squirrel monkeys; p = 0.412 for marmosets), or when observing the
Grab drop real transfer counterpart (binomial test: p = 0.598 for capuchins; p = 0.598 for
squirrel monkeys; p = 0.333 for marmosets) (Table 7.1 and Figure 7.6). A GLMM revealed
that there was no significant effect for treatment in the monkey’s hand choices (χ2 = 1.092; df
= 1; p = 0.305), no significant effect for species (χ2 = 0.301; df = 2; p = 0.864), nor interaction
between condition and species (χ2 = 1.263; df = 2; p = 0.533).
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Figure 7.6. Hand choices of capuchin monkeys, squirrel monkeys, and marmoset monkeys in Experiment 1.2 (Grab drop)

Experiment 2: Fast pass
In this experiment, all the three species of monkey were more likely to choose the correct hand
when experiencing a Slow pass or a No pass condition (binomial test: p < 0.001 for all three
species). Alongside this, they were also more likely to choose incorrectly when observing a
Fast pass effect (binomial test: p < 0.001 for all three species) (Figure 7.7).
A GLMM revealed that there was a significant effect of condition in the monkeys choices (χ2
= 199.5813; df = 2; p > 0.001), but not for species (χ2 = 3.2907; df = 2; p = 0.192) nor interaction
between condition and species (χ2 = 4.5790; df = 4; p = 0.333). To investigate the effects of
condition on the subject’s choices I performed a series of post-hoc pairwise comparisons with
the Holm-Bonferroni adjustment.
All monkey species performed similarly in this experiment, there was a significant difference
between the respective choices in the Fast pass condition when compared to their choices in
either the No pass condition (p > 0.001 for all three species) or the Slow pass condition (p >
0.001 for all three species). There was no significant difference between their respective
choices in the No pass condition and their choices in the Slow pass condition (p = 1 for all
three species).
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Figure 7.7. Hand choices of capuchin monkeys, squirrel monkeys, and marmoset monkeys in Experiment 2 (Fast pass)

7.4 Discussion
In Experiment 1 of this chapter, I investigated how three species of New World Monkey with
inherently different hand anatomy and biomechanical ability perceived the French drop sleight
of hand effect. Squirrel monkeys and capuchin monkeys chose at random when observing
either a French drop sleight of hand effect or when observing a real transfer of the reward
between hands. By contrast marmosets were significantly correct at choosing the hand that
contained the reward when observing the Thumb drop effect. Marmosets performed
significantly different than both capuchins and squirrel monkeys by being mostly correct when
observing a French drop sleight of hand effect, but mostly incorrect when observing the real
transfer counterpart. However, alike capuchins and squirrel monkeys, marmosets performed
significantly correct when choosing the hand that contained the reward in the Thumb drop
condition. These results suggest that marmoset monkeys, which have a rigid thumb, perceived
the sleight of hand effects that involved thumb opposability and occlusion differently than both
capuchin and squirrel monkeys, which have a partially opposable thumb. In accordance with
my hypothesis, all three species of monkey responded similarly in Experiment 2, which
consisted in the Fast pass effect. The subjects were significantly fooled by a Fast pass
irrespective of their species, whilst being significantly correct in choosing the hand that
contained the reward in both the No pass and the Slow pass transfer.
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The results from Experiment 1 suggested that capuchins and squirrel monkeys perceive the
magic effect that relies on expectations of human hand biomechanics in a similar manner.
Specifically, both species of monkey do not appear to make clear choices when repeatedly
observing a combination of French drop sleight of hand effects and real transfers of the rewards
between hands, thus suggesting that the monkeys did not have a clear-cut answer as to which
hand contained the reward. This is important as it stands in complete contrast to the choices
made by marmoset monkeys, which were systematically correct when observing a French drop
and incorrect when observing the Real transfer. The results elicited by the capuchins and
squirrel monkeys might appear puzzling at first, as they do not offer a straightforward answer
as to expectations that these two species of monkey have when observing such an effect.
Indeed, a priory, their results appear significantly different when compared to the choices made
by the naïve human sample in Chapter 2, however a very important methodological difference
makes both results hard to compare. In Chapter 2, human participants observed all three
conditions (French drop, French drop real transfer, and Thumb drop) only twice, once from
right to left and vice versa, whilst the monkey subjects in Experiment 1 of this chapter
experienced the effects multiple times (30 times per effect for squirrel and capuchin monkeys,
and 20 times per effect for marmosets). Moreover, human subjects did not experience whether
their choices of hand were correct or incorrect, whilst monkeys did. Therefore, it is possible
that repeated testing on humans in a similar manner that what the monkeys experience would
culminate in similar results than the ones exhibited in the capuchins and squirrel monkeys.
Indeed, as denoted in this thesis, magicians often avoid the repetition of techniques as this
might compromise the effect (Ekroll et al., 2017; Kuhn et al., 2008; Thomas et al., 2018).
Interestingly, when the two initial trials of the capuchin and squirrel monkeys are plotted
alongside the results of the human participants, they bare striking similarity (Figure 7.8).
Indeed, the first two trials by these two species of monkey indicate that at least these two initial
effects were perceived similarly than humans, being mostly misled by the French drop sleight
of hand effect, and mostly choosing correctly in the real transfer and Thumb drop condition.
Therefore, suggesting that these two species of new world monkey possess similar expectations
when observing this effect, and calling for further research with humans regarding their choices
when observing these effects repeated more than twice.
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Figure 7.8. First two trials of the hand choices of humans, capuchin monkeys, squirrel monkeys, and marmoset monkeys in
French drop

