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How animals react to violations of expectations offers
a valuable lens into their perception of the world. Kea
(Nestor notabilis) and Goffin’s cockatoos (Cacatua goffiniana)
are optimal animal models to examine susceptibility to
violations of expectations owing to their sophisticated
physical exploration and cognition skills. This study involved
a bait-and-switch of food items varying in desirability,
followed by an information-seeking phase to examine not only
violation susceptibility but also surprise behaviours expressed
overtly and covertly in both positive and negative violation
directions. We found that the kea, and not the cockatoos,
exhibited susceptibility to the violation via likelihood to
explore the violating stimulus. Furthermore, while this project
serves, to our knowledge, as the first cognitive study using
infrared thermography in fully unrestrained avian subjects, no
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conclusive results can be reported as to the effect of violations of expectation on subjects’
periorbital temperature, and thus physiological response. Implications for this research include
novel perspectives into studying overt and covert responses following violated expectations, as well
as expressions of information seeking in non-human species.

1. Introduction
Violations of expectation experiments offer valuable insight into an individual’s perception of the
world. Such studies have been performed in both humans and non-human animals (hereafter, animals)
examining susceptibility and reactions to violations including but not limited to object permanence
[1,2], physical support [3–5], motion [6,7] and social expectations [8–10]. In studies such as these,
expectations are considered violated if subjects express surprise in violation conditions compared to
controls. This is recorded in ways such as investigation time ([11–13]; see [14]), pupil dilation [15,16],
emotional response [17–19], facial expression [20,21], as well as blood flow and/or brain electrical
activity changes [22,23]. Thus, overall, surprise responses can manifest in subtle, overt, and covert
ways in response to a violation.

Surprise responses can also vary depending on the direction of the violation (i.e. valence). These
violation directions can depend on the value of the stimuli involved, such as in studies of object
permanence and individuation in which preferred food is secretly swapped for less-preferred food
(negative surprise) and vice versa (positive surprise) (e.g. [24,25]). In the case of negative surprises,
behavioural responses tend to fall under the term ‘frustration effect’ ([26–29]; see also surprise reward
omissions [30]), such as delay or refusal to eat the swapped food and/or production of frustration
vocalizations [18,19]. Frustration responses such as these are similar to those observed in humans,
such as children behaving more intensely towards the negative violating stimulus (e.g. hitting a barrier
preventing access to once-accessible toys [17,31,32]). Such frustration effect in animals could be related
to loss aversion [33], the communication of which could prove evolutionarily valuable for group
cohesion (e.g. [34]).

Behaviours expressed by animals in response to positive surprise, however, are less well-documen-
ted. Termed ‘elation effect’ ([27,28]; but see [29]), in humans, positive surprises are expected to produce
behaviours rooted in delight and wonder [35], such as upon discovering unexpected cash in your
pocket. In the case of animals, Crespi [27] found that rats ran faster in a runway following trials
in which they had been given more food than expected, suggesting an elation effect (see also [36]).
Meanwhile, work on dogs and great apes found no difference in emotional responses between positive
or negative surprise conditions [24]. A possible explanation for the apparent scarcity of evidence for
the elation effect in animals could be that such behaviour may draw the undesirable attraction of
competitors to the discovery of a valuable resource (see cache protection in scrub-jays [37]). In fact,
some violation studies have found subjects higher in the hierarchy are more likely to express surprise
behaviours in response to swapped food than those lower in the hierarchy (e.g. [25]). This suggests that
surprise responses may indeed depend on resource security, such as that afforded by high hierarchical
status. Emotional responses are thus valuable to study as they offer insight not only into a subject’s
susceptibility to surprise but also the roles of emotion in response to changes in one’s environment in
different social and ecological settings.

