
PROCEEDINGS OF THE 16TH

SWECOG CONFERENCE

V i r t u a l  f r om  Skö vde  202 1
10 - 12 November

Ed i t o r s
Erik Bi l l ing
Andreas Kalckert

1



Editors:
Erik Billing, University of Skövde, erik.billing@his.se
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Preface

We welcome you to the 16’th SweCog conference! After the 2020 meeting had to be
cancelled, due to the unusual circumstances of facing a worldwide pandemic, we look
forward to finally meet again, although the pandemic makes us meet virtually and not
in person.

Fittingly, an emerging theme of this year’s meeting is virtual reality. A technology
which creates new ways of interacting with each other and with the world. It is not
only a subject of active research, but increasingly also a medium for new creative ex-
periments or applications, as evidenced by one of our keynote speakers this year. VR
has become now a more widely available tool in different areas of research, and prob-
ably has made its full and final impact not yet.

SweCog 2021 also features a nod to the word usability day. As technology becomes
increasingly present in our daily lives, not the least emphasized through the pandemic,
we believe that cognitive science has an important role as a field of research informing
the design of usable digital artifacts. As the University of Skövde stands as one example
of the close relation between cognitive science and user experience design, we take the
opportunity to celebrate the topic of Cognitoon and UX.

This meeting has been organized jointly by the Interaction lab and the Cognitive Neu-
roscience lab of the University of Skövde. We are glad to see this interaction happening
between the two labs and the two fields. We hope this is not perceived as an “invasion”
of the brain scientists documenting the failure of cognitive science as a field (see Nunez
et al., 2019), but rather a collaborative move of finding synergies in our research. In this
spirit, we hope our meetings continue to bring people together from different parts of
Sweden, from different departments, and maybe also from more different disciplines,
to discuss our latest research. And despite our enthusiasm for virtual reality, we sin-
cerely hope the next meeting will allow us to meet again in person.

Erik Billing and Andreas Kalckert

The reviewers were:

Beatrice Alenljung, Erik Billing, Linus Holm, Arne Jönsson, Andreas Kalckert, Erik
Lagerstedt, Maurice Lamb, Kajsa Nalin, Jonas Olofsson, Anders Persson, Jana Ram-
busch, and Katja Valli.

1



2



Conference Programme

Wednesday November 10th

13:00 — 13:05 Welcome
13:05 — 14:05 Invited speaker - Mel Slater (University of Barcelona, see p. 7)
14:20 — 14:40 Raphael Aybar (p. 15)
14:40 — 15:00 Gordana Dodig-Crnkovic (p. 22)
15:00 — 15:20 Philip Millroth (p. 6)
15:30 — 15:50 Christian Balkenius (p. 19)
15:50 — 16:10 Joel Parthemore (p. 35)
16:10 — 16:30 Poster talks (see p. 9)
16:30 — 17:30 Poster session

Thursday November 11th

13:00 — 13:05 Welcome
13:05 — 13:25 Jana Rambusch - Introduction to Cognition and UX
13:25 — 13:45 Kata Szita (p. 41)
13:45 — 14:05 Fateme Teimouri (p. 44)
14:20 — 15:20 Invited speaker - Virpi Roto (Aalto University, see p. 6)
15:30 — 15:50 Axel G. Ekström (p. 26)
15:50 — 16:20 Poster talks (see p. 9)
16:20 — 17:30 Poster session

Friday November 12th

13:00 — 13:05 Welcome
13:05 — 14:05 Invited speaker - Agneta Gulz (Lund University & Linköping University, see p. 6)
14:20 — 14:40 Paul Hemeren (p. 29)
14:40 — 15:00 Claes Strannegård (p. 38)
15:00 — 15:20 Maurice Lamb & Rebecca Rouse (p. 32)
15:20 — 15:30 Final remarks
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Verbal presentations

Below you’ll find abstracts for the talk by Philip Millroth and for the invited key notes
by Agneta Gulz, Virpi Roto, and Mel Slater. In addition, the following short papers are
presented verbally:

• Raphael Gustavo Aybar Valdivia — Generative Models as Epistemic Artifacts
(p. 15)

• Christian Balkenius — Basic Visual Reflexes for a Humanoid Robot (p. 19)

• Gordana Dodig-Crnkovic — Cognition as a Result of Information Processing in
Living Agent’s Morphology. Species-specific Cognition and Intelligence (p. 22)

