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Abstract

Identifying the behaviors of actors in the world is essential for survival, but
this can be difficult as actors are often fragmented or dynamically occluded as they
move behind other objects. Humans can recognize a behavior and perceive objects
or actors holistically even though they are fragmented in time and space. There is
inconsistency in the literature, however, about how nonhuman animals process
fragmented information. Using a go/no-go procedure, | investigated the ability of
six pigeons to perceive locomotion behaviors using dynamically occluded digital
animal models. Pigeons were trained using three different digital models that
transited across a semi-realistic scene behind multiple identical occluders. Pigeons
learned to discriminate between these behaviors despite never seeing the figure in
its entirety at any given time. Additionally, pigeons transferred this discrimination
to a novel model, transit direction, and transit rates. Tests with altered scenes
showed that pigeons discriminated these behaviors with limited viewing time, and
movement in the digital model proved necessary for discrimination. Critically,
pigeons performed better with whole, intact models than with models that had the
body parts scrambled in order and synchrony. This deficit was especially apparent
when the occluders were moved to the back of the scene so that model was entirely
visible. Results from these experiments suggest that pigeons perceived the acting
models holistically, even when such a representation requires integration across

space in time.
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Recognizing and categorizing the behaviors of others is a critical aspect of
survival. To do this, animals must process the dynamic configuration of the various
parts of the figure over time. This process can often be additionally complicated by
the other objects in the environment that can occlude (partially or completely) the
actor as they move through space. This can be imagined, for example, as an animal
running through the forest. As the animal moves, various parts of his body are
occluded by the trees. This dynamic occlusion is easily tolerated by humans who
process the fragments into a unified whole (Palmer, Kellman, & Shipley, 2006),
but there are several theoretical ways to solve this perceptual problem.

Computationally, models of action recognition function in two ways. One
method recognizes actions by processing the figure in global, configural manner
and its parts in relation to each other (Aggarwal & Cai, 1999). Another method
processes local, elemental features to discriminate actions such as specific motion
trajectories (e.g. Bobick & Davis, 2001; Polana & Nelson, 1997; Schindler & Van
Gool, 2008). Additionally, some models of action recognition utilize both
configural and elemental features (Giese & Poggio, 2003).

Studies of action recognition with humans have largely relied on the
perception of point-light displays (PLD). These displays consist of dots placed on
the joints of the actor, which when presented in isolation, humans will readily
perceive as a behaving actor (Blake & Shiffrar, 2007; Johansson, 1973). Critically,
these PLDs are believed to eliminate the form features of the actor leaving only
motion features usable (Johansson, 1973). The recognition of action through PLDs

requires the perception of the local, separated elements, but critically also requires
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the global, spatial and temporal integration of those elements (Beintema & Lappe,
2002; Hirai, Chang, Saunders, & Troje, 2011).

Dittrich and Lea were among the first to consider the question of action
recognition and categorization in nonhuman animals (W. H. Dittrich & Lea, 1993;
W. H. Dittrich, Lea, Barrett, & Gurr, 1998). In these studies, the authors found that
pigeons could learn to discriminate both short video clips of movement from still
images and classify different behaviors (e.g., walking vs. pecking). Additionally,
Shimizu and colleagues have shown that video stimuli can elicit courtship
behaviors in pigeons (Partan, Yelda, Price, & Shimizu, 2005; Shimizu, 1998). A
few authors have investigated pigeons ability to perceive action from PLDs with
limited success including W. H. Dittrich et al. (1998), Troje and Aust (2013), and
Qadri, Asen, and Cook (2014), that last of which will be discussed in depth below.

The study of action recognition in nonhuman animals is complicated by the
nature of the stimuli, which are complex and may have many confounding features.
To control and experimentally manipulate the features and behaviors of the models,
researchers have recently started to utilize robots and computer animation
(Frohnwieser, Murray, Pike, & Wilkinson, 2016). Cook and colleagues have
contributed significantly to the area of action recognition with the use of animated
videos of highly controlled digitally-generated models of human and animal models
performing simple behaviors (e.g. walking and running) or complex action
sequences (e.g. Indian dance and martial arts, Asen & Cook, 2012; Qadri, Asen, et
al., 2014; Qadri & Cook, 2017; Qadri, Sayde, & Cook, 2014). In these various

studies of action recognition, Cook and colleagues found that pigeons could



DYNAMICALLY OCCLUDED ACTION RECOGNITION IN PIGEONS 3

discriminate among the various behaviors and demonstrated transfer of this
discrimination to novel exemplars of each behavior (i.e. action categorization).
They also examined pigeons’ use of configural and elemental processing while
discriminating the dynamic stimuli. Overall, the results have been suggestive, if not
conclusive, of a global, configural processing during action recognition
discrimination (Asen & Cook, 2012; Qadri, Asen, et al., 2014).

First, the results from Asen and Cook (2012) favored configural processing
examined through the discrimination of walking and running digital models. This
discrimination was invariant with regards to the camera angle and digital models
presented, which had various and differing walk/run gaits. This is evidence against
specific, elemental features being solely utilized by the pigeons in action
recognition. There was a disruption to the discrimination with inverted videos,
which could suggest either local or global processing.

Qadri, Asen, et al. (2014) asked the question of whether the pigeons were
globally processing the figure more directly. These same pigeons who were trained
to discriminate walking and running digital models in Asen and Cook (2012) went
through three experiments in which the pigeons were presented with PLD, outlines,
and silhouette versions of the models they had been trained with, as well as models
with body parts missing or occluded. The results showed that pigeons did not
transfer their action discrimination to PLD stimuli, but could discriminate outlines
and silhouettes, suggesting that connected edges and interior shading were relevant

features used in the action discrimination. Additionally, the pigeons showed good
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transfer to stimuli with limbs or body parts occluded or removed, demonstrating
that they were not solely relying on specific local information.

There is substantial evidence that pigeons have difficulty in attending to and
grouping disconnected elements (Aust & Huber, 2006; Brown, Cook, Lamb, &
Riley, 1984; Cook, Riley, & Brown, 1992; Kelly, Bischof, Wong-Wylie, & Spetch,
2001; Sekuler, Lee, & Shettleworth, 1996), and even specifically showing greater
attention to isolated local elements over the global configuration (Cavoto & Cook,
2001; Lea, Goto, Osthaus, & Ryan, 2006). This perceptual difficulty with
configuring separated parts into a coordinated whole may explain why pigeons
were unable to transfer to PLD stimuli but were able to transfer to silhouette and
contour-only stimuli in Qadri, Asen, et al. (2014). While pigeons have consistently
shown a local bias in numerous contexts, they are able to process and integrate
global information as well in certain conditions (Cook, 1992, 2001; Cook, Goto, &
Brooks, 2005; Goto, Wills, & Lea, 2004; Herbranson, Fremouw, & Shimp, 2002;
Troje & Aust, 2013).

There are a number of different perceptual tasks that require such configural
processing, such as when elements are separated in space (e.g. hierarchical Navon
letters) or when integrating separated elements of a single object that is partially
occluded by another object. This latter type of integration is known as amodal
completion, which is the idea that when faced with a partially occluded object, there
is a representation of the occluded parts that facilitates the perception of the whole
object. Many studies have examined amodal completion in pigeons with different

stimuli and methodologies resulting in divergent findings (see Qadri and Cook
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(2015) for a comprehensive review). “Common motion” — the similarity in motion
features of separated object — has been used in two studies looking at amodal
completion in pigeons. Ushitani, Fujita, and Yamanaka (2001) tested pigeons using
elements fragmented by a static occluder that simultaneously moved as if
connected, but the pigeons responded to that display as if they perceived them as
two separate stimuli rather than a configural whole. Nagasaka and Wasserman
(2008) used either the outline of a square moving in a circular pattern or four
separated lines moving in a circular pattern that would correspond to the top,
bottom, left, and right edges of a square if the corners were being covered by a
white occluders. They tested pigeons with what a human would perceive as the
outline of a square with four gray circles occluding the corners moving in a circular
pattern. Still, all four pigeons responded as if the square outline with occluded
corners was the same as the four separate lines. Even with further training and
additional tests to make completion more likely, there were only one or two pigeons
that would respond as if amodally completing and pigeons were not responding
consistently across tests.

Given this previous research, two salient open questions remain: are
pigeons able to discriminate actions without ever seeing the entire model, and do
the pigeons perceive the model holistically, or are they attending to elemental
features. In this series of five experiments, I investigate how pigeons process and
discriminate actions that are dynamically occluded. As the highly-controlled,
digital model transits from one side of the screen to the other, it moves behind pillar-

like occluders such that it is never entirely visible. This dynamic occlusion allows
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the pigeons to experience all parts of the model, but never at once. Therefore,
pigeons may create a configural representation of the model as they have
experience with all aspects of the figure, but such a representation would require
the integration of information across time and space. These experiments examine
how pigeons process and integrate information and potentially create a configural
whole from perceptually fragmented information. In humans, such integration
happens easily and rapidly (Kellman & Shipley, 1991; Palmer et al., 2006), but the
visual problem is actually quite difficult computationally (Drori, Cohen-Or, &
Yeshurun, 2003). Given pigeons’ difficulty with configural processing generally,
perhaps it is difficult for them as well. These experiments will add to the
understanding of how pigeons visually process action and critically help to
disambiguate pigeons’ use of local or global processing in action recognition,
specifically, and provide insight into pigeon’s ability to process and integrate
information separated by time and space more generally.
General Methods
Participants

Six male pigeons (Columbia livia) were tested (D1, D2, J3, M4, S5, and
Y6). The pigeons were maintained at 80 to 85% of their free-feeding weights during
testing and had access to water and grit ad lib. in their home cages. Three pigeons
had participated in previous studies involving action discriminations: J3 and S5 in
(Qadri & Cook, 2020), J3 and Y6 in Qadri, Sayde, et al. (2014), and Y6 in Asen
and Cook (2012) and Qadri, Asen, et al. (2014). Three pigeons (D1, D2, M4) had

previous experience in motion discriminations (Cook, Beale, & Koban, 2011;
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Hagmann & Cook, 2011; Hagmann & Cook, 2013). One pigeon (M4) had
experience with integrating information across space (Cook et al., 2005).
Apparatus

Testing was conducted in a flat-black, metal chamber (42cm tall x 38cm
wide x 37cm deep) with stimuli presented on an LCD color monitor (model: NEC
Accusync LCD51VM, screen resolution: 1024 x 768 px) visible through a viewing
window in the front panel (29 cm % 34 cm) that was recessed 12 cm behind the
viewing panel.