Emotion can be broadly defined as a state of physiological arousal with a corresponding valence
[38]. In the human literature, the nuance of both the arousal intensity and valence direction of an
emotion can be explored through various experimental approaches including but not limited to
behavioural responses (e.g. facial expressions [39]), physiological activity (e.g. functional magnetic
resonance imaging [40]) and descriptive assessments (e.g. self-reports [41]). In the case of animals and
the obvious absence of self-reporting, the study of emotions instead includes physiological measures
(e.g. blood glucocorticoids [42]) and behavioural proxies. In the case of the latter, such research has
included various approaches such as coding of species-specific, emotional behaviours (e.g. tail-wag-
ging versus growling in dogs [43]), measures of playful activity [44] and even cognitive bias tasks for
more nuanced emotions (e.g. pessimism [45]). However, disagreement exists as to how comparable
the interpretations of emotions are between humans and animals (see [46]), especially those beyond
evolutionarily conserved emotions (e.g. fear [47]). For the purposes of this paper, we are considering
animal emotion in terms of the arousal following a violation-of-expectation event in either the positive
(elation) or the negative (frustration) valence directions.
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An order of animal species with a wide range of emotional responses is the parrots (Psittaciformes).
Consisting of four lineages—Strigopoidea (New Zealand parrots), Cacatuoidea (cockatoos), Psittaculidae
(Old World parrots) and Psittacidae (Afro-American parrots) [48]—parrots are known to exhibit vastly
different emotional behaviours [49]. For example, in response to an arousing stimulus, some species
are known to blush (e.g. macaws [50]), pin their eyes (e.g. Amazons [51]), fan their tails (e.g. parrotlets
[52]) or raise crests (e.g. cockatoos [53,54]). However, even these overt behaviours can be difficult to
interpret as they can vary between species, contexts and emotional valence (see [55]). Still other parrot
species lack such overt, context-specific emotional behaviours, at least to the human eye [56]—with the
exception of exaggerated fear or aggressive responses [57, p. 97]—resulting in the difficulty of their
study in particular contexts [58].

The growing use of physiological technology in behavioural research offers potential in addressing
this difficulty. Similarly to the techniques described above, infrared thermography (hereafter, IRT) is
a promising approach to the study of animal emotion in terms of arousal and valence (see [59] for
a recent review). Specifically, emotional events trigger the sympathetic and parasympathetic nervous
systems that regulate blood flow, which can be detected by IRT cameras as a change in surface
temperature of exposed skin [59–61]. For example, macaques (Macaca mulatta) exhibit a decrease in
nasal temperature after seeing a threatening human [62], and similarly, the periorbital temperature of
blue tits (Cyanistes caeruleus) decreases in response to trapping [63]. Such technology has also been
used to examine positive valence events, such as the nasal temperature of common marmoset males
(Callithrix jacchus) increasing following the positive stimulus of food calls ([64]; see also [65]). Thus, IRT
holds promise in detecting and quantifying endothermic animals’ emotions in response to violations of
expectations, whether negative or positive in valence, but to our knowledge has not yet been employed
within avian cognition research.

This study aims to examine species differences in overt surprise by exposing a violation of
physical expectations to two parrot species: the kea parrot (Nestor notabilis) and the Goffin’s cocka-
too (Cacatua goffiniana). By creating a violation of expectation—specifically in which one food item
is secretly swapped for another—in positive and negative surprise directions, this study aims to
examine exploratory and emotional responses of parrot species. Specifically, as both species exhibit
sophisticated physical cognition skills [66–70], we predict both will prove susceptible to the violation
via prolonged exploration of the violating stimulus and longer latency to eat food in violation trials.
Similarly, with regard to emotional responses, we predict both species to exhibit relatively more
‘surprise’ behaviours in violating trials than non-violating trials (e.g. vocalizations). Furthermore, in
the case that no overt emotional responses are detected in one or either species, this study also
employs IRT to examine potential covert responses via periorbital temperature changes and predicts
that if subjects are surprised by the switch, we expect a relative change in surface temperature of
the periorbital region in violation trials. Owing to the mixed results of prior research into frustration
and elation effects, behavioural and physiological surprise relative to violation direction (positive or
negative) is harder to predict, but will be explored in this study.

2. Material and methods
2.1. Subjects
From April to June 2023, 19 captive kea subjects (10 females and nine males; electronic supplementary
material, table S1) were individually tested in visually isolated testing compartments (6 × 10 × 4 m), to
which they were already habituated. Subjects are kept in an outdoor aviary (52 × 10 × 4 m) at Haidlhof
Research Station in Bad Vöslau, Austria, and maintained on a daily diet of seeds, fruits, vegetables and
meat, with access to water ad libitum.