The responses made by the marmoset monkeys suggest that, like the sample of Eurasian jays
tested in Chapter 6, this species of platyrrhine lacks the necessary expectations about thumb
opposability to be misled by the French drop sleight of hand effect. Indeed, it appears that, in
this case, the marmosets were using a similar heuristic than the jays, which consisted of
choosing the hand that contained the reward initially regardless of the pantomime action
performed by me. It is important to note that the reactions of the marmosets are not fully
comparable to the choices made by the jays in Chapter 6, as the avian subjects experienced a
different version of a real transfer. The real transfer experienced by the marmoset was an
identical version of the French drop effect, as such the reward was fully occluded by the index
and middle finger making it “invisible” to the observer. In contrast, the real transfer condition
performed to the birds, whilst it held the reward with the same fingers and position, it did not
occlude it to the observer. Consequently, the jays systematically chose the correct hand in their
real transfer condition, which the marmosets did not. Certainly, to exert whether the marmosets
are utilising a similar heuristic as the jays and vice versa, performing both versions of the real
transfer to both subjects would be necessary.

142
The fact that the choices of marmosets in the French drop, Real transfer, and Thumb drop
conditions were moderated by their lack of the necessary expectations about thumb opposition
and prehensility, instead of being a by-product of other species differences such as the overall
size of the subject, is evidenced by their hand choices when observing the adapted versions of
the French drop and the French drop real transfer, namely, the Grab drop, and Grab drop real
transfer. Indeed, these two transfers consisted of the same premise of a French drop sleight of
hand effect and a real transfer but removed the necessity to infer the opposable movements of
the thumb by performing a variation of a power grip in which the reward is grabbed (or pretend
grabbed) with all the digits of the hand that apprehend the reward at unison by pressing it
against the palm. This manoeuvre was specially chosen because it is regularly performed by
marmosets to grasp objects and food and can also be performed by both capuchins and squirrel
monkeys in a similar manner than the marmosets (Costello & Fragaszy, 1988; Fox et al., 2019;
Fragaszy & Crast, 2016). Certainly, whilst when observing movements such as the French drop
and its real transfer counterpart, which relied on the thumb as the causal agent of the movement,
the marmosets made very clear-cut choices, significantly choosing correctly in the sleight of
hand effect, and incorrectly in the Real transfer movement. This was not the case when
observing the adapted versions of these effects, in which the marmosets, like the capuchins and
squirrel monkeys, choose randomly in both cases. Moreover, this pattern of results is like the
pattern exhibited by bothy the capuchins and the squirrel monkeys when observing the French
drop and French drop real transfer conditions. Alongside the lack of species differences in the
monkey’s responses to the Grab drop and Grab drop real transfer counterpart conditions, the
plotted results of the first two trials of the Grab drop and Grab drop real transfer (Figure 7.9),
in which one can clearly observe their choices being mostly correct in the Grab drop real
transfer counterpart condition, and mostly incorrect in the Grab drop condition for all three
species of monkey, further add an extra layer of commonality with the results exhibited by the
other two species of platyrrhine and the human sample of Chapter 2 in the French drop and
French drop real transfer conditions.
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Figure 7.9. First two trials of the hand choices of capuchin monkeys, squirrel monkeys, and marmoset monkeys in
Experiment 1.2 (Grab drop)