Pecks to the display were detected by an infrared LED touchscreen
(EZscreen EZ-150-Wave-USB) in the front panel of the chamber. A 28-V
houselight was located in the ceiling and illuminated the chamber at all times,
except during time-outs. Mixed grain was delivered via a centrally placed hopper
located in the middle of the front panel below the touchscreen.

Stimuli

Three-dimensionally rendered animal models were presented in a 15.25cm
x 11.5cm display area using looped AVI videos (using the Camstudio Codec, a
lossless video codec). The animated digital model animals were created with
animation software (Poser 7, www.smithmicro.com) using third-party models of
the animals’ actions (Daz 3D, www.daz3d.com, see Figure 1 for a depiction of the
models and behavioral cycles). Each digital model was rescaled in order to equate
vertical (foot to ear/horn) and horizontal extent (nose to haunches) across models.
The digital model within each video followed biomechanical action models

characteristic of the depicted species and transited across the display area behind
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occluders. Each model was rendered on a receding green-textured flat surface
below a pale blue “sky” and illuminated from a fixed overhead light source. The
rate of presentation was approximately 30 frames per second. Across the four model
animals tested, the total sequence of action before repetition (i.e., a behavioral
cycle) occurred more frequently for the run actions (M = 0.6 behavioral cycles per
second, or cps) than for the walk action (M = 1.4 cps). Two types of occluders,
blocks and cylinders, were used. These were created using the built-in Poser 7
shapes and rescaled to match for vertical and horizontal extent. Three occluder
textures (brick, metal, and wood) were created from common texture images found
online (see Figure 3 for occluder types and textures).
Procedure

Each trial started with a peck to a centrally presented 2.5-cm, white ready
signal presented on a black screen. When pecked, this signal was replaced by a
looped video of the digital model, which was presented for 20 s. The animal model
transited the screen from one direction (initially from the left to the right) such that
the model would appear on the one side of the screen, move across the screen and
disappear, remain off screen for a few seconds and reappear on the original side
again. The number of times the model transits the screen, and the total amount of
time the model is visible varied across conditions and is specified in Table 1.
Importantly, these timings were consistent across the two behaviors. An inter-trial
interval of 3 s followed before the presentation of the ready signal to start the next

trial.
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Prior to discrimination training, the pigeons were trained with non-
differential reinforcement for six sessions of 72 trials each, in order to get the
pigeons to peck at stimuli. During this nondifferential reinforcement phase, the
pigeons were reinforced for pecking at any stimulus and received end of trial
reinforcement regardless of behavior. After this shaping period, three pigeons (D2,
S5, and Y6) were reinforced for pecking at running (S+) models, and the other three
pigeons (D1, J3, and M4) were reinforced for pecking at walking (S+) models.
Pecks to these correct (S+) actions were reinforced with 3 s of access to mixed grain
(3.3 s for bird Y6) on a variable interval schedule (VI 10 s). Pecks to the incorrect
(S-) action resulted in no reinforcement and a variable dark time-out (0.5 s per
peck) at the end of the presentation. In each phase of the experiment, a number of
S+ trials were selected to be non-reinforced probe trials. These trials allowed for
the uncontaminated measurement of peck rate without the interruption of food. All
S+ dependent measures were calculated from these probe trials.

As the pigeons’ responses to negative stimuli reduced over time in the trial,
their discrimination was most evident and stable when examining peck rates during
the last half of the trial. Pigeon J3, however, demonstrated his best discrimination
in the second quarter of the trial (seconds 5 to 10), after which he appeared to lose
inhibitory control and pecked more at negative stimuli. Pecks to positive stimuli
remained fairly consistent across the trial. To accommodate these patterns and
measure the pigeons’ best discriminative ability, all analyzes measured pecks from

the last half of the trial, except for J3 in which pecks to the second quarter of the
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trial were analyzed (cf. Cook, Qadri, Kieres, & Commons-Miller, 2012).
Performance was measured by the discrimination ratio (DR), calculated as

S+ probe pecks

DR =
(S+ probe pecks) + (S- pecks)

This calculation results in perfect discrimination as a value of 1.0 and of chance
performance as a value of 0.5. If no pecks were made to during the two trials that
present corresponding positive and negative stimuli (e.g. all same stimulus features
except for the behavior of the model, which would result in a DR calculation of
0/(0+0)), DR was fixed at chance.
Experiment 1

In this first experiment, pigeons’ learned to discriminate between the
behaviors of walk and run with three different animal models (Antelope, Camel,
and Cat) that transited the scene behind pillar-like occluders (either Blocks or
Cylinders) that have one of three textures (Brick, Metal, or Wood). The behaviors
of walk and run were used as they are salient action categories to humans (Malt et
al., 2008) and likely to pigeons who would benefit from identifying the motion of
mammalian predators. Additionally, previous research has shown that pigeons are
able to discriminate between these behaviors in similar tasks (Asen & Cook, 2012).

Most importantly, the novel manipulation featured in this experiment is that
the pigeons could never see the entire model at any given time. Thus, they had to
either integrate the movement between the gaps in the occluders or discriminate the
behavior based on the few features that are visible in any one gap at a given time.

Once the pigeons had learned the task, a brief baseline period was examined to
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determine if any scene differences (e.g. model type, occluder type, occluder texture)
aided or impaired discrimination.
Procedure

Acquisition. This phase consisted of 24 sessions, each made up of 72 trials
which portrayed each of the three model animals transiting from the left to right.
The models transited behind three occluders with four gaps (Figure 2).

The model transited the screen four times, such that the model appeared on
the left of the screen at the start of the trial, transited behind the occluders allowing
for constant, partial visibility for about 4.7 s, and disappeared on the right of the
scene. The model remained off-screen for about a 0.3 s before reappearing on the
left side of the scene. This cycle repeated four times, completing the 20-s trial.

The three model animals, two occluder types, three occluder textures, and
two actions were presented equally often within a session. During acquisition, two
S+ trials from each animal (one of each occluder type) were selected to be non-
reinforced probe trials. Across three sessions, all combinations of occluder type and
texture were tested as non-reinforced probes.

Baseline. This phase consisted of six sessions made up of 108 trials which
portrayed the three model animals transiting four times from the left to right. During
baseline, four S+ trials from each animal (two of each occluder type) were selected
to be non-reinforced probe trials. Across each set of three sessions, all combinations
of occluder type and texture were tested as non-reinforced probes.

Results
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Acquisition. The pigeons learned to discriminate between the behaviors of
walking and running (Figure 4). Each pigeon continued training until it reached the
learning criterion of a discrimination ratio greater than or equal to .6. All six
pigeons reached this criterion DR by session 24, with few differences in learning
rates. On average, the three birds in the run S+ condition reached criterion by
session 15 whereas the three birds in the walk S+ condition averaged 14 sessions
to reached criterion. A two-sample t-test examining the session in which each of
the birds first hit criterion found no difference in learning rates #(4) = 0.2, p = .881.
A mixed repeated measures (RM) ANOVA (S+ condition as a between groups
factor and Session as a within subject factor) confirmed that the pigeons learned the
discrimination through a main effect of Session F(23,92) =4.1, p <.001, n%=.51.
This test did not suggest learning rate differences related to the assigned S+
condition, F(1,4) = 1.3, p = .322, nor a significant interaction, £(23,92) = 0.7, p =
.834.

Baseline. After the pigeons had acquired the discrimination, a brief baseline
period was used to examine the effects of model, occluder type, and occluder
texture. Pigeons in both S+ conditions were worse with the camel model, with a
mean DR of .59 across all six birds. All but one bird (D2) was better with cat (.84
mean DR) than with the antelope (.76), see Figure 5. Birds in both S+ conditions
were equally good with the two occluder types (.73 for each block and cylinder)
and equally good with the three occluder textures (.74 for brick, .74 for metal, and
.72 for wood). A one-sample t-test for each model showed that despite their worse

performance with the camel model, the pigeons performed significantly different
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from chance (.5) with all three models (using a Holmes-Bonferroni correction #s(5)
>3.7,ps<0.014, ds > 1.5).

A RM ANOVA (S+ condition as a between groups factor and Model x
Occluder Type x Occluder Texture as within subject factors) evaluating effects on
DR confirmed a main effect of model F(2,8) = 9.8, p = 0.007, 0% = .71. The
pairwise comparisons of the models showed a significant difference between cat
and camel (p = .017) and between antelope and camel (p = .028), but not between
cat and antelope (p = .220). All other main effects and interactions were not
significant.

Given the horizontal movement of the model across the 20-s trial, it is
important to analyze how the pigeons are interacting with the screen spatially over
time, especially as pigeons’ pecks are often considered a proxy for their attentional
allocation (L. Dittrich, Rose, Buschmann, Bourdonnais, & Giintiirkiin, 2010). To
analyze these peck data, the mean horizontal position for each 1-s bin of pecks per
bird was standardized such that the models origin (left) was coded as -1 and the
destination of the model (right) was coded as 1, with 0 therefore representing the
center of the display. Only pecks to positive stimuli were used in the analysis as
pecks to negative stimuli are more variable (Stahlman & Blaisdell, 2011) and
generally represent a loss of inhibition, attention, or discrimination.

By measuring the spatial location of each peck across the 20-s trial (Figure
6), it becomes immediately apparent that the pigeons pecked at the model as it
moved from left to right across the screen. This means that they start the trial

pecking toward the left side of the screen where the model appears, continue to
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peck across the screen as the model transits, and ending up toward the right end of
the display.

Interestingly, the pigeons then peck the screen in the opposite direction
(right to left) while the model is off screen, and begin following the model back in
the other direction when it reappears. This pattern of behavior results in a periodic
curve with approximately as many waves as there are number of transits in the trial.
As the trial terminates almost immediately after the model’s final transit, the
resulting peck data might be expected to near 3.5 waves in a trial where the animal
transits four times because there is no return to the origin after the final transit (see
Figure 6).

The observed data was then fit with a sinusoidal function with the
wavelength parameter of the sinusoid measuring the duration of one cycle
(Sigmaplot v11.0). This wavelength parameter was transformed into the number of
cycles in the 20-s span to facilitate comparisons with the number of transits. In the
estimation process, the fit was set to start at four (the number of transits) and search
proceeded from there. Across the six birds, the number of cycles parameter ranged
from 3.7 to 3.9 cycles with a mean of 3.8, 95% CI [3.67, 3.88]. The model was on
average a good fit (mean R?=0.67), but fit some of the birds better than others (min
R? = 0.40, max R? = 0.90). No changes in the vertical location of the pecks were
directed across the trial. This good fit and near match with the expected cycles of
3.5 to 4 numerically confirm the visual pattern, suggesting the pigeons directed
their pecks to the transiting model.