In July 2023, 15 captive Goffin’s cockatoo subjects (nine males and six females; electronic supple-
mentary material, table S1) were individually tested in a single, visually isolated testing room (3 × 2.5 ×
3 m) to which they were already habituated. Subjects are kept in an indoor aviary (45 m2; 3–6 m high)
with an outdoor (ca 200 m2; 3-4.5 m high) compartment at the Goffin Laboratory in Goldegg, Lower
Austria. Subjects’ diet consists of egg, starch (e.g. cooked pasta; potatoes), soy yoghurt, zwieback toast,
fresh and dry fruit, seeds and bird pellets mixed with mineral supplements. Subjects have access to
water ad libitum.
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While the kea have engaged with violation-of-expectation experiments before (e.g. [71]), and the
cockatoos have experienced experiments involving digging in sand (Colbourne et al., 2023, unpub-
lished data), neither population has experienced a research set-up of this kind.

2.2. Stimuli
The stimuli in the kea experiment included two pairs of wooden towers (13 × 10 × 11 cm each, four
total), one white and one black in each pair. One pair had clear plastic shelves inside (to catch dropped
reward), the other did not (to allow reward to drop through). In experimental trials, one of these
towers (colour and shelf presence determined by trial) was placed atop a wooden block (15 × 15 ×
6.5 cm) attached to a wooden plate (35 × 35 × 1.5 cm), the block containing a circular depression (8 ×
2.5 cm) into which sand was poured before each trial. The single, clear side of each tower in the kea
experiment was an artefact from a previous design, but did not influence the experiment. Plastic bottle
caps (2.8 × 1.8 cm) were used in demonstration trials (see figure 1).

The stimuli in the cockatoo experiment included two pairs of PVC towers (8 × 7.5 × 0.3 cm each, four
total), one white and one black in each pair. One pair had hard plastic shelves inside (to catch dropped
reward), the other did not (to allow reward to drop through). In experimental trials, a single tower
(colour and shelf presence determined by trial) was placed atop a terracotta cup (7 × 6 × 0.4 cm) into
which sand was poured before each trial, the cup attached to a terracotta plate (28 × 3.5 cm). Yellow,
wooden cubes (1.5 × 1.5 × 1.5 cm) to which the birds were already familiar were used in demonstration
trials (see figure 2).

Stimuli materials were chosen for each species based on species appropriateness (e.g. size, destructi-
bility) and pre-existing familiarity. For both species, each pair of towers had one white and one black
tower so that any exploration exhibited by subjects after the experiment could be deemed generalized
or specific with respect to tower colour and thus violated expectations (see §2 for exploration and
experimental trials; note also that the tower associated with violation trials was termed ‘violation
tower,’ and the tower associated with non-violation trials was termed ‘non-violation tower’).

2.3. Procedure
The experimental procedure was identical between species.

2.3.1. Food preference tests

Prior to testing, subjects were given three sessions of 12 food preference tests in which they were
presented with pairings of three common food rewards they were known to eat willingly and allowed
to select one of the two options. In kea, options were peanut (high value), pellet (medium value)
and apple (low value). In cockatoos, options were cashew (high value), walnut (medium value) and
cooked pasta (low value). Chi-square tests determined the high and low preference rewards for each
individual before proceeding with experimental trials (see below).

2.3.2. Exploration and experimental trials

Subjects experienced two unrewarded, 3 min exploration periods with the shelf-less set of towers
(left-right presentation order randomized between subjects), one before and one after experimental
trials to examine the effect of the violation on exploration (figure 3). After the initial exploration period,
functional demonstrations of the towers were shown to the subjects using the shelved set of towers
(clear side turned away from kea subjects to prevent view of the shelf; cockatoos could not see the
shelf from demonstration vantage). In these two trials, single, non-food objects (bottle caps for kea;
wooden cubes for cockatoos) were dropped into the top of the towers one at a time (tower colour
order randomized between subjects), followed by the removal of the tower and reveal of an identical,
pre-baited object sitting in the sand below (figure 4). These trials were aimed at establishing the
expectation that objects pass through the towers as expected, consistent with the species’ understand-
ing of object permanence and individuation (see [70,72]). Subjects had 1 min to access the sand at will
following tower removal.

