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3Foreword

Dear Reader, 
About five years ago, more than 130 researchers from twelve  disciplines 
of intelligence research set out on a journey with the goal to under
stand intelligence. This book tells the story of that journey up to the 
present day. We were motivated by the idea that, if the individual 
disciplines so far had not been successful at explaining intelligence, 
maybe we could make better progress by joining forces. And so 
we did, in the context of the Research Cluster of Excellence “Science 
of Intelligence,” funded by the German Research Foundation (DFG).

The notion of intelligence for us encompasses all the awe-inspiring 
things that animals, including humans, are capable of: their surprising 
survival skills, the ingenuity in solving new problems seemingly 
with ease, and the adaptability to changing environmental conditions. 
The artificial intelligences created thus far, even though marvelously 
impressive and economically successful, do not come close in many 
regards to what evolution has led to in the realm of biological species. 
But we believe that a better understanding of biological intelligence 
will also allow us to create better artificial intelligences.

In this volume, you will find the many accomplishments of our 
journey, from the realms of biological and artificial intelligence, but 
also the many new questions we encountered. We hope that our 
stories are compelling and that they  communicate our scientific 
progress. We hope that you will find it worthwhile to continue 
our journey, collectively, across the many scientific communities.

All of our efforts are framed and guided by our desire to do  intelligence 
research in an ethically sound manner. We are aware of the risks 
associated with any technology and we are doing our best to ensure 
that everything we do helps us make progress responsibly.

Now I would like to invite you to embark on your own journey 
through this book. Find your path from story to story, explore and 
 assess the wealth of information, let the compelling figures and 
illustrations trigger your imagination. And while you do that,  maybe 
you’ll be impressed with all the things intelligence allows us to 
accomplish.

Enjoy!

Oliver Brock
SCIoI Spokesperson

We examine and build 
 intelligent behavior  

in order to understand it

Oliver Brock – SCIoI Spokesperson
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Understanding intelligence is one of the great 
scientific challenges of our time. Yet, in spite 
of extensive research efforts spanning many 
scientific disciplines, our understanding of 
 intelligence remains fragmented and incom
plete. Until now, the involved disciplines have 
 remained segregated, each producing its own 
theories and empirical findings about aspects 
of intelligence. 

However, these theories and results are of
ten disconnected and sometimes inconsistent. 
SCIoI marks a turning point: It attains cohesion 
among those disciplines and is a  unified scien
tific endeavor towards an understanding of 
intelligence. 

To reveal the principles of intelligence is a 
long-term goal. Therefore, the cluster is de
voted to the training of the next generation of 
intelligence researchers, who will be “natives” 
in our Science of Intelligence and will ensure 
a deep and lasting integration of the disci
plines.

Intelligence research is fundamental sci
ence but it has and will continue to have an 
immediate impact on industry and society. 
Hence, it is our responsibility to continuously 
assess the societal and scientific implications 
of our work and to ensure that research at 
 SCIoI progresses in a socially responsible and 
ethically sound manner. 

The interactive fish projection at the Humboldt Lab 
exhibition Nach der Natur

Who We Are

What are the principles of 
intelligence, shared by all forms of 
intelligence, no matter whether 
artificial or biological, whether robot, 
computer program, human, or 
animal? And how can we apply 
these principles to creating intelligent 
technology? Answering these 
questions – in an ethically 
responsible way – is the central 
scientific objective of the 
Cluster of Excellence Science of 
Intelligence (SCIoI).
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Dec 2021  

 All over the News with  
 the “Mexican wave” 
SCIoI researchers travel to Mexico to investi-
gate sulphur mollies, fish that create collective 
waves to scare predators away. The news 
grabs the attention of The New York Times. 

Aug 2022  

 Berlin Summit on Robotics 
SCIoI sponsors and hosts the Berlin Summit 
on Robotics 2022. 

Jul 2023  

 New Membership 
SCIoI becomes a member of the 
Big Data Value Association (BDVA).

Aug 2023  

 The SCIoI Summer School 
SCIoI hosts its first summer school in 
 collaboration with the International Society 
for Adaptive Behavior (ISAB).  

Sep 2023 
 Master’s Track 
The SCIoI Master’s track is launched. 

Sep 2023  
 The SCIoI Fair 
Politicians, scientists, and 
the public visit the SCIoI Fair, 
an interactive event about 
Science of Intelligence and 
intelligence  research. 

2024 and beyond  
 Looking to the Future 
As we approach our sixth birthday, we are 
as eager as ever to continue our research 
and to add new elements and disciplines 
to integrate an evolutionary perspective. 
We want to further expand our valuable 
collaborations and continue our journey in 
the  discovery of intelligence. 

2019 

 Hello, World! 
SCIoI receives funding from the German 
Research Foundation (DFG) to conduct 
seven years of intelligence research.

2020 

 The Pandemic doesn’t  
 stop SCIoI Research 
Covid-19 strikes, but research  
goes on at our cluster. 
Lab development progresses.

Feb 2021 

 More Funds from  
 the Berlin University  
 Alliance (BUA) 
SCIoI and fellow Cluster of Excellence 
Matters of Activity receive funds from 
the BUA to set up an “Experimental Lab 
for Science  Communication.” The three-
year project “CollActive  Materials” is 
born with the aim of bringing citizens 
together, so they can imagine futures 
with intelligent materials.

Mar 2021 

 GSEP Fellowships  
 Assigned 
Through the Global Scientific Exchange 
Program (GSEP), SCIoI grants six fully 
funded, three-month fellowships to  
Master’s-level students who will visit 
the cluster from across Africa in  
the summer. Jun 2021  

 SCIoI Featured at  
 Humboldt Forum  
 exhibition 
The Humboldt Forum museum inaugu-
rates Nach der Natur, an exhibition that 
shows the fragility of nature through 
objects, videos, and simulations from all 
seven of Berlin’s Clusters of Excellence. 

Nov 2021  

 Labs Open! 
The SCIoI labs are ready for scientists to move in: 
These include the Čapek Lab, the Asimov Lab, 
the Visual Capture Lab, the Media Lab, and the EEG 
(electroencephalography) Lab (see p. 104). 

Cluster Timeline 

May 2023  

 Podcast Launched 
A team of SCIoI researchers 
launches “Punching Cards, 
the podcast about all things 
  intelligent,” featuring stories, 
anecdotes, and interviews about 
intelligence research (p. 80).

June 2023  
 Integration  
 Hackathons 
SCIoI researchers set up 
regular meetings, the 
 “integration hackathons,” 
where they discuss how to 
best integrate disciplines.

https://www.nytimes.com/2021/12/22/science/fish-wave-mexico.html
https://berlinsummit.org/
https://berlinsummit.org/
https://www.scienceofintelligence.de/summerschool/
https://www.scienceofintelligence.de/master-track/
https://www.scienceofintelligence.de/activities/scioi-fair-recap/
https://www.collactive-materials.de/
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.scienceofintelligence.de/research/facilities/
https://www.scienceofintelligence.de/punchingcards/
https://www.scienceofintelligence.de/punchingcards/
https://www.scienceofintelligence.de/punchingcards/
https://www.scienceofintelligence.de/news-sciois-integration-hackathons-bring-disciplines-closer-together/
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7. Providing long-term career 
perspectives for young 
intelligence researchers

Max Planck’s principle states that “a new scien-
tific truth does not triumph by convincing its 
opponents and making them see the light, but 
rather because […] a new generation grows 
up that is familiar with it” (Planck, 1950). We 
 create long-term career perspectives for a new 
generation of scientists, rooted in a unified 
Science of Intelligence.

9. Transferring research results 
into industry

Intelligence research is fundamental science 
but it also has an immediate benefit to industry 
as it responds to pressing economic needs. 
We engage in mutually beneficial collaborations 
with companies to transfer insights on intelli-
gence into applications.

10. Assessing the societal and 
scientific implications of SCIoI

A synthetic understanding of intelligence can 
have a profound impact on society and science. 
We want to ensure that research within SCIoI 
progresses in a socially responsible and ethically 
sound manner. We will continuously validate 
and improve our proposed scientific approach.

6. Training the next generation 
of interdisciplinary intelligence 
researchers

For centuries, science has progressed within 
disciplinary boundaries. These boundaries se-
verely impede solving many of today’s pressing 
scientific challenges, the study of intelligence 
being one of them. We have developed novel 
curricula and training programs to prepare 
 early-career scientists to solve inter disciplinary 
scientific challenges.

8. Uniting the disciplines  
of intelligence  research in 
one laboratory

The physical proximity of collaborators 
and the interdisciplinarity of collabora-
tions positively correlates with the im-
pact of research. SCIoI unites principal 
investigators from many disciplines in a 
single laboratory, creating a permanent 
structure to support impactful research.

Objectives of SCIoI 
1. Identifying the principles  
of intelligence

Understanding intelligence remains one of 
the most important, largely unsolved scientific 
problems of our time. Intelligence defines us 
as a species and plays an important role in our 
daily lives. Technological realizations of intelli-
gence aim to fundamentally change the way we 
live. SCIoI wants to identify and understand the 
principles that underlie intelligence.

5. Building an international 
community of  
intelligence researchers

We want to create a global community 
of intelligence researchers, propagating 
our integrative scientific approach. 
For this reason, we have established 
 alliances with many different prestigious 
 international institutions (p. 113).

2. Closing the gap  
between biological and  
artificial intelligence

There are fundamental differences between 
biological and artificial intelligence.  
By synthesizing technological artifacts of in-
creasing intelligence, we want to system atically 
close this gap, producing technology that 
is  intelligent.

3. Uniting the disciplines  
of intelligence  research into a 
Science of Intelligence

Disciplinary fragmentation is a major obstacle 
to progress in intelligence research. We want to 
overcome this fragmentation by uniting the 
disciplines in a single research project. Through 
an integrated, interdisciplinary team effort, we 
aim to lay the foundations for a unified Science 
of Intelligence.

4. Developing engineering 
paradigms for  intelligent 
systems

The dominant paradigm in engineering as-
sumes the decomposability of problems. We 
believe that this assumption does not hold 
for intelligent agents: functional components 
of intelligence engage in rich and complex inter-
actions and cannot be decomposed. To  account 
for this, we aim to develop novel engineering 
approaches for building intelligent machines.
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“SCIoI goes far beyond 
current AI research by 
jointly investigating both 
biological and artificial 
intelligence, giving us 
a unique perspective on 
intelligence research.” 

“For instance, it allows us to compare 
biological learning/problem-solving 
behavior against AI models in  complex 
experimental scenarios. By designing 
these scenarios with experts across 
disciplines, we gain a more principled 
understanding of intelligent behavior 
and the conceptual limitations of 
current AI models. This in turn en
ables us to formulate novel machine 
learning methods, for instance in 
the fields of continuous and noise- 
robust learning.”

“How do we address 
complexity in engineering 
decision and control 
problems? The study of 
biological intelligence 
is crucial to answer this 
question.” 

“Finding methods to handle complex
ity in control engineering problems 
is a major and largely unsolved chal
lenge. Biological systems, on the 
other hand, seem to be extremely ef
ficient in coping with many degrees 
of freedom when facing decisions, 
and come up with solutions under 
severe time and processing con
straints. We believe that studying 
biological intelligence within the in
terdisciplinary framework of SCIoI 
will reveal principles that can be 
transferred to synthesize control for 
complex engineering applications.”

“Our exploration into the 
ethics of AI is not just 
philosophical. It’s about 
creating a framework 
that ensures the 
responsible development 
and deployment of 
intelligent systems.”
“Creating technological artifacts that 
mimic human intelligence raises eth
ical questions. In recent years, artificial 
intelligence (AI) has become more and 
more prevalent in our lives, and con
cerns around its ethics have grown. At 
SCIoI, we are integrating ethical con
siderations into all projects through 
a comprehensive ethics review pro
cess and a program to raise awareness 
of associated issues. By in corporating 
an ethical design from each project’s 
inception we want to ensure compli
ance with ethical standards.” 

Alan Akbik  
Machine Learning

Joerg Raisch 
Control

Christa Thöne-Reineke
Behavioral Biology

Visions

“Collaboration is key at 
SCIoI. By sharing 
knowledge across fields, 
we’re not just solving 
puzzles; we’re paving the 
way for groundbreaking 
discoveries in 
intelligence research.” 
“A good example of that is the devel
opment of the Robofish (see p. 56). As 
fish biologists we had many ideas on 
how the collective behavior of fish 
schools might work. However, it was 
only when engineers in collaboration 
with us built a fish robot that could 
be integrated into a real fish school 
that we were able to put some of our 
ideas to the test. We discovered 
among other things that fish can 
 anticipate the behavior of their con
specifics.”

“AI can transform 
education. By studying 
learning processes, we 
can develop systems 
that adapt to individual 
needs, making learning 
more accessible for all.”

“We aim to develop perspectives on 
adaptive learning by bringing to
gether research in computer vision, 
robotics, IT, and educational psy
chology. This lets us expand  current 
knowledge on the moti vational-
affective foundations of adaptive 
learning processes. SCIoI’s collabo
rative environment helps us better 
understand how artificially intelli
gent agents and humans can learn 
together. This advances the field and 
addresses societal challenges, such 
as the need to tailor communication 
to each learner’s  individual needs.”

“Biology is undergoing a 
revolution towards larger 
and larger datasets. 
To make sense of this 
data deluge, we need 
the interdisciplinary and 
collaborative spirit 
we live in the cluster.” 
“This is true for almost all branches 
of biology, but behavioral biology is 
a nice example. In the past, research
ers had to watch long hours of video 
and annotate what the animals were 
doing. Today, we find ourselves using 
tools from robotics to control the ex
periment, artificial intelligence to 
analyse videos on high-performance 
computers, and statistical models 
from physics to understand the be
havior. These are exciting times!”

Our Principal Investigators share their thoughts 
and visions for our cluster.

Jens Krause
Behavioral Biology

Rebecca Lazarides
Educational Science 

Henning Sprekeler 
Computational Neuroscience

http://www.scienceofintelligence.de
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Interdisciplinary 
collaboration at SCIoI

Research
Intelligence research is an 
interdisciplinary effort made up 
of many different components, 
and our research projects  
represent these components 

Our Disciplines 
Understanding intelligence is an interdisciplinary 
endeavor. Our researchers observe and analyze 
intelligence from the points of view of their different 
disciplines. Here is an overview of what these are. 

Psychology Machine 
Learning

Behavioral 
Biology

Robotics

Philosophy Computer 
Vision

Educational 
Science

Cognitive  
Science

Sociology Control Computational  
Neuroscience

Computer 
Science

http://www.scienceofintelligence.de
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Behavior 1 Individual intelligence: escaping from an escape room

Behavior 2 Social intelligence: learning in social interaction

Behavior 3 Collective intelligence: cooperative shepherding

Research Structure

 1. Research units 
One way to organize our scientific work is by 
research unit, where each of our four units is 
based on a different research question. 

We observe intelligent behaviors in nature 
and attempt to synthesize them (Unit 1). From 
these studies, we extract general principles of 
intelligence (Unit 2), which we further develop 
within technical systems in a next step (Unit 3). 
This research strategy is accompanied by on
going evaluation of ethical and philosophical 
parameters of intelligence research (Unit 4). 

 2. The synthetic-analytic loop 
Intelligent behavior shouldn’t be observed only 
in terms of its various functions and compo
nents, but also as something complex that can 
only be studied as a whole.

Therefore, we combine analytical (mostly 
non-technical) disciplines with synthetic 
(technical) methods, while both fields are in 
continuous evaluation with each other. In  other 
words, we examine intelligent behavior in 
 nature (analytic side) in order to gather prin
ciples that will help us build efficient robots 
(synthetic side), which in turn will give us a 
better understanding of natural processes, in 
a continuous synthetic-analytic loop.

Our goal is to uncover the principles of intelligence in 
nature and to translate this knowledge into principles 
that will help us design and create intelligent artificial 
systems. In order to do this in an efficient manner, 
we look at our projects from different perspectives. 

 3. The example behaviors 
In addition to the four research units, research 
at SCIoI can also be organized into three 
 subunits, each pertaining to a specific type of 
intelligence, and characterized by a corre
sponding intelligent behavior. These example 
behaviors (pictured right) are chosen to  capture 
fundamental aspects of individual intelligence, 
social intelligence, and collective intelligence.

Individual intelligence is attributed to a single 
agent (i.e., a person, an animal, or a robot) 
 behaving in their environment (e. g., solving 
queries and opening locks to get out of an es
cape room).

Social intelligence is shown when several 
agents that exhibit individual intelligence 
 interact with each other (e.g., collaboratively 
solving a puzzle), possibly also learning new 
things through social interaction.

Collective intelligence is shown by a group of 
agents, but in contrast to social intelligence, 
the resulting behavior cannot be attributed to 
any of the individuals but only to their collec
tive (e.g., a swarm of fish escaping a predator, 
or a flock of sheep following the shepherd).

 4. Project families 
For the purposes of science communication, 
we came up with a fourth, more thematic, type 
of subdivision, which groups the research 
 projects into thirteen project families, such as 
“ethics,” “lockbox projects,” “collective  cognition,” 
and so on. This gives readers a further and in 
some cases more immediate perspective on 
how thematically similar projects are  connected. 
For this Cluster Report, we have chosen to 
present our research by project family. 

http://www.scienceofintelligence.de
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experiment, Alice was joined by Alex Kacelnik, 
an Oxford University behavioral biologist who 
was interested in animal intelligence, but also 
curious about how natural intelligence relates 
to artificial intelligence. When, a couple of 
years later, Alex organized a meeting in Oxford 
about these topics, he met a Berlin roboticist, 
Oliver Brock, and together they started talking 
about the interaction between animal behavior 
and robotics. Their relationship developed 
from there, and it may not be too far-fetched 
to say that that was one of the sparks that later 
gave rise to SCIoI: Brock, Kacelnik, and von 
 Auersperg became important founding pillars 
of the cluster, and when the time came, they 
drafted their proposal for a project on cocka
toos and robots. 

When asked what the project was about, 
Alex Kacelnik said, “We are trying to find out 

Above and left: 
cockatoos at the 
University of 
Veterinary Medicine 
in Vienna 

whether cockatoos can infer physical proper
ties of the world, other than specific solutions 
to specific problems, and at what level of con
ceptualization they can learn sophisticated 
forms of mechanical solutions. This helps our 
research in two directions; while biological 
 intelligence inspires the creation of intelligent 
artificial systems, these systems also give bi
ologists new insights into natural intelligence. 
There’s a lot of potential information in bird 
behavior, and we want to translate this to arti-
ficial intelligence.”

The original experiments served as a great 
starting point for research at SCIoI. Departing 
from their results, Alice, Alex, and Oliver de
signed the SCIoI project “Intelligent kinematic 
problem-solving,” with roboticist Manuel Baum 
as the core doctoral researcher. Manuel had 
been involved in various aspects of the  previous 
experiment in Vienna. On the one hand, he had 
created a modular version of the lockbox 
 apparatus and  sent it to Vienna. There, his 
 collaborators  Theresa Rössler and Antonio 
 Osuna-Mascaró helped with designing a new 
experiment with eight birds, and recording the 

Up until the 1960s, it was commonly believed 
that tool use is unique to human beings. 
This belief was first challenged by observa-
tions on chimpanzees, who proved to be 
able to do things like cracking nuts with 
stone tools and fishing for ants or termites 
with sticks. Some of us may have even seen 
documentaries about the New Caledonian 
crows, who are not only pros in tool use, 
but appear to be quite intentional in their 
search or creation of tools. More recently, 
researchers have started observing the 
amazing capabilities of the Goffin’s cockatoo. 

In general, cockatoos are well known for being 
particularly curious, playful, and eager to ex
plore. They adapt well to the urban environment, 
and in some areas of Australia, they are referred 
to as “trash burglars.” Despite those facts, when 

What cockatoos’ behavior tells us about animal cognition
BY SOLVEIG STEINHARDT

From Parrots to 
Robots and Back

the researchers first started studying them, 
they were astonished by the white cockatoos’ 
capabilities not only in tool use, but also in 
solving complex sequential  mechanical prob
lems. Their skills and abilities are particularly 
revealing of their intelligence and give us a 
good starting point to understand some as
pects of intelligence at SCIoI and to apply that 
knowledge to the creation of better robots.

But let’s start from the beginning: In 2013, 
cognitive biologist Alice von Auersperg from 
the University of Veterinary Medicine in Vien
na started researching Goffin’s cockatoos and 
their ability to solve lockboxes. A lockbox con
sists of a series of consecutive mechanisms 
that, if solved in the right order, lead to the 
solution of the puzzle and a reward for the 
cockatoo, normally a cashew nut, the cocka
toos’ favorite snack. Soon after she set up the 

“The birds quickly become better 
at solving the lockbox after 
only one or two successes”
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ethical considerations. We need to find the 
right method to perform this research, and one 
possible way is to also conduct similar exper
iments with mice (p. 30) or with robotic arms 
(p. 42),” Manuel said. 

Manuel is about to be done with his PhD, 
but the journey will be continued by Huu Duc 
Nguyen in a different project (Project 49). Duc 
joined SCIoI last year as a doctoral researcher, 
and has been taking steps to familiarize himself 
with the project by analyzing data from the 
previous experiment. “The current core idea 
is to apply the proposed methodology from the 
previous project to extract insights on the 
birds’ strategies. We hope to identify strategies 
that can be implemented on our robot, which 
consists of a robotic arm attached atop a  mobile 
robot. It is a challenging project, and I am very 
excited,” said Duc.  

Puzzles for humans 
and robots
Solving a physical puzzle can involve looking for 
hidden object parts, assembling and using tools, 
or manipulating objects in an  unexpected way. 
This presents a challenge, as it requires lateral 
thinking and exploration of different strategies, 
in a trial-and-error manner.

To understand how humans solve these puzzles, 
and how this compares to strategies we can 
develop in AI, Svetlana Levit, together with 
researchers at MPIB, developed virtual physical 
puzzles for a human study, and AI methods 
to solve them. “In our experiments, we observe 
people pushing objects on the screen using the 
computer mouse, glueing hook tools, or ricochet-
ing objects by kicking them against each other. 
We then analyse what people find difficult and 
observe the different solution strategies they 
use. This way we get a glimpse of how physical 
reasoning works, and then try to have robots 
do the same,” said Svetlana. Her team recently 
produced a wooden lockbox (pictured right) to 

apply the puzzle-solving methods on robotic arms. 
Svetlana’s project closely relates to another 
project, “Ecologically rational strategy selection,” 
in which roboticist Oussama Zenkri and psycholo-
gist Florian Bolenz explore the high-level  strategies 
that people follow in their decision-making 
 process. The researchers extract these strategies 
by observing people as they solve simulated 
lockboxes and by developing models to estimate 
the optimal selection among these strategies to 
efficiently solve lockboxes and similar problems 
(see p. 44).