Discussion
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This experiment shows that the pigeons could learn to discriminate between
the behaviors of walking and running, despite never seeing the entire model at any
given time. This result suggests that either enough elemental action information
was presented within a single gap, or that the pigeons were able to integrate action
information across time and space to discriminated the behaviors.

In examining the pigeons’ behavior after they had acquired the task, the
camel model was significantly more difficult to discriminate for all pigeons. This
is consistent with a previous experiment using similar models (Asen & Cook,
2012). The type of occluder and occluder texture made little to no difference on the
pigeons’ ability to discriminate the behavior of the model. Importantly, the pigeons
directed their pecks toward the transiting model, suggesting that they were
attending to the relevant information as it moved across the display. The next few
experiments examine sow the pigeons are solving this discrimination.
Experiment 2

In this second experiment, pigeons’ ability to transfer their discrimination
to novel stimuli was tested. Specifically, pigeons were tested with familiar models
transiting in the opposite direction (i.e., right to left), discriminate walk and run
with a novel animal model (Dog, see bottom panel of Figure 1), and with a novel
number of transits within a trial (two or six instead of four). If the pigeons had
learned this action discrimination by memorizing stimuli or focusing on temporally
or spatially specific details, one would expect a failure to transfer to changes in the
model and movement pattern, whereas if they had formed a more general walk/run

concept one would expect successful transfer.



DYNAMICALLY OCCLUDED ACTION RECOGNITION IN PIGEONS 16

Procedure

Direction transfer. Videos were made depicting one of the three models
walking or running behind the varied occluders now in the right to left direction.
The on-off times described in Experiment 1 for the left to right stimuli were the
same in the right to left stimuli. Each test session presented six probe trials with the
model (cat) transiting from the right to left. The cat model was used as this model
supported the best discrimination for nearly all of the pigeons. All combinations of
occluder type and texture were tested each session. The remainder of the test
session consisted of 102 baseline trials with familiar models, for a total session
length of 108 trials. In the baseline trials, the two behaviors were counterbalanced
and presented equally often within a session, while the occluder features (type and
texture) were randomized. Six baseline S+ trials were conducted as probe trials,
one from each model, with occluder features randomized. The four test sessions
were separated by two baseline sessions (session setup described in Experiment 1)
to avoid learning effects. After testing the direction transfer, stimuli with all models
transiting from right to left were added into baseline for 26 sessions before further
tests.

Model transfer. Videos depicting a novel dog model walking or running

behind the varied occluders in either direction were tested. This model and resulting
videos were standardized to the same size and timing parameters as the training
items. Each test session presented six probe trials with the novel model. One
occluder type was tested per session using two trials of each occluder texture, one

of each direction. Across two sessions, all combinations of occluder type, texture
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and direction were tested as non-reinforced probes with the dog model. The
remainder of the test session consisted of 102 baseline trials with familiar models,
for a total session length of 108 trials. The baseline trials consisted of the two
behaviors and two transit directions counterbalanced within a session, while the
occluder features were randomized. Six baseline S+ trials were conducted as probe
trials, one from each model and direction, with randomly selected occluder features.
The four test sessions were separated by two baseline sessions. After testing the
model transfer, stimuli with the dog model were added into baseline for 40 sessions
before further tests.

Transit Number transfer. Videos were made depicting the cat model

walking or running behind the varied occluders in either direction in a novel number
of transits. In order to create stimuli in which the model transited twice or six times
across the screen (rather than four times), the time it took the model to move across
the screen was decreased (two transits) or increased (six transits) without changing
the behavioral cycle of the model. Therefore, there was no change in the relative
motion of the limbs (i.e., articulated motion) of the model, but the time it took the
model to cross the display (i.e., transiting motion) did change. The on-off times
were therefore different for each number of transits (see Table 1).

Each test session presented eight probe trials with a novel number of transits
(four trials each for two and six transits). All transfer probe trials used the cat model,
one occluder type and texture per session (counterbalanced across sessions), with
transit direction and behavior counterbalanced within session. Across the six

sessions, all combinations of occluder type, texture and direction were tested as
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non-reinforced probes. The remainder of the test session consisted of 100 baseline
trials with the familiar number of transits (four), for a total session length of 108
trials. Of the baseline trials, the two behaviors and four models were
counterbalanced and presented equally often within a session, while the transit
directions and occluder features were randomized. Four baseline S+ trials were
conducted as probe trials, all using the cat model, one occluder type and texture per
session (counterbalanced across sessions), with transit direction and behavior
counterbalanced within session. The six test sessions were separated by two
baseline sessions. After testing the new number of transits, stimuli with two and six
transits were added into baseline for seven sessions before further experimentation.

Results

Direction transfer. The pigeons were equally good at discriminating the
walk from run behaviors when the model was transiting from the right to left (mean
DR =.90) as they were when it was transiting left to right (mean = .88; see Figure
7A). A mixed RM ANOVA (S+ condition as a between groups factor and Session
x Direction as within subject factors) showed no effect of direction F(1,4)<1,p =
0.566. All other main effects and interactions were not significant.

Model transfer. When tested with the novel dog model, pigeons in both S+

conditions were equally good at discriminating the behaviors (Figure 7B). Across
all four test sessions the mean DR for the dog model was .78, whereas the mean
DR for the three baseline models was .84 (antelope .90, camel .72, cat .90). A one-

sample t-test for each model showed that the pigeons performed significantly
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different from chance (.5) with all four models (using a Holmes-Bonferroni
correction #s(5) > 5.3, ps <0.003, ds > 2.2).

An RM ANOVA (S+ condition as a between groups factor and Session X
Model as within subject factors) on the DR showed an effect of model F(3,12) =
7.6, p = 0.004, 0%, = .66. The pairwise comparisons on model showed a difference
that approached significance between the dog model and the antelope (p =.058) and
the cat model (p = 0.074), but no difference between the dog model and the camel
(p = 0.369). All other main effects and interactions were not significant.

Transit Number transfer. The pigeons were equally good at discriminating

the behaviors with both novel number of transits as they were with the baseline
number of transits (Figure 7C). Across all six test sessions, the mean DR when the
model transited the scene four times was .90. When the model transited the scene
two or six times, the mean DR was .93 and .89, respectively. A RM ANOVA (S+
condition as a between groups factor and Session X Transit Number as within
subject factors) showed no effect of transit number F(2,8) = 1.1, p = 0.406. There
was a three-way interaction showing that the walk S+ birds may have performed
differently with the two transit trials on some sessions, F(10,40) = 3.0, p = 0.007,
1%y = .427, specifically the fifth session as compared to the first session (pairwise
comparison, p = 0.026), but in the absence of main effects, lower interactions, or
systematic deviation across sessions, this three-way interaction is likely a Type I
error. All other main effects and interactions were not significant.

Previously, analyzing the pigeons’ horizontal peck location demonstrated

that the pigeons directed their pecks to the transiting model across the 20-s trial. In
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the current transfer tests, the number of transits was varied, calling for a
reexamination of this effect. If the pigeons were tracking the model across the
screen, then the number of cycles in the peck data should approximately match the
number of transits, and indeed the data reflect this pattern. Consistent with
Experiment 1, the mean horizontal position of 1-s bins of pecks per bird was
standardized such that the model’s origin (left or right) was coded as -1 and the
destination of the model (right or left) was coded as 1. The observed data was fit
by a sinusoidal function with the initial fit set at the number of transits in the trial
(two, four, or six) and search for the best fit proceeded from there. Some variability
and relatively worse fits as compared to baseline was expected given the extremely
small dataset being analyzed (432 trials total, 144 trials per transit number, 24 trials
per bird). Similar to the results presented in Experiment 1, when the model transited
the screen four times, there were an average of 4.1 observed cycles, 95% CI [3.17,
5.00]. The model was on average a good fit (mean R? = 0.44), but fit some of the
birds better than others (min R? = 0.22, max R? = (0.92). When the model transited
the screen twice, there were an average of 2.2 observed cycles, 95% CI[1.52, 2.96].
The model was on average a good fit (mean R? = 0.47), but there was a wide range
across the birds (min R? = 0.19, max R? = 0.90). Finally, when the model transited
the screen six times, there were an average of 6.2 observed cycles, 95% CI [5.82,
6.11]. The model was on average a good fit (mean R? = 0.48), but one pigeon (J3)
was distinctly different from the rest (J3’s R? = 0.06, among the other five pigeons:
min R? = 0.44, max R? =0.67). Given that J3 shows loss of stimulus control in the

latter half of the trial, the difference in his data from the other pigeons is relatively
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unimportant. Thus, even in transfer the pigeons continue to direct their pecks to the
transiting model over the course of the trial.
Discussion

This experiment shows that the pigeons could transfer their discrimination
between the behaviors of walking and running to a novel transit direction, model
and number of transits. Such successful transfer abilities suggest that the pigeons
were attending to, and basing their discriminations on, the relevant motion or pose
differences between the behaviors of walk and run and not memorizing stimuli,
consistent the results of Asen and Cook (2012).

These tests do not necessarily disambiguate whether the pigeons are
processing the models configurally or elementally. If the pigeons were relying on a
single elemental feature of the model, then one might expect a decrement when the
model starts its transit from the opposite side of the screen, when the model transits
more quickly or slowly than it did previously, or with a novel model and behavioral
cycle. However, the pigeons also may have formed a walk vs. run concept that only
relied on specific features (e.g. articulated motion of the front legs of the three
trained models) and the novelty of the transfers in this experiment did not disrupt
those features, thereby leaving the discrimination intact.

Experiment 3

In this third experiment, the effects of scene changes to the pigeons’
discrimination are examined. Specifically, the pigeons were tested with familiar
models transiting behind different occluders with fewer viewing areas (Figure 9)

and size-reduced viewing areas (Figure 10). Additionally, the effects of novel
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camera perspectives (Figure 11) and novel occluder textures (Figure 12) were
tested.

Intuitively, decreasing the visibility of the model both across the scene
(number of gaps) and within a single gap (reduced gap size) would reduce the
pigeons’ performance as the opportunity to process the model lessens. Changing
the irrelevant scene characteristics (camera perspective and occluder texture), in
contrast, should not hinder the discrimination as they do not change anything about
the behavioral information or it’s visibility or appearance. However, previous
research has shown that such changes to irrelevant features can surprisingly hinder
performance (DiPietro, Wasserman, & Young, 2002; Koban & Cook, 2009;
Lazareva, Wasserman, & Biederman, 2007; Qadri, Asen, et al., 2014).