After the demonstration phase, the same procedure was employed with the same-size food in
experimental trials (figure 5). The order of these trials was always non-violation/violation/violation/
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non-violation with either the white or the black tower colour associated with violation or non-violation
trials (colour assignment randomized between subjects), with 1 min to retrieve the food and access the
sand at will (trial order was chosen to avoid potential order effects). For example, a kea subject could
experience the following trials: (i) an apple piece dropped into the white tower with an apple piece
revealed in sand below (non-violation, low-to-low); (ii) a peanut dropped into the black tower with an
apple piece revealed in sand below (violation, high-to-low); (iii) an apple piece dropped into the black
tower with a peanut revealed in sand below (violation, low-to-high); and (iv) a peanut dropped into
the white tower with a peanut revealed in sand below (non-violation, high-to-high). The direction of
violation and non-violation trials was randomized within and between subjects.

Figure 1. (a) Kea tower pairs had one white and one black tower each. (b) Set one (presented in exploration trials) had no shelves.
(c) Set two (used in demonstration and test trials) had shelves. (d) In experimental trials, a single tower was placed atop sand in the
wooden plate. (e). In demonstration trials, a non-food item was dropped through.

Figure 2. (a) Cockatoo tower pairs had one white and one black tower each. (b) Set one (presented in exploration trials) had no
shelves. (c) Set two (used during demonstration and test trials) had shelves. (d) In trials, a single tower was placed atop sand in the
terracotta plate. (e) In demonstration trials, a non-food item was dropped through.

Figure 3. (a) Kea and (b) cockatoo exploration of hollow towers.
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2.4. Data collection and analysis

2.4.1. Regular and infrared thermography video recording

Prior to the first exploration trial, we recorded the subject inside the testing compartment for 2 min
with an IRT camera (FLIR T530) to obtain their individual baseline temperature. This camera model
has an uncooled microbolometer with a resolution of 320 × 240 pixels, thermal sensitivity of <40 mK,
accuracy of ±2°C, and spectral range of 7.5–14.0 µm. We used a 24° lens (f = 17 mm), resulting in an
instantaneous field of view (spot size) of 1.33 mm at 1 m distance. Videos were recorded at 30 Hz in
the −20 to 120°C range and stored in radiometric, lossless format. We adhered to established methodo-
logical guidelines (see [73,74]), and the following parameters were inputted beforehand: emissivity was
set to 0.95; humidity and ambient temperature were measured with a thermometer positioned in the
shade; reflective temperature was considered equivalent to room temperature for the cockatoos. For
the kea, it was set as the average cloud temperature on cloudy days, and as −20°C on sunny days.
The set distance was 1 m, which was the distance between filmer and subject throughout recording for
baseline and test trials. The filmer continuously manually focused (one-shot contrast) the camera on
the subject’s eye. The camera was held perpendicular to the subject’s head as much as possible, with
the angle of incidence never exceeding 45°. Birds were tested only in the shade. All test trials were
additionally recorded on a JVC Panasonic camcorder.

2.4.2. Video coding

Behavioural coding was done using BORIS [75]. For exploration trials, we coded which tower the
bird touched first, as well as their duration of interaction with each tower. For test trials, we coded
whether subjects ate the food and their latency to do so, the duration subjects spent digging in the
sand, vocalization counts and interaction counts with the sand plate (see the electronic supplementary
material, table S2, for ethogram). For cockatoos, we additionally recorded counts of crest raising.
Inter-observer reliability for durations and latencies on 17% of all subjects’ videos (20% of each species’

Figure 4. (a) Kea and (b) cockatoo demonstration trials.

Figure 5. (a) Odo the kea digging in sand following a high-to-high non-violation trial. (b) Muki, the cockatoo, crest raising following a
low-to-high violation trial.

6
royalsocietypublishing.org/journal/rsos 

R. Soc. Open Sci. 12: 251264

Downloaded from http://royalsocietypublishing.org/rsos/article-pdf/doi/10.1098/rsos.251264/4439440/rsos.251264.pdf
by guest
on 15 May 2026



sample size; three individuals per species) was carried out between two independent observers. We
calculated the intraclass correlation coefficient using the function ‘icc’ in the package ‘irr’, setting the
‘model’ argument to ‘twoway’ and the ‘type’ argument to ‘agreement’.