LOCKBOX PROJECTS
  P4 Intelligent kinematic problem solving 
  P22 Ecologically rational strategy selection
  P30 Analyzing human physical reasoning 
and strategy exploration on physical puzzles
  P49 Methods for extracting system 
constraints from behavioral data and 
application to building synthetic cockatoos

PIs: Oliver Brock, Ralph Hertwig, Alex Kacelnik, 
Falk Lieder, Thorsten Pachur, Josh Tenen-
baum, Marc Toussaint, Alice von Auersperg 
TEAM: Jinan Allan, Manuel Baum, Florian 
Bolenz, Svetlana Levit, Huu Duc Nguyen, 
Oussama Zenkri

A cockatoo  
works on solving 
the lockbox

data for later analysis. On the other hand, he 
had also “gotten his hands dirty” analysing the 
data. “We designed an ethogram to encode the 
birds’ behaviors: we labeled events like ‘bird 
touches wheel’ or ‘bird stops touching wheel.’ 
Then we did a lot of explorative data analysis 
in order to create the hypotheses we would 
 later test.” said  Manuel.

“After months of plotting curves and ana
lyzing behaviors, we noticed interesting 
patterns. Firstly, the birds quickly become 
 better at  solving the lockbox after only one or 
two successes. Secondly, we identified three 
factors that influence the birds’ behaviors: 
 engagement (i.e., the more they solve the  puzzle 
the more they are willing to work on it), 
 strategy (their ability to decide which parts of 

the lockbox need the most attention), and sen
sory motor skills (the fewer actions you need, 
the faster you’ll be.) You need to look at all 
three factors in order to fully understand the 
behaviors. But doing that in depth is a complex 
task, so we decided to focus more on strategy,” 
said Manuel. “In previous experiments, we had 
mainly hypothesized about what the birds 
learn, but this latest one was a deeper dive  into 
how they learn.”

While the original plan was to use robots 
as abstract models to apply the idea of the 
 synthetic-analytic loop (see p. 16) and learn 
something about the birds, in science things 
don’t always go as planned. “The  question is 
more challenging than we initially thought, as 
robots are farther away from  Goffin’s cockatoos 
than hoped,” said Manuel. “The project was 
shifted from employing the  original method
ology, which involved the synthetic- analytic 
loop, to finding another methodology that 
could work. We also needed to consider that 
using more  intelligent animals reduces the 
number of participants that you can have, and 
that’s due to factors such as  aging, a need 
for engaging and spacious environments, or 

“A lockbox consists of a series of 
consecutive mechanisms that, if solved 
in the right order, lead to the solution 
of the puzzle and to a reward for the 
cockatoo, usually a cashew nut”

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_04/
https://www.scienceofintelligence.de/research-projects/project_22/
https://www.scienceofintelligence.de/research-projects/project_30/
https://www.scienceofintelligence.de/research-projects/project_30/
https://www.scienceofintelligence.de/research-projects/project_49/
https://www.scienceofintelligence.de/research-projects/project_49/
https://www.scienceofintelligence.de/research-projects/project_49/
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From deep Pacific waters to toxic Mexican 
ponds, SCIoI researchers reveal how their first 
field trips have fueled scientific discovery 

In the Field for 
the First Time

At SCIoI, much of the research is conducted 
in labs, crunching numbers, comparing and 
evaluating data, and teaching robots. But 
there are a couple of projects that involve 
intensive – and sometimes adventurous – 
in-the-field research. In order to  understand 
collective behavior in prey and predator 
groups and their interactions, for example, 
computer scientist Palina Bartashevich   
spent time on a small fishing boat off the 
coast of Mexico. Physicist Yunus  Sevinchan, 
on the other hand, flew to  Tabasco (also 
in Mexico) with a team to research sulphur 
mollies, a type of fish found to create a 
 collective wave that scares its bird predators 
(see p. 28). When not in the field, Palina and 
Yunus share an office where they process 
the collected data and discuss their results. 
We’ve asked them to talk about their 
 experiences.

From ocean research to inhospitable 
Mexican ponds: What are the most 
interesting aspects of being in the field? 
YUNUS: With my physics background, and 
working mostly with computer simulations in 
front of a screen, I certainly did not expect I’d 
ever find myself doing field work in Mexico! 
This is of course very exciting and at the same 
time it helps my research tremendously: 
 Getting to know first-hand how the biological 

SCIoI researchers 
observe marlin as they 
hunt groups of sardines 
off the coast of Mexico

Our vision is to harness the 
collective intelligence of both 
artificial and natural systems. 
This synergy could unlock 
solutions to some of the world’s 
most pressing challenges.

http://www.scienceofintelligence.de
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abstractions, and grounding these abstractions 
in first-hand observations made the process 
much easier. Also, having been in the field helps 
a lot with understanding which kinds of exper
iments are actually possible, and this really 
facilitated interdisciplinary communication 
within the project. From home, things are just 
harder – we might not even realize on which 
topics we are not fully understanding each 
 other’s points, because of the lack of field work 
perspective. 

PALINA: It is of crucial importance. First of all, 
it helps you to get out of the standard routine 
so that you can see your project from different 
angles and strengthen the connection to its 
biological side. Actually, one of these field trips 
gave me the inspiration for my presentation at 
our big public event, the SCIoI Fair 2023 (see 
p. 72). These trips also help you as a person, 
to find your strengths and weaknesses. It is 
definitely beneficial on different levels, both 
collectively (for the research group) and indi
vidually (for yourself and your project). 

A snowy egret wades in the 
middle of a stream

What Finnish ice  
fishers reveal about  
decision-making 
in humans 
A fascinating branch of research at SCIoI 
investigates human decision-making strategies 
in foraging behavior. To study this, biologist 
Félicie Dhellemmes and computational scientist 
Valerii Chirkov, together with Principal  Investigator 
(PI) Ralf Kurvers, travelled to Finland midwinter 
to study the behavior of ice fishers. Ice fishing is 
a human foraging activity that began thousands 
of years ago, and although no longer used for 
sustenance, it is a cultural tradition in the 
northern regions of the world. People not only 
do this as a leisure activity, but also seriously 
compete in large scale events. This creates an 
ideal test bed to study human foraging in the 
wild. Participants need to make decisions about 
where to go to find fish, and how long to fish for. 
Should they stay and explore the available 
resources, or should they go explore for more 
profitable opportunities? The researchers 
equipped large groups of foragers with GPS and 
head cameras to study where they go, who they 
observe, and their catching success. Conditions 
were not always easy, with temperatures 
dropping to minus 20 degrees Celsius and heavy 
snow. “At one point our car got stuck, and we 
needed a farmer to come and rescue us,” 
recollects Ralf Kurvers. This project resembles 
and is related to the more controlled work by 
David Mezey and Dominik Deffner (see p. 51). 

YUNUS: We spent most of our time on the 
banks of the sulphur river, sitting and waiting. 
What really fascinated me when I was there 
was the nature, and especially the soundscape. 
There’s always a bird singing, and as these are 
the same birds that hunt the fish, you really 
pay a lot of attention to them. But seeing a 
crocodile in the river, not far from where you 
are? That’s definitely an encounter you won’t 
forget. And the wildlife had more in store for 
us: On rainy days, when “our” fish were in hid
ing, we would explore the nearby cave  systems. 
These caves are inhabited by cave mollies, an
other interesting fish species, but they are 
also full of bats! Climbing through them with 
bats whisking past your head is  really quite 
memorable and far beyond the scope of any 
lab setting.

How important was it for your project to 
actually be in the field? 
YUNUS: Observing fish behavior in the wild 
helped us with many of the decisions we  needed 
to make when designing our  computer model. 
For this model, we need to make several 

Sulphur mollies in the Baños 
del Azufres springs 

system that we are studying behaves is some
thing we just can’t do from looking at videos.

PALINA: It is such an adventure – the thrill of 
exploring uncharted waters, figuratively and 
literally. Going to the field allows you to  ob serve 
the phenomena in real time and in a wider con
text.

Any stories worth telling?
PALINA: Before joining the field work, I spent 
two years studying this biological system using 
computer simulations. Primarily, I was model
ing predator-prey interactions, i.e., how huge 
predatory fishes attack smaller ones. But for 
me, it was always just videos, pictures and  data 
points. It is only in the field that you really 
come in contact with the object of your study, 
that you realize that it’s all … kind of real! This 
is the first time you truly feel that you are part 
of the system, one more data point, powerless 
within its natural framework. It is a reminder 
that in the face of nature, we are mere observ
ers, unable to exert control. Also, witnessing a 
massive bull shark devouring a marlin in less 
than a second, while you’re gearing up for 
snorkeling, leaves a lasting impression, as does 
sleeping on the deck of the boat beneath an 
incredible night sky.
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How does working in the field affect your 
relationships with your colleagues? 
PALINA: I was very lucky to be in a very pro
fessional team that had extensive experience 
with these field trips, so it was easy to adapt. 
Being on a small boat in the middle of the open 
ocean for 24 hours a day several days in a row 
is a physically challenging task. You need to 
support each other as much as you can. Also, 
filming in these conditions demands highly 
 coordinated teamwork, not only among team 
members but also with the boat’s captain. So, 
not that much has changed in our relationships 
as it is difficult to improve what’s already very 
good. But if anything, this exceptional situation 
only deepens the bonds.

YUNUS: I went on my first field trip early on in 
the project and I think this really  accelerated 
the process of getting to know the others. Be
ing in a new context and spending a lot of time 
together in the heat and dirt helps you learn 
to work as a team, develop new ideas and  carry 
them out together, though sometimes needing 
to improvise with what is feasible in the field.
 
How does it feel to come back with all the 
data?
PALINA: There’s a lot of work ahead. Before 
these trips, we all have specific ideas about 
what data we are after, but the unexpected 
things that happen often lead to new research 
questions and more data.

YUNUS: At the end of the trips, I am typically 
responsible for organizing our data storage and 
making backups. There’s some excitement 
around loading the videos onto our data 
server – but watching them again from the 
comfort of an office often feels surreal, like 
from a faraway place.  SRS

PIs: Heiko Hamann, Jens Krause, Pawel Romanczuk,  
Henning Sprekeler 
TEAM: Palina Bartashevich, Pia Bideau, David Bierbach, 
Alicia Burns, Robert Lange, Luis Nava, Yunus Sevinchan

Of Marlin and Sardines
In prey-predator interactions, collective move-
ment can be a great protection. In some fish, 
these motions occur geometrically. For example, 
in their field trip off the coast of Mexico, 
 Palina Bartashevich and her team observed how 
schools of sardines avoid marlin attacks by 
producing a fountain-shaped pattern, each fish 
quickly moving forward and outwards to create 
a channel in the middle of the group, and then 
swimming backwards to rejoin the group from 
behind. Back in Berlin, these results have 
also been simulated in a model and applied in 
a mixed reality for robots (pictured above). This 
field trip even brought a surprise discovery: while 
observing drone footage of the marlin attacks, 
SCIoI biologist Alicia Burns observed that the 
marlin’s stripes change color when attacking the 
school of  sardines, possibly a way for the marlin 
to communicate to their conspecifics that it’s 
their turn to attack.

By examining intelligence 
through the lens of 
evolutionary biology, we can 
uncover the roots of 
cognitive abilities across 
species.

COLLECTIVE FISH BEHAVIOR PROJECTS
  P12 Learning of intelligent swarm behavior
  P33 Shepherding behaviour in predator-prey interactions
  P41 Self-organised criticality in animal collectives 

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_12/
https://www.scienceofintelligence.de/research-projects/project_33/
https://www.scienceofintelligence.de/research-projects/project_41/
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 Collectives work a bit  
 like the brain 
What do the brain and a school of fish, or a even 
a multicellular organism, have in common? 
They are both capable of efficient collective 
information processing, although each unit 
only has access to local information. In the 
brain, the stimuli from 86 billion neurons form 
the basis for information processing; in shoals, 
this is done via the decisions of each individual 
on how to move and interact with neighbors. 
However, little is known about how these 
biological systems manage to optimally bring 
together a multitude of individual pieces of 

information from different locations. According 
to a known hypothesis, the best performance 
of the brain lies at the border between order and 
chaos, in the so-called  critical state. SCIoI 
researchers have now obtained evidence for 
this hypothesis on a large school of fish. “Swarm 
behavior is often about information spreading 
like an avalanche. In this state, the individuals 
react maximally quickly to external stimuli with 
maximally effective information transfer,” said PI 
Pawel Romanczuk. “The  resem blance between 
the fish’s diving behavior and the brain’s neuronal 
activity suggests some fundamental principles 
of collective computations, also giving clues as 
to how far the complex patterns displayed by 
animal groups can be interpreted as a ‘collective 
mind.’”

Gómez-Nava, L. et al., Fish shoals resemble a stochastic 
excitable system driven by environmental perturbations*

 Marlin change color when  
 hunting in groups 
Striped marlin are among the fastest fish in the 
sea. In groups, they take turns attacking large 
schools of Pacific sardines with the help of 
their spear-like rostrum. How do they coordi
nate this high-speed hunt without injuring one 
another? SCIoI researchers have been investi
gating the group behavior of marlin and their 
prey for some time to study basic principles of 
collective behavior and intelligence. While an
alyzing drone videos, they noticed something 
unexpected: the marlin’s stripes got brighter 

as a fish moved in for an attack, then dimmed 
down again as the attacking fish swam away. 
Was the fish changing colors to communicate 
with others? To answer, the researchers ana
lyzed twelve high-res video clips, each showing 
two separate attacks by two different marlin 
on a shoal of sardines. They also quantified the 
contrast of the body stripes of the two attack
ing marlins compared to randomly chosen, 
non-attacking marlin. This analysis confirmed 
that these predatory fish rapidly change color 
before and after an attack, suggesting that this 
could be a signal for conspecifics.

Burns et al., Rapid color change in a group-hunting pelagic 
predator attacking schooling prey* 

“Swarm behavior is often about infor-
mation spreading like an avalanche.” 

*  SEE PUBLICATIONS SECTION (FROM P. 120)  
FOR MORE INFORMATION ABOUT THESE ARTICLES

On Collective Behavior

 Fish anticipate others’ actions 
Group-living animals, moving synchronously 
in water or air, are a fascinating sight, but what 
surprises most is the speed at which thousands 
of individuals change direction, a bit like one 
“super-organism.” How do they manage these 
sudden collective movements? In ball sports, 
professional players anticipate their team
mates’ movements in order to react quicker. 
According to a SCIoI study, fish do the same. 
Using a robotic fish, our researchers showed 
that guppies can anticipate the behavior of 
their artificial conspecific and predict both the 
direction and dynamics of its movements. 
When live guppies were given the option to 
swim repeatedly with a robotic fish that always 
moved along the same path, they learned to 
predict its turns and moved accordingly. Also, 
as soon as they saw Robofish, some fish re
membered which corner in the tank it would 
swim to, and swam there first to wait for it. We 
aim to use these insights to develop robots that 
can benefit from these mechanisms.

Bierbach et al., Live fish learn to anticipate the movement of a 
fish-like robot*

 Mexican waves confuse  
 bird predators 
Picture thousands of fish moving like a giant 
wave in the water, diving down and coming 
back to the surface. While humans engage in 
this kind of collective behavior for fun in sta
diums when they perform La Ola waves, animals 
may do it to avoid getting eaten. A SCIoI-led 
team found that the “Mexican waves”  collectively 
produced by a school of fish reduce its pred
ator’s propensity to attack and hunting success. 

The Baños del Azufre volcanic springs in 
Mexico, rich in hydrogen sulphide and poor in 
oxygen, are inhabited by sulphur mollies 
 (Pocilia sulphuraria). The fish spend their time 
close to the surface to breathe, becoming tar
gets of many different bird species. But when 
a bird approaches, the million-fish schools  react 
collectively by diving down, each fish touching 
the water surface with its tail. From a distance, 
the school appears to be producing conspicu
ous waves. “Because the waves are repeated 
and regular, we assume that they are more than 
a mere escape reaction,” said David Bierbach. 
“Their aim might be to confuse the bird, but 
also a way to send a message: ‘We know you 
are there, don’t waste your time attacking us!’” 

Doran et al., Fish waves as emergent collective antipredator 
behavior*

Selected SCIoI papers on 
collective intelligence

http://www.scienceofintelligence.de
https://www.nature.com/articles/s41567-022-01916-1
https://www.nature.com/articles/s41567-022-01916-1
https://www.sciencedirect.com/science/article/abs/pii/S0960982223017402
https://www.sciencedirect.com/science/article/abs/pii/S0960982223017402
https://www.mi.fu-berlin.de/inf/groups/ag-ki/publications/Live-fish/index.html
https://www.mi.fu-berlin.de/inf/groups/ag-ki/publications/Live-fish/index.html
https://www.sciencedirect.com/science/article/pii/S0960982221016547
https://www.sciencedirect.com/science/article/pii/S0960982221016547
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come up with definitions of the behaviors and 
gives us insights on which strategies are used by 
the animals. It’s a solid example of the synthetic- 
analytic loop (p. 16), which is an  important 
concept in SCIoI  research,” said Benjamin Lang, 
one of the doctoral researchers involved in the 
project. 

Another intriguing aspect of this is under
standing how social interaction can lead to 
learning experiences between mice. “We are 
interested in looking at individual pictures of 
mice and identifying features that give scien
tific evidence for happy faces and positive 
emotions.” says Benjamin. “If a mouse can read 
a positive affective state through another 
mouse’s happy face (maybe because there’s a 
reward), the other mice present might later 
hypothetically be more inclined to solve that 
lockbox too in order to get that reward, and 
this fosters learning.” 

“Exploring mouse 
intelligence is about 
asking the right 
questions”

An exciting environment
Animal welfare is an extremely important part of our research, and 
our PIs Lars Lewejohann and Christa Thöne-Reineke are deeply involved 
with this topic, both at the BfR (the Bundesinstitut für Risikobewertung)  
and at FU Berlin. 

In the specific case of mouse research, one way to improve the animals’ 
welfare is to create appropriate housing inspired by their natural environ-
ment. This means introducing variation within the box, and making the 
environment more challenging and interesting. That’s where the lockboxes 
come into play, because they can serve as cognitive enrichment, giving 
the mice something to do and problems to solve followed by positive 
rewards. In other words, we are giving the mice something to work for in 
order to “sing for their supper,” and they enjoy that. Better housing also 
affects the mice’s behavioral repertoires, which become more varied and 
diverse compared to those occurring in a traditional cage. This shows 
us that there’s much more that these animals are able to do, and that in 
order to solve riddles and mechanisms that they have never seen before 
they are able to use skills they have acquired through evolution. And 
the great news is, taking quantum leaps of this kind towards improving 
animal welfare does not inevitably mean a setback in terms of data 
quality, despite the increase in responses, and therefore in variables. 

MOUSE LOCKBOX PROJECTS
  P3 Mouse lock box 
  P25 Understanding learning of mice  
in social interaction
  P40 Big mouse data
  P46 Mouse lock box 2.0

PIs: Lars Lewejohann, Olaf Hellwich,  
Henning Sprekeler, Christa Thöne-Reineke,  
Marc Toussaint 
TEAM: Niek Andresen, Mark Boon,  
Katharina Hohlbaum, Anne Jaap, Pia Kahnau, 
Anna Klenova, Benjamin Lang, Paul Mieske, 
Arianna Novati, Friedrich Schüßler, Soledad 
Traverso

A big portion of the research at SCIoI involves 
finding the relation between different forms 
of intelligence in a variety of entities, such as 
robots, humans, and different species of 
animals. One way to observe and compare 
these behaviors is to have these entities 
use lockboxes, i.e., series of mechanisms that 
need to be opened in a certain order. And mice 
are great at solving these mechanisms.
BY SOLVEIG STEINHARDT

What’s on a 
 Mouse’s Mind?

Mice are intelligent beings: on the one hand, 
they are good at solving puzzles,  giving 
 researchers clues about their  intelligence, 
and on the other, their natural social skills 
 allow researchers to better understand the 
connection between sociality and learning 
from others. “It’s not like they will ever 
get a degree,” says PI Lars Lewejohann. 
“But the adaptive behaviors we observe 
in our experiments fit the basic definition 
of  intelligence that we agreed  upon in 
the  initial objectives of SCIoI. This makes 
them particularly  suitable for our projects.”

Compared to birds such as cockatoos, who are 
able to first think and then act when  opening 
a lock in the lockbox, mice are more “hoppy,” 
Lewejohann explains, displaying a trial-and- 
error behavior that he sometimes calls a “Homer 
Simpson” type of behavior, where the mouse 
tries out something and then appears to think 
“Doh! That was wrong!” “A mouse will make the 
same mistake over and over until it gets it right, 

and for research purposes, this has its advan
tages: exploration makes you more flexible, and 
helps find new solutions to the problem. If you 
 always do things in the same way, then you’re 
kind of  stuck with the one solution you’ve 
learned. The grasping of mouse intelligence 
relies on understanding how to ask the mice 
the right questions, and on observing the type 
of decisions the mice make in order to find the 
right solution.”

So how do we ask the right questions? Our 
researchers set up tasks of varying complexities 
using lockboxes, which consist of a homecage 
connected to an alley that leads to the test 
compartment, where the mouse can receive a 
reward if it succeeds in opening a box that can 
be locked via different mechanisms. The exper
iment has an analytical part, where researchers 
observe the mice’s behavior and problem-solv
ing abilities by tracking them with a live mouse 
tracker, and a synthetic part, exploring the mice’s 
learning and memory behaviors and modeling 
the outputs to find algorithms. “This helps us 

A mouse tries to 
solve the lockbox to 
get to the reward 

https://www.scienceofintelligence.de/research-projects/project_03/
https://www.scienceofintelligence.de/research-projects/project_25/
https://www.scienceofintelligence.de/research-projects/project_25/
https://www.scienceofintelligence.de/research-projects/project_40/
https://www.scienceofintelligence.de/research-projects/project_46/
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However, the researchers collected  evidence 
in favor of a competing view, stating that a 
multi-stage process takes place instead: “The 
scene is first divided into individual  objects, 
and only then does the brain decide which of 
these objects should be looked at next,” says 
Roth.

Traces of light to fill the visual gaps 
of moving eyes
All of SCIoI’s vision projects revolve around eye 
movement, but how does vision actually work 
in the face of this movement? Even if we fixate 
our eyes, they are never completely still. While 
such fixational eye-movements may lead to a 
blurred image for a camera, our  visual  system 
can actually make use of these movements to 
detect edges and hence see the world sharper, 
as computational work by Lynn Schmittwilken 
and Marianne Maertens showed. 