Experiment 2 investigated how these three species of monkey perceived a Fast pass effect. It
was hypothesised that given the inherent commonalities between these three New World
Monkeys in their visual system (Mitchell & Leopold, 2015; Usrey & Reid, 2000) they would
react similarly to each other when observing the fast pass and control conditions. Moreover,
given the striking commonalities between these three monkey species’ visual system and the
human visual system (Solomon & Rosa, 2014), it was hypothesised that these would, like the
human sample in Chapter 2, be misled by the Fast pass, but not by the Slow and No pass
conditions. The results from this experiment confirmed the initial hypothesis as all species
tested exhibited comparable results to each other, significantly choosing the incorrect hand
when observing a Fast pass sleight of hand effect, but significantly choosing the correct hand
when observing either a Slow pass transfer or a No pass movement. These results, which
resemble the ones elicited by the human naïve observers tested in Chapter 2, suggest that the
blind spots in the visual system capitalised by the Fast pass effect likely belonged to our last
common ancestor with the New World Monkeys dating back to 40 million years ago
(Rosenberger, 2020; Schrago, 2007).
It important to note that this study has several limitations that ought to be given full
consideration and call for further testing in order to further support the evidence highlighted in
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this chapter. First and foremost, it is important to draw attention to the limited sample size of
the study of three individuals for both the capuchin and squirrel monkeys. Whilst this limitation
was compensated by maximising the number of trials per subject to draw enough power for
accurate claims (Lakens, 2021), a larger sample size would strengthen the claims made and
provide further support for the significant interactions. Moreover, given the relationship with
repeated trials evidenced here, which present inconsistency between the choices made in the
first two trials and the choices made when more repeated trials are performed, a larger sample
size is warranted to further determine whether the choices in the first two trials of capuchins
and squirrel monkeys are stable across subjects. Alongside this, human trials with a similar
number of repeated trials should be performed to further attest to whether this relationship
holds true for human observers. Finally, to further support the hypothesis claimed here, humans
should also be tested on the Grab drop and Grab real transfer conditions performed to the,
capuchins, squirrel monkeys and marmosets. Given that humans can also produce the power
grip emulated in these two conditions (Napier, 1962), it is expected that they would show
similar choices than the New World Monkeys tested in this chapter.
In conclusion, like humans, New World monkeys appear to have similar blind spots in their
visual systems that makes them liable to be misled by techniques of deception which capitalise
on speed such as the Fast pass sleight of hand effect. Alongside this, capuchins and squirrel
monkeys appear to have similar expectations to humans when observing sleight of hand effects
involving the use of an opposable thumb as the causal agent of the trick such as the French
drop, a capability that marmoset monkeys do not appear to share. The expectations necessary
to be misled by the French drop sleight of hand effect appears to be a result of personal
experience having performed similar, but not necessarily the same, movements. Specifically,
given that squirrel monkeys are not able to perform a precision grip, it is unlikely that their
expectations are moderated by their causal understanding of that action. Instead, it appears that
the French drop relies on the expectations granted by the ability to physically occlude the thumb
with both the index and middle finger, which when witnessing someone occlude their thumb
with their own fingers will lead the observer to infer a grasp of the object. Similarly, the ability
to perform power grips, will moderate marmoset’s expectations when observing a pantomime
version of the hand manoeuvre, by leading the marmoset observer to infer a completed transfer,
when, in fact, this has not occurred. These results suggest that perception and
prediction/expectation of the manual movements of others are heavily embodied by the
inherent manual ability of the observer and call for further investigation of this relationship.