• Axel Ekström — Gaze tracking partisans: Trust and individual conservatism
mediate visual attention to search engine results pages (p. 26)

• Paul Hemeren — Biological Motion Indicators for the Detection of Cyclists at
Night (p. 29)

• Maurice Lamb — Traveling Through the Dark: Using an interdisciplinary the-
atre and cognitive science approach to identify design strategies for human-
machine shared experience in a self- driving car (p. 32)

• Joel Parthemore — The Overselling of Super-intelligence: Or, Why Skynet
(Probably!) Isn’t Taking Over Any Time Soon (p. 35)

• Kata Szita — Remote and lab-based research of viewing experiences and recol-
lection in cinematic virtual reality (p. 41)

• Claes Strannegård — Ecosystems of reinforcement learning agents (p. 38)

• Fateme Teimouri — Escaping ‘Death by GPS’: Foundations for Adaptive Navi-
gation Assistance (p. 44)
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Verbal presentations

Agneta Gulz — Introducing learning science to teacher students
at Swedish universities

In the presentation I will go through the topics from my two introductory lectures on
“learning science” for teacher students. The lectures, targeting students at the end of
their first year, have so far only been given one time; thus there is much leeway to
modify and change them. I look forward to ideas and comments from the audience, not
least those who have experiences from teacher education.

Philip Millroth — Toward a Richer Understanding of Human Cogni-
tion: Unleashing the Full Potential of the Concurrent Information-
Processing Paradigm

One of the most influential working hypotheses in psychology, to this day, is that hu-
man information processing in higher-order cognition (e.g., judgment and decision-
making) is constrained by having to process objects serially, one at a time. However,
a rather large body of research, accumulated over the past 50 years, has demonstrated
that serial-processing models provide a poor descriptive account of human information
processing. An alternate to the serial-processing view is that people can process in-
formation concurrently; many cognitive processes can advance independently of each
other even if the system involves only a single central information-processing unit (i.e.,
central executive). Perhaps this general idea can be advanced beyond its present stand-
ing and is to provide new powerful tools in the pursuit of understanding human be-
havior. To this end, the present study provides a review of (i) the conceptual differ-
ences between different types of processing (serial, concurrent, parallel), (ii) recent
advancements in the field of computer science, and (iii) existing research on human
information-processing, which is in line with the advancements in computer science.
Finally, the study provides a discussion of outstanding research questions gleaned from
these reviews—questions that could stimulate entirely new research programs.

Virpi Roto — Is this User Experience Design?

Human-Computer Interaction, the home field of user experience research, has evolved
over 40 years from cognitive aspects to usability, to user experience, and lately to well-
being. Today, good user experience is a top priority in companies developing digital
services for consumers, but the interpretation of what user experience design means
remains limited. This is the case especially in work contexts where good user experi-
ence is often interpreted in simplistic way as ease and efficiency of use. In this talk, I
will dig into the concept of user experience, the status of user experience research in
work context, and report examples of our experience design research at work. Finally,
I look at the future and how work automation changes Human-Computer Interaction
research. With intelligent systems, we are facing a major challenge of redefining the
design goals for interaction on many levels, from cognitive to affective experience.
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Verbal presentations

Mel Slater — Body Representation in Virtual Reality

How the brain represents the body is a fundamental question in cognitive neuroscience.
Experimental studies are difficult because the body is always there (William James).
In recent years immersive virtual reality techniques have been introduced that deliver
apparent changes to the body extending earlier techniques such as the rubber hand
illusion, or substituting the whole body by a virtual one visually collocated with the
real body, and seen from a normal first person perspective. This talk will introduce
these techniques, and concentrate on how changing the body can change the mind and
behaviour, especially in the context of combatting aggression based on gender or race.
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Posters

Peter Bang, Maria Strömberg & Kajsa Igelström — Associations
between self-reported sensory sensitivity and social, communica-
tive, and rigid autistic traits

Background: Autism spectrum conditions have long been associated with abnormal
sensory processing, but it is not known whether problems within specific sensory
modalities are differentially associated with specific autistic traits. In this study, we
examined the relationship between sensory sensitivity and autistic traits. Sensory sen-
sitivity was measured using the modality subscales of the Glasgow Sensory Question-
naire, and autistic traits in social, communicative, and rigid domains were measured
using the Broad Autism Phenotypic Questionnaire. Methods: The questionnaires were
administered using Qualtrics, and recruitment of participants was handled using Pro-
lific. The total cohort was N=252 consisting of both autistic and neurotypical adults.
Results: We found that autistic traits in all three domains were predicted by sensitivity
in the auditory modality. The communicative and rigid domains were furthermore pre-
dicted by gustatory sensitivity, while sensitivity in the tactile modality was specific for
the social domain.