Other movements, known as saccades, are 
wider and very quick, and allow us to get a 
general picture of the scene we are looking at. 
But what happens in that fraction of a second 
in which our eyes are moving from an object 
to the next? For a long time, scientists have 
assumed that during this time we are  temporarily 
blind. However, a study published by SCIoI 
members Richard Schweitzer and Martin Rolfs  
shows that visual information processing takes 
place continuously during these movements. 
Hence, it is not interrupted and resumed once 
the movement is over, as previously assumed, 
as that would require the matching of two im
ages. Schweizer and Rolfs’ results show that 
the  visual system actively uses the fleeting 
traces of light created by eye movements to 
track object positions through time.

Getting a glimpse of how robots 
might see
All of these observations are of great impor
tance for the understanding of how animals 
see and how they explore their environment. 
Vision has a very strong effect on behavior, and, 
according to Roth, “Getting a glimpse of what 
catches our attention in a scene and under
standing the mechanisms underlying eye 
movement can help us understand how a robot 
can benefit from actively moving its camera to 
explore its environment using human-inspired 
object-based attention.”  SRS

Right and below: 
lab setting and 
tools for tracking 
eye movements 

ACTIVE VISION PROJECTS
  P1 Object-level scene descriptions  
and attention in visual research
  P23 Control models of perceptual stability  
in active observers 
  P57 Visual information sampling 

PIs: Olaf Hellwich, Marianne Maertens,  
Klaus Obermayer, Jörg Raisch, Martin Rolfs 
TEAM: Ole Hall, Julie Ouerfelli-Éthier, Runfeng 
Qu, Nicolas Roth, Lynn Schmittwilken, Richard 
Schweitzer, Thomas Seel, Olga Shurygina 

Vision scientist Nicolas Roth, together with 
PIs Martin Rolfs, Olaf Hellwich, and Klaus 
Obermayer have tried to answer these ques
tions by using a computational modeling 
approach that compared existing human eye 
tracking data with computer simulations, 
eventually showing how important visual 
 objects are for guiding our eye movements. 
“We integrated results from my colleague Olga 
Shurygina’s work, who previously provided 
 evidence that objects play an important role 
for how attention spreads. We then built a 
model that implements those and other exper
imental findings and shows that object-based 
attention leads to a better prediction of where 
people look in real-world videos.”

Historically, computational models that 
predict what humans pay attention to have been 
based on so-called “space-based  attention.” 
The idea is that the brain processes the whole 
 visual field, where everything we see is  directly 
mapped onto a mental image of the scene from 
which it selects the next eye movement target. 
In such a map, conspicuous parts of the scene 
(like the location of the red color of the cap or 
the movement of the bird’s wings) stand out, 
and are consequently most likely to be  selected 
as targets for the eye movements that follow.

When it comes to exploring the environment, there’s no 
sense like vision. Apart from very few exceptions, humans 
use their eyes as their primary organ to hunt, move around, 
and simply understand their surroundings. Eye movement 
is so central in the development of behavior that its 
 understanding is a crucial aspect of intelligence science. 

Eye  Movements, 
Decoded

The visual
capture lab at 
SCIoI

How do we decide what to look at next? 
Imagine you are looking out the window: a 
small bird is flying across the blue sky, a girl 
with a red baseball cap is walking down the 
street, and two people are sitting on a bench. 
You might think you are “just seeing” what is 
happening, but the truth is that we constantly 
make active decisions about where to look, 
moving our eyes two to three times per second. 
What exactly is catching our attention? The 
flapping of the bird’s wings? Or the color of the 
baseball cap? 

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_01/
https://www.scienceofintelligence.de/research-projects/project_01/
https://www.scienceofintelligence.de/research-projects/project_23/
https://www.scienceofintelligence.de/research-projects/project_23/
https://www.scienceofintelligence.de/research-projects/project_57/
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and  neuroscience studies. The researchers 
 develop  algorithms to track animals like fish 
and mice, and to automatically detect and clas
sify the be haviors of animals monitored 
remotely such as penguins (see box, right). 

In another SCIoI project, researchers Marah 
Halawa and Florian Blume have been developing 
the idea that human communication is multi- 
modal, also by exploring videos. For example, 
face-to-face interaction involves auditory 
 signals (speech) and visual signals (face move
ments and hand gestures). The study exploits 
the multiple modalities needed when designing 
facial expression recognition systems based on 
machine learning. In other words,  researchers 
employ a learning method for facial  expression 
recognition from in-the-wild video data, 
 conducting a study on three facial expression 
recognition benchmarks. This study paves the 
way for a better understanding of robotic 
 vision.  SRS

ROBOTIC VISION PROJECTS
  P29 Hierarchical modularized vision system  
for perception-action loops
  P36 Active tracking using bioinspired event-based 
vision – Towards improving interpretability of 
individual and collective behavior

PIs: Guillermo Gallego, Olaf Hellwich
TEAM: Marah Halawa, Friedhelm Hamann 

A trip to the South Pole
What do penguins have to do with SCIoI? Thanks 
to a collaboration between Alex Kacelnik, Guillermo 
Gallego, and their teams, SCIoI was able to bring 
event cameras all the way to Antarctica and help 
researchers install them there in order to study 
interactions between chinstrap penguins. 

Penguins spend most of their lives at sea, but breed 
on land during the Antarctic summer, which goes 
from October to February. This is a good time of 
year for researchers to observe the birds and study 
their interactions. Our PI Alex Kacelnik participates 
in a long-term Oxford University study on penguin 
behavior and ecology. In his last trips to Antarctica, 
he collaborated with Guillermo Gallego, who 
provided the team with event cameras in order to 
continuously record life in an Antarctic penguin 
 colony.

As Guillermo explains, “event cameras record 
changes in light intensity independently for every 
pixel, hence if most of the scene is static, they’ll 
require low power and storage.” This has potential 
for penguin research, Alex says. “Penguins spend 
long periods quietly at their nests, but show 
interesting behavior when interacting within a family 
or with neighbors. A static event camera left 
focused permanently on a nest can document 
valuable data continuously in time when we can’t be 
there watching.” In addition to their event-based 
pixel time-stream information, the cameras record 
conventional images every few seconds, which 
allows to combine information of the two data 
modalities.

Adapting the cameras and installing them 
in Antarctica required cooperation between the 
SCIoI team, who dealt with the technology, and 
the  Oxford team, who went to Antarctica for the 
field work and the biologically relevant questions. 

Visual rendition of an event camera

How do robots estimate depth and 
perceive the environment around them? 

Helping Robots See 

In order to successfully navigate the real 
world, robots need to perceive the 3D struc-
ture of their environment while in motion, 
continuously estimating depths and dis-
tances as these change. Animals do that all 
the time without any effort, and researchers 
have tried to reproduce the functions 
of  animal eyes for many years. Effective 
 robotic vision is made up of different com-
ponents, and two different SCIoI projects 
 focus on understanding the principles of 
 vision in motion through the use of video-
recording devices. In one of the projects, 
our researchers Guillermo Gallego and 
Freidhelm Hamann use event cameras, i.e., 
cameras that  record movement as changes 
in brightness, while in the other project, 
Marah  Halawa researches how visual  sensors 
anticipate trajectories of  pedestrians.

To figure out distance, the human brain  uses 
the disparity between the views observed by 
each eye and analyzes the different perspec
tives. When trying to transfer this to robots, 
researchers have realized that these perspec
tives are difficult to obtain from simple photos, 
but data from multiple cameras can generate a 
3D map. “This is why we use these bio-inspired 
sensors called ‘event cameras,’” said computer 
vision PI Guillermo Gallego. These cameras, 
sometimes dubbed “silicon retinas” have the 
purpose of leveraging motion information, 
therefore mimicking the human visual system. 
“Kind of like the cells in our retina, each pixel 
produces precisely timed, asynchronous out
puts called ‘events,’ as opposed to a sequence 
of image frames generated by traditional cam
eras. The cameras naturally respond to the 
moving parts of the scene and to changes in 
illumination,” said Gallego. Thanks to this, the 
cameras have advantages over traditional, 
frame-based cameras, such as a very high 
 dynamic range, resolution in the order of 
 micro seconds, data redundancy suppression, 
and very low power consumption, which also 
makes them suitable for working in extreme 
conditions.

“Every time the pixel of an event camera 
generates data, we can use the known camera 
motion to trace the path of the light ray that 
triggered it,” said Gallego in an interview. “Since 
the events are generated from the apparent 
motion of the same 3D structure in the scene, 
the points where the rays meet give us cues 
about the location of the 3D points in space.” 

Within SCIoI, Gallego and his team also 
 research how event cameras can be used to 
monitor animals to aid scientists in biology 

Event cameras 
record changes in 
light intensity in a 
moving scene
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When it comes to interacting with the 
world, robots have the same needs as 
 humans. They need to grapple with dynamic 
surroundings and process a substantial 
amount of  information in a short time. SCIoI 
roboticist Aravind Battaje, together with 
psychologists Nina  Hanning and Angelica 
Godinez use this insight in an exciting 
 project to answer an important question: 
Could the way  robots process information 
help us better understand human vision? 

To put this to the test, the researchers used 
 information processing algorithms from robot
ics to create computational models of two 
striking visual illusions. Like in most  visual il
lusions, in this case what you perceive doesn’t 
necessarily match reality. In the first  illusion, 
people see colorful afterimag
es that are influenced by the 
shapes they just viewed. The 
second illusion involves ob
jects that change in brightness. 
When those objects start moving, the changes 
in brightness seem to slow down or even stop.

Amazingly, the models based on the  robotic 
algorithm didn’t just reproduce these illusions. 
They also made new predictions about what 
people would perceive in untested scenarios. 
When the team ran psychological experiments, 
they found that people actually did experience 
the illusions in the ways the models had 

predicted. This suggests the robotic algorithm 
is capturing important aspects of how human 
 vision works.

The most remarkable aspect of this project 
is that the robotic algorithm at the heart of 
these models was never designed to explain 
human vision. It was developed to help robots 
interact with the real world. And yet, with a 
few modifications, it was able to capture  several 
key aspects of human visual perception, studied 
through the illusions. This suggests there 
may be some fundamental  principles of infor
mation processing that are common to both 
biological and artificial vision systems.

“Our novel approach of using models in
spired by  robotics opens up a whole new way 
to explore and understand the  complex mech
anisms of human perception,” said Aravind. 

“When robotic models closely 
capture the patterns of infor
mation processing in humans, 
they allow us to intelligently 
design new experiments 

based on the algorithmic structure of the mod
els.” As we continue to refine and expand such 
models, we may uncover deep principles un
derlying not just vision, but other aspects of 
human perception and behavior as well. “We 
can’t wait to see where this  innovative ap
proach will lead us next as we work to  unravel 
the mysteries of how we perceive and interact 
with the world around us,” said Aravind.  SRS

By using robotic visual systems,  
we want to advance our 
understanding of the principles 
governing intelligent information 
processing in human vision

A selection of SCIoI papers

An Eye  
for an Eye

Humans and robots 
are shown the 
same visual 
phenomena, giving 
researchers 
insights about 
intelligent 
information 
processing

ROBOTIC 
VISION  
PROJECTS
  P2 A study on 
human and robot 
perception and 
the architecture 
of perceptual 
information 
processing

PIs: Oliver Brock, 
Martin Rolfs
TEAM: Aravind 
Battaje, Angelica 
Godinez, Nina 
Hanning

 Predicting protein 
 structure with AI 
Understanding protein structure is crucial in 
order to comprehend how proteins interact 
with other molecules. AI systems in biotechnol-
ogical research can contribute to this knowledge 
by helping predict proteins’ three-dimension
al structures. In a paper published in Nature 
Biotechnology by scientists from Cluster Uni
SysCat in collaboration with SCIoI roboticist 
and spokesperson Oliver Brock, the scientists 
presented AlphaLink, a new prediction tool 
that combines experimental data and deep 
learning. AlphaLink uses experimental infor
mation about the distances between different 
parts of a protein to help predict its structure. 
By incorporating this information, AlphaLink 
is able to predict the shape of challenging 
 proteins better than its predecessors. By un
derstanding the structure of these proteins, 
scientists can potentially design drugs that tar
get the specific regions of a protein involved 
in diseases such as cancer, Alzheimer’s disease, 
and cystic fibrosis.

Stahl et al., Protein structure prediction with in-cell photo-
crosslinking mass spectrometry and deep learning*

Selected Results 

*  SEE PUBLICATIONS SECTION (FROM P. 120)  
FOR MORE INFORMATION ABOUT THESE ARTICLES

“The algorithm was 
never designed to 

explain human vision”

 Deepfake smiles matter less 
Deepfakes, i.e., realistic images and videos pro
duced by generative AI, are becoming more 
common. However, it has been unclear how 
know ing if a face is real or fake affects our per
ception and emotional response. In a SCIoI 
study,  Martin Maier, Rasha Abdel Rahman, and 
Anna Eiserbeck analyzed participants’ reactions 
to smiling, angry, and neutral faces believed to 
be real or computer- generated. Findings reveal 
that AI-generated smiles are perceived as less 
intense, elicit weaker brain responses, and cause 
hesitation. In  contrast, angry faces are equally 
threatening, no matter if real or fake. These 
insights have broad implications for societal 
interactions with deepfakes.

The study involved 30 participants and ex
plored, via EEG technology, the effects of 
believing whether a face is real or fake on psy
chological and neural responses. The study 
underscores the need for nuanced policies to 
navigate  deepfake technology, emphasizing the 
understanding of its psychological and neural 
impacts. Further research into other AI-gener
ated content domains is essential to maximize 
benefits and address challenges posed by deep
fakes.

Eiserbeck, Maier et al., Deepfake smiles matter less – the 
psychological and neural impact of presumed AI-generated 
faces*
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At SCIoI, various projects focus on under
standing social intelligence in humans and on 
training robots to integrate context informa
tion during communication, showing them 
how to predict and simulate others’ actions, 
and how to pick up on non-verbal cues. This 
improves their social capabilities, making them 
more effective communicators and assistants. 
To do that, cluster researchers identify key 
 elements of communicative behavior (essen
tially what is seen as “social” or “intelligent” in 
interactions) and use a wide range of methods, 
from recording teacher-student interactions 
in schools to EEG scans.

Imagine a classroom where every student 
has the opportunity to interact with a robotic 
tutor who understands their educational and 
social needs. To achieve this, our researchers 
need to understand how motivation  influences 
learning and thus acquire knowledge through 
social interaction. The next step is to translate 
these psychological findings into  computational 
models, serving multiple purposes. For  example, 
our scientists are currently  developing new 
feedback mechanisms for a vocab-learning 
 application, with a virtual teacher that adapts 
its style based on a student’s engagement  level.

To further enhance social perception, we 
aim to better understand faces and non-verbal 

cues in social interaction and learning situa
tions, and the wealth of background information 
they transmit. Now, to understand the role of 
facial expression or gestures in such interac
tions, we are not purely relying on the raw 
data that teaches patterns of faces or movement 
to robots. We are adding details, we are ex
ploring how contextual information influences 
humans in their decision-making or knowledge 
acquisition. Take for example the influence of 
face perception on our motivation: how are we 
ourselves triggered by subtle cues? And how 
do we decide if someone is trustworthy or not? 
This becomes even more relevant in our time 
of AI technologies that produce a huge amount 
of (emotionally charged) deepfake images that 
influence us (see p. 36). 

But let’s go back to the classroom for a 
clearer picture: So, when we talk about social 
intelligence, what we mean is the social knowl
edge transfer from one individual to another. 
In a classroom, we have interactions between 
multiple individuals that all send and receive 
information simultaneously. In addition to the 
teaching content, we also have meta informa
tion regarding the importance of certain kinds 
of information, as well as social information 
about the sender or the receiver or the rela
tionship between those two. In this, non- verbal 

Jonas Frenkel 
interacts with two 
Pepper robots in 
the Asimov Lab

Who doesn’t know the robots C-3PO from Star Wars, or 
Disney’s WALL-E? Who would not dream of having such a 
companion at home or in the workplace? For the longest time, 
robots have been the stuff of utopian dreams but also 
dystopian nightmares in literature and pop culture. How do 
we fully benefit from their presence? One way is to find 
optimal methods of communication between them and us. 
BY MARIA OTT

Socially Intelligent Robots

The word “robot” actually dates back to 
1921, when Czech novelist Karel Čapek first 
 imagined the creation of artificial people. 
The expression has since become a 
 fundamental term in the discussion about 
embodied artificial intelligence. But robots, 
as a concept, are not a novel invention of 
the twentieth century. Already back in 
 ancient Greek mythology, Hephaestus, God 
of fire and craftsmanship, was said to have 
created so-called “automatons” to assist him 
in his workshop. 

This long fascination with artificial companions 
in everyday life stems from humanity’s desire 
to push the boundaries of technological inno
vation and explore the frontiers of possibilities. 
Intelligent machines are quite promising: from 
the industry to the medical field to the home, 
robots are in fact already an integral part of 
human society. Humans, however, are inher
ently social beings, and when it comes to 
interacting with them, robotic systems strug
gle to understand and respond to the nuances 
of human behavior and language. If we want 
the interaction between robots and humans to 
be effective, then robots need to behave like 
social agents and show social abilities.The small-sized Nao 

robots are programmed to 
imitate human behavior
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Our educational programs are 
designed to equip the next 
generation of researchers with 
the interdisciplinary skills 
needed to meet the demands 
of the digital future.

HUMAN-ROBOT INTERACTION PROJECTS 
  P6 From understanding learners’ adaptive motivation  
and emotion to designing social learning companions
  P8 Knowledge-augmented face perception
  P9 Multimodal interaction and communication
  P31 Social responsiveness and its effects on learning 
in human-human and human-robot interaction 
  P50 Adaptivity in learner-teacher interaction
  P59 Observational learning developing human and 
artificial agents
  S3 Electrophysiological investigations of social 
intelligence

PIs: Rasha Abdel Rahman, Marcel Brass, Verena 
Hafner, John-Dylan Haynes, Olaf Hellwich, Rebecca 
Lazarides, Niels Pinkwart, Julia Rodriguez Buritica
TEAM: Helene Ackermann, Julia Baum, Pia Bideau, 
Florian Blume, Johann Chevalère, Anna Eiserbeck, 
Jonas Frenkel, Anja Henke, Eitan Hemed, Ashwin 
Moongathottathil James, Murat Kirtay, Anna Kuhlen, 
Anna Lange, Antje Lorenz, Martin Maier, Uros Petkovic, 
Doris Pischedda, Olga Wudarczyk, Hae Seon Yun

estimations about distances between students 
and teachers. And then we put all this together 
again, to describe, for example, the complexity 
of the non-verbal behaviors in such interac
tions. This helps us to better understand the 

dynamics underlying social 
learning situations.” 

This knowledge en
hances research on  social 
interactions, also within the 
context of human-robot 
 interaction. We will better 
understand not only inter

actions among humans, but also potentially be 
able to study and understand interactions 
 between social robots and humans.

Ultimately, our research aims to pave the 
way for robots that are not simply tools but 
agents that can enhance human experiences, 
making interactions more supportive and in
tuitive. 

communication is a critical aspect of knowl
edge transfer. If you need an example, just 
think back to the recent pandemic, where 
non-verbal aspects of interaction were  reduced, 
leading to miscommunication, misunderstand
ings, or simply much more 
difficult communication.

In a classroom then, the 
teacher can determine with 
one simple look if a student 
is confused or engaged. At 
the same time, the teacher 
can use non-verbal signs to 
highlight the importance of certain points to 
motivate a student, or to guide their attention 
through a gaze or through using their hands. 
“In our project,” SCIoI psychologist  Jonas 
 Frenkel says, “we use anonymized data from 
classroom situations and analyze interactions 
in this context. We use computer vision to 
study the non-verbal behavior in social inter
actions. We look at body posture and we make 

“Teaching robots how 
to understand others’ 
actions will improve 

their capabilities during 
social interactions”

Two Pepper humanoid robots in 
conversation with each other
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 The arm is able to acquire skills  
from human demonstration
How can we quickly program various manipulation skills  into 
robots? In SCIoI project 28, we have developed a framework 
that enables users to “teach” robots skills through human 
demonstrations, in which a user physically guides the robot 
through the required movements. This intuitive program
ming method allows the robot to quickly adapt to the user’s 
environment with minimal human intervention, and only 
 requires one human demonstration, actively moving the 
 robot to seek additional task-relevant information. This 
 innovative concept that combines human demonstrations 
and autonomous data collection by robots enables a data- 
efficient robot learning framework. The framework has been 
tested with a real robot on a wide range of manipulation 
tasks, including the manipulation of latches, chain locks, 
drawers with handles, insertion puzzles, and door locks with 
keys. 

 The SCIoI robotic arm has a soft hand 
that grasps objects like a human
Human hands are versatile tools thanks to their 
softness, range of movement, and sensitive 
sensors, and robotic hands should be similarly 
dexterous. The soft robotic hand developed in 
the RBO lab (a robotics and biology lab closely 
connected to SCIoI) already solves some of the 
dexterity-related problems by mimicking the 
shape of the human hand. With flexible and 
adaptable fingers made of soft, deformable 
 silicone, the RBO Hand achieves stable contact 
surfaces and adapts to the shape of its sur
roundings and of the objects it touches. This 
makes grasping easy. The challenge now is to 
develop novel motion planners that make use 
of the capabilities of soft robotic hands. A 
 successful implementation of this was demon
strated in solving the lockbox. 

 The hand uses sound to “feel” touch 
The fingers of the soft hand are hollow, and by  producing 
and recording sounds inside the hollow chamber, they 
can detect contact events, which means they can “feel” 
touch. Touch feelings at different portions of the finger 
slightly modify how the hollow chamber is shaped, hence 
changing the “notes” that resonate within that chamber. 
This way, the hand can feel what the finger is touching, 
including texture, location, and temperature, and all of 
that happens thanks to the way the sound changes inside 
the chamber. However, the hand is also fitted with fabric- 
based sensors providing  tactile information, as well as 
soft strain sensors for proprioception, which is the sense 
that helps us feel our movement and location in space.

5

 The robotic arm can learn  
to solve a  lockbox
It’s fascinating to observe animals like cockatoos 
and mice solving complex mechanical puzzles, and 
to explore the fundamental principles that enable 
them to conduct these tasks. In order to apply this 
understanding to a robotic system, we work with 
researchers from many disciplines to develop a 
robot that can autonomously operate mechanisms 
similar to those in a puzzle box. Through trial and 
error, the robot starts to solve the puzzles of this 
lockbox using previously learned knowledge, un
derstanding interdependencies and interacting 
with the environment. And once we’ve done that, 
we can use this knowledge to get an even better 
grasp of animal intelligence. 

