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Master Project 1: Pigeon Saliency Discrimination & Extinction Learning

The overarching goal of this project is to investigate how the saliency of a context influences
extinction learning in pigeons. In extinction learning, an individual acquires a behavior in a certain
context, e.g. a pigeon pecking on a specific stimulus. After changing the context, the stimulus no
longer gives the desired reward. This is where extinction learning occurs: The pigeon will stop
pecking on this stimulus. However, if the pigeon is now transferred back to the original context,
they spontaneously show the previous behavior again, which is called renewal (Bouton et al,,
2012).

In a series of different experiments, we are probing what ‘context’ means to the pigeons and if
classic learning principles apply to the ability of the pigeon to use stimuli as context (Elsner &
Hommel, 2004). Following this reasoning, the saliency of a context should influence the
extinction and renewal of the pigeons. In this experiment, we would first establish a saliency
discrimination curve (Hodos et al., 2002), using sine wave grating images and go/no go task (Kalt
et al., 1999). After, those stimuli are used in our extinction learning paradigm (Peschken et al.,
2025).
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Master Project 2: Memory and Attention Interaction

We aim to continue studying the neuronal correlates of attention and working memaory in birds.
Building on the laboratory's comparative cognition work, showing that cognitive capacities are
similar in birds and mammals (Hahn et al, 2021, Apostel et al 2023), we will investigate the
boundaries between attention and working memory, two processes closely related, interactive,
and often complicated to disentangle.

The student will help developing and test a behavioural paradigm like in Messinger et al. 2009,
adapted to freely moving birds. Briefly, the animal stays in the centre of the arena and a known
target appears in a random location, which the animal needs to remember. The target will start
moving around the arena and the bird must attend to it. After arandom amount of time the target
disappears, and one out of two possible cues is shown: one cue instructs the bird to report the
initial location of the target while the other requires reporting about the last location. The animal
choice is to move towards a spatial location and, if correct, the animal is rewarded. The target's
trajectory would initially be short and predictable, with a possibility for longer, non-predictable
or semi-hidden trajectories, increasing the attentional demands and testing for predictability
capacities.

With this paradigm we aim to:

- Evaluate if birds can hold a single spatial location in working memory while engaging with
an attentive task.

- Evaluate for how long and under what amount of attentional demand they can hold it.

- Test the hypothesis that, when the recollection of initial location is required, an increase in
reaction time will be measured, compared to reporting the last seen location.

- Test the hypothesis that trajectory predictability would increase the number of correct
reports.

- Check the fitness of the paradigm for further electrophysiological research, where we would
record neuronal populations while performing the task.

The student is expected to help refining the task, and train the birds, perform the experiments,
and analyse the data. There is the option of participating on the preparations for
electrophysiological recordings. Skills that would help are experience handling animals and
programming experience in Matlab. These could be acquired over the course of the project.
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Master Project 3: Head and Eye Movements in Unrestrained Birds

Animals use vision to gather information about their environment, which allows them to make
behavioral decisions. They will often move their heads or eyes to inspect areas of interest.
Animals with laterally placed eyes display different patterns of ocular movement, compared to
the saccadic motion, observed in animals with frontally placed eyes (Tyrrell et al. 2014).

It has been methodologically challenging to control for the gaze direction of birds, during the
performance of cognitive tasks. There is a lack of data when it comes to the quantification of the
degree to which different species move their eyes, relative to their head direction. Therefore, few
studies to date have been able to accurately determine where laterally eyed animals direct their
visual attention.

Recently, the NGL lab has established an eye-tracking procedure, based on computer vision
algorithms. The masters project here proposed aims to use this technology to quantify the degree
of eye movement, relative to head position, in two different bird species: the pigeon (Columba
livia) and the jackdaw (Corvus monedula).