IRT video was coded using FLIR Thermal Studio Standard, with the maximum temperature of the
periorbital eye region manually recorded every second for 30 s following the trial start (food drop
into tower) (figure 6). The periorbital eye region was chosen because of it being one of the most
vascularized and exposed regions of skin in birds, and as it is less affected by environmental conditions
than more distal regions such as the feet [63]. Video point quality was also judged (3, in focus; 2,
slightly out of focus; 1, out of focus; 0, no data), so that only the in-focus video points (3) were to
be considered. Similar inter-observer reliability for thermal coding was also carried out on 17% of all
bird subjects’ videos (20% of each species’ sample size; three individuals per species) between two
independent observers, only including data with a video point quality of ‘3’.

2.4.3. Statistical analysis

2.4.3.1. Behavioural

The statistical computing software R (v. 4.2.2; [76]) was used to run a series of generalized linear
mixed-effects models. To address the question of whether subjects would change their probability to
dig, we fitted a mixed-effects logistic regression including trial condition, final food value and their
interaction as test predictors and age as a control predictor. Similarly, we modelled subjects’ digging
duration as a response (digging duration was log-transformed for kea to improve model fit) using a
mixed model with Gaussian error structure and as test predictors, trial condition, final food value and
their interaction. The probability of touching the violation tower first was modelled using a mixed-
effects logistic regression with exploration trial number as a test predictor. To model the percentage
of time exploring the violation tower as well as overall exploration, we fitted a mixed-effects beta
regression with exploration trial number as a test predictor and age as a control predictor.

To assess whether eating latency was influenced by the outcome of the trial (i.e. the food value
and condition), we fitted a linear mixed-effects model with log-transformed eating latency as the
response variable and trial condition (violation or non-violation), final food value (low or high) and
their interaction as test predictors. Models with Gaussian and binomial error structures were fitted
using the ‘lmer’ and ‘glmer’ functions, respectively, of the package ‘lme4’ [77], and we fitted the beta
regression using the function ‘glmmTMB’ of the package ‘glmmTMB’ [78]. To avoid pseudoreplication,
all of the above models included the random intercept effect of each subject. To keep the type I
error rate at the nominal level of 0.05, we included all possible identifiable random slopes [79,80]. We
removed correlations among random slopes and random intercepts when they appeared unidentifiable
(indicated as being close to +1 or −1) [81]. When model convergence failed, we removed random
slopes with the lowest estimated variance until a model converged. For all models, covariates were
z-transformed to ease model convergence and achieve easier interpretation of model coefficients [82].
Inter-observer reliability for all continuous responses was excellent (Intraclass Correlation Coefficient
(ICC) = 0.936–0.947, n = 6).

2.4.3.2. Infrared thermography

We fitted linear mixed models to test whether exposure to a violation resulted in changes in periorbital
temperature in the first 30 s of each trial. For each species, we ran four models on different subsets of
data. Model 1a and 1b examined the effect of trial type (violation versus non-violation) on temperature
in trials where the final food value was the same (i.e. high or low, respectively). Model 2 examined the
effect of final food value on temperature in violation trials only. Model 3 examined the overall effects
of trial type including all baseline recordings and violation and non-violation trials on temperature.
Each model included the random intercept effect of subject. Model 3 also included the random slope of
violation type within subjects, which was removed if it was in part unidentifiable. Models were fitted
using the function lmer of the package lmerTest. Inter-observer reliability for temperature was good
(ICC = 0.86, nobs = 629, n = 6).
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2.4.3.3. Behavioural and infrared thermography

After we fitted each model, we checked model assumptions and assessed model stability. We verified
the absence of collinearity for each model with multiple predictors by calculating the variance inflation
factor for the model excluding any interactions and random effects using the R package ‘car’ v. 3.0-12
[83], revealing that collinearity was not an issue. We visually inspected and confirmed that the best
linear unbiased predictors per level of the random effects were approximately normally distributed
[84]. For the models with a Gaussian error structure, we confirmed that the residuals were homogene-
ous and normally distributed. To estimate the stability of the models [85], we excluded the levels of the
random effects one at a time and compared the resulting estimates with those obtained from the model
based on all data. This revealed that some of the models were only of moderate stability (see below).