Things You  
Didn’t Know about 
Robotic Arms

Intelligence cannot exist as an abstract algorithm alone. 
It requires a physical body, and this is what we mean when 
we speak of “robot embodiment.” And if this body is also 
anthropomorphic, it’s not only better accepted by humans, 
but it also tends to be taught to perform actions in a  human-
like way. At SCIoI, roboticists Xing Li, Adrian Sieler, and 
Vincent Wall “teach” robotic arms and soft robotic hands to 
solve lockboxes and puzzles just like we would. Here are some 
of the most interesting facts about robotic arms at our cluster. 
BY SOLVEIG STEINHARDT

http://www.scienceofintelligence.de
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5

Science of Intelligence provides 
the blueprint for the next 
generation of AI, ensuring that 
the systems we are building are 
not only powerful but also 
responsible and beneficial.

 The robotic hand is anthropomorphic
Would a non-anthropomorphic hand work too? Yes, it 
would. But creating anthropomorphic agents improves 
the perceived sociability of the robot. That’s because 
people tend to treat anthropomorphized objects as if 
they were human, and are therefore more inclined to 
initiate social inter actions with them, applying human- 
like social norms. But also, the world we live in is built 
for humans. Robots act in the same world as humans, 
learning human skills. Therefore, creating anthropomor
phic robots is very helpful to guarantee that they are 
accepted in our  society. 

ROBOTIC ARM & LOCKBOX PROJECTS
  P17 Dexterous and sensorized  
soft robotic hands
  P28 Learning to manipulate from 
demonstration (to escape from a room) 

PIs: Oliver Brock 
TEAM: Xing Li, Adrian Sieler, Vincent Wall

physical interaction, and to some extent, 
in this way the robot can learn how to 
solve problems as efficiently as humans 
(also see p. 21).

A useful tool to understand the strategies 
that humans use to solve lockbox-like 
problems is the haptic device, a technolo-
gy that can simulate the touching of 
objects present on a screen by applying 
forces, vibrations, or motions to the user’s 
hand. In one of our experiments, our 
researcher Oussama Zenkri had people 
play a simulated lockbox task with the 
haptic device, while others performed the 
same task with the computer mouse. 
We saw that the strategies employed by 
the persons who used the haptic device 
were much more efficient than those 
employed by the mouse users. Therefore, 
we can say that the haptic device allows 
us to understand human strategies during 

Haptic knowledge exchange

Oussama Zenkri operates the haptic 
device for an experiment on human 
decision-making strategies
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resemble biological swarms, which usually 
have limited information about their surround
ings and neighbors.

How do they see or communicate?
Kilobots do not have a camera to see. Instead, 
they have a light sensor that measures the in
tensity of light at their location. They can also 
communicate with other Kilobots using an in
frared signal. The interaction network of swarm 
robots is decentralized, i.e., there is no central 
component controlling the flow of information. 
Furthermore, because their power supply is 
low-capacity, their communication range is 
short. As a result, each robot can  only interact 
with a few robots around it. This decentralized 
network and the limited number of neighbors 
are regularly observed in biological swarms 
too.

Can you describe one of your 
 experiments with Kilobots?
An example scenario we worked on was about 
collective estimation. A group of Kilobots is 
supposed to measure the light intensity of the 
environment and estimate the average bright
ness of the arena. In nature, the estimation of 
light intensity can help a collective make the 
best decision. In the case of an ant colony, for 
example, the colony needs shaded nests, but 
for single ants, evaluating the light intensity of 
potential nests is very hard. Collectively, they 
can do this. Similarly, while an individual Kilo
bot needs to explore, measure, and discover 
the arena to make an accurate estimation, a 
swarm of Kilobots can quickly estimate the en
vironment accurately.

The idea is similar to the so-called “wisdom 
of the crowd“ effect, where each individual 
brings some imperfect piece of information to 
the collective. Although each piece of informa
tion may be inaccurate, the average of all these 
imperfect pieces can be significantly more ac
curate. So, if robots interact with each other 
and share their information with their neigh
bors, they can update their estimation to a 

“Collective systems can do things 
that are beyond the capability of each 
single individual”

Kilobots 
synchronize their 
blinking lights

aim of understanding intelligence. But why 
swarms? What can they tell us about intelli
gence? Collective systems (such as ant colonies, 
flocks of birds, or schools of fish) show intelli
gent behavior in that they are able to solve 
relatively complex problems. For example, 
they’ll find an efficient route from their nest to 
a food source, or escape from predators. In 
other words, they’ll do things that are beyond 
the capability of each single individual. Robotic 
swarms are a synthetic system that can exhibit 
this form of behavior. Studying them not only 
helps us understand natural  collective intelli
gence but also opens up possibilities for 
practical applications, such as rescue missions, 
environmental monitoring and cleaning, and 
even space exploration.

How do Kilobots compare with other 
 robots? 
They are very simple. Swarm robots are 
 designed very minimally because their advan
tages lie in their numbers rather than in their 
individual performance. This also applies to 
their sensors, processor, power supply, and 
 actuators. In that sense, their limitations 

Those who’ve been to our swarm robotics lab have certainly seen 
the multitude of mini-robots lying around on the tables. Those 
are SCIoI’s Kilobots, used by our researchers to study swarm 
behavior. But what exactly do they do? And how do they work? 
We had a chat with computer scientist Mohsen Raoufi, who shed 
some light on the “life” and secrets of these interesting robots.

The Wisdom of  
 the Crowd

Why does SCIoI study swarms of 
 robots?
MOHSEN: I think we first need to take a step 
back to a more basic question: why do we use 
robots, in general, to understand intelligence? 
SCIoI follows Richard Feynman’s idea, accord
ing to which “what I cannot create, I do not 
understand.” Therefore, we create synthetic 
systems – humanoid robots, robotic arms, or 
a group of relatively simple robots – with the 

Mohsen Raoufi 
sets up an 
experiment with 
Kilobots at the 
Lange Nacht der 
Wissenschaften 
2023
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SWARM ROBOTICS/COLLECTIVE 
SEARCH PROJECTS
  P27 Speed-accuracy tradeoffs in distributed 
collective decision making
  P34 Weighing personal and social 
information in cooperative problem solving
  P51 Navigating the explore-exploit tradeoff 
in collective search

How do human groups manage to adapt 
collec tively to different circumstances, for 
example in a search and rescue operation, an 
ice-fishing expedition, or a mushroom-pick-
ing session? The study of collective behavior 
reveals how individual decisions shape col-
lective outcomes in realistic group settings.

In one experiment by psychologist Dominik 
Deffner, groups of participants freely move 
through a 3D virtual environment similar to a 
video game (pictured above), searching for hid
den treasures. The researchers observed that 
single individuals often benefited from  staying 
close to others and taking advantage of their 
discoveries, but maximum group performance 
was observed when players independently 
searched new treasures. When incentives were 
placed on the group (vs. individual) level,  people 
became less likely to follow social information, 
in turn, improving group outcomes. This ex
periment says a lot about key decision- making 
processes in collectives, and could be applied 

to group strategies, for example to improve the 
efficiency of search and rescue operations, or 
to better understand human decision-making 
strategies in foraging situations (see p. 25). 

These findings were also explored from a 
synthetic point of view by computational neuro-
scientist and engineer David Mezey through a 
computational model. His study explores how 
individual decisions shape collective  behavior in 
a group of simulated robots exploring a  virtual 
playground like the one previously described. 
The results show that the environment plays 
an important role in how groups work  efficiently 
together. “When resources are concentrated, it’s 
more efficient to work closely together and  rely 
on shared information. But when the resources 
are spread out it’s better for individuals to work 
independently.” The researchers also showed 
that visual occlusion and the field of view of in
dividuals might  fundamentally reshape optimal 
searching strategies. This finding has special im
portance in swarm  robotic applications where 
such constraints are always present.  MO

Immersive reality  
used by Deffner et al. 

Using video games to understand how individual decisions 
shape collective outcomes in realistic group settings

 The More  
We Get Together

more accurate one. In an abstract sense, being 
a member of a collective can provide more ac
curacy of estimation for individuals, and thus 
help their decisions.

What can Kilobots tell us about 
 collective intelligence?
That’s a great question! There are a few ques
tions regarding collective intelligence that can 
be answered regardless of the system we work 
on, whether artificial or natural. For example: 
what are the requirements for a collective to 
behave in an intelligent way? What are the con
ditions needed for crowds to achieve a wise 
estimation? How can we obtain intelligent 
 behavior at the collective level while the indi
vidual-level intelligence and capabilities are so 

restricted? Additionally, studying a group of 
Kilobots brings up other interesting ob-
servations about collectives. Most of these 
observations arise due to the embodiment of 
the robots in the real, physical world, which is 
otherwise not observable in simulations. In our 
latest work, we studied how each robot is 
slightly different than the others, a feature we 
called “individuality in swarms.” 

You say there are individual differences 
in Kilobots? What can we learn from 
that? 
Despite a common belief that all robots are 
exactly identical, we’ve shown that each robot 
has its own unique properties. From other 
work in biological systems, including work by 
other SCIoI colleagues, we know that natural 
systems exhibit individuality, too. For example, 
some fish develop asymmetrical muscles on 
the left and right side of their bodies, suggest
ing a morphological individuality. In our robots, 
we studied these differences in how fast they 
move, how sensitive they are to environmental 
signals, or even in the speed of computation. 
A classical engineering approach is to try min
imizing these differences through calibration, 
for instance. However, there are cases where 
calibrating does not improve the performance 
of robots, but actually reduces it! Answering 
these questions, and gaining insights from new 
perspectives is what makes swarm robot sys
tems so interesting to us.  SRS

“It’s the ‘wisdom of the crowd’ effect: 
Although individual pieces of information 
may be imperfect, the average of 
all these imperfections is more accurate.”

A group of Kilobots and, behind, two Thymios. 
These are SCioI’s two fleets of swarm robots 

PIs: Heiko Hamann, Ralf Kurvers,  
Pawel Romanczuk
TEAM: Valerii Chirkov, Dominik Deffner, 
Felicie Dhellemmes, David Mezey, Mohsen 
Raoufi

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_27/
https://www.scienceofintelligence.de/research-projects/project_27/
https://www.scienceofintelligence.de/research-projects/project_34/
https://www.scienceofintelligence.de/research-projects/project_34/
https://www.scienceofintelligence.de/research-projects/project_51/
https://www.scienceofintelligence.de/research-projects/project_51/


SCIoI Cluster Report 202452 53Researchwww.scienceofintelligence.de

such mistakes affect the participants’ risk- 
taking behavior,” explained biomedical engineer 
Asieh Daneshi, who is working on this project.

 In a second research line, computational 
neuroscientist Maryam Karimian creates com
puter simulations of these VR experiments, 
using mathematical and computational models 
to analyze behavioral contagion and replicate 
how individual decisions and interactions lead 
to collective outcomes. “These models help us 
understand the underlying mechanisms and 
predict how changes in individual behaviors as 
well as the structure of groups can impact the 
behavioral contagion,” she explained. In anoth
er example, our PI Ralf Kurvers has scaled  this 
research up to larger  human groups, studying 
information flow in groups of up to twenty par
ticipants. Participants have to find hidden 
predators in pictures of animals and can ex
change their decision in real time with their 
group members. These experiments help un
derstand how information cascades through 
social systems.

But behavioral contagion is not limited 
to  humans. It is also observed in animal 
groups, such as flocks of birds or schools of 
fish, where individuals follow their neighbors, 
leading to coordinated movements that appear 
almost choreographed. By understanding the 

Zebrafish attitudes 
Changes in individual cognition lead to changes in 
collective patterns and decision making. To under-
stand how this works, SCIoI biologists Tamal Roy 
and Valentin Lecheval, who work at the IGB labs in 
Berlin (pictured above), have been developing 
theoretical models and conducting cognitive 
behavioral studies testing perception, attention, 
self-control, flexibility, innovation, learning and 
memory in individuals and in groups of zebrafish 
(Danio rerio). This study was carried out on three 
populations from which either the largest, the 
smallest, or random individuals were selectively 
removed in order to mimic natural predator 
 scenarios. “By comparing individual performance in 
different tests, we want to see how external agents 
like predators can cause prey groups to select 
for different behaviors, and how this can lead to 
changes in collective patterns and decision-making,” 
explained Tamal Roy. “For example, we noticed that 
individual fish from the population where the largest 
fish were removed have reduced self-control (the 
ability to inhibit their reflex) and flexibility (the ability 
to modify their behavior). How does this affect 
the behavior of the collective, and how does the 
group adapt in order to efficiently find food and 
avoid threats? This is what we want to test.” 

COLLECTIVE COGNITION PROJECTS
  P26 The collective dynamics underlying personal and 
social information integration

  P42 Behavioral contagion in human and artificial multi-
agent systems – integrating the cognitive and collective 
behavior perspective using VR

  P52 Evolution of collective cognition in response 
to novel selection pressures – how individual-level 
adaptations shape group-level outcomes

PIs: Robert Arlinghaus, Marcel Brass,  
Ralph Hertwig, Jens Krause,  
Ralf Kurvers, Anne Nassauer, Pawel Romanczuk 
TEAM: Asieh Daneshi, Maryam Karimian, 
Valentin Lecheval, Tamal Roy, Alan Tump

How Actions Spread
Every day, from the moment we wake 
up until we go to sleep, we make 
countless  decisions. Whether it’s 
choosing what to eat for breakfast 
or deciding the best route to work, 
each decision carries potential 
 consequences. Researchers have long 
been fascinated by how we make 
these decisions, especially in social 
settings where the  influence of others 
can significantly alter our behavior. 
This is where the concept of 
behavioral contagion comes into play.
BY MARIA OTT

Behavioral contagion refers to the phenom-
enon where certain behaviors spread among 
individuals in a group. This can be observed 
in the spread of laughter in a room or in 
the escalation of violence during a protest. 
The principle behind this is that individuals 
often mimic the actions of those around 
them, either consciously or unconsciously, 
also to validate their own choices. But why 
does this happen?

Understanding behavioral contagion is crucial 
for several reasons. For example, during emer
gencies, the spread of panic can lead to 
dangerous stampedes, whereas the spread of 
calm behavior can facilitate safe evacuations.

At SCIoI, researchers use various methods 
to study behavioral contagion, drawing from 
psychology, sociology, biology, and computa
tional modeling. One innovative approach 
involves controlled laboratory experiments us
ing virtual reality (VR) technology. In one of 
them, participants are placed in a (virtual) room 
with a group of virtual agents (see picture, left). 
They are presented with a visual stimulus com
posed of blue and yellow pixels. Participants 
are then instructed to raise their right hand if 
the dominant color is yellow and their left hand 
if it is blue, or vice versa, with the color-hand 
association counterbalanced among partici
pants. The virtual agents perform the same 
task and, like real humans, can make correct 
or incorrect judgments. The researchers then 
observe how the information coming from 
 virtual agents influences the participant’s 
 decisions. “By integrating VR, we can introduce 
virtual agents whose behavior participants can 
observe. These agents may sometimes make 
intentional errors, allowing us to study how 

An experiment 
with VR

 complexities of behavioral contagion,  SCIoI 
researchers aim to develop comprehensive 
models that account for both individual 
decision- making and group dynamics. These 
models can lead to better strategies for fos
tering positive behaviors and mitigating 
negative ones, contributing to a more harmo
nious and well-functioning  society.  
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 purpose, we developed a high-resolution, 
long-term recording system with associated 
real-time tracking, allowing us to generate rich 
data sets of individual behavioral-experiential 
trajectories that cover a substantial period of 
behavioral development. Based on the  observed 
real-world behavior of newborn individuals, we 
develop models of exploration behavior that 
on the one hand explain and predict the be
havior observed, and on the other hand 
perform well when implemented in virtual 
agents (computers) that are confronted with 
large-scale virtual experiments simulating a 
broad range of conditions and tasks. 

Aside from generating 
rich behavioral datasets to 
understand how  individuals 
develop intelligent explora
tion strategies, we are also 
interested in  understanding 
variation among individu

als. In short, we want to know why individuals 
develop different exploration strategies. 
 Recently, we discovered that even genetically 
identical Amazon mollies that are being raised 
in individual and virtually identical environ
ments differ substantially in how they explore 
their surroundings. Interestingly, and despite 
best efforts of calibration, we observe the same 
phenomenon in Kilobots (p. 48), indicating that, 

“exploration strategies.” We address one of the 
arguably most fundamental questions associ
ated with this behavior in biological systems: 
how do behavioral-experiential trajectories 
(i.e., the trajectories of exploration) dynami
cally unfold in newly born organisms? In other 
words, when confronted with an unknown en
vironment, what are the exact sequences of 
exploration behaviors and associated experi
ences that real-world organisms go through 
from day one of their life? 

To answer these questions, we are using a 
unique biological model system: the naturally 
clonal Amazon molly (Poecilia formosa).  Amazon 
mollies give birth to live 
offspring and naturally 
 reproduce clonally, which 
means they produce off
spring that are genetically 
identical to their mother, 
with reproduction (i.e., 
cloning of the mother) occurring via activation 
through sperm from males of similar species. 
Newborn fish need neither parental care nor 
direct social interactions and can thus be sep
arated directly after birth and tracked 
individually in identical environments, thereby 
allowing us to make full use of one the most 
powerful approaches in experimental biology: 
the replicate-individual approach. For this 

Clonal fish at the 
SCIoI Aquatic Lab

“We want to understand 
how newborn organisms 

develop intelligent 
exploration strategies”

How do newborn animals develop exploration strategies? 
SCIoI behavioral ecologists Ulrike Scherer and Sean 
Ehlman, together with the rest of their team, are trying to 
answer these questions by using clonal fish. Ulrike 
explains what the project is all about. 

Same Genes,  
Same Environment, 
Different Exploration 
Strategies 

One key theme at SCIoI is the “escape room” 
idea. Imagine a room where you must 
 reason through a series of tasks that rely 
on successfully having navigated the previ-
ous ones in a specific order to “succeed” 
in  escaping. Now extend this metaphor to 
newborn animals who, once born into the 
world, must successfully navigate their envi-
ronments, growing, learning, and  adjusting 
to a series of tasks in order to “succeed” in 
life. This is the “escape room” problem that 
our project is trying to solve. That is, being 
initially completely ignorant about the 
 specifics of their natal environment, how do 
newborn animals develop “intelligent” (i.e., 
adaptive, successful,  efficient) behavior? 
 Evolution has made biological organisms ex-
tremely good at solving such tasks. However, 
very little is known about the behavioral 
mechanisms underlying this ability.

In our project, we specifically focus on 
 generating a deeper understanding of how new
born biological organisms develop intelligent Clonal Amazon mollies 

BY ULRIKE SCHERER
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FISH EXPLORATION BEHAVIOR PROJECTS
  P10 Anticipation, prediction and behavioral 
reliability in social interactions
  P11 Dynamical collective adaptation & learning
  P21 Developing exploration behavior
  P58 From exploring basic maze elements to 
algorithmic rules for the escape room

PIs: Verena Hafner, Jens Krause, Tim 
Landgraf, Jörg Raisch, Pawel Romanczuk, 
Henning Sprekeler, Max Wolf 
TEAM: Palina Bartashevich, 
David Bierbach, Sean Ehlman,  
Fritz Francisco, Dustin Lehmann,  
Lea Musiolek, Ulrike Scherer

How are fish schools  
so well coordinated? 
When it comes to testing predictions of collec-
tive intelligence, creativity is key. Our approach is 
rather simple yet highly effective: To specifically 
control the behavior of individual animals in a 
social group and thus test theories on general 
mechanisms in collective intelligence, we built 
“Robofish,” a robot-controlled artificial fish that 
integrates into groups of small freshwater fish 
like guppies or Amazon mollies, who accept it as 
one of them. Using high-definition video tracking 
and a feedback system that let Robofish react 
to the living fish’s actions in real time, we were 
able to create the perfect follower individual. In 

this way, we could test how the movement 
decisions of the live fish influenced the group’s 
general collective behavior.

Programming the robotic fish without any of 
its own movement preferences gave us the 
unique opportunity to investigate how individual 
differences in the behavior of the live fish led to 
group-level differences. This allowed us to 
isolate the effect of the fish’s movement speed 
on the group’s collective behavior. This revealed 
that there are large individual differences in how 
fast live fish tend to move, and that individual 
speed is an important factor in the emergence 
of collective behavioral patterns. Thanks to 
Robofish, we have also been able to show that 
guppies can anticipate the movements of their 
artificial conspecific and predict both the 
direction and dynamics of its movements (see 
p. 28), a skill that professional (human) football 
players aspire to have in order to be able to react 
quickly, or even in advance, to their adversaries’ 
moves. This sheds light on the mechanisms 
behind the sudden changes in direction of large 
schools of fish and helps us to understand 
how synchronized behaviors of thousands of 
independent animals might be possible.  
BY DAVID BIERBACH

in complex systems, variation might be inevi
table. Now we are on a path to discovering 
what the sources of this  variation are. Could 
there be micro-environmental differences that 
somehow start a chain reaction within a de
veloping organism, leading to much larger 
differences through time? Are there pre-birth 
processes, such as epigenetic effects, that have 
a large effect on variation even among genet
ically identical individuals? We are  excited 
about the prospect of exploring these crucial 
questions and linking them to aspects of those 
biological phenotypes that are the true  measures 
of “success” in a new environment: survival and 
reproduction. 

Exploring intelligence 
across different species 
and systems teaches 
us the value of diversity 
in problem-solving 
and creativity.
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adapt,” says computer engineer Magdalena 
Yordanova. “By simulating neurogenesis, we 
aim to create networks that grow and adapt 
dynamically, much like the human brain.”  And 
according to computer scientist Max Ploner, 
“this approach not only reduces the need for 
manual network configuration but also  enhances 
a  robot’s  ability to learn in continuously chang
ing environments, in a way that is very similar 
to biological intelligence.”

CHALLENGE 4 
How do we deal with “noise”? 
We teach systems to ignore incorrect labels

In real-world scenarios, data often comes 
with noise-incorrect labels that can mislead 
learning systems. Think of a child asking for 
the name of a plant but being told the name of 
the window behind it. Though the child is able 
to specify what they meant, deep neural net
works are not as good at that. Computer 
scientist Elena Merdjanovska works on devel
oping strategies to have models identify and 
correct these errors, ensuring reliable learning 
even with imperfect data. “Our goal is to devise 
mechanisms that identify and ignore incorrect 
labels, potentially overwriting them with 
 pseudo-labels for better learning outcomes,” 
explains Elena. 

CHALLENGE 5 
How can we bridge the gap  
 between computer model planning 
and  real-world execution?
We integrate perception-based control into 
the model right from the planning phase

Think of a robot moving around a room: it 
might be programmed to move objects in a 
cluttered space but struggles if the objects are 
moved during the task. One of our goals is to 
integrate perception-based control directly in
to the planning process, allowing the robot to 
react dynamically to changes in its environ
ment. That way we can make robotic systems 
more resilient, and better understand how 
adaptive control mechanisms can be embed
ded into planning frameworks.  