Nikolaos Chrysanthidis — Episodic memory semantization in a
spiking cortical memory model

Episodic memory (EMs) is susceptible to loss of information [Tulving, 1972], which
can be partly accounted for by semantization. Extensions to the classical Remem-
ber/Know behavioral paradigm attribute episodic forgetting to repeated exposures of
memory items in different contexts leading to semantization [Opitz, 2010]. Since this
prominent phenomenon has not been offered any solid mechanistic explanation, we
propose and evaluate a Bayesian-Hebbian hypothesis about synaptic and network fac-
tors contributing to the effect of EM semantization. In particular, we build a model of
two cortical spiking neural networks associatively coupled using a Bayesian-Hebbian
learning rule (BCPNN) [Tully et al., 2014, Fiebig et al., 2020], and show how it cap-
tures key phenomenological aspects of the semantization. We simulate an EM task
designed to follow a seminal experimental study [Opitz, 2010], and qualitatively com-
pare the modelling results with the corresponding behavioral data. We demonstrate
that encoding items across multiple contexts leads to item-context decoupling akin to
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Posters

semantization. The emerging loss of episodicity progresses with further exposures of a
stimulus in different contexts, resulting in weaker item-context memory binding. This
gradual trace modification relies on the nature of Bayesian learning dependent on pre-
and post-synaptic activity. Our model bridges neural mechanisms with behavioral out-
comes, and reproduces important EM phenomena abiding by various biological con-
straints.

Acknowledgments

Vetenskapsrådet 2018-05360; SNIC resources at PDC Centre for High Performance
Computing, KTH Royal Institute of Technology; Swedish e-Science Research Centre
(SeRC); KTH Digital Futures.

Adam Enmalm — The role of visual perspective on self-touch per-
ception: An exploratory study of somatosensory attenuation

Whenever you touch yourself, the ensuing touch feels distinctly different from when
someone else touches you. Self-generated touch is perceived as less intense, a phe-
nomenon called somatosensory attenuation. Touch to the self, regardless of origin,
is perceived through a first-person perspective, whereas touch to another is perceived
through a third-person perspective. The present study aimed to explore how self-touch
is perceived when the self is observed through other perspectives. It was found that
self-touch in a mirror and third-person perspective lowers the sense of ownership of
the observed hand, as well as the agency of the touch. Notably, the sense of ownership
and agency were lower in the third-person perspective relative to mirror perspective.
Further, no qualitative differences in touch perception were observed across the three
perspectives. There was no relationship between the sense of ownership or agency
and these qualitative differences. Lastly, there were no correlations between either of
these experimental aspects (ownership, agency, qualitative) and autism traits and self-
reported interoceptive abilities. The present study extends the knowledge and under-
standing of self-touch, and how visual perspective influences. The present study also
highlights areas of applications, such as immersive virtual reality and clinical research.

Linda Handlin, Giovanni Novembre, Heléne Lindholm, Robin Kämpe,
India Morrison — Human endogenous oxytocin and its neural cor-
relates show adaptive responses to social touch based on recent
social context

Both oxytocin (OT) and touch are key mediators of social attachment. In rodents,
tactile stimulation elicits endogenous release of OT, potentially facilitating attachment
and other forms of prosocial behavior, yet the relationship between endogenous OT
and neural modulation remains unexplored in humans. Using serial sampling of plasma
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hormone levels during functional neuroimaging, we show that contextual circumstances
of social touch facilitate or inhibit not only current hormonal and brain responses, but
also calibrate later responses. Namely, touch from a romantic partner enhanced sub-
sequent OT release for touch from an unfamiliar stranger, yet OT responses to partner
touch were dampened following stranger touch. Hypothalamus and dorsal raphe ac-
tivation reflected plasma OT changes during the initial interaction. In the subsequent
social interaction, OT modulation depended on the previous interaction, mediated by
precuneus and parietal-temporal cortex pathways, including a region of medial pre-
frontal cortex that also covaried with plasma cortisol. These findings demonstrate that
hormonal neuromodulation during successive human social interactions is adaptive to
social context, and they point to mechanisms that flexibly calibrate receptivity in social
encounters.