Procedure

One gap transfer. For this transfer, videos were made depicting the cat

model walking or running behind occluders with only one of the four gaps available
to view the transiting model (Figure 9). In order to create stimuli in which only one
gap was available, the cylinder occluder was stretched to cover all but one of the
four gaps. While the cylinder occluder was familiar, stretching it created a fairly
novel occluder type. Additionally, as there was only one gap available to view the
model, the total viewing time was greatly reduced, and the amount of time the
model was visible in any one gap varied slightly as the side gaps were smaller than
the interior gaps (see Table 1). The size of the gaps from left-most (1) to right-most

(4) were: 1- 31 px, 2- 64 px, 3- 64px, 4- 17px.
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Each test session presented eight probe trials in which one of the four gap
positions (from left to right, gap position 1 through gap position 4) was available to
view the transiting cat model. Each of the four gap positions was presented twice,
once with each behavior for a total of four S+ stimuli and four S- stimuli. All
transfer probe trials used the cat model, the cylinder occluder type and one texture
per session (counterbalanced across sessions), with direction and behavior
counterbalanced within session. Across three sessions, all combinations of occluder
type, texture and direction were tested as non-reinforced probes.

The remainder of the test session consisted of 96 baseline trials with one of
the four models transiting behind the three occluders, for a total session length of
106 trials. Of the baseline trials, the four models were presented equally often
within a session, with the all combinations of behavior, transit directions, occluder
features, and number of transits randomized within a session. Two baseline S+ trials
were conducted as probe trials, using the cat model transiting left to right behind
the cylinder occluders, and one texture per session (counterbalanced across
sessions), with number of transits and behavior counterbalanced within session.
The six test sessions were separated by one baseline session.

After this initial one gap test, the baseline stimuli were modified in order to
make three equally sized gaps (see Figure 3). These gaps were the same size (64
px) as the two interior gaps in the original four gap scenes (see Figure 2). Pigeons
were trained with these three gap scenes for 10 sessions.

After training with the three-gap stimuli, one gap scenes were added to the

baseline training setup in which two of the gaps were blocked by an additional
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occluder and only one remained open (see Figure 10, 64 px row for examples).
These baseline sessions consisted of 111 trials with model, behavior, transit
direction, occluder features randomized and number of transits counterbalanced.
Scenes with three gaps were tested in 84 trials and scenes with one gap were tested
in 27 trials (9 trials with each gap position). There were a total of 21 non-reinforced
probe trials in every session. Twelve of the probes presented a three gap scene and
9 of the probes presented a one-gap scene, three trials of each gap position. See
Table 1 for timing information. Pigeons received 20 sessions of familiarization
training with these one-gap scenes before further testing.

Reduced gap transfer. Videos were made depicting the cat model walking

or running in scenes with a single gap of reduced sizes to view the transiting model
(Figure 10). In order to create stimuli in which the single gap was reduced in size,
the spacing of the cylinder occluders was changed such that the single gap was
reduced to one half, one quarter, and one eighth of its original size. As the gap size
was reduced, the total time to view the model also reduced (see Table 1).

Each test session presented 16 probe trials with a one gap scene in which
the gap size was varied. Six trials presented each of the three gap positions, two of
each size, one of each behavior. All transfer probe trials used the cat model
transiting from left to right for four transits behind the cylinders with a single
occluder texture per session, counterbalanced across sessions. On half of these test
sessions (six of twelve) two additional nonreinforced probe trials were included in
which no gap was visible to the pigeon. These stimuli did have a cat model walking

or running (one of each per session) behind the cylinder occluders, but it was
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completely blocked from view. A computational evaluation of the videos
(MATLAB) confirmed that the model was never visible in the no gap videos.

The remainder of the test session consisted of 95 baseline trials with one of
the four models transiting behind the three occluders, for a total session length of
111 trials. Of the baseline trials, 75 baseline trials presented a scene with three gaps,
while the other 18 baseline trials presented a scene with one gap, with six trials of
each gap position. The four models were presented equally often within a session,
with all combinations of behavior, transit directions, occluder features, and number
of transits randomized within a session. Five baseline S+ trials were conducted as
probe trials. Three of the probe trials were S+ three-gap baseline stimuli, using the
antelope, camel, or dog model for four transits with direction, occluder type, and
occluder texture randomized. Two baseline trials (an S+ and an S-) with the same
scene characteristics (animal model, transit rate, transit direction, etc.) were run as
non-reinforced probes, serving as controls. Test sessions were interspersed with one
baseline session between each test. After testing the reduced gap transfer, reduced

gap stimuli were added into baseline for 30 sessions before further tests.

Perspective transfer. For this transfer, videos were made using novel camera
perspectives. In these transfer stimuli, the cat model walked or ran from the left to
the right for four transits behind the block style occluders of familiar textures in
scenes with a single, central gap of the baseline 64-px size (see Figure 11). To create
stimuli with novel camera perspectives, the camera was rotated either 24° to the
right (Forward), 24° to the left (Back), 16° up (Up), 24° to the right and 16° up (Up

and Forward), or 24° to the left and 16° up (Up and Back). Each test session
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presented ten probe trials with the five novel camera perspectives and both
behaviors.

The remainder of the test session consisted of 96 baseline trials with one of
the four models transiting behind the occluders, for a total session length of 108
trials. Of the baseline trials, 24 baseline trials presented a scene with three gaps,
while the other 72 baseline trials presented a scene with one gap, 24 trials of each
gap position, six trials of each gap size. All combinations of model, behavior, transit
directions, occluder variations, and number of transits were randomized within a
session. Two baseline trials were conducted as probe trials, one S+ and one S- one-
gap baseline stimulus using the gap in the center position at the 64 px size with the
cat model transiting from left to right for four transits behind the blocks with a
single occluder texture per session. The three test sessions were interspersed with
two baseline sessions between each test.

Texture transfer. For this transfer, videos were made depicting the cat model

walking or running behind the occluders of novel colors, novel textures, or novel
both in scenes (see Figure 12). These displays used a single gap at the normal (64
pXx) size to view the transiting model from the left to the right for four transits.

In order to create stimuli with a novel color, the three textures were
modified to all be red in color. For a novel texture with familiar colors, the color of
each of the original textures was extracted and modified to a novel, marble pattern.
For novel both, the novel marble texture was presented with its original white color.
Each test session presented six probe trials in which variations to the occluder

texture was varied. Within a single session, variations to a single texture type (e.g.
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Brick, Metal, or Wood) was tested with the novel color (e.g., Red-Brick), novel
texture (e.g. Brick-Marble), and both (White-Marble), each presented in S+ and S-
displays. All combinations of baseline and modified occluders were presented
across the three test sessions. All transfer probe trials used the cat model transiting
from left to right for four transits behind the blocks.

The remainder of the test session consisted of 96 baseline trials with one of
the four models transiting behind the three occluders, for a total session length of
104 trials. Of the baseline trials, 24 baseline trials presented a scene with three gaps,
while the other 72 baseline trials presented a scene with one gap, 24 trials of each
gap position, six trials of each gap size. All combinations of model, behavior, transit
directions, occluder variations, and number of transits were randomized within a
session. Two baseline trials were conducted as probe trials, an S+ and an S- one-
gap baseline stimuli using the gap in the center position at the 64 px size with the
cat model transiting from left to right for four transits behind the blocks with a
single occluder texture per session. The three test sessions were interspersed with
one baseline session between each test.

Results

One gap transfer. Pigeons in both S+ conditions were good at discriminating

the walk from run behaviors when visible in only a single gap (Figure 13A), with
slightly worse performance with the smaller gaps (gap positions 1 and 4). Across
all six test sessions, the mean DR when the model transited the scene with four gaps
was .93, and when only a single gap was presented, the mean DR was .81.

Examining the mean DR for each single gap position, from left to right, the mean



DYNAMICALLY OCCLUDED ACTION RECOGNITION IN PIGEONS 28

DRs were .82, .83, .85, and with the last smallest gap .73. One-sample t-tests
confirmed that the pigeons performed significantly different from chance (.5) with
each of the four gap positions (using a Holmes-Bonferroni correction, #s(5) > 4.0,
ps <0.010, ds > 1.6).

A RM ANOVA (S+ condition as a between groups factor and Session x
Gap condition [all gaps baseline and four one-gap positions = 5 total levels] as
within subject factors) confirmed a main effect of gap condition F(4,16) =4.2, p =
0.016, but the further pairwise comparisons of the gap conditions holds the critical
information. They indicate a significant difference between four gap scenes and one
gap scenes for both small gap positions 1 and 4 (ps = 0.027) but not for gap positions
2 and 3. There was also a significant difference between gap position 3 and position
4 (p =0.030), which suggests increased difficulty as the gaps get smaller. This was
investigated more directly in the next test. All other main effects and interactions
were not significant.

Reduced gap transfer. Pigeons in both S+ conditions discriminated the walk

from run behaviors when visible in a reduced gap size as small as 32 px, but not
much smaller. Figure 13B shows the pigeons’ DR as a function of the decreasing
gap sizes across all test trials. Across all twelve test sessions, the mean DR with the
three gap scenes was .96 and the mean DR with the one gap at the baseline (64 px)
size was .88. The mean DR across all reduced sizes was .65 with a range of .56 to
.82. The mean DR for 32-px gap was .82, for 16-px was .56, and for 8-px was .57.
When the model transited the scene with no gap present, the mean DR was .42. A

one-sample t-test for each gap condition indicated that the pigeons performed
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significantly different from chance (.5) with the three gap scenes and one gap
scenes with 64-px and 32-px gaps (using a Holmes-Bonferroni correction #s(5) >
15.8, ps <0.001, ds > 1.3), but not with the one gap scenes of 16 px, 8 px, or no
gap scenes.

A RM ANOVA (S+ condition as a between groups factor and three-Session
block [due to the no gap condition not being tested every session] x Gap condition
[all gaps baseline, one gap at four sizes, and no gap = for six total levels] as within
subject factors) showed a significant effect of gap condition F(5,20) = 19.7, p <
0.001, n?, = .83. The pairwise comparisons of the gap condition showed a
significant difference between three gap baseline, one gap (64 px) baseline, and the
32 px sizes (ps < 0.015) but no difference between the no gap and the smaller sizes
that the birds could not discriminate. The pigeons’ discrimination for all transfer
stimuli did worsen across sessions, (main effect of session £(3,12) =4.4, p = 0.026,
1% = .52) likely as the birds identified them as non-reinforcing over time. This
reduction was specifically seen in the Run S+ condition (S+ condition % Session:
F(3,12) = 4.8, p = 0.020, n%, = .55) and especially for the no gap and smaller gap
sizes they could not discriminate (8 px and 16 px; Session X Gap condition:
F(15,60) = 2.3, p = 0.013, n?, = .36, S+ condition x Session x Gap condition:
F(15,60)=2.1,p = 0.021, 0%, = .35).