MACHINE LEARNING PROJECTS
  P15 Efficient multi-task deep learning
  P39 Physical manipulation planning with 
differentiable closed-loop manipulation 
primitives

  P44 Efficient model learning from data 
with partially incorrect labels

  P45 Modeling neurogenesis for 
continuous learning

  A2 Neural representations for lifelong 
learning

PIs: Alan Akbik, Verena Hafner, 
Klaus Obermayer, Marc Toussaint 
TEAM: Christoph Alt, Danny Driess, 
Elena Merdjanovska, Max Ploner, Heiner 
Spieß, Jacek Wiland, Magdalena 
Yordanova 

Magdalena Yordanova 
interacts with Nao robots

data, because some of its features are dog- or 
cat-like and are already known to the network. 
To do this, we use transfer learning (adapting 
pre-trained models to new tasks with minimal 
data) or multi-task learning (learning multiple 
tasks simultaneously),” Spieß said. 

CHALLENGE 2 
How can AI learn new tasks without 
losing its previous  knowledge? 
We update models so that they can  correct 
errors without overwriting previously 
 acquired information

One of the challenges of lifelong learning is 
something the researchers call “catastrophic 
forgetting,” which is when new information 
overwrites existing knowledge in neural net
works. Imagine a personal-assistant AI that 
learns to book flights, but then forgets how to 
schedule meetings. Our objective is to update 
models based on sparse feedback, allowing 
them to correct systematic errors without los
ing prior knowledge. This approach can make 
AI systems more efficient and contribute to 
our understanding of how continuous learning 
processes might function in artificial systems.

CHALLENGE 3 
Similarly, how can we improve 
 continuous learning in AI systems?  
By simulating the brain’s ability to grow new 
neurons

“Traditional neural networks have fixed 
 topologies, and this can limit their ability to 

Deep learning has revolutionized AI, en-
abling machines to solve complex  problems 
like image recognition and natural language 
processing that traditional  machine learning 
once struggled with. Self-driving cars use 
deep learning to spot pedestrians and traffic 
signs, while virtual assistants like Siri and 
Alexa interpret voice commands. However, 
this progress demands vast data and compu-
tational power, and adaptable models for 
ever-evolving tasks. Handling big amounts of 
data poses many challenges. Here is how 
SCIoI is addressing the five challenges that 
are most pressing for its research.

CHALLENGE 1 
How do we deal with data scarcity and 
high computational demands? 
We optimize deep neural networks and 
teach them to work with less data

“Our goal is to understand the inner work
ings of deep neural networks so that we can 
optimize them in a targeted way,” explains 
computer scientist Heiner Spieß. “We study 
how these networks understand input data and 
construct transferable features. We’re trying 
to improve a network’s ability to identify these 
transferable features, which are important for 
improving its generalization performance.” In 
other words, by teaching a system to focus on
ly on the relevant, general features of the data, 
we are helping it become better at generalizing 
with less data and across data sources. “If a 
network processes images of both cats and 
dogs using common features such as their ears 
or tails, we can adapt it to recognize a new 
animal, such as a fox, with smaller amounts of 

Machine learning challenges: 
addressing data scarcity to achieve 
deep insights
BY MARIA OTT 

Beyond Data 
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To understand how important it is to find 
principles, let’s take a historical detour to 
1869. Remember chemist Dmitri Mendeleev, 
who was struggling to make sense of the 
chemical elements? By ordering the ele-
ments by their atomic weights, he noticed a 
periodic pattern in their properties, a prin-
ciple, which led to the creation of the 
periodic table. Initially met with skepticism, 
his predictions were eventually validated, 
revolutionizing chemistry. This story high-
lights how principles can guide scientific 
progress by providing a structured frame-
work to make sense of complex phenomena. 
Just as principles were crucial in chemistry, 
they are vital in studying intelligence. For 
example, if we identify common principles 
in intelligent behavior, we can create better 
artificial models. 

What is intelligence? In the past, the different disciplines explor ing 
this concept have provided answers, but only in a fragmented way, 
each discipline just focusing on some components of intelligence. 
To understand intelligence as a whole, we must look at how 
these fragments interact with each other and how these can help 
us extract principles of intelligence. 

 Principles of Intelligence

Intelligent behavior happens when, for exam
ple, what we see and hear is processed and 
turned into suitable actions. Animals and hu
mans gather lots of information through their 
senses, but just collecting this raw data isn’t 
enough. It needs to be processed and  connected 
to actions. In order to explore this intercon
nected and continuous adaptation to changing 
environments, our researchers set up experi
ments with robots. And since we can watch 
every step of the robots’ actions and fully con
trol their environment, we are able to come to 
a closer understanding of the principles at play.

“With these experiments, on a very funda
mental level, we are able to understand the 
different states of perceiving, processing and 
acting, and how these are interconnected,” says 
SCIoI roboticist Vito Mengers. “We believe that 
these interactions between components are 
more relevant than the components them

selves, and this very statement is what I am 
trying to investigate as a candidate principle 
of intelligence. If this principle holds, it should 
apply to a variety of intelligent behaviors. And 
so, we’re collaborating with several projects 
to validate this principle across different con
texts, including individual, social, and collective 
intelligence.” Now, in order to be able to ob
serve the interactions between components, 
the researchers create complex tasks that trig
ger these interactions. They then explore how 
agents (an animal, a human or a smart robot) 
choose the most appropriate action to com
plete those tasks. 

According to Bassel Katamish and Furkan 
Davulcu, who work on a related project, natu
ral intelligent agents (i.e., humans or animals) 
are good at solving complex problems that are 
out of reach for computer programs and robots 
(like improvising or reacting to an upset child). 
“In order to equip robots with similar capabil
ities, we need to find a way to divide complex 
problems into reasonable sub-problems by ex
ploring and exploiting the existing regularities, 
in the sense of finding patterns in complex 
problems and using them to solve these prob
lems effectively. We would really like to 
understand how this works,” says Furkan. In 
their research, Furkan and Bassel are applying 
this theory to scenarios such as escaping from 
an escape room and collective shepherding, to 
see how robots solve these tasks. “The aim is 
to provide a robust  framework for generating 
intelligent behaviors in robots and other 
 systems. By identifying regularities and under
standing how they interact at different levels 
of abstraction, we are creating a systematic 
approach towards understanding intelligent 
behavior,” they explain.

Let’s  revisit Mendeleev’s periodic table. His 
insight into the elements’ periodic nature pro
vided a  principle that structured chemical 
knowledge, leading to the prediction and 
 discovery of new  elements. Similarly, under
standing the principles at play might provide 
a  robust framework for studying intelligence, 
and our hope is that we can help design better 
robots and AI systems.  MO

Balancing modularity 
and integration 
To uncover principles of human thought process-
es, we also look into cognitive architectures. 
These frameworks model how the brain process-
es information, solves problems, learns, and 
adapts, serving as blueprints for intelligent 
agents like robots and AI. A main challenge is 
finding the balance between modularity (sub-re-
gions of the brain working more independently 
from each other) and integration (extensive 
communication between different sub-systems). 
Modular systems are energy-efficient but offer 
shallow processing, while integrated systems 
consume more power but provide deeper 
processing. Is it beneficial for cognitive systems 
to adjust modularity based on task demands? 
Does the human brain do this? “Modularity 
has several advantages: It simplifies the design 
process of artificial systems and acts as a 
regularization that reduces the system’s com-
plexity. However, when context sensitivity 
is required, information needs to be exchanged 
between many processing units, using a higher 
degree of integration at the cost of modularity,” 
says control scientist Halil Yigit Öksüz, who 
works on this project together with cognitive 
scientist Kai Görgen. “By understanding the 
optimal balance between  modularity and 
integration, we can enhance our understanding 
of intelligence and identify general principles 
of this performance.” 

Vito Mengers observes 
the robotic arm to 
extract principles of 
intelligence 

PRINCIPLES OF INTELLIGENCE PROJECTS 
  P35 Differentiable interconnected recursive estimation  
as a principle of intelligence
  P43 Generating robust and general real-world behavior 
by exploiting regularities at multiple levels of abstraction
  P13 Architectural design principles for intelligence: 
Modularity vs Integration 

PIs: Marcel Brass, Oliver Brock, Jöerg Raisch,  
Henning Sprekeler 
TEAM: Furkan Davulcu, Kai Görgen, Bassel Katamish, 
Vito Mengers, Halil Yigit Özksüz, Simon Weber
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Ethicist Dafna Burema 
answers questions 
on our main AI concerns
BY MARIA OTT

Hopes and Fears 
of AI and Robots:  
An Ethical  
Perspective 

In the rapidly evolving landscape of artificial 
intelligence (AI) and robotics, public debates 
alternate between utopian dreams and 
 dystopian visions. Optimists believe that 
technology will free humanity from labor, 
illness, and even the confines of our planet, 
all tropes well reflected in pop culture. Yet, 
at the same time, there has always been an 
alarmism towards the very same technology, 
with fears of job displacement and economic 
inequality, surveillance and loss of privacy, 
and AI autonomy paired with ethical 
 concerns of machines making life-and-death 
decisions. This dichotomy reflects societal 
hopes and fears tied to the use of these 
technologies. One of SCIoI’s main objectives 
is to navigate these complex waters, with 
the ethics team leading the charge in 
 evaluating, supervising and commenting on 
the latest trends in AI deployment and on 
the ethical dimension within SCIoI’s research 

projects. Are AI and robots as disruptive as 
portrayed in the societal discourse? SCIoI 
 researcher and ethics team member Dafna 
Burema elaborates on three main fears: 

1. Will AI replace our jobs?
“The advent of generative AI and its potential 
to replace artists and other professionals has 
sparked debate in recent times. Such pros
pects, where humans might seem obsolete, are 
often painted in a dystopian light, stirring what 
is known as ‘moral panics.’ These panics are 
not new; they have accompanied every disrup
tive technological innovation, from video 
games and comic books to social media. His
torically, technological revolutions have led to 
short-term job losses, which are often offset 
in the long term as societies and technologies 
adapt to each other. This pattern suggests that 
while the fears of AI-induced unemployment 
are justified, they must be contextualized 

Dafna Burema 
gives a lecture on 
Ethics and AI

What is intelligence? Philosopher 
of AI and SCIoI member Dimitri 
Coelho Mollo highlighted four 
general features of behavior that 
characterize intelligent systems: 
behavior that is general, flexible, 
goal-directed, and adaptive.
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humor. As ethicists at SCIoI, we oversee the 
cluster’s projects, addressing all issues 
 together with the researchers, in order to har
ness benefits and mitigate possible risks.”

How does SCIoI respond to those 
fears?
“The ethics team plays a crucial role in exam
ining these developments. We actively evaluate 
new project applications as well as ongoing 
projects and their anticipated outcomes in 
close collaboration with the researchers. Our 
aim is to identify possible assumptions and 
 potential societal impacts (as in the discourses 
of ‘good’ and ‘bad’ technologies) through crit
ical analysis. We also closely monitor current 
responses, such as the European AI Act. This 
set of regulations aims to mitigate potential 
harms in AI development and use by classifying 
AI systems according to their risk level as well 
as potential, while ethically aligning them with 
EU values.” 

ETHICS & PHILOSOPHY PROJECTS 
  P18 Methodology of the synthetic approach
  P19 Ethics of intelligence 
  P20 Concept of intelligence
  PA1 Ethical and Trustworthy Artificial and 
Machine Intelligence (etami)

“As ethicists, we oversee SCIoI’s 
projects and address any issues with 
the scientists to harness benefits 
and mitigate possible risks”

within a broader historical and evolutionary 
framework. It is essential to maintain a  long-term 
perspective on AI development, understanding 
that initial upheavals may eventually lead to 
the creation of new, perhaps unforeseen, job 
opportunities.” 

2. How beneficial are care robots for 
society?
“The use of robots in, for example, elder care 
is often regarded as a socially beneficial inno
vation. Anticipated demographic shifts towards 
aging societies stress the potential of care ro
bots to alleviate the burden on care workers 
and enhance the autonomy of the elderly. 
These technologies could lessen the pressure 
on welfare states, presenting themselves as 
seemingly ‘good’. However, this uncritical 
 acceptance requires scrutiny. The preference 
for technological solutions in elder care might 
reflect a broader political agenda that 
 emphasizes individual responsibility over 

community-based or formal institutional care. 
What I mean is that promoting the application 
of care robots might implicitly push towards 
minimizing the state’s role in providing care, 
and this raises ethical and societal questions 
about the values driving these technological 
advancements. The ethics team at SCIoI eval
uates such assumptions on ‘beneficial’ 
technologies, and communicates this back to 
SCIoI wherever necessary.”

3. How do deepfakes impact us?
“With their ability to create videos, images and 
audio, deepfakes are influencing different so
cietal domains, be it politics or pornography. 
The main ethical issues lie in their potential to 
violate intellectual property rights, and manip
ulate public opinion through undisclosed use 
of this AI, leading to legal and consent-related 
concerns and to the spreading of misinforma
tion. But despite these challenges, deepfakes 
also hold potential for positive impact: Some 
cases have shown that deepfake therapy allows 
trauma patients to confront AI-generated rep
resentations of perpetrators, which could 
potentially help them in their healing process. 
Additionally, deepfakes enrich cultural expres
sion through memes and satire, such as 
awkwardly dancing US politicians Trump and 
Biden or Harry Potter’s characters re-imagined 
as high fashion models, and this demonstrates 
AI’s capacity for fostering human creativity and 

Philosophy of intelligence
Philosophy at SCIoI seeks to integrate the 
various strands of research from the different 
disciplines involved to form a comprehensive 
view of intelligence. Unlike other fields that might 
focus on specific aspects such as memory, 
learning, or decision-making, philosophy looks at 
the bigger picture. It questions what intelligence 
fundamentally is and how it manifests across 
different entities and systems. How beings 
conceptualize their world (mental representation), 
how they process information (computation), 
and how these processes guide their actions 
(action-oriented beliefs) are some of the 
mechanics we look at to understand intelligence. 
Also we are moving beyond mere data process-
ing or logical decision-making, and following the 
four general features of behavior that 
 characterize intelligent systems (see p. 62). 

PIs: Dimitri Coelho Mollo, John-Dylan  
Haynes, Miriam Kyselo, Michael Pauen,  
Ingo Schulz-Schaeffer
TEAM: Dafna Burema, Tobias Drewlani, 
Bojana Grujicic, Mattis Jacobs, Marten Kaas, 
Nina Poth, Rainer Mühlhoff, Ole Pütz

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_18/
https://www.scienceofintelligence.de/research-projects/project_19/
https://www.scienceofintelligence.de/research-projects/project_20/
https://www.scienceofintelligence.de/research-projects/project_A1/
https://www.scienceofintelligence.de/research-projects/project_A1/
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connection between your project and some body 
else’s, that’s already a good starting point to 
explore further. Can you imagine a task that 
requires both projects’ outputs? How would 
you build such a system? How would the two 
components interface?

5. What are the main challenges 
of  integration?
The biggest challenge is that we always feel like 
we are in a bit of a Catch-22 situation, because 
we are trying to build a large, weakly decom
posable intelligent behavior, and we are doing 
that in order to study how to build large weak
ly decomposable intelligent behaviors. It’s a bit 
like the situation where you need work expe
rience to get a job, but you can’t have that work 
experience unless you have a job. This makes 
the initial bootstrapping period very chaotic 
and painful, but the outcomes have been very 
rewarding so far. And in a way, this is exactly 
what science is about: venturing into the un
known to learn about the unknown.  SRS 

“To integrate components you have  
to first integrate people and ideas”

holistic behavior emerges. The interaction 
 between components is as important as the 
components themselves. And the only space 
that allows us to study this interaction are the 
integration projects. 

In fact, most ongoing intelligence research 
ignores the interactions between components. 
And if they are considered, for example in larg
er systems, integration is not regarded as a 
scientific problem but only as a technical ne
cessity. What usually happens is that scientists 
from different research fields try to make ide
alized assumptions and solve the issues from 
their own perspectives and research interests, 
isolated from the requirements of interactions 
with other components. Integration offers a 
general high-level research goal for scientists 
from different fields to consider how their 
 research topics could be joined together to 
produce integrated systems. 

3. How do we achieve it?
In order to create a framework for integration 
that brings together many of the 50+ projects 
at SCIoI, our cluster has created three “ example 
behaviors” (see p. 16): escaping from an escape 
room, learning in social interaction, and collec-
tive shepherding. These behaviors are examples 
of individual intelligence, social intelligence, 
and collective intelligence. The idea is that we 
can build three systems, one for each behavior, 
and in these systems integrate the different 
 outputs of the projects in Research Unit 1. 
 Another path for integration is to directly in
tegrate the output of two or more projects, 
outside of the example behaviors. For both of 
these integration paths, we have seen signifi
cant progress at SCIoI so far. In addition, these 
efforts have led to very useful insights about 
intelligence. 

4. How does one get started 
on  integration?
It’s actually not very difficult. One wisdom says 
that to integrate components you have to first 
integrate people and ideas. So if you notice a 

A robotic arm opens a door of the lockbox

INTEGRATION 
PROJECTS  
PIs: Oliver Brock, 
Verena Hafner,  
Pawel Romanczuk

TEAM:  
Heiko Hübert,  
Dimosthenis 
Kontogiorgos,  
Heinrich Mellmann, 
Pu Xu,  
Hae Seon Yun,  
Yating Zheng 

Intelligence research is made of many 
 different disciplines, from animal behavior 
and physics to psychology and robotics. 
Yet, it is often a fragmented affair; its 
 research projects, or components, can be 
conceptually  distant from one another, 
with few or no overlaps and connections 
 between them. Bridging the gaps between 
those  disciplines is  crucial if we want to 
 develop a comprehensive understanding 
of intelligence. Therefore, the integration 
 between our projects and disciplines is 
one of the pillars of our cluster’s mission.

We’ve asked three of our researchers, 
Yating Zheng, Pu Xu, and Dimosthenis 
 Kontogiorgos, to walk us through the 
 concept of integration and what it means 
for SCIoI.

1. What is integration?
“Integration” is the opposite of “decomposi
tion.” Since the study of intelligence is such a 
monumental task, it is practical to decompose 
this large problem into smaller ones. But 
 intelligence is a complex phenomenon, and 
 decomposition implies potentially missing im
portant insights on how different components 
play together to generate intelligent behavior. 
Thus it’s also important to integrate the out
come of this decomposition, which means 
putting the pieces back together into a larger 
intelligent system. And that is what we are  doing 
at SCIoI: every project represents one compo
nent of intelligence, and we want to integrate 
all of these components into one comprehensive 
research effort.

2. Why is it important?
When we do research at SCIoI, each of the in
dividual researchers usually focuses on their 
own components. However, there is an assump
tion called “weak decomposability.” What this 
means is that in a larger intelligent system, 
 although there are components, there is also 
this in-between area where components  interact 
with each other, and that’s where interesting 

How project integration 
activities benefit 
interdisciplinary research 

Adrian Sieler and 
Xing Li operate 
the robotic arm 

Recomposing 
the Puzzle 

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/research-projects/project_integration/
https://www.scienceofintelligence.de/research-projects/project_integration/
https://www.scienceofintelligence.de/people/yating-zheng/
https://www.scienceofintelligence.de/people/pu-xu/
https://www.scienceofintelligence.de/people/dimosthenis-kontogiorgos/
https://www.scienceofintelligence.de/people/dimosthenis-kontogiorgos/
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Outreach
From exhibitions, press, and 
public events to academic talks 
and a Distinguished Speaker 
Series, SCIoI is invested in 
contributing to the intelligence 
debate

Pepper talks to visitors at the 
Lange Nacht der Wissenschaften 
2023



SCIoI Cluster Report 202470 71Outreachwww.scienceofintelligence.de

Above: Ralf Kurvers’  
decision-making 
experiment.  
Below: the Robofish 
simulation 

Romanczuk and Jens Krause, presenting a fish 
swarm that reacts to the visitor’s presence. The 
curtain  represents swarm behavior, but also 
the sensitivity of our ecosystems, so easily af
fected by human presence. 

A decision-making experiment for all 
Elsewhere in the exhibition, our PI Ralf Kurvers 
created a joint SCIoI-MPIB experiment on 
adaptive rationality, exploring individual and 
collective decision-making processes. Visitors 
 observe pictures of animal groups on an iPad, 
and try to guess the number of animals in these 
groups. Then they observe the guesses of 
 previous visitors and make a second judgment. 
Is the judgment of others beneficial or 
 detrimental? The demonstration playfully in
vestigates how visitors make up their minds and 
how they incorporate the opinions of  others. 

Robofish: playing with a robotic fish 
Translating biological observations into simu
lations is always a great way to show science 
to a diverse audience, but for this particular 
exhibition one of our research teams decided 
to go a bit further: “We wanted a simulation 
that would also allow the audiences to interact 
with our robotic fish,” said biologist David 
 Bierbach. “So we got a team together to make 
this happen and created some animations that 
we projected into the tank, and a ‘very inde
pendent’ robotic fish that 
could drive itself to a 
charging station when its 
battery was almost empty, 
just like the domestic vac
uum cleaner robots. We 
then put all that inside a 
tank with a projector, a 
camera, and a touchscreen 
so that visitors could con
trol the robot. As with any real experiment,  we 
were confronted with unexpected challenges 
that we had to solve creatively, but in the end 
we managed to get a great simulation, or game, 
of the Robofish experiment.” 

In the game, players immerse themselves 
in the principles of swarm intelligence by 

taking control of the small robotic fish oper
ating in an empty fish tank. By projecting fish 
into this fish tank, visitors learn to direct them 

into a specific area and un
derstand basic  concepts of 
collective behavior. The 
evaluation of these move
ment patterns and their 
comparison with move
ment models provided 
deeper insights into human 
behavior and the control of 
swarms. “And the great 

thing about this is that the Robofish demon
strator goes beyond its pure entertainment 
purposes,” said David  Bierbach. “Over a period 
of eleven months, we collected data while more 
than 15,000 visitors played the game over 
19,000 times. It’s a lot of data that we can use, 
and that’s great too.”  SRS

“Translating 
biological observations 

into simulations and 
demonstrations is 

a great way to show 
science to the public”

An exhibition at the Humboldt 
Forum brings together the different 
research approaches of the seven 
Berlin clusters, SCIoI included

Cluster Wunderkammer

Creativity and science have always been an 
integral part of Berlin’s cultural life, with 
citywide events such as the Lange Nacht der 
Wissenschaften and the Berlin Science 
Week bringing science closer to citizens 
through different formats that are accessible 
to all. In the past years, the city has also 
committed to expanding its portfolio of 
 science museums: the Futurium, opened in 
2019, showcases thought-provoking exhibi-
tions on what our lives might look like 
in the  future, and the Humboldt Forum, 
housed inside the rebuilt Berliner Schloß 
(the  former Berlin Palace destroyed by air 
raids in WWII), has given a new, more 
 central home to the FU’s ethnographic col-
lections, formerly held in Dahlem, while also 
 becoming a space for science exhibitions.
One of these exhibitions is Nach der Natur 
(After Nature), which brings together 
the wide range of research approaches of 
the  seven Berlin Clusters of Excellence 
through a care fully curated selection of 
 artifacts and demonstrators stemming 
from their research. The exhibition, based 
on the interactions between the climate 
 crisis,  biodiversity loss, and society, voices 
 scientific concerns about man-made changes 
to the environment, but also showcases 
Germany’s “Excellence Strategy.”