145

Chapter 8: General Discussion
The central purpose of this thesis was to investigate the nuances moderating the success of the
techniques of deception commonly used by magicians to mislead their audiences, and how
these operate in human and non-human animals. The Science of Magic (Kuhn et al., 2008), as
presented in Chapter 1, investigates the intricate techniques used by magicians, by exploring
how these are perceived by human observers, for magic effects occur in the mind of the
audience not the hand of the magician. This thesis investigated some of the nuances that might
moderate the human perception of these techniques such as the role of experience in Chapter
2 and the role of sequences in Chapter 3. To gain further insight on the nuances that make
magic effects successful, Chapter 4 explored the use of magic as a tool to investigate nonhuman cognition, and Chapters 5, 6 and 7 of this thesis utilised different magic effects to test
how diverse species with varying degrees of anatomical, perceptive, attentional, and cognitive
abilities experienced these techniques. Together, the experiments described in the chapters of
this thesis provide evidence that, despite having some intrinsically human features linked with
consciousness, some magic techniques capitalise on similar, yet perhaps not the same, blind
spots in perception and attention, and roadblocks in cognition in humans, non-human primates,
and corvids. In this discussion, I will provide with a summary of the main results of the
experiments presented in this thesis, will discuss the nuances that seem to moderate human
perception of these techniques, will compare them with the nuances moderating corvid and
non-human primate perception, and will address the implications that this evidence has on our
understanding of how the nuances exploited by these techniques evolved in our species.
Chapter 2 provided evidence of my ability as a magician to produce reliable sleight of hand
effects, which mislead a typical human observer. Participants were significantly misled by the
three sleight of hand conditions presented (palming, French drop, and Fast pass), but were
significantly correct when observing their real transfer counterparts. These results validated the
subsequent use of my sleight of hand effects in the next section of Chapter 2 and across
Chapters 6 and 7 as a reliable testing methodology and offered a baseline of the typical
reactions of a human observer when witnessing magic effects. Alongside this, Chapter 2
provided experimental evidence for the role of experience practising magic as a moderator of
the human perception of magic effects. When observing videos of a palm transfer or a French
drop, magicians with less than five years of practising practicing magic performed similarly
than non-magicians. Both non-magicians and magicians with less than five years of experience
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being significantly mislead by the two sleight of hand effects and being significantly correct
when observing their real transfer counterparts. By contrast, when magicians with more than
five years of experience observed these two sleight of hand effects, they successfully identified
them as deceptive pantomimed actions. However, whilst non-magicians and magicians with
less than five years practicing were significantly correct when observing the French drop real
transfer counterpart, expert magicians did not significantly identify the action as real. This
result stands in contrasts with the expert magician’s choices when observing the palm real
transfer counterpart, in which expert magicians significantly chose the correct hand (alike nonmagicians and less experienced magicians). The inherent differences in the amount of
perceptive information given by both sleights (and their corresponding real transfer
counterparts) could be responsible for the difference in the response elicited by expert
magicians. In contrast with the palm transfer method, in which every movement performed is
fully visible to the observer, the French drop method relies on the occlusion of the causal
movement to the spectator (i.e., the precision grip “grabbing” the object). Consequently, the
spectator does not witness whether the coin has been grabbed by the magician (in the real
transfer counterpart) or dropped in the palm of the magician (in the sleight of hand version),
this causes the spectator to have to imagine the movement that the magician is enacting (either
grabbing the object or dropping it). Accordingly, the results in Chapter 2 suggest that when
observing such an ambiguous movement, non-magicians and magicians with less than five
years practicing magic have a bias towards imagining a completed transfer of objects – as
evidenced by their significantly correct choices in the French drop real transfer counterpart,
and their significantly incorrect choices in the French drop sleight of hand trick, whilst expert
magicians exhibit a bias towards expecting a drop of the object – as observed by their
significantly correct choices in the sleight of hand effect, and significantly incorrect choices in
the French drop real transfer counterpart. Overall, the significant differences between the
groups of participants in this experiment, which differed in their amount of experience
practising magic (from zero years to more than ten years) suggest that practising magic for
more than five years offers the magician domain-specific expertise when observing others
performing deceptive sleight of hand motions. Expert magicians are not misled by the sleight
of hand techniques that typically fool a non or less experienced magician. However, the
inability of the expert magicians to significantly identify when a French drop real transfer is
genuine suggests that the expertise gained by years practising how to deceive others using hand
movements comes with a different set of perceptual biases. In this case, by expecting foul play,
even when there is none.
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The experiment in Chapter 3 further explored the nuances that moderate the perception of the
magician’s performances by investigating whether the structure of a magic routine influences
the observer’s remembered enjoyment and opinion of the magician’s skill. When observing a
magic routine that composed of three magic effects descending in quality (therefore
culminating in a bland effect), observers did not rate the enjoyment of the routine significantly
different than the other group, which observed a routine of the same effects but arranged
ascending in quality (therefore culminating with the best magic effect). It is important to note
that this experiment contained several methodological issues that might have affected the
results of this study, such as the better magic trick being significantly longer than the other two
magic tricks combined, which might have primed spectators to only retain this effect regardless
of its positioning within the sequence, and the overall routine being less than three minutes
long, which might not be long enough to encode three magic tricks as three different events.
Thus, these limitations might have influenced the way the spectators perceived the routines
and, ultimately, might explain the lack of a significant difference between the ratings of both
groups. Nevertheless, whilst there were no significant differences between both groups on their
level of enjoyment, there were significant differences in their magician skill rating. The group
that observed the routine that culminated in the best magic trick scored the magician
significantly higher than the group that observed the routine with the worst trick at the end,
therefore suggesting that the routines were encoded differently by the spectator despite their
limitations in overall length and containing temporally asymmetrical effects. Together, these
results suggest that the sequencing of magic effects in a routine can influence the spectator’s
memory of a magic event. While the group that observed the increasing in quality routine did
not rate the routine as significantly more enjoyable than the group that observed the routine
decreasing in quality, the sequencing of the magic tricks significantly affected the way in which
the observers perceived the magician, more skilled when the best magic trick was performed
at the end of the routine, and less skilled when the worst magic trick was performed at the end.