Following this experiment, the scenes with reduced gap sizes were added to
the baseline training sessions except for scenes with no gap. Analyzing this 30-
session phase showed a similar decreased ability to discriminate the model as

walking or running as the gap size became smaller. There was no improvement in
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the pigeons’ discrimination over sessions for any gap size, suggesting a true
minimum viewing area or time for the pigeons to successfully discriminate these
behaviors. A mixed RM ANOVA (S+ condition as a between groups factor and
Session x Gap condition as a within subject factors) on the DR showed a significant
effect of gap condition F(4,16) =307, p < 0.001, n*, = .987, but the main effect of
session was non-significant (£(29,116) =1.462, p = 0.082) and the interaction
between session and gap size was non-significant (F(116,464) = 0.97, p = 0.581).
The pairwise comparison of the gap sizes showed a significant difference between
all gap sizes (ps < 0.003).

In the previous experiments the pigeons were found to be pecking toward
the model as it transited the screen, and that the number of cycles in the peck data
closely matched the number of transits in the trial. With only one gap of various
sizes in which to view the model, the spatial and temporal distribution of pecks was
again analyzed (see in Figure 14). Unlike when there were several gaps to view the
model across the display, with no gap or a single gap even of the largest size, the
pigeons’ peck data did not show the familiar periodic cycles in horizontal location
across a trial. Fitting the sinusoidal model to the peck data in each of the no gap
condition, the average of all gap sizes for each standardized gap position, and the
largest gap size for each gap position, the best fit was found in the third gap position
(standardized as the gap closest to the model’s transit destination) with the largest
gap size only (range of 1.6 to 4.1 cycles and a mean of 3.5, 95% CI [2.53, 4.47]).
The sinusoidal model was generally a poor fit for these one-gap displays (mean R?

=0.35, min R? = 0.12, max R? = 0.59). The worst fit was found in the second gap
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position with all gap sizes averaged together, with a range of 1.3 to 20 cycles (with
20 cycles set as the cutoff in the fit) and a mean of 8.3, 95% CI [-0.01, 16.68], mean
R?=0.11, min R? =0, max R?=0.18). The poor fit of the sinusoidal function makes
clear that the pigeons are no longer tracking the model across the screen as it transits
when there is no viewing gap or with any single gap.

Instead of tracking the model, the pigeons peck for the majority of the time
at the gap where the model was, is, or will be visible. This can be seen in Figure
14.With the gap size of 64 pixels and 32 pixels, with which the pigeons could
discriminate the model behavior, the pigeons’ average horizontal peck location
relates to the horizontal position of the gap. However, when the gap becomes
sufficiently small that the pigeons are unable to discriminate the model’s behavior
and when there is no gap at all, the pigeons direct most of their pecks to the middle
of the display. This suggests a perceptual difficulty in perceiving the gap or the
model in the gap at all in the smaller gap conditions.

Perspective transfer. Pigeons in both S+ conditions could discriminate the

walk from run behaviors when the model transited behind familiar occluder with
novel camera perspectives, but showed a decrement with the camera angle rotated
up such that the “sky” portion of the scene was not visible (Figure 13C). Across all
three test sessions, the mean DR with a familiar camera perspective was .87,
whereas with a novel camera perspective it was .80. The mean DR for each of the
camera perspectives was .87 for Forward, .86 for Back, .69 for Up, .82 for Up and
Forward, and .72 for Up and Back. A one-sample t-test for each camera perspective

showed that the pigeons performed significantly different from chance (.5) with all
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five perspective changes (using a Holmes-Bonferroni correction, #s(5) > 4.8, ps <
0.005, ds > 2.0).

A RM ANOVA (S+ condition as a between groups factor and Session x
Camera perspective as within subject factors) showed a significant effect of camera
perspective on DR F(5,20) = 3.6, p = 0.017, 0%, = .474. The pairwise comparisons
showed a significant difference between the Up perspective and every other
perspective (ps < 0.043) except for the Up and Back perspective (p = 0.294). No
other camera perspectives were significantly different from each other (ps > 0.167)
or from baseline controls (ps > 0.188). All other main effects and interactions were
not significant.

Texture transfer. Pigeons in both S+ conditions were equally good at

discriminating scenes with familiar occluders and novel occluder colors with
familiar textures, but they showed a decrement with novel textures despite familiar
colors and a decrement when both texture and color were novel (Figure 13D).
Across all three test sessions, the mean DR when the model transited the scene
behind familiar occluder textures/colors was .90. A novel occluder color with
familiar textures yielded a DR of .83 while a novel occluder texture with familiar
colors yielded a DR of .75. The mean DR when the model transited the scene behind
an occluder with both novel color and novel texture was .60. One-sample t-tests for
each texture condition showed that the pigeons performed significantly different
from chance (.5) with novel color only and the novel texture only (using a Holmes-
Bonferroni correction, #s(5) > 4.7, ps <0.006, ds > 1.9), but not with the novel both

condition (£(5) = 1.2, ps < 0.289, ds > 0.5).
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An RM ANOVA (S+ condition as a between groups factor and Session X
Texture condition as within subject factors) showed a significant effect on DR of
texture condition F(3,12) = 5.5, p = 0.013, n%, = .58. The pairwise comparisons of
the texture condition showed a significant difference between familiar occluders
and occluders with novel both (p = 0.023), and a difference between familiar
occluders and occluders with a novel texture (p = 0.020) but not familiar occluders
and novel color (p =0.339).

Discussion

The pigeons discriminated the behaviors of walk and run when a single
viewing gap was available, and even when that single gap was reduced in size,
though a single gap reduced below 16 pixels did not support discrimination. These
results suggest that the pigeons needed at least an area greater than 16 pixels
horizontally to perceive the information needed to discriminate the models. For
example, if the articulated motion of the front legs was all the pigeons were
attending to, a gap of 16 pixels or less may not be large enough to distinguish the
movement in those limbs. Alternatively, the small gaps required an integration of
extremely small slices of information, beyond what the pigeons were capable.

The decrement to the pigeons’ discrimination with novel perspectives that
change the background significantly (Up camera perspective) and with novel
occluder textures demonstrates that changes to irrelevant scene features are
distracting, consistent with previous research (DiPietro et al., 2002; Koban & Cook,
2009; Lazareva et al., 2007; Qadri, Asen, et al., 2014). Previous speculation has

suggested that this difficulty may be an effect of the novel edge relationships that
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are created with changes to irrelevant scene features (Qadri, Asen, et al., 2014) as
edges have been shown to be salient features that pigeons readily attend to (Peissig,
Young, Wasserman, & Biederman, 2005).

However, specifically with the camera perspective transfer, the pigeons
successfully discriminated the behaviors of the models, even with the perspective
shift causing major changes to the appearance of the scene. This suggests some
amount of configural processing of the models as specific features, while still
visible, appear quite differently when the camera angle is changed. Additionally,
the novel texture only and the novel color only stimuli supported good
discrimination, suggesting not all irrelevant scene variation is the same. The major
failure in the occluder texture transfer, was chance-level responding when
presented with the novel occluder texture and color (White Marble); however,
testing differences between this and the other texture conditions could account for
this discrepancy. For the texture transfer and the color transfer, there were three
different conditions (red-brick, red-metal, red-wood; or brick-marble, metal-
marble, wood-marble), but only one novel both condition (white-marble). Extended
and repetitive testing with the single white-marble stimulus could have reduced
responding and consequently shifted the pigeons towards chance-level
discrimination.

Alternatively, these scene changes are exceptionally novel, which the
pigeons may use as a signal that reinforcement contingences have changed.
Examining peck rates for these test stimuli does show an overall reduction in

responding to both S+ and S- stimuli, especially to the white-marble stimuli and Up
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perspective transfer, suggesting that the pigeons expected no reinforcement for
responses to either stimuli.
Experiment 4

In this experiment, the effects of the different types of motion to the
pigeons’ discrimination are examined independently. When perceiving actions,
there are many different types of motion information that could be used, such as
pose information, transiting motion information, and articulated motion
information. Any given unmoving pose can convey the behavior being depicted, so
long as there is at least an association between the appearance of the pose (or even
the appearance of certain features in the pose) with the overall behavior. There is
also transiting motion information in which the direction and rate of motion can be
understood, but the behavior of the model must still be extracted from pose
information. Critically, there is the articulated motion information, in which the
relative movement of parts of the body is available.

To disambiguate what information the pigeons used in this behavioral
discrimination, pigeons were tested with stimuli of three different motion
conditions. The first test used stimuli with all motion information removed—a
familiar model was presented in an unmoving pose that was partially occluded so
that only a specific body part was visible without motion for the 20-s trial. The
second test used stimuli with transiting motion but no articulating motion by
configuring the model into a single static pose that transits across the display in a
“gliding” fashion. Finally, pigeons were tested with only articulated motion in the

model, which was presented as a model running or walking in place, partially
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occluded so that only a specific body area was visible. By separating the types of
motion in the stimuli, the contributions of the different motion and form
information can be disambiguated to discover what features the pigeons are using
to discriminate the actions.

Procedure

Static pose transfer. Videos were made depicting the cat model in a static

pose shown behind the occluders. Poses and model position were set such that only
controlled parts of the model were visible, which required the smaller, but still
discriminable, 32-px gap size. Six body parts were tested such that only the head
and neck was visible (Head), only the front legs were visible (Front Legs), all four
legs were visible (All Legs), only the torso was visible (Torso), only the rear legs
were visible (Back Legs), or only the tail was visible (Tail) in either in walk or run
unmoving pose (Figure 15) for the entire 20-s trial.

Each test session presented 12 probe trials which tested the static poses in
the one-gap scene using the cat model facing the left to right direction behind block-
shaped occluders. A single occluder texture was used per session, with all three
counterbalanced across three sessions. The remainder of the test session consisted
of 96 baseline trials which presented one of the four models transiting behind the
occluders, for a total session length of 110 trials.