Lina Koppel, Giovanni Novembre, Robin Kämpe, Mattias Saval-
lampi, and India Morrison — Prediction and action in cortical pain
processing

Predicting that a stimulus is painful facilitates action to avoid harm. But how dis-
tinct are the neural processes underlying the prediction of upcoming painful events,
and those for taking action to avoid or prevent them? In this fMRI experiment, we ad-
dressed this by investigating brain activity as a function of current and predicted painful
or nonpainful thermal stimulation, and the ability of voluntary action to affect the du-
ration of the upcoming stimulation. Participants performed a task which involved the
administration of a painful or nonpainful stimulus (S1), which predicted an immedi-
ately subsequent very painful or nonpainful stimulus (S2). On action-effective trials,
pressing a button within the specified time window during S1 reduced the duration of
the upcoming stimulation in S2. On action-ineffective trials, pressing the button had no
effect on upcoming stimulation. Predicted pain increased activation in regions includ-
ing anterior cingulate cortex (ACC), midcingulate cortex (MCC), and insula, and de-
pended on whether a meaningful action was performed. Insula responses for predicted
pain were also modulated by potential action consequences. Taken together, these find-
ings suggest that cortical pain processing is not specifically tied to the sensory stimulus,
but instead depends on the consequences of that stimulus for sensorimotor control of
behavior.

Clara Larsson — Point of View: The Impact of Background Con-
ditions on Distinguishability of Visualised Data in Detailed Virtual
Environments

Data visualisation in a virtual environment (VE) opens up new ways of presenting and
processing information. It makes it possible to explore data in an immersive way. How-
ever, it comes with challenges. One of these challenges is the perception and distin-
guishability of the data. The data needs to be distinguishable against the background,
but in a VE where the user can move, interact and observe the data from different
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perspectives, the backdrop will be constantly changing.

The study used the in-development air quality data visualisation system CityAirSim
and a self-completion questionnaire to answer the research question: What impact does
a detailed virtual environment have on distinguishability of visualised data?

The collected data were not able to determine if one of the colourmap used (YellowRed,
Rainbow) was more efficient. The darker environment was reported to make the visual-
isation easier to see in comparison to the lighter environment. The results also showed
that different perspectives and their different backdrops impacted the distinguishability
of the data, with participants answers being different depending on if the virtual camera
was placed above or below the visualisation.

Zakarias Mortensen — Emotional Design in VR, A study on emo-
tional design and coloursin a virtual reality setting

The purpose of this paper is to contribute with knowledge regarding how the emo-
tional design element colours could be incorporated into the realm of Virtual Reality
(VR) to achieve elicitation of positive emotions. A mixed methods approach was im-
plemented in which respondents explored two virtual environments, one containing
saturated colours and one containing greyscale colours. The overarching goal with the
given approach was to look closer at how colours could be beneficial in the context of
virtual environments (VE) and whether the already found benefits from implementa-
tion of emotional design on the web could be transferred to VR. The results indicate
that saturated colours could evoke emotions in a virtual environment, but the outcome
of which feelings the saturated colours could evoke was ambiguous. Two notions were
found where the respondents either found the version containing the saturated colours
to fill them with excitement, warmth and comfort, whilst the other notion proposed
that the environment felt less realistic and did not fill its purpose of being a learning
environment.

Patrick Oden & Linus Holm — Intrinsic Rewards for Problem Res-
olutions

Resolving abstract problems often appear intrinsically satisfying, but what determines
the level of internal reward and why would the brain reward itself for solving problems
without external utility? A native drive for solving problems might spur inventions and
insights that eventually turn out to be adaptive to the individual as well as the group and
the entire species. For such a drive to be adaptive in the long term, it seems metacog-
nitive assessment of problem resolution needs to be accurate. We hypothesized that
problem difficulty might drive resolution satisfaction in two online mathematical logi-
cal forced choice tasks involving 30 and 40 problems, and 96 and 102 participants, re-
spectively. In both Experiments, we found that problem difficulty predicted resolution
satisfaction, and that participants’ resolution confidence ratings were closely related to
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resolution satisfaction.