8.1 The human distinctiveness of magic
The results presented in Chapter 2 and Chapter 3 provided evidence for some of the nuances
that moderate the human perception of magic, in this case the role of expertise and the role
sequencing. These two chapters highlight how multifaceted the human experience of magic
effects can be, being influenced by a plethora of distinct elements, and thus further reinforcing
the interest behind the psychological investigation of magic tricks and their innerworkings on
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the human mind. Aside from outlining the Science of Magic as a field of study, Chapter 1 also
introduced the idea that translating the Science of Magic to a non-human sample might provide
with unparalleled insight into the innerworkings of the human and non-human mind, and some
of the nuances that moderate the human perception of magic effects (Garcia-Pelegrin et al.,
2020). However, given the multifaceted aspect of experiencing magic illustrated in Chapter 2
and Chapter 3, a distinction between what experiencing magic for a human audience would
entail in contrast to what a non-human experience of magic effects would consist of was
necessary. For example, endeavouring to replicate both experiments highlighted in Chapter 2
and Chapter 3 with a non-human sample might be a futile and unproductive exercise, as the
nuances tested are intrinsically human (i.e., non-humans will not have expertise in practicing
magic effects, nor will be able to rate the magician’s skill). Chapter 4 addressed this by
exploring the elements of magic that are unique to humans, such as the experience of disbelief
and wonder when observing the seemingly impossible, alongside the elements inherent in the
magic craft that can be already observed in non-human animals. Chapter 4 outlined a definition
of the human experience of magic defined as “the use of deception for entertainment purposes”
(Garcia-Pelegrin et al., 2022) and argues that the entertainment aspect of magic is what makes
the human experience of magic unique, as such an experience requires elements related to
consciousness that, given the lack of linguistic markers of consciousness, are an incognita in
non-human animals. This chapter argued that magic as we know it is most likely the result of
the amalgamation between the evolution of tactics of deception such as misdirection, which
are observable in non-human primates such as chimpanzees and baboons (de Waal, 1986;
Whiten & Byrne, 1988), alongside the uniquely human ability to disregard the negative
qualities that such a deceptive action would typically culminate in, by understanding that the
perpetrator of such an action does not intend to enact a nefarious outcome upon us namely
Theory of Mind (Premack & Woodruff, 1978). Evidence suggests that, to a degree,
chimpanzees display some features of Theory of Mind such as the disassociation of their own
perspective for the purposes of deception (i.e., tactical deception (Byrne & Whiten, 1985)).
However, chimpanzees fail other important hallmarks of Theory of Mind such as
understanding the epistemological features of visual perception (Povinelli et al., 1996),
attributing knowledge to others (Povinelli et al., 1994), and passing nonverbal false belief tasks
(Call & Tomasello, 1999), which suggests that chimpanzees might not have a belief-desire
understanding, which would be necessary for the disassociation required of the negative
qualities of the deception used in magic, but more of a perception-goal one instead (Call &
Tomasello, 2011).
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Chapter 4 also considered other non-human animals, namely members of the corvid family,
which also appear to be using tactics of deception that resemble the misdirection techniques
used by magicians and seem to have convergently evolved in this family of birds (Emery and
Clayton, 2004). Whilst the evidence in corvids suggest that this family of birds possess
complex cognitive abilities such as the ability to remember the past (Clayton & Dickinson,
1998; Clayton et al., 2003) and imagine the future (Raby et al., 2007) and Theory of Mind
(Bugnyar & Heinrich, 2005; Clayton et al., 2007; Dally et al., 2006; Emery & Clayton, 2001),
little is known regarding their ability to disregard the negative qualities that being a target of
their own deceptive tactics would elicit, thus limiting our inference capability regarding
whether other animals, besides us, have the ability to enjoy deception. Given the uniquely
human elements of magic, the results described in Chapter 4 suggested that a Comparative
Science of Magic should focus on the investigation of whether non-human animals are liable
to the same techniques of deception that typically fool humans and the underlying mechanisms
that make it so, rather than focusing on the investigation of the phenomenological aspects of
magics such as the experience of wonder and amazement. Alongside this, the intricate tactics
of deception used by cognitively advanced non-human animals such as corvids, some nonhuman primates and cephalopods reviewed in Chapter 4, which methodologically resemble the
techniques that magicians use to make their audience experience the impossible, suggest the
possibility that these might be exploiting similar constrains in attention, perception, and
cognition on their conspecifics. Therefore, given the evidence of their complex cognitive
ability and their use of analogous tactics of deception, in this chapter I argued that these highly
cognitive families are ideal subjects to jumpstart the investigation of how non-human animals
perceive human magic.

8.2 The Comparative Science of Magic
As posited in Chapters 1 and 4, magic effects can provide a powerful tool to investigate the
innerworkings of the non-human mind by offering already well-established methodologies,
which have been specifically crafted to mislead the naïve human observer. Consequently,
investigating whether other non-human animals can also be misled by these techniques offers
a unique perspective on the cognition of the non-human animal under scrutiny, focussing on
the homologous, or analogous, perceptual and attentional blind spots, and the cognitive
roadblocks that these techniques exploit. However, in practice such an endeavour is not as
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straightforward as it might appear, as most magic effects rely on entertainment elements to
produce the reactions of wonder and amazement from the audience such as storytelling,
comedy or social rapport, which cannot be translated to a non-human sample. Therefore, when
investigating how magic tricks operate on the non-human mind, one must first carefully
consider the goal of doing so, whether this is to use similar techniques as a form of inspiration
in the creation of paradigms to scrutinise the non-human animal mind, or whether the goal is
to analyse and compare the nuances that make some species liable (or not) to be misled by
some magic effects in contrast to other species (i.e., comparing the blind spots and roadblocks,
which this techniques exploit in humans in contrast to non-human animals). The final three
experiments in this thesis investigated both research lines by using different magic techniques
in a diverse range of non-human animals. Chapter 5 presented an example of the former line
of inquiry by adapting a magic effect for an audience of Eurasian jays (Garrulus glandarius)
and using it to investigate whether the reactions of the avian subjects where moderated different
nuances such as the positive or negative quality of the change, or the social hierarchy of the
observer. In contrast, Chapter 6 and Chapter 7 aimed to investigate the later line of research,
by examining whether the capacity of non-adapted sleight of hand effects in misleading the
observer varies in reference to the species observing it and why.