In this project, you will:
Program in MATLAB (paradigm implementation, data collection and analysis)
Handle and train birds.
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Master Project 4: Using Rapid Serial Visual Presentation to Analyze the Processing
Speed of Pigeons during Object Recognition

Our brain allows us to recognize thousands of objects within a split second, and it does that with
seemingly little computational effort. However, this ability must not be taken for granted. The
high speed and accuracy that characterizes our visual system has so far only been observed in
primates and requires a series of visual cortical structures in the ‘ventral stream’ that uses
hierarchical processing to extract features of increasing complexity and with growing invariance
to the observer's viewpoint. There is behavioral and neuronal evidence to suggest that a single
feed-forward pass along the ventral stream suffices to make categorical information accessible
for downstream areas, and that this enables us to recognize objects at above-chance level after
seeing them for just ~15 ms (Keysers et al., 2001k). While the ventral stream’s approach to visual
processing is doubtlessly very efficient, a strong research focus on primates has led us to ignore
the possibility that other species outside the research spotlight might match or even exceed
primate performance in object recognition tasks. From an evolutionary perspective, birds can be
assumed to have evolved a powerful visual system as they heavily depend on visual information
during foraging activities, predator avoidance, navigation, or social interaction. Moreover, birds
are an interesting model for vision science because of their brain organization. Rather than
consisting of cortical layers, the avian brain is organized into nuclear clusters, which opens a
unigue window into the links between brain structure and function.

The main goal of this project is to quantify the speed of object recognition in pigeons using a rapid
serial visual presentation paradigm. That means that we will present images to the subjects that
depict objects from different perspectives while manipulating the duration each object stays on
screen. This will enable us to address some interesting questions about the optimization of visual
processing in the avian brain: How does the avian visual system trade off speed and accuracy
when disentangling different object identities? To which extent are pigeons affected by
restrictions of viewing duration, and what does this teach us about the efficiency of their
(hierarchical?) visual processing? And finally, how is visual processing speed affected by
alterations of object appearance?

For this project, programming in Matlab is needed for the implementation of the paradigm and
the data analysis. A good understanding of different statistical approaches is required as well.
We furthermore expect the student to work hands-on with pigeons during animal training and
data collection and to take responsibility for the birds for the duration of the experiment.

If you are interested in this project, please send an email to: Annika.Verfers@rub.de
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Master Project 5: Establishing Visual Priming Effects as an Implicit Measure of
Invariant Object Recognition in Pigeons

Invariant object recognition is the ability to correctly assign labels to objects although an object’s
appearance may vary drastically with the viewpoint of the observer and with background
changes. In mammals, this ability is ascribed to a hierarchy of visual cortical structures in the
‘ventral stream’ that builds selectivity for increasingly complex features as well as tolerance to
indentity-preserving image variation. While the bulk of object recognition research has focused
on primates, it is crucial that we also test the generality of object recognition theories in brain
organizations other than the cortex. Birds are ideal candidate species for achieving this goal, as
they are highly visual animals and have evolved a nuclear brain without a cortex. To conduct
meaningful comparisons between mammals and birds, it is relevant to adhere to standardized
experimental procedures to ensure that differences between species are attributable to
differences in brain function rather than to poorly matched task demands. We have recently
tested pigeons in a paradigm inspired by rodent research (Zoccolan et al., 2009) and found that
pigeons show object recognition behavior similar to rats. When tested explicitly with novel
appearances of previously learned objects, both species achieve above-chance object recognition
across a variety of object transformations but also show decreasing performance as a function
of transformation magnitude. We next aim to analyze priming effects as an implicit measure of
object recognition. The study will follow a protocol outlined in Tafazoli et al. (2012): Following
discrimination training involving two artificial objects in a default view, subjects learn to apply
the discrimination to a series of morph stimuli, forming a continuous shape dimension. Along that
shape dimension, the probabilities of reporting each object identity is expected to follow a
binomial function. Subsequently, subjects will be tested in priming conditions where either a
default prototype view or a novel transformed view of one of the learned objects is flashed before
the morph stimulus appears. Priming effects can be quantified by measuring how much the
binomial curve shifts towards the identity of the prime. The similarity of priming effects evoked
by the default vs the transformed objects views can be interpreted as a measure of the perceived
similarity between the primes that is free from the influence of explicit learning.

For this project, programming in Matlab is needed for the implementation of the paradigm and
the data analysis. A good understanding of different statistical approaches is required as well.
We furthermore expect the student to work hands-on with pigeons during animal training and
data collection and to take responsibility for the birds for the duration of the experiment.

If you are interested in this project, please send an email to: Annika.Verfers@rub.de
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