Astrid Venell, Emma Olsson & Linus Holm — Raising interest by
satisfying curiosity

Some little piece of information sometimes increases the appetite for more. Under-
standing what raises and maintains topical interest would be of great value in education,
and would connect current research on curiosity with more obviously adaptive aspects
of intrinsic cognitive motivation. We investigated what factors in a learning situation
might spur further topical interest in an online test where 96 participants rated their ex-
perience of 100 two-alternative forced choice zoology trivia questions before and after
receiving the correct answer. We found that pre-answer curiosity, post-answer surprise
and satisfaction reliably increased the likelihood of requesting unrelated extra animal
information at the cost of a time delay. Our findings suggest how covered knowledge
gaps instead of saturating the desire for knowledge instead act to increase it.

Michael Wells & Linus Holm — Inherently satisfying retrieval fa-
vors reliability

It often seems satisfying to retrieve an item from memory, irrespective of the mem-
ory content. If the brain incentivizes retrieval attempts on the prospect of an internal
retrieval reward, then that would constitute an intrinsic drive for reinforcing declara-
tive memory access. But what determines the level of retrieval satisfaction? We tested
the idea that retrieval attempt uncertainty drives retrieval satisfaction. For instance,
the more distant the memory, the more satisfying should it be to successfully retrieve.
Using five Swahili-English word pair encoding sessions spaced across one week in an
online experiment, we tested 30 English-speaking participants’ recall satisfaction and
memory confidence in a final cued recall test. We hypothesized that retrieval satisfac-
tion should increase with retrieval uncertainty as indicated by time since encoding, and
encoding session retrieval performance. Instead, we found that retrieval satisfaction
decreased with time since encoding and session retrieval performance. Moreover, we
found that retrieval confidence and satisfaction ratings were essentially interchange-
able in the experiment. Thus, the brain appears to reward retrieval reliability rather
than fruitful retrieval effort.
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Generative Models as Epistemic Artifacts 

Raphael Aybar1 

1University of Vienna 

Predictive Processing (PP) proposes that the brain embodies a generative model of the environment that predicts 

internal or environmental states to reach adaptation. Critics accuse the neurocentric implications of PP as it sets 

the boundaries of cognition within the brain and the body while putting aside the roles of culture and environmental 

resources in extended cognition. I contest these critics arguing that generative models are epistemic artifacts for 

modeling cognitive systems or scientific models that create new models (Tee, 2020). Although proponents of PP 

certainly generative models as tools, they conflate them with mental kinds. The argument develops as follows: 

generative models are theoretical constructs in scientific modeling practices, which do not target any particular 

physical system. In other words, neither they have to be realized in cortical activity nor elsewhere. From an 

observer's perspective, they are architectures of information processing that can be realized in the brain or agent-

environment coupled systems. When approached epistemic artifacts, their 'generativity' is not a capacity to 

represent but produce something new. This property may serve to model non-brain-centered cognitive systems, 

such as niche constructing adaptive systems (Bruineberg et al., 2018). 

Modeling cognition can be a misleading epistemic practice: it aims to create bona fide representations of cognitive 

systems by capturing cognitive structures shared by humans, other animals, and other organisms. However, when 

scrutinizing in this practice, we can appreciate something else developing in it: the alleged cognitive structures 

are, in fact, observer-relative, created in scientific practices, where sometimes are postulated as non-observable 

entities. This is the starting point of an epistemology of cognitive sciences. Its main question concerns the epistemic 

gain of modeling practices in this field of research. 

Cognitive scientists typically employ reductive strategies when modeling. Consider the practice of modeling 

perception. Perception can be the subject of multiple approaches (e.g., phenomenological, mechanistic, or 

psychological), but a perception model cannot. Of course, scientists can always employ multiple model strategies 

(see Weisberg, 2007). A modeler can define perception as a computational process by narrowing down the 

understanding of the phenomenon when doing this.  The modeler can approach it instead from a first-person 

perspective, but perhaps at the price of overlooking its physiology (this is not meant to say that scientists with 

different views of perception cannot collaborate). This reductive strategy has a positive side: it makes available 

for the scientists a set of tools that can help her transform her intuitions into tangible and manipulable artifacts 

called scientific models. The epistemic gain of modeling practices lies precisely in the construction and 

manipulation of models (Knuuttila, 2011). In the rest of this talk, I will understand models as epistemic artifacts 

constructed and manipulated by scientists to solve questions or gain understanding. Their concrete and abstract 

properties make these surrogates apt to foster and limit scientific reasoning and imagining (Knuuttila, 2017). I will 

analyze recent predictive processing models of cognition based on this perspective. 