Magic as inspiration for non-human animal testing
Chapter 5 provided an example of magic effects being used as an inspiration for investigating
animal cognition. In this chapter, a well-known magic routine titled “cups-and-balls” was
adapted to test whether Eurasian jays were sensitive to the “magic” changes the effect elicited.
Moreover, inspired by anecdotal evidence from magicians, the experiment investigated
whether the negative reactions towards being misled by magic effects were related to the social
hierarchy of the observer. The effect relied on the “magic switch” of a presented item prior to
depositing it into a small opaque shot glass cup. Thus, to the avian observer a particular reward
was observed being deposited inside the cup, only to “magically” transform into a different
reward when uncovered. Eurasian jays demonstrated a strong sensitivity to the “magic switch”
by displaying significantly longer latencies to consume the reward when this one was
“magically switched”, in contrast when the reward remained the same. This sensitivity is
explicable as jays’ food provisioning is highly dependent on the successful retrieval of caches,
which they are sensitive to the content off (Clayton & Dickinson, 1998, 1999). The sensitivity
of the jays towards the “magic switch” was significantly augmented in the negative condition

151
(i.e., when the more preferred food rewarded transformed into the less preferred reward), in
contrast with the positive condition (i.e., when the less preferred food rewarded transformed
into the more preferred reward). This asymmetrical response to positive and negative events is
not uncommon and has often been observed in human and non-human primates (Tversky &
Kahneman, 1992; Camerer & Ho, 1994; Brosnan & De Waal, 2003; Waugh et al., 2010; Bräuer
& Hanus, 2012). However, whether a similar response would be displayed by human observers
is yet to be seen. Certainly, magic effects in humans, even when negative in outcome, might
not cause the strong negative reactions observed by the jays, given that, as posited in Chapter
4, the social dynamics of magic performing detach the events occurring during a magic trick
from any other setting in which the same outcome would prompt a negative reaction from the
observer (such as a deceptive or unfair situation). Alongside the significant difference in
latency when observing a positive “magic switch” than when a negative “magic switch”, the
sensitivity of the jays towards the negative switch was further pronounced in reference to the
dominance of the subject, the more dominant the jay the longer the latency to eat the reward
after it swapped from the more preferred to the less preferred. This result might have some
ecological relevance given that more dominant individuals who might have greater access to a
wider array of optimal food resources can afford to be more discerning over the food they
retrieve than less dominant jays, which they might have less access to food resources and might
be more prone to accepting the food regardless of the circumstances they find it in.
Whilst the effect presented to the jays was the same as the effect that the one produced by cupsand-balls routine, which typically fools human observers, it is worth remarking how different
the methods used to achieve such an effect are from each other. In this case, the “magic switch”
used for the jay audience did not require any of the traditional sleight of hand methodology
typically used in the cups-and-balls trick. Instead, the to be swapped reward was shown to the
jays and then rudimentarily “fake deposited” inside the cup, in a manner unlikely to
successfully mislead a human observer. Moreover, rather than manually swapping the rewards
using the sleight of hand technique characteristics of the cups-and-balls effect, the swapped
reward was placed on the inside base of the upside-down cup, which would then fall from the
cup’s base when pivoted downside up and would appear once the cup was lifted by the jays.
Consequently, any comparisons between the jay’s reactions and the reactions that a typical
human sample would elicit when observing a classic version of the cups-and-balls effect ought
to be assessed with caution. Indeed, as posited by Kuhn (2015), there are endless versions of a
magic trick, and all of them can be used to achieve the same effect. However, even if the

152
comparison between humans is outside the scope of this chapter, a differentiation between the
methodology that typically misleads humans and the adapted version of the method used in
here ought to be remarked, as it would be too easy, albeit erroneous, to claim that the jays were
misled alike humans typically are when observing this magic effect. However, it is important
to also stress that just because the methodology is drastically different in both effects (the
typical human way of performing it, and the adapted way for a jay audience), it does not
consequently mean that the sensitivities displayed by the jays to the transformations provoked
by the magic trick do not resemble what a typical human would elicit when observing their
version of cups-and-balls, as even though the methodology of the cups-and-balls might differ,
the effect of the magic trick remains comparable (i.e., both a typical cups-and-balls trick and
the effect performed to the jays ultimately transform objects into other objects).