Of the baseline trials, 24 baseline trials presented a scene with three gaps,
while the other 72 baseline trials presented a scene with one gap, 24 trials of each
gap position comprised from six trials of each gap size. All combinations of model,

behavior, transit directions, occluder variations, and number of transits were



DYNAMICALLY OCCLUDED ACTION RECOGNITION IN PIGEONS 37

randomized within a session. Two baseline trials were conducted as probe trials, an
S+ and an S- one-gap baseline stimulus using a central 32-px gap with the cat model
transiting from left to right for four transits behind the blocks with a single occluder
texture per session. The six test sessions were interspersed with one baseline session
between each test.

Transiting motion transfer. Stimuli for this transfer depicted the cat model

in a static pose transiting behind the occluders visible only as it passed through in
the middle gap at 32 px size. Four walk and four run poses were tested in each
session. Each pose was manually selected in order to have fair overall
representation of the distinctive poses of the behavioral cycles (Figure 16). Poses
will be referred to as run or walk poses 1 through 4, corresponding to the rows in
Figure 16 from top to bottom as there is no succinct, descriptive label for the poses.
Also note that no point of the walk or run cycle is inherently the “first” pose, so
there is no relationship between the poses in the running and walking sets tested
here.

All transfer probe trials used the cat model transiting from the left to the
right in an unmoving pose for four transits behind block occluders with a single
occluder texture per session, counterbalanced across three sessions. For all poses,
the model was initially off-screen for about 1.4 s, then was partially visible for
about 1.6 s in the middle gap, then was off-screen for about 2 s and this repeated
four times, completing the 20-s trial.

The remainder of the test session consisted of 96 baseline trials with one of

the four models transiting in a three-gap scene, for a total session length of 106
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trials. The session setup for baseline trials remained the same as in the previous test,
including the baseline probe trials. The six test sessions were interspersed with one
baseline session between each test.

Articulated motion transfer. For this transfer, the cat model was visible

running or walking behind the occluders, moving in place and visible in the middle
32-px gap for the duration of the 20-s trial. Five moving parts were tested in both
the running and walking behaviors each session such that only certain parts were
visible: only the head and neck (Head), only the front legs (Front Legs), all four
legs (All Legs), only the back legs (Back Legs), or only the tail (Tail).

All transfer probe trials used the cat model facing the left to the right
direction walking or running in place behind blocks with a single occluder texture
per session, counterbalanced across three sessions. The remainder of the test session
consisted of 96 baseline trials with one of the four models transiting behind the
three occluders, for a total session length of 106 trials. The session setup for
baseline trials remained the same as the previous test, including the probe tests. The
six test sessions were interspersed with one baseline session between each test.
Results

Static pose transfer. Pigeons in both S+ conditions were unable to

discriminate the walk from run behaviors when shown only a partially occluded a
model in an unmoving pose (Figure 17A). Across all six test sessions, the mean DR
when the model transited the scene normally was .89 which dropped to .51 when
presented as only a partially occluded static pose. This latter discrimination varied

slightly depending on the body part that was visible with a range of .42 DR to .58
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DR (torso.58, head.54, front legs.52, rear legs.51, all legs.51, and tail.42). One-
sample t-tests evaluating each body part, however, showed that the pigeons did not
perform significantly different from chance (.5) with any body part in a static pose
(using a Holmes-Bonferroni correction, #s(5) < 1.7, ps > 0.160).

A RM ANOVA (S+ condition as a between groups factor and Session x
Pose condition [baseline and six static poses = seven levels] as within subject
factors) showed a significant effect of static poses on the DR F(6,24) = 9.3, p <
0.001, n%,=.70. The pairwise comparison of the static poses showed a significant
difference between the baseline pose condition and all static pose conditions (ps <
0.015) while no other significant differences were detected. All other main effects

and interactions were not significant.

Transiting motion transfer. Pigeons in both S+ conditions were unable to
discriminate the walk from run behaviors when shown only a model in an unmoving
pose transiting across the scene behind the familiar occluders (Figure 17B). Across
all six test sessions, the mean DR when the model transited the scene normally was
.88, while the mean DR when the model was presented in a transiting motion pose
was .62. While clearly different from baseline performance (paired #5) = 6.8, p =
.001, d=2.8), the birds were still statistically better than chance overall (one sample
#(5)=2.9,p=.032,d=1.2). Because the running and walking actions have different
behavioral cycles and the poses across actions are not fundamentally related to each
other, DR is am insufficient metric for this test for examining differences between
the poses. Therefore a more detail analyses of mean peck rates will also be

conducted instead.
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For tractable interpretation of the results, four separate RM ANOVAs were
performed, run S+ birds’ data with running poses, the same with walking poses,
walk S+ birds’ data with running poses, and the same with walking poses (Session
x Pose condition [baseline and four transiting static poses = five levels]) as within
subject factors) on the mean pecks per second. The metric of pecks per second was
used to account for the different amount of time used for J3 (5 s) compared to the
other pigeons (10 s). Results showed that the run S+ and the walk S+ birds
responded differently to the different run poses (F(4,8) = 10.7, p = 0.003, n%, = .84
and F(4,8) = 11.7, p = 0.002, 1%, =.85, respectively) but both sets treated all walk
poses similarly (walk S+ F(4,8) = 1.5, p = 0.276; run S+ F(4,8) = 1.0, p = 0.481).
Additionally, for the walk S+ birds there was an interaction between Session and
Pose (F(20,30) = 2.8, p = 0.003, %, = .58) showing that these birds responded
differently with some of the run poses on the fifth session, but given the lack of a
main effect of session and no systematic changes to specific poses across session,
this interaction is likely a Type I error.

For the birds in the run S+ condition, the pairwise comparison of the run
poses showed a significant difference between baseline stimuli and run transiting
motion poses 1 and 4 (p = 0.017 and p = 0.024, respectively), but not between
baseline stimuli and run transiting motion pose 2 and 3 (ps = 0.073 and 0.052,
respectively). The pairwise comparisons for the birds in the walk S+ condition
showed a significant difference between baseline stimuli and run transiting motion

poses 1,3, and 4 (p =0.039, p =0.026, and p = 0.046, respectively), and approached
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significance between baseline stimuli and run transiting motion pose 2 (ps = 0.058).
All other main effects and interactions were not significant.

Articulated motion transfer. Pigeons in both S+ conditions were equally

good at discriminating the walk from run behaviors when shown only a part of the
model walking or running in place (Figure 17C). Across all six test sessions, the
mean DR when the model transited the scene normally was .90. The mean DR when
a part of the model was visible was also .90. This performance varied slightly
depending on the body part that was visible with a range of .81 DR to .95 DR (torso
.95, front legs .92, back legs .93, tail .89, and head .81). One-sample t-tests for each
part showed a significant difference from chance (.5) for all transfer stimuli (using
a Holmes-Bonferroni correction #s(5) > 3.1, ps < 0.027, ds > 1.3).

A RM ANOVA (S+ condition as a between groups factor and Session x
Articulated motion condition [baseline and five articulated motion views = six
levels] as within subject factors) showed no effect on the DR of the articulated
motion condition F(5,20) = 1.4, p = 0.269. There was a three-way interaction
showing that the run S+ birds may have performed more poorly with the head part
in the third session (£#(10,40) =2.5, p <0.018, n°, = .40), but in the absence of main
effects, lower interactions, or systematic deviation across sessions, this three-way
interaction is likely a Type I error. All other main effects and interactions were not
significant.

Discussion
Together, the results from Experiment 4 showcase the importance of

articulated motion in the pigeons’ ability to discriminate the behaviors of walk and
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run. This is not surprising as pervious research on action discriminations of both
humans and pigeons have shown a dynamic superiority effect, such that it is easier
to learn and perform an action discrimination when both pose and motion
information are available than when only pose information is available (Asen &
Cook, 2012; Cook & Katz, 1999; Qadri, Sayde, et al., 2014).

When only a single body part was visible in a static pose, the pigeons were
unable to discriminate the behavior depicted in the pose, regardless of what part of
the model was presented. Similarly, when presented with a static pose transiting
across the scene behind the occluders, the pigeons’ ability to discriminate the
behaviors was significantly worse than in baseline, but they discriminated at above-
chance levels. This improvement with transiting motion over static poses may
suggest that the pigeons can use static pose information to discriminate walk from
run behaviors if allowed to see more than a single part of the model. This is
suggestive that the pigeons may use global cues in at least processing form
information related to action recognition.

It is unlikely that the benefit of transiting motion was just seeing the “best”
part of the digital models as all parts of the model were ultimately tested in a static
pose, and no pose or body part alone supported above chance discrimination.
However, as each frame and pose of the model may not present equally
discriminative information, it is possible that the tested static poses did not provide
the features that the pigeons were relying on and testing additional poses may

evidence better discrimination. Alternatively, the dynamic motion of the model
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may capture the pigeon’s attention and allow them to attend to and process the
model in a way that static figures may not.
Experiment 5

In this final experiment, the pigeons were tested to see if they were relying
on local features or a larger configural representation of the models to perform the
discrimination. To do so, the pigeons were tested with stimuli in which the body
parts of models were presented in correct sequential order or out of order as they
transited the screen. If they were equally good at discriminating the behaviors with
a scrambled model as they are with an unscrambled model, it would suggest that
body position doesn’t matter, consistent with a representation involving the use of
more local features. If the pigeons showed a decrement in their discrimination with
a scrambled model, then it would suggest that larger configural representations of
the models were used in which the order of the body parts was encoded. Since the
models had previously been seen as occluded parts, the latter result would suggest
the birds had integrated these separate experiences into an integrated whole.

Pigeons were tested with two occluder conditions in which the model was
presented in unoccluded manner. In the “Behind” occluder condition, the occluders
were moved behind the model so that the model was unoccluded although the
occluders remained in the scene. In the “Absent” occluder condition, the occluders
were removed entirely from the scene so that the entire unscrambled and scrambled
models were visible. Given the previous findings in Qadri, Asen, et al. (2014) in
which a rock occluder added to the scene caused a decrement in the pigeons

discrimination, whether the rock was placed in front of the model or behind the
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model, it was suspected that pigeons may respond differently or stop responding
during the Absent occluder condition since their absence might easily detected or
be exceptionally novel.

To give the pigeons additional experiences with a wider variety of models
and increase their likelihood to attend and respond to novel stimuli, prior to the test,
familiar models with novel colorations or “skins” were integrated into baseline
training. Tests with visible unscrambled and scrambled models were conducted
three separate times. The first involved the familiar cat model with its original skin.
The second tested the dog model with its original skin. The third test involved the
cat model of a different, but familiar skin. Because the cat model has been
consistently used in transfer tests, it was important to test with a different skin to
confirm that the effects found were not due to increased familiarity with one
specific model or action sequence. These three tests allowed to see if the
scrambling of the parts had a consistent effect on discrimination.