Excellence on display 
Imagine an interactive wall that moves with 
the visitor, fostering dialogue between  scientists 
and the public; a dedicated room presenting 

the clusters through a number of videos; a  fossil 
lizard that represents cluster Matters of  Activity, 
and a typewriter from the SCRIPTS cluster, but 
 also plastic trash from the ocean, and old 
 computers. All these objects can move up and 
down in the room, appearing and disappearing 
at different heights depending on what the cu
rators want to highlight that day.

But the exhibit that is perhaps most iconic 
of the exhibition is the interactive curtain cre
ated with the help of SCIoI members Pawel 

The interactive 
curtain reacts to 
visitors’ 
movements

VISIT THE  
EXHIBITION!

Open Wed–Mon  
10:30am–6:30pm 
Humboldt Forum 
Schloßplatz,  
10718 Berlin 

http://www.scienceofintelligence.de
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/


SCIoI Cluster Report 202472 73Outreach

Of individual, social, and collective 
intelligence
Explaining intelligence in individual and social 
beings, as well as in collectives, whether bio
logical or artificial, requires a cross-disciplinary 
approach that embraces the complexity of 
 intelligent behavior across species. When plan
ning the Fair, SCIoI’s example behaviors (p. 16) 
turned out to be quite useful and tangible in 
illustrating the storyline of the different re
search approaches we use to uncover the 
principles of intelligence. 

This also made it natural to organize the 
event into three batches of talks, one for each 
example behavior. In the first part, three short 
keynotes showed how SCIoI researchers ap
proach individual problem-solving behavior in 
humans and animals (for example, parrots, or 
mice) and how these findings are then applied to 
artificial agents. The combination of behavior
al biology and robotic technology showcases 
the potential of robotics in solving complex 
tasks, and also how this interplay allows us to 
 explore potential principles of intelligence. The 

second set of talks explored social intelligence, 
emphasizing its importance in complex social 
interactions across humans, animals, and  robots. 
The audience learned how people recognize 
and predict behaviors in various contexts, 
 including interactions with robots, and the 
 significance of non-verbal cues such as ges
tures in communi cation. We even got to follow 

Palina Bartashevich 
talks about the 
evading strategies 
of sardines

Human-robot interaction demonstration at the 
Science of Intelligence Fair exhibition From intelligent agents, systems and be-

havior to intelligence research, methods, 
and collaborations, we’ve seen it all so far in 
this book. But how (and why) do we tell 
these stories to a broader audience? It is not 
exactly easy to explain all of SCIoI over 
 coffee, yet it is  vital to start the conversation, 
both internally and externally, in order to 
ensure that theoretical  advancements are 
grounded in ethical  considerations and so-
cietal needs, and effectively integrated into 
practical applications. This is why, in the fall 
of 2023, we condensed the cluster’s work 

Explaining intelligence in just one day at the 
Science of Intelligence Fair 2023

Bridging Minds

into just one day of talks, demonstrations, 
and networking opportunities with the city. 
The event was our Science of  Intelligence 
Fair 2023, and it took place at Berlin’s 
 Radialsystem. We guarantee, it was so 
 inspiring to see policymakers, leading 
 academic experts, journalists and an 
 engaged public come together to attend 
keynotes, visit an interactive exhibition, 
 listen to panel discussions, or discuss robots 
and birds. Or, glass of wine in hand, just to 
satisfy the desire to learn more about what 
the Science of Intelligence is and does. 

https://www.scienceofintelligence.de/activities/scioi-fair-recap/
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a discussion on the potential of applying these 
insights to develop socially intelligent robots. 
The speakers gave insights into how social 
 cognition can lead to advances in artificial in
telligence, making robots capable of supporting 
and enhancing human social engagement. The 
last three keynotes focused on collective 
 phenomena in animal groups. The scientists 
explained how SCIoI researchers develop 
bio-inspired algorithms for simulations and 
embodied robotics. Understanding collective 
locomotion, collective decision-making, or be
havioral contagion processes in nature, and 
applying these principles to synthetic agents, 
holds promising applications for fields such as 
autonomous driving. 

The SCIoI Fair program really made the 
point that figuring out intelligence isn’t a “one- 
discipline show.” Whether it’s solving puzzles, 
getting along in social settings, or moving in 
groups, it is clear that we need information and 
ideas from all over to get a full picture of in
telligence. 

Advancements in safe AI technology
In the panel, experts explored human and 
 machine intelligence, covering adaptability, the 
challenges of mimicking complex human ac
tions such as dancing, and the significance of 
individual differences in both biological and 
artificial entities. They emphasized the  potential 
of AI and robots to augment rather than  replace 
human capabilities, and pointed out the need 
for strong ethical guidelines and  international 
collaborations to ensure that AI advancements 
align with societal values and contribute pos
itively to humanity, while also addressing 
concerns about misuse and governance dis
parities.

Exhibition – Demonstrators straight 
from the labs
In the exhibition, SCIoI scientists presented 
their research with interactive demonstrators, 
showing the capabilities and complexities of 
natural and artificial intelligence. The Kilobots – 
robots that mimic the collective intelligence of 
a school of fish or a swarm of bees (see p. 48) 
demonstrated decentralized decision-making. 
Visitors could also experience walking through 
a simulated fish swarm that adapts to human 
presence, offering insights into collective be
havior and bio-inspired robotics. A  robotic arm 
solving puzzles displayed the convergence of 
behavioral biology and robotics, and Robofish 
highlighted robots’ problem-solving and social 
skills.  MO 

From left to right: Christoph 
Schneider (HU-Berlin’s  
Vice-president for Research), 
Julia von Blumenthal (HU-Berlin’s 
President), Ina Czyborra (Berlin 
Senator for Science, Health 
and Care), Oliver Brock (SCIoI 
spokesperson), and Stephan 
Völker (TU Berlin’s Vice-president 
for Research and Education) 

Julia von 
Blumenthal and 
Jens Krause test 
the interactive fish 
projection 

Katharina Hohlbaum talks 
about individual intelligence  
in mice

http://www.scienceofintelligence.de
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Collective inflating 
of a balloon-like 
structure on the 
closing night 
of the Airbound 
exhibition

Rapid prototyping, or imagining through 
making, a central aspect of the project’s 
speculative method 

happened entirely in the dark, where visitors 
could go from station to station for olfactory 
stimulation, witness smoke bubbles that popped 
mid-flight, and cloud images forming on a 
screen. In another workshop, participants fo
cused on the theme of breathing with bodywork 
exercises. All of these experiences were then 
used as inspiration for speculating together, 
designing the objects and the materials of the 
future, and actually building physical and 
three-dimensional sketches of them. After 
that, the team hired four designers to interpret 
the thoughts of the participants and translate 
them into the tangible objects that would be 
 presented in the exhibition. 

on the results, designers and artists  ultimately 
created the interactive exhibits and experienc
es for the exhibition, which took place during 
the Berlin Science Week 2023 in Kreuzberg. 

Why air? 
“We believe that air will be the decisive mate
rial in the Anthropocene,” said Martin Müller, 
cultural scientist and researcher at Cluster of 
Excellence Matters of Activity, who co-leads 
the project together with Léa Perraudin. “Air 
as a material will play a fundamental role in 
determining which futures become possible for 
us as humans. Many important concerns are 
at stake: the debate on climate change, the 
 destructive use of resources, and the related 
ecological and social injustices.” To present this 
idea to the participants, the team interspersed 
the workshops with inspiring air-based activ
ities: for example, one of the workshops 
featured a multisensorial performance that 

“Air as a material will play a fundamental 
role in determining which futures become 
possible for us humans”

Speculating and 
creating at a 
CollAcitve Materials 
workshop

In 2021, SCIoI and fellow Cluster of Excellence 
Matters of Activity got together to brainstorm 
ideas for a joint science communication project. 
A year later, with the generous funding of 
the Berlin University Alliance, the “CollActive 
Materials” project was born. 

The three-year project, which is now near
ing its end, was conceived based on the idea 
that the active and intelligent materials of today 
can help us invent new ways to deal with the 
issues of tomorrow. And the best way to put 
this concept into practice, according to re
searchers and science communicators from 
SCIoI and Matters of Activity, was to plan a 
long-term design process involving individuals 
from civil society, design, and research in order 
to explore the extent to which speculative 
 design can enable a new mode of interaction 
between science and society. 

Keeping in mind the ultimate goal to later 
create an exhibition on possible future  scenarios, 
we developed a number of full-day workshops 
that took place in the spring of 2023 at differ
ent locations around Berlin, including a theater 
school, a yoga studio, a former crematorium, 
and, later, the Futurium museum. During the 
workshops, researchers and guests provided 
insights from science that the  participating in
dividuals used for their speculations, and based 

Science communication is many things: at 
its simplest, it’s any effort to make science 
understandable to others beyond the barri-
ers of one’s discipline. But it’s also a way to 
inform and engage, to reach non-scientists 
and let them participate, more or less 
 marginally, in our scientific adventures. 
And if we dig deeper into the meaning of 
 “science communication,” we’ll see that 
it’s also a way of starting conversations with 
the public about how our actions of today 
can influence our lives in the future. 

What happens when you put two clusters and a few dozen citizens 
around a table filled with robotic hands, kombucha cultures, 
Kilobots, 3D prints of human bone structures, materials with 
different textures, and wearable bark? They come up with new ideas, 
they imagine the future, and design possible scenarios for our 
present. CollActive Materials was created by the Clusters of 
Excellence SCIoI and Matters of Activity to start conversations 
about our possible futures. 

Futures of Air

http://www.scienceofintelligence.de
https://www.collactive-materials.de/
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Creating a global network for 
intelligence research allows us 
to share knowledge and push 
the boundaries of what we 
know about intelligent behavior.

Testing the grounds with 
a workshop at the 
Naturkundemuseum 

Objects to inspire speculation at one of 
the CollActive Materials workshops

We are all “airbound”
“We wanted to focus on air as a collective ma
terial that we all share responsibility for, 
but air is also an active and intelligent material 
that can move matter, one that adapts, and 
 transports,” said Kristin Werner, the project 
coordinator. “With our exhibition, called Air-
bound, we wanted to create opportunities for 
visitors to reflect on the role of air in their cur
rent and future daily lives.” Approximately 650 
visitors admired snapshots from the cultural 
history of air, site-specific experimental setups 
in the  exhibition space, and speculative sce
narios. These scenarios explored questions 
such as: What would a climate future look like 
if survival were only possible through techno
logical interventions on the weather? How 
would  people come together in a future without 
clean air? What if urban coexistence became 
shaped by new forms of cooperation with air? 

Speculation to imagine what’s possible
Through speculation, conversations become 
possible in an entirely new and unique way: 
everyday and academic knowledge, personal 
experiences, and current research topics com
plement each other. The scenarios that arise 
from speculation, in turn, provide a material
ized basis for exchange, discussion, and 
negotiation. “It was particularly important for 
us to move out of the university premises into 
the city, thereby facilitating an open exchange,” 

explained Léa Perraudin. “For such colla borative 
and experimental design processes, there is 
still a lack of role models in the academic con
text.” This project’s fundamental approach was 
also reflected on-site at the exhibition: With a 
ground-level window front, the exhibition in
vited passersby to take a look and contribute 
their own thoughts to the growing exhibition – 
right at Moritzplatz in Berlin.  SRS

COORDINATOR: Kristin Werner
PROJECT PIs: Oliver Brock, 
Claudia Mareis, Martin Müller 
(co-lead), Antje Nestler, Léa 
Perraudin  (co-lead), Wolfgang 
Schäffner, Solveig Steinhardt

http://www.scienceofintelligence.de
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Recording session 
at SCIoI 

It is likely in any case that a human-centric 
view of intelligence is too limited. Non-human 
animals, and perhaps even artificial machines, 
are or may be intelligent. But how can we 
 understand those different kinds of intelli
gence? How do we study them, and perhaps 
engineer them? We delve into these questions 
in  episodes two and three, mixing perspectives 
from comparative psychology, philosophy, and 
computer science to discuss things like the 
concept of meaningful engagement, or the im
pressive linguistic c apabilities of Kanzi the 
bonobo, who has learned to use a keyboard by 
simply watching another bonobo. 

Expanding the horizon further, we go into 
even more controversial terrain. In episode four 
we ask ourselves (and our guests): can intelli
gence be a feature of collectives, such as ant 
colonies, fish schools, or even human crowds 
crossing a busy intersection? Is there a wisdom 
of the crowds that goes over and beyond the 
intelligence of the single individual in a group? 
In a similarly explorative vein, episode six fo
cuses on a question that at first glance seems 
rather outlandish: does intelligence extend to 
plants, or even to bacteria? We debate the ar
guments and evidence for and against such an 
idea with our interdisciplinary guests.

The picture we end up painting in the series 
is that intelligence is better understood in the 
plural. There are different shapes intelligence 
can take: human, animal, artificial, collective, 
and perhaps even bacterial. Why, though, is 
intelligence a thing at all? What is it for, and how 
did it show up? This is the guiding  question for 
episode five. There, we look at the evolution of 
intelligence from the perspective of  cognitive and 
comparative psychology as well as philosophy.

“Intelligence is one of the most puzzling 
concepts out there, and it looks like the more 
we talk about it, the more we can engage in 
further discussions,” says Dimitri. And that was 
the aim of this podcast: to widen the discussion 
about intelligence beyond what we know.  

Curious? Scan the QR code below and get listen-
ing right now, or check out the podcast web page, 
www.scienceofintelligence.de/punchingcards/
And stay tuned for a new season of  
“Punching Cards”!

PODCAST TEAM 
CREATED BY Aravind Battaje, 
Valeria Becattini, Dimitri Coelho Mollo, 
Benjamin Lang, Nicolas Roth, 
Olga Shurygina, Solveig Steinhardt
MUSIC BY Aravind Battaje, Dimitri Coelho 
Mollo, Solveig Steinhardt, loosely inspired 
by Claudio Monteverdi’s “Torna Zefiro” 

In the summer of 2020, only one year after 
the birth of our cluster, eight SCIoI members 
with different backgrounds decided to start 
working on a podcast about intelligence. 
The result was “Punching Cards,” named 
 after the punched cardboard sheets used 
in early automated machines to store 
 digital data. Consisting of six episodes and 
meant for a lay audience, the show explores 
different aspects of intelligence: human, 
animal, artificial, and collective, as well as 
the evolution and boundaries of intelligence. 
Throughout the series, rigorous inquiry, 
scholarly dialogue, interdisciplinary 
 dis cussions, but also anecdotes and trivia, 
revolve around the intriguing phenomenon 
that we call intelligence. 

“What makes a person, a cat, a  bonobo, 
a dolphin, an octopus, a cockatoo 
 intelligent? What is it that these  living 
organisms have or do, when we say 
that they are intelligent? And what about 
things like computer programs, or robots? 
Can they be intelligent? If so, how? 
If not, why not?” 

With these words, our researcher Dimitri 
Coelho Mollo starts the first episode of 
 “Punching Cards,” setting the tone for what’s 
to come: A series of reflections by our re
searchers, as well as fun facts and important 
questions, intertwined with contributions by 
notable guests from the world of intelligence 
research. “It’s a sort of Distinguished Speaker 
Lecture series about intelligence, but in pod
cast version,” said Nicolas Roth, one of the 
podcast producers. “It was great to be able to 
get in touch with all these great scientists and 
have long, relaxed conversations with them.”

Each episode is dedicated to a different 
question about the notion of intelligence, 
starting with the most basic one: what is intel
ligence, really? It is a term that we tend to use 
mostly when talking about humans, and indeed 
this ‘prejudice’ has shaped how intelligence 
is studied to this day. But, as we discuss in 
episode one, even what human intelligence is 
remains far from clear. IQ tests and the like 
have been around for long, but what is it that 
they test, and how meaningful are their results?

What Makes a 
 Bonobo Intelligent? 
A podcast explains the different 
perspectives of intelligence research 
BY VALERIA BECATTINI

http://www.scienceofintelligence.de/punchingcards/
http://www.scienceofintelligence.de/punchingcards/
https://www.scienceofintelligence.de/punchingcards/
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In the coming year, the SCIoI showroom will 
showcase our latest findings through interac
tive technical installations, helping visitors 
understand the principles of artificial and bio
logical intelligence. Exhibits will include an 
augmented-reality projection of collectives, 
humanoid robot showcases, and robots solving 
lockboxes. By making our research accessible 
to all, we aim to foster greater understanding 
and engagement. This interactive space will 
 also provide our scientists with a collaborative 
environment to integrate diverse perspectives 
and gather more real-world data from inter
actions with visitors.

Interactive 
Spaces

SCIoI in 
the News 

One of our big upcoming projects is the 
creation of a showroom, a lab designed to 
connect SCIoI’s research with the broader 
community through hands-on demonstrators 
and simulations

Check out some of the most popular 
newspaper articles and TV shows 
about our cluster! From The New York 
Times to Newsweek and the popular 
German TV show Terra-X, in the last 
few years we have been pretty much 
all over the news. 

 ZDF: Terra-X 
Schlaue Schwärme – 
Rätselhafte Kräfte 

March 
2023 

 Newsweek 
Video Reveals Top 
Predators ‘Light Up’ as They 
Take Turns to Attack Prey 

February  
2024

 Nature Index 
Clusters of 
Excellence: the new 
‘brains trusts’ of 
German science 

November 
2020

 Scientific 
 American 
Massive groups of 
fish create waves 
to deter predators 

January  
2022

Building the structure 
for the fish projection

A comic about 
SCIoI’s marlin paper 
on www.hakai.org

Testing the fish 
projection in the 
new showroom

 The New York Times 
Why These Mexican Fish 
Do the Wave 

January  
2022

FOR MORE PRESS COVERAGE, VISIT  
WWW.SCIOI.DE/WHAT-THEY-WRITE-ABOUT-US/

https://www.zdf.de/dokumentation/terra-x/schlaue-schwaerme-raetselhafte-kraefte-doku-100.html?utm_source=CleverReach&utm_medium=email&utm_campaign=04-04-22+Name+of+Campaign&utm_content=Mailing_14226396
https://www.scientificamerican.com/article/fish-do-the-wave-to-ward-off-predatory-birds/
https://www.nytimes.com/2021/12/22/science/fish-wave-mexico.html
https://www.newsweek.com/video-reveals-predators-color-change-hunting-1872877
https://www.nature.com/articles/d41586-020-03322-0
https://www.scienceofintelligence.de/scioi-on-tv-and-radio/
https://www.scienceofintelligence.de/scioi-on-tv-and-radio/
https://www.newsweek.com/video-reveals-predators-color-change-hunting-1872877?utm_term=Autofeed&utm_medium=Social&utm_source=Twitter#Echobox=1708963752
https://www.newsweek.com/video-reveals-predators-color-change-hunting-1872877?utm_term=Autofeed&utm_medium=Social&utm_source=Twitter#Echobox=1708963752
https://www.newsweek.com/video-reveals-predators-color-change-hunting-1872877?utm_term=Autofeed&utm_medium=Social&utm_source=Twitter#Echobox=1708963752
https://www.nature.com/articles/d41586-020-03322-0
https://www.nature.com/articles/d41586-020-03322-0
https://www.nature.com/articles/d41586-020-03322-0
https://www.nature.com/articles/d41586-020-03322-0
https://www.scientificamerican.com/article/fish-do-the-wave-to-ward-off-predatory-birds/
https://www.scientificamerican.com/article/fish-do-the-wave-to-ward-off-predatory-birds/
https://www.scientificamerican.com/article/fish-do-the-wave-to-ward-off-predatory-birds/
www.hakai.org
https://www.nytimes.com/2021/12/22/science/fish-wave-mexico.html
https://www.nytimes.com/2021/12/22/science/fish-wave-mexico.html
www.scioi.de/what-they-write-about-us/
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With its seven Clusters of Excellence, Berlin 
can be seen as a hotspot for scientific research – 
and an excellent one, too. The clusters cover 
a broad variety of topics, such as active mate
rials for the future, application-oriented math, 
liberal democracy and its global challenges, 
chemistry, and the effects of literature across 
time and space. But how do we ensure that this 
great research output does not only remain 
within the confines of the academic communi
ty? We want to actively democratize knowledge, 
promote equality and inclusiveness and em
power informed decision-making with and 
through our science. This is why the seven 
clusters meet monthly and collaborate closely 
to create event formats that harness the variety 
of subjects covered to engage with the general 
public in exciting ways.

The “Excellent Pub Quiz”
Enter the inter-cluster Pub Quiz, a highlight 
at the Long Night of Science and a real crowd- 
pleaser. It’s laid back, a bit of fun, and sneakily 
educational. Picture this: a mix of curious 
 people, a pint in hand, tackling brain- teasers 
that span the spectrum of all clusters’ research. 
It’s a hit because it’s not just a quiz. It’s a way 
to discuss, laugh, and learn, all while decoding 
complex scientific concepts. Questions like, 
“Who described the three laws of robotics?” 
“What did Shakespeare leave his wife in his 
will?” and “How many neurons does the human 
brain contain?” keep the participants on the 

Above: SCIoI 
member Maryam 
Karimian, who won 
the 2023 Science 
Slam  
Opposite page: 
The audience at 
the clusters’ 
Science Slam

The collaborative power of Berlin’s 
Clusters of Excellence brings  
evenings of fun and science for all
BY MARIA OTT

Synergies in 
Collaboration 

edge of their seats and let them walk away with 
fun facts and new insights, possibly even trig
gered to explore a scientific path themselves. 
Plus, it’s a great way for us to listen and learn 
what  people find fascinating or puzzling, and 
think about how we share science. 

Intercluster science slam
Another standout inter-cluster activity that 
shines during Berlin Science Week is the  annual 
Science Slam of the Berlin clusters. Think of 
Berlin turning into a carnival where science 
meets festival vibes. The slam itself? It’s where 
the magic happens. Early-career scientists step 
into the spotlight, their research tucked into 
stories and jokes, ready to wow and educate. 
Last year, Maryam Karimian from SCIoI rocked 
the stage with insights on behavioral contagion, 
proving just how cool and accessible science 
can be. It’s all about making those scientific 
breakthroughs as engaging as they are enlight
ening, far removed from stuffy lecture halls. 