Predictive Processing is a two-fold theoretical framework in the cognitive sciences: it is a general conceptualization 

of mental phenomena associated with a set of statistical and computational tools. Cognitive scientists use them to 

construct scientific models that help them investigate questions. These tools have mainly used Bayesian methods 

to solve probabilistic problems; the general conceptualization is an analogy between cognitive systems and 

probabilistic engines (Clark, 2016). Proponents of PP tend to depict cognitive agents as embodied systems that 

structure their information about the world by forming mental structures resembling the world. This idea is 

appealing: it is not sufficient for an adaptive engagement to just have a system of unorganized information. 

Information has to be arranged so that it becomes a tool for acting, planning, perceiving, and even thinking. In this 

context, PP proponents suggest that minds gather information probabilistically by creating and updating generative 

models. 

Generative models are the core components of PP systems. They mediate between the organization of sensuous 

information and perception and action. Perception is the recognition of the causes of the sensorium. For example, 

when a person smells something, identifying the smelling object causing the smell is a perception. Action is a 

movement intended to transform environmental states into a set of expected or desired states (Friston, 2012). 

Generative models are architectures of information processing presenting plausible ways by which cognitive 

agents perceive and act. In other words, a predictive system generates predictions to identify the object causing 
16



sensations or predict that certain policies will lead to desired states. To do either of both, the cognitive agent needs 

relevant ecological information. If the agent does not know its environment, it may produce weak predictions and 

misleading policies. A generative model is, in PP, a model or mental structure that organizes this information. 

Thus, it serves to accomplish the function of a predictive engine that perceives and acts. 

In the philosophical literature of the predictive mind, the elegant solution of generative models to model 

perception-action systems has been mistakenly construed as a mechanistic account of the brain (Badcock et al., 

2019); as a way of naturalizing mental representations (Hohwy, 2013); or as a realist view of the probabilistic 

brain (in the so-called Bayesian brain hypothesis; see Colombo and Seriès, 2012). I do not have space to criticize 

either of these views here. However, their shared problem is that they overlook the role of generative models as 

scientific tools, treating them instead as mental kinds. I think this misunderstanding is the main reason for the 

criticisms PP has been receiving (see Kogo and Trengove, 2015). 

Generative models are a type of scientific model, described by Tee (2020) as models that create new models. Tee 

treats them as scientific models, which contemporary philosophers of science have extensively investigated. 

Godfrey-Smith (2006) tells us that current scientific practices proceed by a strategy of indirect representation: to 

solve scientific questions, scientists do not directly approach phenomena but use surrogate models. Morgan and 

Morrison (1999) tell us that models are entities partially independent from theories and reality but mediate between 

them. Knuuttila (2017) treats them as epistemic artifacts constructed and manipulated by scientists in the light of 

pending questions. She argues that the epistemic gain of modeling is not delivered by representational capacity 

but by the construction and manipulation of models. In these practices, scientists exploit the affordances of these 

artifacts that shape their reasoning and imagining.  

Tee (2020) follows this line of thought when describing the generativity of models as the capacity not to represent 

but to create something new. There are two crucial implications of this definition for PP generative models: 1. if 

we think of them as scientific artifacts, they are not representations of cognitive systems but productive devices 

that deliver understanding by their construction and manipulation. 2. If we instead think of them as mental kinds, 

neither are they internal mental representations but action-oriented or productive structures. In any case, as 

scientific constructs, they are not models of any natural system, but models for doing something (Fox Keller, 

2000), as Tee (2020) explicates in the following: ñWhat counts as a generative model is determined by the 

scientist's use of the model. [...] The process of abstraction and idealization which confers the generative capacity 

on a generative model is a two-staged process that is not a characteristic of non-generative models: (1) the omission 

of the irrelevant features of a target system is carried out in the direction of producing, rather than representing, a 

new model based on the existing model; (2) new idealized model elements which are relevant to the generated 

model are added. These new model elements are relevant to the objective of the model construction and transform 

a generative model into a new model.ò 

Tee is interested in accounting for the generativity of models from the point of view of scientific practices, 

understanding it as the capacity to produce new models through abstraction and idealization. As scientific models 

in PP, generative models are architectures of information processing, specifying the components and interactions 

of cognitive systems underlying perceptual inference and action. A prediction, following this description, is not a 

representation of the world but a productive or action-oriented guess made by a cognitive agent to engage in the 

world (Gallagher and Allen, 2018). Scientists explicate this cognitive behavior by postulating a non-observable 

process using the Bayesian statistical methods, various abstract formulations of adaptive behavior, and cortical 

activity data. Unfortunately, we cannot explore the interdisciplinary transfer of knowledge developing in PP in 

this talk.  