To avoid cryptic, multiple testing in the eating latency and digging models, we compared each
full model to its respective null model lacking the test predictors of interest [86]. If this comparison
revealed significance, we then continued to test the significance of the individual fixed effects by
dropping them from the model one at a time (using the drop1 command) starting with the interaction
and comparing the simpler model with the more complex model using likelihood ratio tests [87]. We
used the function ‘bootMer’ of the ‘lme4’ package to determine 95% confidence intervals of model
estimates by means of parametric bootstrapping (1000 bootstraps). Figures were created using the
‘ggplot2’ package [88].

We also included subjects’ count descriptives from violation versus non-violation trials of whether
food was eaten, whether the sandplate was roughhoused (dragged and/or slammed), vocalizations and
whether cockatoos raised their crests (table 1).

2.5. Ethical statement
Subjects were tested individually on a voluntary basis by calling the name of the subject and allowing
them to enter the testing compartment/room. If a subject exhibited behaviours indicative of refusing to
participate (e.g. ignoring stimuli for more than 30 s; exhibiting neophobia), the subject was returned
to the aviary and removed from the experiment. The experiment was approved by the University of
Veterinary Medicine Vienna’s institutional ethics committee (ETK-119/06/2022 (kea); ETK-054/04/2023
(cockatoos)) in accordance with Good Scientific Practice guidelines and national legislation. All
subjects that participated in our experiments were housed in accordance with the Austrian Federal
Act on the Protection of Animals (Animal Protection Act-TSchG, BGBl.I Nr.118/2004).

Figure 6. Infrared thermography temperature coding from periorbital region (El1) of kea subject.
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3. Results
3.1. Food preferences
Of the 19 kea tested, 17 significantly showed the highest preference for peanut (high-value reward)
and the lowest preference for apple (low-value reward), while two significantly showed the highest
preference for peanut (high-value reward) and the lowest preference for pellet (low-value reward). Of
the 15 cockatoos tested, 13 significantly showed the highest preference for cashew (high-value reward)
and the lowest preference for pasta (low-value reward), while two significantly showed the highest
preference for walnut (high-value reward) and the lowest preference for pasta (low-value reward) (see
the electronic supplementary material, table S3).

3.2. Behavioural
A full-null model comparison revealed an overall effect of the test predictors on the probability of
digging in the kea (electronic supplementary material, tables S4 and S5). The interaction between
condition and final food value appeared non-significant. After removing this, we found a significant
effect of condition (χ1

2 = 6.03, p = 0.014), but not final food value (χ1
2 = 1.96, p = 0.16) in kea (electronic

supplementary material, table S6). This indicates no effect of final food value but shows that the kea
were more likely to dig in the violation than in non-violation trials. However, in cockatoos, the full-null
model comparison revealed that there was no such clear effect of trial condition or final food value on
the probability to dig (electronic supplementary material, tables S4 and S5). Digging duration was not
significantly affected by trial condition or final food value in the kea nor in the cockatoos as revealed
by both full-null comparisons (electronic supplementary material, tables S4 and S7; figure 7).

The full-null model comparison revealed an overall effect of the test predictors on the kea’s, but
not the cockatoos’, latency to eat the reward (electronic supplementary material, tables S4 and S8;
figure 8). Specifically, there was a significant interaction between condition and final food value
on the kea’s eating latency, with subjects showing the highest latency to eat in the non-violation
condition when the final food value was low, and similar latencies in the violation condition
regardless of final food value and the non-violation condition when the final food value was high.
Quantitatively, there were too few elation or frustration-related behaviours in either species (i.e.
vocalizations, sandplate roughhousing, crest raises in cockatoos) to remark on the effect of the
violation on these measures (table 1).

The probability of the cockatoos to touch the violation tower first was higher in the first than in the
second exploration trial (χ1

2 = 4.06, p = 0.044), but no such effect was found in the kea (χ1
2 = 0.37, p =

0.542) (electronic supplementary material, tables S4 and S9). There was no effect of exploration trial on
the percentage of time spent exploring the violation tower in either species (electronic supplementary
material, tables S4 and S10). But the cockatoos spent a higher overall percentage exploring the towers
in the first compared to the second exploration trial (χ1

2 = 4.53, p = 0.033), while no such effect was
found in the kea (χ1

2 = 0.12, p = 0.732) (electronic supplementary material, tables S4 and S11; figure 9).