Through events like these, we’re not just 
talking science; we’re making it part of the com
munity vibe using the knowledge of all seven 
clusters. It’s about keeping the conversation 
open, engaging, and, most importantly, inspi
rational. 

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/the-lndws-excellent-pub-quiz-is-back/
https://www.scienceofintelligence.de/event/intercluster-science-slam-at-berlin-science-week-2/
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Conversations 
Across   
Disciplines

An opportunity for 
networking
In order to foster scientific networking within 
and beyond our community, our academic 
management team organizes different events 
throughout the year, from PhD and Postdoc 
retreats out in the Brandenburg countryside 
to admission symposia for new cohorts and 
open days, all aimed at promoting interdisci-
plinary connections and scientific exchange. 
But the most important event of them all is 
the Scientific Networking Days, a three-day 
event for all SCIoI members, taking place 
every summer at different locations. “We 
want to give our researchers time and a 
space to network with the entirety of the 
cluster, a place where they can present their 
projects, their current work, and their 
progress to the all the others,” says Julten 
Abdelhalim, SCIoI’s academic coordinator. 
At the SNDs everyone has a chance to ask 
questions and discuss, both during 
the  presentation sessions and over lunch. 
“Interdisciplinary research lives off the 
interactions between scientists from 
different disciplines, and our main goal when 
we organize these events is to make sure 
that researchers gain insights and inspiration 
from others in order to give their research 
that added value,” says Julten. 

Networking and socializing in the 
garden of Ballhaus Wedding at the 
Scientific Networking Days 2022

Preparing posters 
for our events

Oliver Brock speaks at the 
Scientific Networking Days 2022

Talks and lectures
At SCIoI, three interdisciplinary lecture series give 
members direct contact with the important ideas 
in intelligence research and foster networking and 
scientific exchanges within SCIoI and the scientific 
community, both in Germany and internationally. 
Thursday Morning Talks are meant for members to 
discuss their research progress or invite notable 
external guests to talk about their research activities. 
PI Lectures walk audiences through the Principal 
Investigators’ research topics presented in bi-weekly 
lectures, and Distinguished Speaker Series talks bring 
prominent academics from the world of intelligence 
research to Berlin to dive deeper into the topic of 
intelligence from different perspectives. Distin-
guished speakers, such as Patricia Churchland, Lars 
Chittka, Serge Belongie, or Antonio Bicchi to mention 
a few, bring their unique insights and experiences 
to our community promoting academic exchange 
and inspiring innovative thinking.

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/news-scientific-networking-days-2023-science-of-intelligence-annual-scientific-event/
https://www.scienceofintelligence.de/research/lecture-series/
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236,674
Visitors to Nach der 

Natur exhibition 

People  
and Facilities
The study of intelligence is transdisciplinary. 
Our community is made up of 133 researchers 
from twelve disciplines working at six 
institutions. Our labs provide scientists with 
the latest equipment for their experiments.

The Scientific Networking 
Days, an annual event 
dedicated to scientific 
exchange within the cluster

77
International news 
articles featuring 

SCIoI 

€600,000
Granted to SCIoI and MoA  

for CollActive Materials 
project

44
Outreach Events 

3
Pub  

quizzes 

602
“Punching Cards”  

podcast  
downloads 

 304,372
Social Media impressions 

in the last year

144
News features on 

our website 

COMMUNICATION  
ACHIEVEMENTS

http://www.scienceofintelligence.de
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.humboldtforum.org/de/programm/dauerangebot/ausstellung/nach-der-natur-14144/
https://www.scienceofintelligence.de/people/
https://www.scienceofintelligence.de/what-they-write-about-us/
https://www.scienceofintelligence.de/what-they-write-about-us/
https://www.scienceofintelligence.de/what-they-write-about-us/
https://www.matters-of-activity.de/en/categories/11955/collactive-materials
https://www.scienceofintelligence.de/activities/outreach-events/
https://www.scienceofintelligence.de/punchingcards/
https://www.scienceofintelligence.de/news/
https://www.scienceofintelligence.de/news/
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SCIoI members during the  
Scientific Networking Days 2023
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Rasha Abdel 
Rahman
Psychology

Principal 
Investigators

Robert Arlinghaus
Fisheries Science, 
Ichthyology

Marcel Brass
Psychology

Oliver Brock
Robotics

Dimitri Coelho Mollo
Philosophy of Artificial 
Intelligence

People
The SCIoI community is a varied group of scientists with diverse 
backgrounds that encompass many disciplines. Our researchers also 
belong to different institutions, including the six partner universities 
that constitute SCIoI (TU Berlin, HU-Berlin, Uni Potsdam, FU, the Max 
Planck Institute for Human Development, and Charité – Universitäts-
medizin Berlin), as well as other external institutes. Our cluster 
consists of principal investigators (PIs), postdoctoral researchers, and 
doctoral researchers. Student assistants offer help on many projects, 
while the coordination office team provides administrative, technical, 
and logistical support. 

Alan Akbik
Machine Learning

Sabine Ammon 
Philosophy 

Guillermo Gallego
Computer Vision 

Olaf Hellwich
Computer Vision

Ralf Kurvers
Behavioral Biology

Lars Lewejohann
Behavioral Biology

Verena Hafner
Developmental Robotics

Ralph Hertwig
Psychology, 
Cognitive Science

Miriam Kyselo
Philosophy of Embodiment, 
Cognition

Falk Lieder
Computational Cognitive 
Science 

Heiko Hamann
Swarm Robotics

Alex Kacelnik
Biology

Tim Landgraf
Biorobotics

Marianne Maertens
Psychology

John-Dylan Haynes
Cognitive Neuroscience

Jens Krause
Biology

Rebecca Lazarides
Educational Science

Anne Nassauer
Sociology

http://www.scienceofintelligence.de
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Klaus Obermayer
Computational 
Neuroscience

Jörg Raisch
Control

Pawel Romanczuk
Physics

Christa  
Thöne-Reineke
Behavioral Biology

Thorsten Pachur
Psychology

Scott Robbins 
Philosophy of AI 

Ingo  
Schulz-Schaeffer
Sociology 

Marc Toussaint
Robotics 

Michael Pauen
Philosophy of Mind

Julia Rodriguez 
Buritica
Psychology

Henning Sprekeler
Computational 
Neuroscience

Alice Von Auersperg
Behavioral Biology

Niels Pinkwart
Computer Science

Martin Rolfs
Psychology

Josh Tenenbaum
Computational Cognitive 
Science

Max Wolf
Behavioral Biology

Postdocs

Jinan Allan
Cognitive Psychology 

Christoph Alt
Computer Science

Palina Bartashevich
Computer Mathematics 

Julia Baum
Psychology

Dafna Burema
Sociology 

Dominik Deffner
Evolutionary Behavioral 
Science, Computational 
Behavioral Science
 

Pia Bideau
Computer Vision, Robotics 

Alicia Burns
Biology 

Raphael Deimel
Robotics 

David Bierbach
Biology, Biorobotics,  
Fish Behavior

Johann Chevalère 
Psychology 

Félicie Dhellemmes
Behavioral Ecology,  
Biology

Florian Bolenz
Psychology,  
Cognitive Science 

Asieh Daneshi
Biomedical Engineering, 
Cognitive Science 

Sean Ehlman
Behavioral Ecology 

http://www.scienceofintelligence.de


SCIoI Cluster Report 202496 97People and Facilitieswww.scienceofintelligence.de

Angelica Godinez
Vision Science 

Eitan Hemed
Psychology

Maryam Karimian
Computational Cognitive 
Neuroscience

Anna Kuhlen
Psychology

Luis Gómez Nava
Physics 

Katharina Hohlbaum
Veterinary Science

Murat Kirtay
Biorobotics

Valentin Lecheval
Collective Behavior, 
Ethology

Kai Görgen
Cognitive Science, 
Neuropsychology 

Anne Jaap
Animal Science

Anna Klenova
Biology

Antje Lorenz 
Psychology

Nina Hanning
Psychology

Marten Kaas
Philosophy

Dimosthenis 
Kontogiorgos
Human Robot Interaction

Martin Maier
Experimental Psychology

Paul Mieske
Animal Physiology, Biology

Julie Ouerfelli-Ethier
Psychology

Tamal Roy
Behavioral Ecology, Biology

Yunus Sevinchan
Physics

Rainer Mühlhoff
Philosophy 

Doris Pischedda
Neuroscience

Ulrike Scherer
Biology, Evolution of 
Behavior, Ecology

Nicolas Spatola 
Psychology 

Alan Novaes Tump
Behavioral Ecology,  
Cognitive Science

Nina Poth
Philosophy of Cognitive 
Science 

Friedrich Schüßler
Neuroscience, Physics, 
Ethology 

Olga  
Wudarczyk-Markett
Psychology

Arianna Novati
Biology, Neurobiology

Ole Pütz 
Sociology 

Richard Schweitzer
Psychology

Yating Zheng
Swarm Robotics 

http://www.scienceofintelligence.de
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PhDs

Helene Ackermann
Psychology 

Niek Andresen
Computer Vision 

Aravind Battaje
Robotics

Manuel Baum
Robotics 

Furkan Davulcu
Robotics 

Jonas Frenkel
Human-Robot Interaction 

Florian Blume
Computer Vision 

Tobias Drewlani
Sociology

Fritz Francisco
Biology 

Mark Boon
Computational 
Neuroscience 

Danny Driess
Machine Learning

Bojana Grujicic 
Philosophy

Valerii Chirkov
Computational Social 
Science

Anna Eiserbeck
Psychology

Marah Halawa
Computer Science

Ole Hall 
Computational  
Neuroscience

Pia Kahnau 
Behavioral Biology

Anna Lena Lange
Computer Science 

Heinrich Mellmann 
Robotics

Friedhelm Hamann
Computer Science 

Bassel Katamish
Control, Computational 
Engineering

Dustin Marlon 
Lehmann 
Control Systems 

Vito Mengers
Computer Science, 
Robotics 

Anja Henke
Educational Sciences 

Benjamin Lang
Biosciences,  
Molecular Biology 

Svetlana Levit
Computer Science 

Elena  
Merdjanovska
Computer Science 

Mattis Jacobs
Philosophy

Robert Tjarko Lange
Computational 
Neuroscience 

Xing Li
Robotics 

David Mezey
Theoretical Biology 

http://www.scienceofintelligence.de
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Our Boards
Our boards advise on the cluster’s main decisions in 
 day-to-day matters, scientific affairs, and ethical issues.

 The SCIoI Executive Board 

Elected by the cluster members, the SCIoI 
Executive Board is responsible for all major 
decisions within the cluster and for developing 
the SCIoI research program. The Board also 
decides on policies and funding applications, 
determines the admission of external PIs, 
advises on budgeting decisions, and oversees 
quality assurance within the cluster. 

The Executive Board consists of the SCIoI 
spokesperson, Oliver Brock, four Principal 
Investigators (Jörg Raisch, Christa Thöne- 
Reineke, Marcel Brass, and Jens Krause) a 
Postdoc representative (David Bierbach), 
and a PhD representative (Furkan Davulcu).

 The Scientific Advisory  
 Board 

SCIoI’s Scientific Advisory Board consists of 
external, highly accomplished scientists pos-
sessing extensive interdisciplinary research 
experience, who advise on scientific matters. 

 The Ethics Advisory Board 

The Ethics Advisory Board is made up of 
 external leading scholars with expertise in the 
fields of philosophy of artificial intelligence, 
digital ethics, and robotics. The EAB guides 
and  advises  SCIoI’s research activities. 

Ashwin 
Moongathottathil 
James
Comp. Cognitive Science

Uroš Petković
Computer Science 

Mohsen Raoufi
Computer Science 

Adrian Sieler
Robotics

Lea Musiolek
Psychology,  
Cognitive Neuroscience

Max Ploner
Computer Science 

Nicolas Roth
Conputational 
Neuroscience 

Heiner Spieß
Computer Science 

Huu Duc Nguyen
Robotics 

Pu Xu
Robotics

Lynn Schmittwilken
Vision Science

Soledad Traverso
Computer Science 

Halil Yigit Öksüz
Control Systems 

Runfeng Qu 
Computer Science, 
Machine Learning 

Olga Shurygina
Psychology

Vincent Wall 
Robotics 

Jacek Wiland
Machine Learning 

Magdalena 
Yordanova
Computer Engineering 

Hae Seon Yun
Computer Science 

Oussama Zenkri
Robotics 

Managing Director 
Kathleen Waak
Project Management
Konstantin 
Olschofsky
Academic Coordination 

Julten Abdelhalim 

Lab Management
Mathis Kaiser, 
Michael Brück
Communication

Maria Ott,  
Solveig Steinhardt 
Equal Opportunities
Lujain Kretzschmar

IT
Stephan Rosenzweig,  
Sascha Bauer 
Finances 

Anne Herms, 
Susanne Hölzemann
Front Office  
Antje Kaczmarek

Coordination 
Office

http://www.scienceofintelligence.de
https://www.scienceofintelligence.de/boards/the-executive-board/
https://www.scienceofintelligence.de/boards/scientific-advisory-board/
https://www.scienceofintelligence.de/boards/scientific-advisory-board/
https://www.scienceofintelligence.de/ethics-advisory-board/
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 ERC Consolidator Grant 

Martin Rolfs (2019)

 Google Cloud Research  
 Credit Grant 
Robert Lange 

 Emmy Noether Grant 

Alan Akbik (2021)

 G-Research Grant for PhD  
 Students in a Quantitative Field  

Robert Lange (2023)

 NSF AccelNet NeuroPac  
 Fellowship 

Friedhelm Hamann

 Teaching grants from the  
 Berlin Senate Fund (2024) 

Aravind Battaje, Mark Boon,  
Jonas Frenkel, Friedhelm Hamann,  
Benjamin Lang, Svetlana Levit, 
David Mezey, Nicolas Roth,  
Mohsen Raoufi, Olga Shurygina 

 Experimental Labs for Science   
 Communication 2021      
 (Berlin University Alliance) 

Oliver Brock, Dimitri Coelho Mollo,  
Solveig Steinhardt

 X-Student Research Group  
 Grants (BUA) 

Doris Pischedda (summer 2021),  
Pia Bideau (summer 2023),  
Pia Bideau (winter 2023/2024),  
Valentin Lecheval (summer 2024) 

 DFG Eigene Stelle Fellowship 

Sean Ehlman

 Research Fellow Chair MIAI  
 (Grenoble Alpes, France) 

Pia Bideau

 SCIoI Research Grants 

Nicolas Roth (2022), Aravind Battaje 
(2023), Mohsen Raoufi (2023)

 Best Workshop Poster Award  
 (ICRA 2024) 

Heiko Hamann, Mohsen Raoufi,  
Pawel Romanczuk 

 Best Paper Award  
 (ECVP 2021) 

Lynn Schmittwilken, Marianne Maertens

 Best Poster Award  
 (VISAPP 2023) 

Niek Andresen, Katharina Hohlbaum, 
Christa Thöne-Reineke,  
Lars Lewejohann, Olaf Hellwich

 Student Travel Award  
 (CECCO 2023 Conference) 

Robert Lange

 VSS Travel Awards 

Olga Shurygina (2022)

Grants

Other Awards

Selected Grants 
and Awards

Lieslotte Pongratz 
Dissertation Award
(The German Academic 
Scholarship Foundation) 

Richard Schweitzer (2022)

Best Practice 
Communication Award 
in Animal Research
(Tiervesuche verstehen)

Christa Thöne-Reineke and  
Lars Lewejohann (2021)

Werner Heisenberg 
Medaille 
Oliver Brock (2024)

Animal Welfare Award
(Dr Wilma von Düring Research Prize)

Katharina Hohlbaum (2019)

Outstanding 
Associate Editor 
(IEEE Robotics Automation 
Letters)

Guillermo Gallego (2021) 

EACL’s Outstanding 
Paper Award 
Alan Akbik (2023)

Major Awards

Humboldt Preis
Richard Schweitzer (2021)

Young Investigator 
Award
Katharina Hohlbaum (2021)
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ing to teach them the problem-solving abilities 
that are necessary for autonomously mastering 
an escape room or besting a physical lockbox 
 puzzle (see p. 42). Sometimes, the soothing 
hum of PC fans and the calming tap of key
boards is accompanied by red, green, and blue 
blinking lights and the sound of dozens of small 
metal feet tapping on a flat surface. That’s when 
the swarm of Kilobots starts moving through 
its arena: these small, three-legged robots – you 
can easily fit three or four into the palm of your 
hand – help us get a better understanding of 
how small changes in the individual affect 
 collective estimation (see p. 48) 

The EEG Lab
In the EEG Lab, SCIoI researchers conduct 
electroencephalography studies, recording 
and analyzing electrical brain activity while 
 human participants perform psychological 
 experiments. EEG enables us to observe the 
brain “at work” with high temporal resolution, 
and to draw conclusions about the mental op
erations and their interplay during information 
processing.

A busy day in the 
Asimov Lab

Where Research Happens

The Asimov Lab
Fittingly named after the Russian-American 
science-fiction author known for his “Three 
Laws of Robotics,” the 240 sqm Asimov lab at 
TU Berlin is where our researchers transfer the 
insights gathered from human-human inter
actions onto well known robots such as Pepper, 
NAO, and Cozmo. The goal is to improve 
 human-robot interaction and overcome the 
so-called “uncanny valley” (a common unset
tling feeling people experience when androids 
or humanoid robots closely resemble humans 
in many respects but aren’t quite convincing
ly realistic) to develop intelligent robotic tutors 

and learning companions for educational pur
poses. 

Next to the humanoid robots, the Asimov lab 
also houses the motion capture arena, where 
visitors might encounter swarms of smaller ro
bots buzzing about. Here, our researchers test 
algorithms for imitating swarming behavior 
that has been previously observed in nature, 
which is done by tracking the movement pat
terns of small, independently moving robots. 
Additionally, Asimov’s motion capture system 
is used as a ground truth for developing 
 computer vision models. 

Our lab managers present the SCIoI Labs
BY MATHIS KAISER AND MICHAEL BRÜCK

SCIoI Lab Guide 

  Asimov Lab: humanoid robots, VR, motion 
capture

  Čapek Lab: swarm robotics, lockboxes, 
robotic arms 

 EEG Lab: electroencephalography studies
  Visual Capture Lab: eye movement 
studies

  Media Lab: podcast and video creation
  Aquatic Lab at HU-Berlin Nord Campus:  
collective behavior

The Čapek Lab
Located on the second floor of the MAR build
ing at TU Berlin, this big, open-space robotics 
lab was named after the Czech writer and play-
wright who coined the term “robot,” and it’s 
where most of our robotic “magic” happens: 
here researchers work with robotic arms, try

http://www.scienceofintelligence.de
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Why Asimov? Why Čapek? 
Finding names for our robotics labs was a bit of a challenge: although 
each lab has its own identifiable purpose, we didn’t want to limit 
 ourselves in case of future setup changes. So, after a call for lab-name 
proposals, we voted for the names of two important science-fiction 
authors who have contributed to the concept of robot and inspired the 
development of the robotics field: Karel Čapek, the Czech author and 
playwright who became best known for his science fiction novels War 
with the Newts (1936) and the play R.U.R, in which the word “robot” 
appears for the first time, and Isaac Asimov (1920–1992) the Rus-
sian-born American author and biochemist, best known for his works of 
science fiction, where he introduced his famous “Three Laws of Robotics.” 
The SCIoI lab doors were illustrated by Berlin artist Léon Giogoli 
with themes inspired by the two authors and their connection to SCIoI. 

The lab consists of a control room and an 
electrically and acoustically shielded chamber 
with two participant seats, allowing us to 
 record EEG and other signals simultaneously 
during social interaction. Besides EEG, it is 
possible to measure participants’ pulse, eye 
movements, muscle activity, skin conductance, 
and breathing. Participants are presented with 
visual and auditory stimuli, and can provide 
responses by pressing buttons and talking.

The experiments conducted in this lab so 
far have included investigations on whether 
collaborating with a robot when naming pic
tures speeds up object recognition, on the 
neural signatures of sudden insights (eureka 
moments) when perceiving other people, and 
on the perceptual and emotional processing of 
AI-generated (deepfake) faces.

Visual Capture Lab
The Visual Capture Lab consists of three adja
cent rooms: the Light Lab for video recordings 
under controlled lighting conditions, the Dark 
Lab for eye-tracking studies, and an interme
diate control room to manage experiments in 
both labs. The Light Lab features a set for a 
moving scene consisting of a large, functioning, 
model train that moves around a rural German 
landscape, as well as multiple  cameras used for 
different aspects of visual scenes: high-speed 
cameras, depth cameras, and event cameras. 
Additionally, a truss system and robot arms can 
be used to mount and move cameras and light
ing equipment. Using these cameras, our 
researchers were able to record a large  video 
 data set for eye-tracking studies, also aug
menting robotic systems and improving their 
perceptual abilities.

The Dark Lab has a high-speed projection 
system, eye-trackers, and 3D-glasses to inves
tigate which features of visual scenes catch 
humans’ attention, and how gaze fixations and 
rapid gaze shifts support visual perception in 
the first place. The lab is equipped to conduct 
eye-tracking experiments in total darkness and 
in the absence of visual reference points, 
 allowing researchers to investigate control 
mechanisms for eye movements in isolation.  

“The labs are the heart of 
SCIoI’s research”

http://www.scienceofintelligence.de
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Welcome to the Aquatic Lab, where we take 
a closer look at the behaviors of different 
small freshwater fishes with the help of 
 video-tracking systems, robotic fish setups, 
and more. 

One of the things we do here is analyze the 
behavior of more than 48 fish simultaneously 
from birth onwards and throughout their 
lives – a sort of Big Brother process that helps us 
answer questions about individual differences. 
This is especially helpful with clonal Amazon 
mollies (Poecilia formosa), an all-female species 
made of identical clones, which we observe in 
order to conduct large-scale twin studies. 

But clones are not the only stars – our  rarest 
fish here is the sulphur molly (Poecilia sulphu-
raria). This species is known for its ability to 
live in highly toxic, low-oxygen sulphur springs 
in Mexico, withstanding water temperatures 
of more than 43°C and reacting to birds that 
want to eat them by producing “Mexican waves” 
(see p. 28). Given that we are the only lab in the 
world that harbors this fish species, we hope 
to gain invaluable insights into its collective 
behavior and conservation. 