Procedure

Videos were made depicting either a scrambled or unscrambled model,
either behind the occluders, in front of the occluders, or transiting across the scene
without occluders (see Figure 18). The “Absent” occluder condition was only
presented during the first test with the original cat model. It was dropped for the
following tests as the pigeons stopped responding to this condition, likely due to
the extreme novelty of the scene.

The models were segmented into five parts (Head, Front Legs, Torso, Back

Legs, and Tail) and positioned out of order from their normal position and in
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relation to each other. The unscrambled model was presented normally, so the head
appeared first, followed then by the front legs, the torso, the back legs, and finally
the tail. For the scrambled model the back legs were the first visible part, followed
by the torso, the head, the tail, and finally the front legs. Additionally, each part
was out of synchrony with the others, such that if the parts were positioned
correctly, the figure would still behave in a disjointed manner.

For the first scrambled cat test, twelve transfer probe trials presented the cat
model with the original skin transiting from the left to the right using block
occluders. For this test, behavior, scramble condition and occluder condition were
counterbalanced and a single occluder texture was tested per session,
counterbalanced across three sessions (2 behaviors x 2 scramble conditions X 3
occluder conditions). The remainder of the test session consisted of 96 baseline
trials with one of the four models transiting behind the three occluders, for a total
session length of 102 trials. The session setup for baseline trials remained the same
as previous tests in Experiment 4. The six test sessions were interspersed with three
baseline sessions between each test to avoid the pigeons learning about the test
stimuli. Test sessions were spaced further than previous tests due to the very distinct
and unfamiliar nature of the test stimuli.

After 32 baseline sessions, the scramble test was repeated using the altered
dog model with the original skin (see Figure 18, test two). The session setup was
the same as the first test, except that the Absent occluder condition was dropped
resulting in eight transfer probe trials (2 behaviors x 2 scramble conditions x 2

occluder conditions). The Absent condition was dropped due to a lack of



DYNAMICALLY OCCLUDED ACTION RECOGNITION IN PIGEONS 46

responding to stimuli in which the occluders were removed entirely, and this
condition was therefore also not included in analysis.

After a further 45 baseline sessions, the scramble test was repeated once
more using the cat model with a familiar, but different skin (see Figure 18, test
three). The session setup was the same as the previous test.

Results

Across the three tests, pigeons in both S+ conditions continued
discriminating the walk from run behaviors in all conditions, but their performance
was reduced with scrambled models, especially when the occluders were behind
models ( Figure 19). Across all 18 test sessions, the mean DR when the intact model
transited the scene while dynamically occluded (In Front occluder condition) was
.89, while the mean DR for the same scene with the scrambled model was .86.
However, when the occluders were placed behind the model (Behind occluder
condition) and the model was not dynamically occluded, the mean DR for the intact
model was .76 and reduced to .68 when the model was scrambled. A one-sample t-
test for each condition showed that the pigeons performed significantly different
from chance (.5) with the occluders in front of the animal both scrambled and
unscrambled (using a Holmes-Bonferroni correction, #s(5) > 6.9, ps < 0.001, ds >
2.8), and with the occluders placed behind the unscrambled model (#5) =4.9, p =
0.005, d = 2.0), and a close to significant difference with the occluders placed
behind the scrambled model (#(5) = 2.5, p =0.052, d = 1.0).

An RM ANOVA (S+ condition as a between groups factor and Transfer test

x Session x Scramble condition x Occluder condition as within subject factors)
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showed that the pigeons’ DR was worse when the model was presented without
occlusion (Occluder condition: F(1,4) = 57.7, p = 0.002, n°, =.94) and when the
model was scrambled (Scramble condition: F(1,4) = 8.6, p = 0.042, ", =.68).
Critically, there was an interaction between occluder condition and the scramble
condition (Occluder condition x Scramble condition: F(1,4) = 12.0, p = 0.026, n2,
=.75) demonstrating that the pigeons were yet worse with the scrambled models
when they were not occluded, making the scramble more apparent.

This interaction was driven mostly by the pigeons assigned to the walk S+
condition, (Bird condition X Occluder condition X Scramble condition: F(1,4) =
17.2, p = 0.014, n°p=.81).The run S+ birds showed a decrease in accuracy across
test sessions in the first test only (Bird condition x Transfer test x Session: £(10,40)
=2.7, p=0.013, n°p =.40) and they seemed to respond differently to the scrambled
dog than the two cat tests (Bird condition X Transfer test x Scramble condition:
F(2,8)=5.9, p=0.027, % =.60). All other main effects and interactions were not
significant.

Discussion

The scramble test was conducted in order to directly ask whether the
pigeons process the model holistically or elementally by quantifying their ability to
discriminate the behaviors of a whole model vs. a model with its parts out of order
and out of synchrony. Critically, all the individual parts in the scrambled model are
behaving in the same way (walking or running) and thus giving consistent and
reliable information. This means that if the pigeons are processing only a single

part of the model (the legs, for example) they would be equally good at
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discriminating a whole model’s behavior as a scrambled model’s behavior. If they
are processing the model configurally, however, then seeing the parts out of order
would violate an expectation and thus be harder (but not impossible) to
discriminate. Therefore, the decrement in their ability to discriminate scrambled
models as compared to intact models suggest that the pigeons are processing the
model in a configural rather than elemental manner.

Additionally, when the occluders no longer dynamically occlude the
transiting model (the behind occluder conditions), the lack of unity in the scrambled
model becomes more apparent. Therefore, the additive difficulty of recognizing
behavior with the occluders behind the model further suggests that the pigeons are
processing the model in a configural manner.

Given that the pigeons’ discrimination is hindered by irrelevant, novel
stimulus changes, one question to address is whether the decrement seen with the
scrambled models is due simply to the novelty of the stimulus. One possible
explanation for these results is that the change to the either the placement of the
occluders (Behind occluder condition) or the novel appearance of the model
(Scrambled), and especially when those novel features were combined (scrambled
model with occluders placed behind it) provided a distraction or a salient signal that
responses to this scene, even S+ behaviors, will not be reinforced. However,
specifically in the Behind occluder condition where the model is visible in its
entirety, the whole model is actually equally unfamiliar to the pigeons as the
scrambled model. The pigeons had never seen what the models looked like without

dynamic occlusion, and it is highly unlikely that they ever experienced these models
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in any other context (such as real cats or dogs), (the pigeons were received at an
age between 6-months to 1-year old, so it remains unknown what they may have
experienced during that time). As humans with experience with these animal
models from personal or media representations, we have a representation of what
the model looks like in its entirety as the various parts become visible and disappear
behind the occluders. If the pigeons lacked this integrated representation from their
lack of experience with these types of animals, then the unoccluded appearance of
the model, whole or scrambled, would be equally novel.

Secondly, let us consider just the first scramble test with the original cat
model in which the Absent occluder condition (no occluders behind or in front of
the model) was tested. In this condition a very different pattern of responding
emerges, such that the pigeon’s discrimination is hindered proportionally for the
whole and scrambled models (mean DR for Absent condition unscrambled .63 and
for Absent condition scrambled .61, Figure 20). A one-sample t-test for each
condition in this first test showed that the pigeons performed significantly different
from chance when the model was dynamically occluded, both unscrambled and
scrambled (using a Holmes-Bonferroni correction, #s(5) > 7.3, ps < 0.001, ds >
3.0). The pigeons also performed above chance with unscrambled models when the
occluders were moved behind the model (zs(5) = 5.4, ps = 0.003, ds = 2.2), but not
when the model was scrambled (#(5) = 1.7, p = 0.157). The pigeons were unable to
discriminate either the scrambled or unscrambled models in the Absent condition
(not significant with Holmes-Bonferroni correction, #s(5) < 2.8, ps < 0.003). This

suggests that with the occluders removed entirely, a sufficiently novel stimulus was
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created (by changing, irrelevant scene features) that the pigeons’ fundamental
discrimination is disrupted.
General Discussion

Given that pigeons have demonstrated difficulty integrating information
separated in space and time in many contexts, there were two fundamental
questions that drove this set of experiments. First, can pigeons discriminate the
behaviors of walk and run in a scene where the model is never entirely visible and
a holistic representation of the model and behavior would require such spatial and
temporal organization? Second, do the pigeons perceive the model in a holistic way
such that the behavior of the model is perceived as the motion of all parts of the
model in a unified fashion, or are they attending to elemental features or parts, such
that the motion information from a single part of the model is critical, and the parts
have no meaningful integration?

Across five experiments pigeons successfully discriminated between the
behaviors of walking and running while the figures were dynamically occluded
preventing them from seeing the entire model at any one moment in time. The
spatial and temporal distribution of the pigeon’s pecking behavior to positive
stimuli indicated that the pigeons tracked the model as it transited the scene. The
pigeons learned a generalized concept of the actions beyond stimulus
memorization, apparent through successful transfer to new animal models with
different behavioral cycles, as well as successful transfer to a novel transit direction
and number of transits. Additionally, the pigeons could discriminate the behaviors

with only a single viewing gap, even when that gap was very small. Consistent with
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previous research, however, major changes to the scene, even those that should be
irrelevant to the discrimination of the behaviors, were disruptive to the pigeons’
discrimination as seen in the occluder texture and camera perspective transfers.
Furthermore, the articulated motion rather than the transiting motion of the model
was critical for good discrimination, and the pigeons were unable to transfer their
discrimination to a partially occluded static pose, regardless of what part of the
model was visible. Finally, and most critically, the pigeons’ ability to discriminate
was worsened when the parts of the model were scrambled, especially when the
lack of cohesion was emphasized by not dynamically occluding the figures.

These results indicate that the pigeons may not only perceive the acting
model holistically, and do so even when such a representation requires integration
across space in time. This finding is consistent with the similar implications of the
results of Qadri, Asen, et al. (2014), and suggests that pigeons may process dynamic
occlusion similar to humans (Palmer et al., 2006). Further tests may continue to
rule out other reasonable hypotheses.

While the reduction with the scrambled figures is critical, the reported tests
used stimuli that were used with models scrambled in three ways: the order of the
body parts, the separation of the body parts, and the synchrony of movement across
body parts. Additional tests are needed to disambiguate which of these different
levels of disorder disrupted the pigeons’ discrimination. It is possible that the
pigeons were only disrupted by the fact that the tail was the first thing to appear on
the screen instead of the head, or that the order of the body parts did not matter, but

the gaps between the body parts was disruptive. By testing the appropriate stimulus
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variations (body parts presented in the correct order but with gaps between the
parts, for example) the possibly distinct effects of order, separation, and synchrony
can be better understood and disambiguated.