Table 1. Counts of subjects expressing at least one frustration/elation behaviour.

behaviour species violation non-violation

food eating kea 19 18

cockatoos 14 14

vocalizations kea 1 0

cockatoos 5 4

sandplate roughhousing kea 4 4

cockatoos 0 1

crest raises cockatoos 5 2
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3.3. Infrared thermography
For average temperatures between species, sex and trial types, see table 2 and figure 10; see the
electronic supplementary material, table S12, for model comparisons between baseline, violation
and non-violation temperatures. Overall, there were no significant effects of trial type nor violation
direction on average periorbital temperatures in either species (table 3; see the electronic supplemen-
tary material, table S13, for percentages of video quality points of experimental trials).

Figure 7. Average digging duration in violation and non-violation trials in both species.

Figure 8. Latency to eat food in violation and non-violation trials in both species, split further by final food value.
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4. Discussion
In this study, we examined susceptibility and physio-behavioural surprise to violations of expectations
in kea and Goffin’s cockatoos. We found that kea, but not cockatoos, demonstrated susceptibility to
the illusion as exhibited through overt behavioural differences between violation and non-violation
conditions (probability to dig), though neither species showed significant differences in physiological
responses (periorbital temperature) between conditions.

Specifically, while digging duration was not affected by final food value or trial type in either
species, we found that only the kea and not the Goffin’s were more likely to dig in violation versus
non-violation trials (regardless of violation direction). This behaviour likely reflects a continued search

Figure 9. Percentage overall tower exploration before and after experimental trials. The exploration ratio was determined as the
exploration duration of the towers as part of the total trial time.

Table 2. Average temperatures between species, sexes and trial types.

trial type species sex mean. temp (℃)

baseline kea M 36.49

F 36.76

cockatoos M 38.63

F 38.39

violation kea M 36.98

F 37.14

cockatoos M 38.77

F 38.77

non-violation kea M 36.8

F 37.02

cockatoos M 38.72

F 38.85
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for the expected food item, suggesting that the kea indeed perceived the violation. Not only does
this indicate that they were susceptible to the violation, but it supports claims of their sophisticated
physical cognition (e.g. object permanence and individuation, see [70]). Importantly, it is unlikely that
this occurred owing to the species’s propensity for digging, as although kea are extractive foragers
[69,89], the cockatoos dug more frequently and for longer than the kea in this experiment.

The kea showed a significantly higher latency to eat in the non-violation condition when the final
food value was low, but similar latencies in both types of violation trials and in the non-violation
condition when the final food value was high. This could be interpreted as the kea approaching
food more quickly when they either expected high-value food (violation trials, high-to-low) and/or
actually encountered it (violation or non-violation trials, high final food value). By contrast, the Goffin’s
cockatoos showed no such difference in eating latency between conditions. These results contrast
directly with comparable studies of other bird species. For example, Eurasian jays show an increased
latency to consume a low-value reward when expecting a high-value reward, compared to a control
condition in which they expect and receive a low-value reward [25].

Our overall results are therefore not completely consistent with prior research into violation of
expectation susceptibility in animals. For example, great apes, monkeys, corvids, grey parrots and dogs
are more likely to exhibit behaviours (e.g. exploration; food rejection) towards the negative violating
stimulus consistent with the violation susceptibility (see [13,18,19,25]). It is unclear why the kea, and

Figure 10. Average temperature per trial condition in both species.

Table 3. Statistical models of differences in periorbital temperature between trial types and violation directions in both species.

kea

model test predictor estimate significance

1a trial type (violation versus non-violation, high final food value) -0.134 t18: −0.916; p = 0.372

1b trial type (violation versus non-violation, low final food value) -0.063 t18: −0.47; p = 0.644

2 violation direction 0.01 t18: 0.059; p = 0.954

cockatoos

model test predictor estimate significance

1a trial type (violation versus non-violation, high final food value) -0.007 t14: −0.112; p = 0.912

1b trial type (violation versus non-violation, low final food value) 0.014 t14: 0.188; p = 0.854

2 violation direction -0.091 t14: −1.936; p = 0.073
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not the Goffin’s cockatoo, would exhibit susceptibility to the violation. The cockatoos’ willingness to
interact with the materials, as shown through their prolonged digging, suggests that this difference is
not attributable to species differences in neophobia or neophilia. Given that Goffin’s cockatoos readily
pass visible displacement tasks (i.e. stage 5 object permanence tasks, [72]), they should have held an
expectation about the food item they would discover. One possibility, then, is that our food-swapping
violation was simply not arousing enough to elicit a behavioural response in this species.