So far, we have described generative models as scientific models that create new models by abstracting and 

idealizing, which are analogous to the activities of learning and optimizing priors in PP. Also, I pointed out that 

generative models, as abstract scientific models, are not bound to a particular cognitive system; in fact, they can 

be used for modeling non-cognitive systems. This is because their abstract formulation does not specify any 

material system realizing their behavior. To do so, scientists aggregate existing knowledge. For instance, Urgen 

and Saygin (2020) have used generative models to account for information processing architectures underlying the 

Action Observation Network.  

Since there are not bound to any specific physical system, my point is that they can be used as well for modeling 

non-brain-centered cognitive systems. A recent example is the agent-based model of niche adaptation from 

Bruineberg et al. (2018). They designed an agent-based model and performed computer simulations of an agent-
17



environment coupling. This model was used for simulating adaptive behavior in environments under the condition 

that actions transform environmental states (niche construction). An adaptive agent maintains itself in states that 

do not threaten its existence (viable states). In agent-based modeling, it becomes an agent whose goal is to reach 

desired states and form policies to reach them. The problem for this agent is that, by following the policies, it 

modifies the distribution of states in the environment. Generative models provide this agent with a probabilistic 

solution for estimating how its actions transform the environment. 

In this talk, I argued that generative models are epistemic artifacts employed in cognitive science. They are 

architectures of information processing that provide probabilistic solutions of tasks where agents deal with 

uncertain environments and have limited information. Though this abstract formulation has been mainly used to 

model cortical activity, it can be employed to model extended cognitive systems. This perspective implies that we 

should be careful when approaching them as mental kinds, not only because we may disregard their roles as 

epistemic artifacts but because we might conflate the properties of scientific models and natural phenomena. 
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We report on our endeavours to build a complete reflex system for the humanoid robot Epi (Johansson, 
Tjøstheim & Balkenius, 2020, Fig. 1 left) using a bottom up approach. The aim is to reproduce as many human 
reflexes as possible given the physical and perceptual limitations of the robot. These reflexes make up a complex 
set of sensory-motor behaviors that constitute the basis for higher cognition and are fundamental for cognitive 
processes such as attention, object identification, eye-hand coordination, navigation and social interaction. The 
work presented here is thus a first step toward a more complete cognitive system.


Although we are not the first to implement these reflexes in a robot (see e.g. Brazeal et al., 2001), as far as we 
know this is the first attempt that is motivated by the architecture of the human nervous system, and our aim is 
broader than previous attempts in that we want to reproduce the detailed neural architecture involved in the 
processes.


The reflexes are implemented using neuromorphic techniques using the Ikaros system (Balkenius, Tjøstheim & 
Johansson, 2020), but some of the sensory processing uses a hybrid approach for computational efficiency. This 
allows all the reflex systems to run in real time on the humanoid robot. Here we focus mainly on visual reflexes 
and mention other reflexes only in passing when they are necessary to understand the operation the of the visual 
reflexes.


We have previously implemented a model of pupil control that is able to control the pupils of the robot and 
reproduces a large number of studies of pupil dilation (Johansson & Balkenius,2017; Tjøstheim, Johansson & 
Balkenius, 2019; Balkenius, Fawcett, Falck-Ytter, Gredebäck & Johansson, 2019). The current work is an 
extension of that model with additional reflexes.


There are two main sources of input to the different visual reflex systems in the robot. First, the robot has two 
eyes that can move laterally and include one camera each. Since the field of view is limited, we are also 
experimenting with other sensors that will be used in the future for peripheral “vision”. Second, there is position 
feedback from the servos that is used for “proprioception”.