We also have a superstar, i.e., Poecilia re-
ticulata, aka the Trinidadian guppy. This 
species has been used as model organism for 
research since the early 1950s, and we study 
its social interaction mechanisms through our 

very own Robofish (see p. 28), a 3D-printed, 
live-sized guppy model, that is magnetically 
attached to a robotic unit that drives on a sec
ond level  below the test aquarium. The guppies 
accept Robofish as one of their own, following 
it through the tank and often copying its ac
tions. It’s a perfect system to study all kinds of 
social interaction phenomena like collective 
decision-making, leader-follower dynamics, or 
anticipation abilities. 

Of course all these fish need special care, 
and we adhere to the strictest animal welfare 
and health regulations. For example, we are at 
the forefront in developing standard husband
ry protocols for scientific animal care facilities 
and follow the 3R principle (reduce, refine, 
 replace) in all our experimental setups.

Regarding daily routines, we of course start 
our day by checking all technical devices nec
essary to maintain our fish’s water quality and 
safety. After that, we do the first of two feed
ings of the day – powder food (for the babies) 
or granulate food for “bigger” fish. Meanwhile, 
we also check if all the fish are fine, and often 
we then discover new babies, as every adult 
female reproduces roughly once per month. In 
the afternoon, the fish get their second meal 
and a final checkup. Overall, we roughly have 
3,000 individual fish from several different 
species, most of them belonging to the family 
of livebearing toothcarps (Poeciliidae).  

Paying a visit to SCIoI’s 
Aquatic Lab, between robotic 
fish, mollies, and guppies
BY CHRISTOPHER SCHUTZ 

Exploring the  
Aquatic Lab

Opposite page: 
David Bierbach 
checks on the fish 
at the Aquatic Lab. 
Above: zebrafish

http://www.scienceofintelligence.de
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… a leaf” 
Collaboration is likened to leaf growth, origi
nating from a common point and branching 
out into multiple veins in different directions 
while maintaining a unified surface.

… clouds”
Collaboration mirrors the continuous process 
of cloud formation, where ideas and goals con
tinually reshape, connect, and separate, with 
each cloud symbolizing specific project ideas 
or goals.

… a swarm of ants” 
Collaboration is like a swarm of ants working 
collectively on a project, with different parts 
gathering knowledge and insights, which are 
then shared and integrated into a collective 
repository.

There’s another aspect that we need to con-
sider: SCIoI research projects usually have 
a synthetic (i.e., artificial, or computer-based) 
and an analytic (or natural) part. When it 
comes to collaboration between these two 
sides, SCIoI researchers have shown that 
there are three different modes to integrate 
the knowledge from these two sides:

Selective Alignments: The collaborating 
 parties retain a high degree of disciplinary 
auto nomy. In this type of collaboration, re
searchers are not obliged to reach a consensus 
regarding the interpretation of particular 
 research objects, but mutual support and in
spiration still  informs and stimulates the 
advancement of knowledge.

For instance, researchers working with 
swarm robots and schools of fish may not nec
essarily share specific scientific concepts, 
because the organisms in question are very dif
ferent. However, insights from analogously 
designed experiments may serve as important 
inspirations for the other side. 

Partial Consensus: Collaborating parties de
fine and share specific research objects over 
which they develop a partial consensus.  Debates 
over the precise meaning of such “boundary 
objects” become crucial for this mode of col
laboration. Researchers not only typically 
agree on the details of these objects when they 
engage with each other but also use them in
dependently, altering meanings at different 
times and in various contexts.

For instance, researchers working with bi
ological and synthetic (or artificial) agents may 
collaboratively develop a model to explain cer
tain aspects of behavior. However, they may 
still use these insights to address independent 
research questions. 

Merging Perspectives: The third collaboration 
strategy works well when research questions 
cross existing disciplinary understandings. In 
these cases, pre-existing disciplinary knowl
edge serves only as a proxy, and researchers 
must define research objects that lie outside 
their previous understandings.

This is typically the case for collaborations 
that explore “principles of intelligent behavior” 
as these principles are argued to exist inde
pendently of their embodiment in biological or 
synthetic agents. 

These types of findings are useful for 
 research: By identifying these collaboration 
processes we can also compare their levels of 
efficiency and pinpoint which of them are 
best for an interdisciplinary endeavor such as  
ours.  

Collaboration  
at SCIoI

Cluster  Introspection
SCIoI researcher Tobias Drewlani explains what 
happens when a cluster becomes the object of 
its own research 

Our doctoral researcher Tobias Drewlani 
has made this the main object of his re-
search, trying to answer questions such as, 
how do  SCIoI researchers see and shape 
their collaboration efforts? How can heter-
ogenous knowledge be integrated? What are 
suitable organizational structures facilitating 
collaboration? Read below for an over view 
of Tobias’ findings in his own words.  

The question of how SCIoI researchers 
collaborate has kept me busy for almost 
three years now. I think the main finding 
is that there is not an ideal or single way 
of how researchers from different fields 
can collaborate, but many. One of the most 
interesting aspects that I have found in my 
conversations with scientists is that each of 
them has a different way of conceptualizing 
interdisciplinary collaborations, but there’s 
something that all these descriptions have 
in common. First, all researchers believe 
that interdisciplinary collaboration is an ex-
ploratory and open-ended process, and not 
one that follows a linear set of instructions. 
Secondly, many SCIoI members have provid-
ed metaphors to describe the way they see 
these collaborations. 

Here are some of the most interesting 
 metaphors for the concept of collaboration: 

“It’s like …
… an experiment”
Collaboration resembles conducting an exper
iment, where individuals practically work 
together, experimenting with tools and con
cepts, despite uncertainty about the outcome.

Intelligence research is interdisciplinary 
by nature, and putting its disciplines together 
is one of our cluster’s main objectives. In 
order to counter what we call “disciplinary 
fragmentation,” SCIoI has made it its mission 
to promote scientific collaborations between 
researchers from different fields, and this 
happens not only conceptually but also 
 tangibly. For example, when we assign office 
spaces to new scientists, we make sure 
to place them together with researchers 
 coming from different disciplines, hoping 
to create the mind space and physical 
 opportunities for serendipitous discoveries, 
i.e., those casual and fortuitous eureka 
 moments that often occur when we talk to 
people from a totally different background. 
But how do scientists from different fields 
really  collaborate?

http://www.scienceofintelligence.de
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How Interdisciplinary 
is SCIoI? 
This graph shows all SCIoI collaborations between scientists 
from different disciplines and is based on the collaborations in 
SCIoI publications. Each dot represents a SCIoI member, while 
the different colors are the disciplines, with the analytic side on 
the left and the synthetic side on the right.

 Robotics
 Computer Vision

 Machine Learning
 Computer Science

Collaborations
SCIoI collaborates with various institutions from industry and 
academia in order to exchange knowledge, skills, and resources for 
mutual benefit. Here is a list of some of our recent alliances. 

 More partners: 

 Global Research Center for  Diverse 
 Intelligences at the University of  
St. Andrews

Dahlem Research School (FU Berlin)

Humboldt Graduate School (HU-Berlin)

Graduate Studies Support (Charité)

Center for Junior Scholars

 Industry collaborations: 

ANALYTIC DISCIPLINES SYNTHETIC DISCIPLINES

GRAPH BY MAX PLONER

  Computational  
Neuroscience

 Psychology
 Educational Science

 Sociology
 Philosophy
 Cognitive Science
 Behavioral Biology

http://www.scienceofintelligence.de
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The SCIoI Master’s Track
With an interdisciplinary curriculum, this Mas-
ter’s track prepares TU Computer Science 
students for a career in intelligence research 
and is ideal for aspiring SCIoI candidates. The 
program offers training on intelligence-related 
topics (perception, reasoning, learning, etc.,) 
from the complementary perspectives of computer science 
and psychology, and prepares Master’s students for bridging 
 synthetic and analytic disciplines.  
www.scienceofintelligence.de/master-track-tu-berlin

Einstein Visiting Fellows
In 2022 and 2023, SCIoI welcomed five 
 Einstein  Visiting Fellows. Elke Weber from 
Princeton University, Eric Johnson from 

the Center for Decision Sciences at Columbia University, 
 Lubna Rashid from Princeton’s Behavioral Science for Policy 
Lab, Jonas Ludwig from TU Berlin, and Arian Trieb, a predoc-
toral researcher. These fellows are affiliated with the  Einstein 
 Center Climate Change (which links climate research 
with  behavioral sciences and eco nomics) and with Science 
of  Intelligence.

17th  
Inter national 
Conference on 
the Simulation 
of Adaptive 
Behavior  
(SAB 2024) 
This conference is co-orga-
nized by University of Califor-
nia Irvine (UCI) and SCIoI, and 
brings together researchers 
in computer  science, artificial 
intelligence, artificial life, con-
trol, robotics, neurosciences, 
ethology, evolutionary biology 
and  related fields in order to 
further our understanding of 
the  behaviors and underlying 
mechanisms that allow natural 
and artificial animals to adapt 
and survive in uncertain envi-
ronments. The  conference 
focuses on models of adaptive 
behavior and on experiments 
grounded on well-defined mod-
els including robot and com-
puter simulation and mathe-
matical models designed to 
help characterize and compare 
various  principles or architec-
tures underlying adaptive 
 behavior in real animals and in 
synthetic agents, the “animats.”

Advanced 
SCIoI Lectures 
In 2024, the Berlin Senate 
has granted us funding for 
various teaching projects. 

Designed and organised by SCIoI doctoral students and super-
vised by their respective PIs, these projects give SCIoI research-
ers the opportunity to divulge their SCIoI research through teach-
ing opportunities within the Berlin universities. These projects 
are also a way for SCIoI to enhance and expand its international 
network of scientists by inviting notable speakers to participate 
in the teaching program. The courses can be used as part of the 
SCIoI Master’s Track program and of the curriculum of the Berlin 
School of Mind and Brain. Please visit www.scienceofintelligence/ 
master-track for an overview. 

Academic 
Programs 

Global 
Scientific 
Educational 
Program 
(GSEP)
In 2021, SCIoI awarded 
fully- funded GSEP fel-
lowships to six stu-
dents from African 
countries. Aimed at 
Master’s level students 
who wish to gain research experience in a subject 
of their interest at SCIoI, these fellowships were 
intended to increase their chances of successfully 
applying to a doctoral program in the Global North 
and to provide fellows with hands-on research 
experience in an interdisciplinary environment. This 
GSEP round was organized together with the  African 
Institute for Mathematical Sciences (AIMS). 

The Winter School 
“Ethics of Neuro science 
and AI”
Every year in late February, the Bernstein 
Center for Computational Neuroscience, the 
Berlin School of Mind and Brain, and SCIoI 
get together to organize the Winter School 
Ethics of Neuroscience and AI, an event 
tailored for Master’s and doctoral students.  
The Winter School covers a range of topics 
with particular focus on the ethical and 
societal consequences of modern neuro-
science.

Summer Schools 
Efficient AI for individual artificial 
agents and teams is a critical area of research. To explore paths towards efficient 
and sustainable robot perception and learning, in 2023 we got together with the 
 International Society of Adaptive Behavior (ISAB, UK) and hosted a one-week summer 
school in Berlin on the theme of “Embodied Intelligence – Perception and Learning 
in Nature and Robotics.” Designed for early-career researchers from all over, this 
 summer school explored alternative paths towards  efficient and sustainable robot 
perception and learning, and efficient AI for individual artificial agents and teams. 
In addition, we have collaborated with BIFOLD and the  Weizenbaum Institute and 
co-organised the Berlin Summer School of Artificial Intelligence and Society, titled 
“AI and the Urban: Making Cities Smart(er)?” (September 2024).

http://www.scienceofintelligence.de
http://www.scienceofintelligence.de/master-track-tu-berlin
https://www.scienceofintelligence.de/education/other-academic-programs/einstein-visiting-fellows-2022/
https://www.scienceofintelligence.de/education/sab-conference-2024/
https://www.scienceofintelligence.de/master-track/
https://www.scienceofintelligence.de/master-track/
https://www.scienceofintelligence.de/education/other-academic-programs/gsep/
https://www.scienceofintelligence.de/education/other-academic-programs/gsep/
https://www.bccn-berlin.de/events-list/winter-school-ethics-of-neuroscience-and-ai-2024.html
https://www.bccn-berlin.de/events-list/winter-school-ethics-of-neuroscience-and-ai-2024.html
https://www.scienceofintelligence.de/summerschool/
https://www.scienceofintelligence.de/summerschool/
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During the SCIoI Fair in September 2023, 
graphic visualizer Malte von Thiesenhausen 
took visual notes of all that was said during 
the keynote lectures, talks, and panel 
discussion. The result is an artistic 
summary of the true essence of SCIoI. 

SCIoI: an Artistic 
Rendition
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Belonging 
Matters 
SCIoI’s comprehensive vision 
for a diverse and participatory 
academic future 

BY LUJAIN KRETZSCHMAR 

SCIoI’s commitment to fostering an envi-
ronment of diversity, equity, and inclusion 
(DE&I) embraces innovative and dynamic 
methods. This is because we believe true 
participation begins right from the concep-
tion phase,  rather than just in the final 
steps of implementing DE&I measures. We 
 acknowledge that  diver sity is an ongoing 
process that requires continuous manage-
ment and commitment. By continuously 
integrating diverse perspectives, we aim 
to create a truly equitable workspace that 
drives innovation and excellence.

Our inclusive measures begin in the  recruitment 
phase, when we utilize inter national job search 
engines and platforms to reach a diverse pool 
of candidates. Early career researchers at  SCIoI 
engage with applicants through Q&A sessions 
before interviews, providing transparent and 
open communication in a peer-to-peer style. 
All recruitment stages offer hybrid  participation 
options. The interviews are supported by the 
diversity manager, while the onboarding pro
cess is  facilitated by Academic Coordination.

As an integral part of our organizational 
structure, SCIoI has established an Equal Op
portunities Committee (EOC) and appointed a 
diversity manager to coordinate necessary 

tools, improve infrastructure, and implement 
awareness measures. They both play a crucial 
role in managing diversity-related statistics, 
keeping track of our progress and offering 
valuable advice and assistance on equal oppor
tunity matters. Comprising members from all 
academic levels, the committee ensures com
prehensive access and representation across 
SCIoI. This structured approach ensures that 
efforts to create an inclusive and supportive 
environment are systematic, consistent, and 
sustained over time.

The intersectionality of belonging to 
 different aspects of diversity (such as cultural 
affiliations, gender, age, religion, and ability) 
led us to implement a comprehensive strategy 
that integrates all members into our 
 decision-making processes. This comprehen
sive-participative approach involves our 
diverse community in the early stages of plan
ning our diversity programs, initiatives, and 
events. By doing so, we ensure everyone’s input 
is considered. This fosters a sense of belonging 
and respect for each individual. For example, 
with the help of many SCIoI members  
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The parent-child room at SCIoI offers a space 
for parents to work alongside their children

The “word cloud” 
that resulted from 
the participation of 
SCIoI members in 
the Scientific 
Networking Days 
2023 

including the Equal Opportunities Committee 
and myself, the diversity manager, we have 
 developed a survey that successfully engaged 
participants in formulating measures to  promote 
diversity, equity, and inclusion, identifying areas 
for improvement, and understanding workplace 
diversity from  members’ perspectives. This 
voluntary and anonymous survey  highlighted 
the participative concept by encouraging active 
involvement and providing valuable educa-
tional insights, ultimately fostering long-term 
engagement and progress tracking.

Our perspective is complemented by tar
geted support for underrepresented groups. 
By acknowledging gender-related challenges 
in STEM, SCIoI has made significant strides in 
promoting gender equality. In the 2023 re
cruitment round (Cohort 5), SCIoI achieved its 
highest milestone in gender equality, with 50 % 
of the new Early Career Researchers being 
women.

Targeted measures such as unconscious 
 bias workshops for PIs and Postdocs, establish
ing a parent-child office, and our family- friendly 
policies, adaptable work hours, and childcare 

support, reflect our commitment to work-life 
balance for all members. Through our actions, 
SCIoI aims to level the playing field, ensuring 
every member feels valued, respected, and 
 empowered to contribute to our collective re
search endeavors, setting a new standard for 
participation, inclusion, and belonging in the 
academic world.  

 What is diversity  
 for you? 

http://www.scienceofintelligence.de
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Publications
Our researchers regularly publish  
peer-reviewed scientific journal articles 
that contribute to the understanding 
of intelligence

A Nao robot imitates 
the motions of its 
human companion

Breen, A., & Deffner, D. (2024). Risk-sensitive learning is a winning strategy for leading an 
urban invasion. Elife. https://doi.org/10.7554/eLife.89315.3

Dallabetta, M., Dobberstein, C., Breiding, A., & Akbik, A. (2024). Fundus: a simple-to-use  
news scraper optimized for high quality extractions. ACL 2024.  
https://doi.org/10.48550/arXiv.2403.15279

Deffner, D., Mezey, D., Kahl, B., Schakowski, A., Romanczuk, P., Wu, C. M., & Kurvers, R. (2024). 
Collective incentives reduce over-exploitation of social information in unconstrained 
 human groups. Nature Communications. https://doi.org/10.1038/s41467-024-47010-3

Eiserbeck, A., Enge, A., Rabovsky, M., & Abdel Rahman, R. (2024). Distrust before first sight? 
Examining knowledge- and appearance-based effects of trustworthiness on the visual 
consciousness of faces. Consciousness and Cognition, 117, 103629.   
https://doi.org/10.1016/j.concog.2023.103629

Garbaciauskas, L., Ploner, M., & Akbik, A. (2024). Choose your transformer: Improved 
 transferability estimation of transformer models on classification tasks. ACL 2024.

Golde, J., Haller, P., Hamborg, F., Risch, J., & Akbik, A. (2024). Fabricator: An open source 
toolkit for generating labeled training data with teacher LLMs. EMNLP 2023.  
https://doi.org/10.18653/v1/2023.emnlp-demo.1

Golde, J., Hamborg, F., & Akbik, A. (2024). Large-scale label interpretation learning for 
 few-shot named entity recognition. EACL 2024. https://doi.org/10.48550/arXiv.2403.14222

Guo, S., & Gallego, G. (2024). CMax-SLAM: Event-based rotational-motion bundle adjust-
ment and SLAM system using contrast maximization. IEEE Transactions on Robotics. 
https://doi.org/10.1109/TRO.2024.3378443

Halawa, M., Blume, F., Bideau, P., Maier, M., Abdel Rahman, R., & Hellwich, O. (2024). 
 Multi-task multi-modal self-supervised learning for facial expression recognition.  
IEEE Computer Vision and Pattern Recognition Conference Workshops (CVPRW) 2024.

Publications
SCIoI research consists of many intedisciplinary 
collaborations on the diverse range of intelligence-
related themes. Here below is a selection of our 
publications from the past five years. 

2024 
(June)

https://doi.org/10.7554/eLife.89315.3
https://doi.org/10.48550/arXiv.2403.15279
https://doi.org/10.1038/s41467-024-47010-3
https://doi.org/10.1016/j.concog.2023.103629
https://doi.org/10.18653/v1/2023.emnlp-demo.1
https://doi.org/10.48550/arXiv.2403.14222
https://doi.org/10.1109/TRO.2024.3378443
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Haller, P., Aynetdinov, A., & Akbik, A. (2024). OpinionGPT: Modelling explicit biases in 
 instruction-tuned LLMs. NAACL 2024. https://doi.org/10.48550/arXiv.2309.03876

Haller, P., Golde, J., & Akbik, A. (2024). PECC: Problem extraction and coding challenges. 
COLING 2024.
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Zappner 
p. 28–29 Fish: © SCIoI, David 
Bierbach, Bird: © Juliane Lukas; 
Graph: from SCIoI paper “Growth 
produces coordination trade-offs in 
Trichoplax adhaerens, an animal 
lacking a central nervous system” 
Drone images of marlin: © Alicia 
Burns 
p. 30–31 Mouse:  © Katharina 
Hohlbaum, Illustration: The Core/
Malte von Thiesenhausen; 
p. 32–33 All photos: © SCIoI/Noak 
p. 34–35 Event camera: © SCIoI/
Zappner, © Guillermo Gallego, 
Penguins: © Ignacio Juarez-Martinez 
p. 36 Protein: from Stahl et al: 
protein structure prediction with 
in-cell photo-crosslinking mass 
spectrography. Face of woman: 
Image generated via Jasper 
Illustrator by Anna Eiserbeck as a 
response to the prompt “Smiling 
Face, Vector Art”; 
p. 37 © SCIoI/Zappner 
p. 38–40 © SCIoI Noak, Zappner;  
p. 42–44 Opening the lockbox: 
© SCIoI/Zappner, Operating the 
robotic arm: © SCIoI/Zappner, 
Robotic arm holding a cube: © SCIoI 

Noak, Robotic hand: © SCIoI/
Seesaw, Rubik’s cube: © SCIoI/
Zappner  
p. 46 Using thenounproject.com, 
© Groothuis/Steffen Meier, 
istockphoto.com/Vertigo3d
p. 48–50 Swarm demonstration, 
Kilobots: © SCIoI/Rosenthal, Two 
fleets of robots © SCIoI/
Zappner, Immersive reality: 
© Dominik Deffner
p. 52–53 © SCIoI/Zappner; 
p. 54–56 Robofish: Courtesy of 
David Bierbach, tank: © SCIoI/
Zappner; Robofish: © SCIoI/Zappner 
p. 58–59 Network: unsplash.com/
Conny Schneider, interacting with 
robot: © SCIoI/Zappner
p. 60 SCIoI/Zappner 
p. 63–65 Dafna Burema: © SCIoI/
Zappner, Illustrations: The Core/
Malte von Thiesenhausen
p. 66–67 © SCIoI/Zappner 
p. 68–69 © SCIoI/Rosenthal
p. 70–71 © SCIoI/Noak
p. 72–75 © SCIoI/Setzpfandt 
p. 76-78: Workshops and inflating 
structure: © SCIoI/Noak, Hand: 
SCIoI/Seesaw 
p. 80–81 © SCIoI/Zappner
p. 82 ©SCIoI Zappner 
p. 84–85 © Per Jakob Blut  
p. 86-87 Poster: © SCIoI/Zappner, 
others: © SCIoI/Seesaw, © SCIoI/
Setzpfandt  
p. 88 Using thenounproject.com, 
istockphoto.com/Vertigo3d;  
p. 89–91 © SCIoI/Setzpfandt
p. 92–101 © SCIoI  
p. 104–106 © SCIoI/Zappner, door: 
© SCIoI/Noak  
p. 107 © SCIoI/Zappner 
p. 108–109 © SCIoI/Zappner
p. 110–111 © SCIoI/Zappner 
p. 114–115 © SCIoI/Zappner, 
© SCIoI/Noak, Photo by  
unsplash.com/Maksim Shutov  
p. 116–117 The Core/Malte von 
Thiesenhausen;  
p. 118–119 © SCIoI/Rosenthal  
p. 120 © SCioI/Noak
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