With regard to exploration trials, we found that kea did not show a significant difference in which
tower they touched first nor the duration of exploration towards the towers between their first and
second exploration trials. By contrast, the cockatoos were significantly more likely to explore the
violating tower first in exploration 1 than in exploration 2. Why this occurred is unclear, as there was
no reason why subjects should have been attuned to their assigned violation tower before observing
any experimental trials. Between the two exploration trials in the cockatoos, there was also a non-sig-
nificant trend towards overall tower exploration in exploration 1, potentially owing to the novelty of
the stimuli at the beginning of the experiment. These results contrast with work on other species, as
after observing an event that violated their expectations about occlusion, dogs were more likely to
explore the object involved in the violation [13]. As each subject in our study experienced only four
experimental trials, it is possible they were not yet attuned to the colour of the violation tower, and so
would not explore it specifically. Future research could address this by providing the opportunity to
explore directly following violations (as in [13]), rather than in a choice scenario after both violation
and control trials. While this would not offer the opportunity to examine specific versus generalized
exploration, such a set-up might provide a more sensitive recording of subjects’ immediate reaction to
the violation rather than relying on a memory of the events.

Regarding elation or frustration effects, there were no significant effects of violation trials on
behaviour or periorbital temperature in either species. Furthermore, neither the kea nor the cockatoos
exhibited noticeable differences in species-specific emotional behaviours (e.g. vocalizing, sandplate
roughhousing, crest raising) depending on violation direction. This contrasts with other bird species
such as jays that show a greater likelihood to reject a food reward if it is of a lower value than expected
[25] and grey parrots expressing frustration in negative violation trials [18]. While there was weak
evidence towards Goffin’s cockatoos exhibiting a decreased temperature in high-to-low violation trials,
suggesting the potential presence of a frustration effect, further research is needed to differentiate this
from general frustration at discovering low-quality food.

To date, the thermal response curves of parrots, along with animals’ thermal responses to violations
of expectations, remain largely unexplored. Our study explores the feasibility of applying IRT in
cognitive research on unrestrained subjects and offers several suggestions for its implementation in
future research. While we recorded periorbital temperatures of each bird every second for the first 30
s of each baseline and experimental trial, we nonetheless did not find any significant changes over or
between conditions. Descriptively, we found that temperatures varied more among the kea than among
the cockatoos, potentially as a result of their outdoor testing enclosure and greater mobility. Finally,
although we included a baseline session prior to testing, we suggest that future research incorporate
baselines prior to every trial to account for effects of previous trials and fluctuations in temperature
over time.

While the stress of restraint has been documented to decrease body temperature in birds [63,90],
allowing subjects full rein of their surroundings in this study came with its own issues. During the
study, the mobility of the birds coupled with the size of the compartment resulted in brief periods
of time with poor or absent data. Future research could also construct smaller arenas appropriately
sized for each species (e.g. [63,91]), so as to avoid stress-related temperature changes stemming from
restraint, but with constant data recording during trials. On the other hand, an alternative explanation
is that the violation was simply not arousing enough for either species to elicit a perceptible tempera-
ture change. Therefore, future research in this area may benefit from other violation-of-expectation
events varying in fundamental saliency (e.g. gravity [12,13]).

In summary, this comparative study offers a novel approach to examining susceptibility to
violations of expectations via physio-behavioural measures of surprise in parrot species. While, to our
knowledge, the first of its kind to employ thermography in a cognitive context in unrestrained birds,
future research could benefit from minimizing the range of the subjects (e.g. smaller arenas), taking
baseline measurements before each trial (for more accurate detection of temperature changes), and/or
offering more salient violations of expectation. In this way, research may be afforded an improved view
into the emotional states of animals following violation-of-expectation events.
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