The visual processing required for the reflexes are based on computing optic flow in the camera images (Fig. 1 
right). Visual processing is done at different resolutions on inputs from an image pyramid (Adelson at al., 1984, 
blue area in Fig 1). Next, we detect interest points in the image using a FAST-detector (Rosten & Drummond, 
2006; purple area in Fig. 1).  All following calculations are done only at these interest points which substantially 
improve the speed of the system. The next step is the calculation of optic flow between the interest points in 
subsequent images (green area in Fig. 1). The result is a set of flow vectors expressed in degrees per second to 
make them invariant to the spatial and temporal resolution of the processing. The optic flow at the different 
scales are merged and sent to two further parallel processing stages. The first of these computes focal optic flow 
and is used for the optokinetic reflex (red area in Fig. 1). The second stage is a looming detector that tries to find 
object that are approaching the robot (yellow area in Fig. 1). This information is used for a visual avoidance 
reflex. Focal visual flow is calculated by first masking flow vectors in the periphery, and then clustering the 
remaining vectors using a mean shift operation (Fukunaga & Hostetler, 1975). Looming is computed using a 
Hough transform method (Hough, 1962) that estimates the center of looming objects from the intersections of 
pairs of flow vectors, followed by another mean shift stage that finds clusters of center points with the fastest 
looming speed.


The results of the sensory processing contribute to five different reflexes that have been implemented in the 
robot:


First, the optokinetic reflex (OKR) makes the eye move in the direction of focal flow. The eyes of the robot 
follow the motion for a short while before quickly returning to their original position. This is a form of visual 
nystagmus. The OKR is also the first step toward smooth pursuit eye movements and uses visual flow computed 19
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2 C. Strannegård

interventions. More realistic ecosystem models might include features such as
these:

– Genotypes and phenotypes
– Sexual and asexual reproduction
– Sexual reproduction based on physical encounters
– Models of animals and plants
– Death criteria based on homeostasis
– Modularized model of nervous systems
– Reward based on multiple homeostatic signals
– Positive and negative re�exes
– Individual and lifelong RL
– 3D terrain model

2 Ecotwin

As far as I know, no ecosystem model satis�es these features. Ecotwin was de-
signed with the aim of �lling this gap. Ecotwin models animal cognition via a
rough model of a nervous system. Nervous systems are prevalent in almost all
taxa of the animal kingdom. In contrast to standard deep reinforcement learn-
ing models, nervous systems are typically not monolithic, but highly modular.
Static circuits such as re�exes may appear side-by-side with plastic circuits that
develop with RL [7, 8]. Of particular interest here are the following structures of
the nervous system, which are shared by many animal species:

– the brain stem and reflex circuits, controlling re�exes �positive, e.g., the
suck re�exes and the knee re�ex, and negative, e.g., the diving re�ex [7].
Re�exes can save time and even lives. In particular, they can prevent animals
from dangerous exploration, e.g., jumping from high cli�s or inhaling water.

– the basal ganglia, which maps sensory signals to actions [9]
– the insula, which maps internal signals, such as glucose level and external

signals, such as pheromone smell, to signals linked to reward [10]
– the medial prefrontal cortex, which predicts the outcomes of actions [11].

These structures are modeled as follows in Ecotwin:

Definition 1. A nervous system consists of:

– a set of sensors S
– a set of actions A
– a reflex network with input nodes S and output nodes A
– a policy network with input nodes S and output nodes A
– a happiness network with input nodes S and a single output node for repre-

senting a scalar happiness value, and
– a prediction network with input nodes S ∪ A and output nodes S

39



Ecosystems of reinforcement learning agents 3

The re�ex and happiness networks remain the same throughout the individuals'
lives. In contrast, the policy and prediction networks are updated continuously.
The policy network is updated via RL. The reward signal at time t is de�ned as
happiness(t)−happiness(t−1), wherehappiness is computed by the happiness
network. For model-based algorithms, the prediction network can be used as a
model. The prediction network is updated continuously by means of supervised
learning. The above de�nition covers pure re�ex agents (with an empty policy
network), pure RL-agents (with an empty re�ex network), and agents that com-
bine re�exes with RL. By leaving the nervous system empty, one may also model
organisms lacking nervous systems altogether, such as bacteria and plants.

3 Results

Ecosystem models should be evaluated not by their structure, but by their ability
to reproduce animal behavior and ecosystem development as observed in real
ecosystems. Ecotwin was used to model a three-species terrestrial ecosystem
in which Lotka-Volterra style predator-prey dynamics emerged and a marine
ecosystem in which a diel vertical migration pattern emerged [3]. Ecotwin is
open source and available for download atwww.ecotwin.se.
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Escaping ‘Death by GPS’: Foundations for Adaptive Navigation Assistance!
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