Additionally, tests with single parts of the model performing the articulated
and transiting motion are needed. If the pigeons perceive the model holistically, a
single body part transiting the scene should be disruptive, even if it contains all the
information necessary to discriminate the behavior. Third, stimuli with effectively
“invisible” occluders could be rendered, such that the various parts of the model
appear and disappear as they normally would, but there is no apparent object
occluding them. Furthermore, tests with PLD representations of the familiar models
could be presented to transit the familiar scene to see if these pigeons can create a
configural representation of the separated dots, which may suggest that the training
with dynamic occlusion was critical to the formation of a holistic representation.
Finally, a new set of pigeons could be trained on a discrimination between whole
models (S+) and parts or scrambled models (S-) that transit a scene with occluders
in the background and then examine pigeons’ responses when there is partial and
dynamic occlusion.

Many experiments have provided good evidence that pigeons may view
stimuli elementally or as distinct parts. This can be seen in failures to amodally
complete (see review in Qadri and Cook (2015)), difficulty in shifting attention to
global configurations in hierarchical stimuli (Cavoto & Cook, 2001), and lack of a

configural superiority effect (Kelly & Cook, 2003). Many, but not all, of these
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failures can be explained by specific task demands and by the pigeons’ general
neophobia.

The experiments reported here disagree with the idea that pigeons do not
process stimuli holistically, or at least that it is not their default process. It is
possible that pigeons are extremely biased to attend to local features due to their
ecology and ethology, but that they process holistically when it is beneficial to do
so. Perhaps in these experiments, the movement of the model or the naturalistic and
arguably ecologically relevant nature of these stimuli supports configural
representations in the pigeons.

It is unclear how related all of these different tasks are to the pigeons. For
example, some tasks involve having a representation of the occluded parts of an
object, representing disconnected parts into a single object, or integrating
information as it becomes visible into a whole all. All of these tasks seem to rely
on a configural style of processing, but perhaps these are actually each separate
system. It is possible that some of these processes are natural and available to the
pigeons and some are not. For example, while these experiments found that the
pigeons were expecting to see a whole, intact model when the occluders were
removed and were disrupted by a scrambled model, it does not necessarily
demonstrate that the pigeons have a representation of the occluded parts of the
model at the moment that they are occluded, which they would have if they were
amodally completing the object. Perhaps the failures in amodal completion studies

and the success here actually indicate that pigeons have no representation of things
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they cannot see, but when shown all aspects of an object, even at different times,

they form a representation of the whole object.
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Scene type | Gap size | Gaps visible Timing Two Transits | Four Transits | Six Transits
Time to initial appearance 0 0 0
Duration visible per transit 8.6 4.3 2.7
Duration invisible per transit 13 0.7 0.6
Varied | Four Gaps | Duration visible in first gap 33 1.6 1
Duration visible in second gap 3.6 1.8 1.1
Duration visible in third gap 3.6 1.8 1.1
Duration visible in fourth gap 3 1.4 0.9
Time to initial appearance NA 0 NA
30 px First Gap Duration visible per transit NA 1.6 NA
Four Gap Scene Duration invisible per transit NA 34 NA
Time to initial appearance NA 0.7 NA
64 px | Second Gap | Duration visible per transit NA 7.7 NA
Duration invisible per transit NA 2.6 NA
Time to initial appearance NA 1.7 NA
64 px | Third Gap Duration visible per transit NA 1.7 NA
Duration invisible per transit NA 1.5 NA
Time to initial appearance NA 2.7 NA
15 px | Fourth Gap | Duration visible per transit NA 1.5 NA
I eme._. Duration invisible por wansit [ _NA _ [~ 07 _ | _NA _]
Time to initial appearance 0.6 0.3 0.2
Duration visible per transit 7.6 3.7 2.5
Three Gaps Duration invisible per transit 1.8 1 0.7
Duration visible in a single gap 3.6 1.7 1.1
Time to initial appearance 0.6 0.3 0.2
First Gap Duration visible per transit 3.6 1.7 1.1
64 px Duration invisible per transit 5.8 3 2
Time to initial appearance 2.7 1.3 0.8
Second Gap | Duration visible per transit 3.6 1.7 1.1
Duration invisible per transit 3.7 2 1.2
Time to initial appearance 4.6 23 1.5
Third Gap Duration visible per transit 3.6 1.7 1.1
Duration invisible per transit 1.8 1 0.7
Time to initial appearance 0.8 0.4 0.25
First Gap Duration visible per transit 33 1.6 1
Duration invisible per transit 5.9 3 2
Time to initial appearance 2.7 1.4 0.9
32 px | Second Gap | Duration visible per transit 32 1.6 1
Duration invisible per transit 3.8 2 1.4
Time to initial appearance 4.8 24 1.5
Third Gap Duration visible per transit 33 1.6 1.05
Three Gap Scene] Duration invisible per transit 1.8 1 0.75
Time to initial appearance 0.9 0.4 0.3
First Gap Duration visible per transit 3.1 1.5 0.95
Duration invisible per transit 6 3 2.05
Time to initial appearance 2.8 1.4 0.93
16 px | Second Gap | Duration visible per transit 3.1 1.5 0.95
Duration invisible per transit 3.9 2 1.43
Time to initial appearance 4.9 2.4 1.53
Third Gap | Duration visible per transit 3.2 1.5 1
Duration invisible per transit 1.9 1 0.8
Time to initial appearance 1 0.4 0.35
First Gap Duration visible per transit 2.9 1.4 0.9
Duration invisible per transit 6.1 3 2.1
Time to initial appearance 2. 1.4 0.96
8 px Second Gap | Duration visible per transit 3 1.4 0.9
Duration invisible per transit 4 2 1.46
Time to initial appearance 5 24 1.56
Third Gap Duration visible per transit 3.1 1.4 0.95
Duration invisible per transit 2 1 0.85
Time to initial appearance NA 0 NA
0 px No gap Duration visible per transit NA 0 NA
Duration invisible per transit NA 0 NA

62

Table 1. Timing information for when the model is visible on screen and invisible

off screen for each scene type. The three right-most columns display the timing

information in seconds for each number of times the model of transits the scene.
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Antelope

Cat

Figure 1. A selection of poses from each of the four models used in these

experiments that are representative of the motion paths.
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Four Gap Three Gap

Figure 2. An example of a four gap and a three gap scene.
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Brick Metal Wood
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Figure 3. Examples of the two different occluder types and the three different

occluder textures.
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Figure 4. The mean discrimination ratio (DR) across the 24 sessions in the
acquisition phase of Experiment 1. Data in black depicts the average for the three
pigeons assigned to the Run S+ condition, data in white is for the three pigeons

assigned to the Walk S+ condition. Error bars depict SE.
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Figure 5. The mean discrimination ratio (DR) for each of the three model types
used in the baseline phase of Experiment 1. Data in black depicts the average for
the three pigeons assigned to the Run S+ condition; data in white is for the three

pigeons assigned to the Walk S+ condition. Error bars depict SE.
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Figure 6. Mean standardized horizontal peck location to S+ stimuli across time in
the trial using 1 s bins during the baseline phase of Experiment 1. The spatial
location of the pecks was standardized such that the models origin was coded as -1
and the destination of the model was coded as 1, with 0 therefore representing the

center of the display (dashed line). Error bars depict SE.
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Figure 7. The mean discrimination ratio (DR) for baseline stimuli (black) as

compared to transfer stimuli (gray) for each transfer test in Experiment 2. Error bars

depict SE.
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Figure 8. The mean number of cycles estimated from the peck data as a function of
the number of transits in the scenes. The dashed line represents a perfect match of
cycles to transits. Error bars depict SE.
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Figure 9. Examples of scenes from Experiment 3 during the one-gap transfer.
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Figure 10. Examples of scenes from Experiment 3 during the reduced gap size

transfer.
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Figure 11. Examples of scenes from Experiment 3 during the camera perspective

Walk

transfer.
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Brick Metal Wood

Figure 12. Examples of scenes from Experiment 3 during the occluder texture
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Novel Color
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(Marble)

Novel Both
(White Marble)

transfer.
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Figure 13. The mean discrimination ratio (DR) for baseline stimuli (black) as

compared to transfer stimuli (gray) for each transfer test in Experiment 3. Error

bars depict SE.
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Figure 14. The mean standardized horizontal peck location for each gap position
and gap size. Spatial location of the pecks was standardized such that the models
origin was coded as -1 and the destination of the model was coded as 1, with 0
therefore repressing the center of the display (dashed line). Gap position was
standardized such that the gap closest to the model’s origin was coded as one and

the gap closest to the model’s destination was coded as three. Error bars depict SE.
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Figure 15. Examples of scenes from Experiment 4 during the static poses transfer.
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Frame 3/19 Frame 1/36

Frame 6/19

Frame 8/36
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Frame 13/36
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Figure 16. The walk and run poses used in Experiment 4 during the static poses
transfer. Actual scenes during this phase had occluders present so that the static

pose of the model transited across the scene behind occluders.
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Figure 17. The mean discrimination ratio (DR) for baseline stimuli (black) as
compared to transfer stimuli (gray) for each transfer test in Experiment 4. Error

bars depict SE.
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Figure 18. Examples of scenes for the three tests in Experiment 5 during the

scramble transfer.
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Figure 19. The mean discrimination ratio (DR) across all three tests for baseline
stimuli in which an unscrambled model transits while dynamically occluded (black)
as compared to unscrambled model transits without occlusion (dark gray) and
scrambled stimuli, both occluded and not (gray). For the occluder conditions, In
Front depicts the model transited while being dynamically occluded, while the
Behind condition places the occluders behind the model, making the model entirely

visible. Error bars depict SE.
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Figure 20. The mean discrimination ratio (DR) for the first scramble test

only with

three occluder conditions. In Front depicts the model transited while being

dynamically occluded, while the Behind condition places the occluders behind the

model, making the model entirely visible. The Absent occluder condition was only

included in this first test and has no occluders present at all rather than

placed in

front of or behind the model. Baseline stimuli in which an unscrambled model

transits while dynamically occluded (black) is compared to unscrambled model

transits without occlusion (dark gray) and scrambled stimuli, both occluded and not

(gray). Error bars depict SE.
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