Magic as a comparative tool for non-human animal testing
Chapter 6 and 7 used variations of the three sleight of hand techniques described in Chapter 1
and performed to a sample of human observers in Chapter 2 (palming, French drop, and Fast
pass), to investigate whether Eurasian jays, capuchin monkeys, squirrel monkeys and marmoset
monkeys possessed similar blinds pots in attention and perception and roadblocks in cognition
to humans and whether these would be subject to the same nuances of deception exploited by
these techniques. In contrast to Chapter 5, these two chapters aimed at comparing the results
of the jays and monkeys with the results of the human sample, therefore the effects presented
to the avian subjects had to be accurate sleight of hand tricks that would deceive the typical
human observer rather than adapted versions.
Chapter 6 provided evidence that Eurasian jays are significantly fooled when observing a Fast
pass effect, whilst significantly choosing correctly when observing both control versions of the
sleight (i.e., the No pass, and the Slow pass conditions). Similarly, Chapter 7 apported evidence
that capuchin, squirrel and marmoset monkeys are also significantly misled by the effect, whilst
being significantly correct when observing the control condition. To better visualise the species
comparisons about to be discussed here see Figure 8.1 for a side-by-side plot of the Fast pass
responses for each of the species tested in Chapters 2, 6, and 7 of this thesis. While the reactions
from the jays in Chapter 6 to the Fast pass effect are similar to the choices made by the human
participants (Chapter 2) and monkey participants (Chapter 7), given the staggering difference
between the corvid and the primate visual system (Heesy, 2009; Martin, 2007), with the corvid
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visual system having a far superior flicker rate than primates (Bobrowicz & Osvath, 2019;
Boström et al., 2016) and being able to switch between binocular and monocular vision
(Koboroff et al., 2008; Rogers & Kaplan, 2006), it is unlikely that the similarity in results are
homologous to each other. Instead, it is probable that the ability of the jays to switch from
monocularly attending situations to binocularly attending them might be the cause for the jays’
inability to see the reward being swiftly switched from one hand to the other in the Fast pass.
Birds use these monocular or binocular visual zones in their system differently depending on
the task for specialised tasks, for example foraging might require more focused attention to
their monocular system, whilst detecting fast moving objects or predators might entail the use
of their binocular system (Howard & Rogers, 1995). Evidence with the Blue jay (Cyanocitta
cristata) suggests a decrease in the ability to detect peripheral targets when switching their
attention between monocular to binocular visual zones (Dukas & Kamil, 2000, 2001).
Similarly, Eurasian jays might be liable to an attentional blind spot that prevents them from
witnessing the object being transferred from one hand to the other by the lateral motions used
in the Fast pass, which rely on sending the object towards the periphery of the jays’ visual
reach. Therefore, it is unlikely that the inability to see the reward being rapidly transferred from
one hand to the other is moderated by homologous blind spots rather than analogous.

Figure 8.1. Hand choices of Eurasian jays, humans, capuchin monkeys, squirrel monkeys, and marmoset monkeys in Fast
pass
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Alongside the similarity with the jays, the monkeys in Chapter 7 also reacted similarly to each
other, this was expected as all three species of monkey have similar visual systems (Mitchell
& Leopold, 2015), which appear to be liable to the nuances capitalised by the Fast pass.
Moreover, the results of these three species of New World Monkey are directly comparable to
the results elicited by the human observers, thus suggesting that the nuances exploited by this
effect might be a product of a common ancestor prior to our split with Old World Monkeys.
As already discussed, the nuances moderating the jay reactions to the Fast pass are more likely
different from the ones influencing how the New World Monkeys and the humans experienced
this effect, and probably a product of a convergently evolved constraint in perception and
attention. However, further evidence is necessary to attest whether the blind spot exhibited by
birds, is a case of convergent evolution rather than a trait resulting from common decent. To
assess this, similar test should be performed with a wide range of species and taxa, across both
the avian and mammalian taxa, and extending the taxonomic groups that split before our last
common ancestor with birds such as amphibians, ray-finned fish, and even elasmobranchs.

The relationship between first-hand experience and expectation
In Chapter 6, the jays significantly chose the correct hand when observing the French drop and
Palm transfer sleight of hand effects and their real transfer counterparts, thus suggesting that
these sleight of hand effects are capitalising on particular human expectations that do not
translate to an avian audience. A possibility for this is that, given the fact that Eurasian jays do
not possess the same anatomy as humans (i.e., not having the same appendages), the jays do
not have any expectations about hand mechanics for these two sleight of hand effects to
capitalise on. Indeed, for both Palm transfer and French drop to successfully mislead an
observer, the spectator ought to have an expectation of the typical outcome of the manoeuvre
being emulated by the sleight effect, without this intrinsic expectation, then the pantomime
movements in the sleight tricks cannot mislead the observer into thinking that the action is real,
as there is no preconception of what a real action ought to look like to begin with. Instead, to
make their choices, it appears that the jays were utilising a simple heuristic by which unless
they saw the reward being transferred from one hand to the other, they would typically choose
the hand initially holding the reward whilst disregarding the pantomime movements performed,
consequently significantly choosing correctly when the condition enacted a Palm transfer,
French drop or Thumb drop transfer (as the reward was retained in the initial hand), and
significantly choosing correctly when they observed the Slow Palm real transfer counterpart
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and the French drop real transfer counterpart (as the reward cane be physically seen moving
from one hand to the other).
The results reported in Chapter 6 of this thesis evidenced how the magic effects that rely on
the observer’s preconceptions of the magician’s hand movements (i.e., French drop and palm
transfer) do not mislead a sample of avian observers. Moreover, the substantial amount of
experience that the sample of jays tested had in observing human hand movements, by being
hand reared by experimenters in the lab since birth, further suggest that the jays were not fooled
by the effects, not because of a lack of experience observing human hand motions, but because
of an inherent lack of expectations of a typical transfer of objects between human hands, which
is likely to be a result of a lack of experience operating the same motions being witnessed.
Consequently, the results of Chapter 6 suggested that the expectations necessary to be misled
by these types of effects are contingent on the observer’s ability to produce similar actions.
Chapter 7 investigated this hypothesis further by comparing how three species of New World
Monkey with inherently different hand anatomy and manual abilities (Capuchin monkeys,
squirrel monkeys, and marmoset monkeys) experienced a magic effect that relied on the
observer’s preconceptions of hand transfers of objects (i.e., the French drop).
When observing the French drop effect, there were strong species differences. Specifically,
monkeys that could, to a degree, oppose their thumb to a place where it is occluded by the rest
of the hand (i.e., Capuchin and squirrel monkeys (Fragaszy & Crast, 2016; Napier, 1967;
Reynolds et al., 1969)), alike the movement used in the French drop effect, displayed
comparable reactions to the ones presented by the non-magician (and magician with less than
five years of experience practicing) sample in Chapter 2. Both capuchin and squirrel monkeys
were significantly misled by the French drop effect, whilst being significantly correct when
observing the French drop real transfer counterpart. Contrary to both capuchin and squirrel
monkeys, marmoset monkeys, whose hand anatomy prevents them from opposing their thumb
(Fox et al., 2019; Fragaszy & Crast, 2016; Novikova & Kuznetsov, 2017) displayed
comparable choices when observing the French drop effect than the Eurasian jays tested in
Chapter 6 (see Figure 8.2 for a side-by-side plot of the responses in the first two trials of the
French drop for each of the species tested in Chapters 2, 6, and 7 of this thesis). Marmosets
significantly chose the correct hand in the French drop, thus, were not misled by the magic
effect but significantly chose incorrectly when observing the French drop real transfer
counterpart. The results from this experiment confirm the hypothesis posited in Chapter 6,
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whereby the ability to produce an action would be associated with the development of the
necessary expectations exploited by techniques such as the French drop. This hypothesis was
further reinforced by the other effect performed to the monkeys, the Grab drop, which emulated
the same methodology of the French drop, but instead of the precision grip, the effect
pantomimed a manoeuvre that the marmosets could perform, in this case a power grip.
Marmoset monkeys’ choices in this new Grab drop effect were not significantly different to
the choices made by both capuchin and squirrel monkeys, and comparably similar to the
choices made by humans when observing the French drop effect by which the subjects were
significantly misled by the magic effect, but not by its real transfer counterpart. Indeed, whilst
the results presented in this thesis offer some support for this hypothesis, further testing will
have to be conducted to further assert whether other nuances besides manual capability
moderate the perception of these kind of effects. Moreover, the results presented in Chapter 7
ought to be further explored. Indeed, the evidence from the marmoset monkeys shows some
promise regarding the relationship between biomechanics and manual expectations, however
the possibility that this interaction occurs solely on New World Monkeys remains as this thesis
did not, unfortunately, test how a human sample, which can also perform the power grip
necessary for the Grab drop effect, experienced the trick. Alongside this, further testing with
other species of monkey with diverse biomechanical ability and hand anatomy are imperative
to further solidify the hypothesis and to ensure that the results presented in this thesis can be
generalised across the primate family. Finally, further testing with different species that, like
the jays, do not possess the necessary appendages to perform the action, with and without
experience observing human actions, are warranted in order to fully disassociate the role of
experience in the creation of these expectations, which seem to be intrinsic in being misled by
these types of effects.
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Figure 8.2. First two trials of the hand choices of Eurasian jays, humans, capuchin monkeys, squirrel monkeys, and
marmoset monkeys in French drop

8.3 Concluding remarks
This thesis has provided evidence of the effectiveness of using magic effects as a psychological
tool to investigate the innerworkings of the human and non-human mind. This discussion has
addressed several potential avenues for the use of magic effects to investigate non-human
animal cognition such as the use of magic effects as inspiration for the investigation of
cognition in non-human animals, or the direct comparison of how humans and non-human
animals perceive these intricate techniques of deception. This discussion also outlined the main
differences between a human experience of magic effects and a non-human one, such as the
entertainment element of magic, which produces feelings of amazement and wonder to the
human observer that, given the lack of linguistic markers of consciousness, is difficult to be
asserted in non-human animals. Alongside this, the experimental chapters of this thesis also
prompted some hypotheses aimed at addressing the nuances that moderate human and nonhuman perception of magic, which has the potential to explain how particular features of a nonhuman animal, such as a completely different visual system or anatomical differences like not
being able to produce the action being observed, affect the perception of some magic tricks.
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Potentially, the jay’s inability to, alike humans and New World monkeys, identify a Fast pass
effect despite their superior flicker rate (Bobrowicz & Osvath, 2019) might be due to an
attentional blind spot stemming from their ability to switch from monocular to binocular vision,
thus differing from the blinds pots that appear to make primates liable to this effect.
Alternatively, the nuances making jays and primates liable to be misled by this effect are a
product of a common ancestor prior to the evolutionary split of the avian and mammalian taxa.
Additionally, the expectations moderating other effects such as the French drop seem to be
intrinsically related to the observers experience and ability in approximately producing the
deceptive action being pantomimed. However, a fully comparative approach that performs
these effects to a wide array of different species and taxa with both similar and distinct visual
systems, anatomy, and manual biomechanical abilities is required to truly understand the
complexity and evolutionary lineage of these nuances. The insights gained into the nuances
exploited by the magic effects used in this thesis take us a step closer to understanding how the
intricate techniques that magicians use to make their audience experience the impossible
operate in both the human and the non-human mind.
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