
Test the BAFT 
Interdisziplinäre Verzahnung zweier Seminare im Kontext eines 

aktuellen Forschungsprojektes unter Nutzung von git.UP

Jochen Laubrock

Kognitive Wissenschaften



Verzahnung zweier forschungsorientierter Lehrveranstaltungen und eines 
Dissertationprojektes mit unterschiedlichen Rollen


• Dissertationsprojekt (Xin Li) zu räumlich-numerischen Assoziationen,  
Aufgabe: Planung 


• Empirisch-experimentalpsychologisches Praktikum, BSc Psychologie,  
Aufgaben:  Feinplanung, Design und Test


• Programmierung kognitionspsychologischer Experimente, BSc KogWis, 
Aufgaben: Entwicklung und Implementation


Nutzung aktueller Methoden des Softwareprojektmanagements (git, gitlab, Git.UP)

Projektidee



• Optimale Förderung der verschiedenen Beteiligten gemäß ihres jeweiligen 
Qualifikationsprofils


• Individualisierte Schulung in modernen Methoden des Software-
Projektmanagements durch jeweils spezifische Rollen


• Schulung interdisziplinärer Kommunikationsfähigkeiten


• Motivationssteigerung durch Mitarbeit an einer “echten” aktuellen 
Forschungsfrage


• Generierung von Synergien durch Nutzung unterschiedlicher Kompetenzen

Ziele des Projekts



Forschungsfrage

• Räumlich-numerische 
Assoziationen (spatial numerical 
associations, SNA): Menschen 
assoziieren links mit wenig und 
rechts mit viel


• Warum haben selbst 
neugeborene Babys und Küken 
die Tendenz zu diesen SNA?

ANIMAL COGNITION

Number-space mapping in the
newborn chick resembles humans’
mental number line
Rosa Rugani,1,2* Giorgio Vallortigara,2 Konstantinos Priftis,1 Lucia Regolin1

Humans represent numbers along a mental number line (MNL), where smaller values are
located on the left and larger on the right. The origin of the MNL and its connections
with cultural experience are unclear: Pre-verbal infants and nonhuman species master a
variety of numerical abilities, supporting the existence of evolutionary ancient precursor
systems. In our experiments, 3-day-old domestic chicks, once familiarized with a target
number (5), spontaneously associated a smaller number (2) with the left space and a
larger number (8) with the right space. The same number (8), though, was associated with
the left space when the target number was 20. Similarly to humans, chicks associate
smaller numbers with the left space and larger numbers with the right space.

N
umber knowledge and processing are fun-
damental to everyday life. There is now
considerable empirical evidence that num-
bers may be represented along a contin-
uous, left-to-right–oriented, mental number

line (MNL) (1); however, the origin of this orien-
tation is debated. In humans (2) and nonhuman
animals (3, 4), numerical judgments become
easier as the difference between the numbers
increases (the distance effect) and harder as the
magnitude of numbers increases (the size effect).
Interspecific similarities suggest a continuous

and analogical nonverbal representation of nu-
merical magnitude (3). This indicates that nu-
merical competence did not emerge de novo in
linguistic humans but was probably built on a
precursor nonverbal number system (1, 5).
The size and distance effects, though, are not

informative about the origin of the orientation
of the MNL. Indeed, the MNL has been, up to
now, demonstrated solely among humans (6–8),
where its orientation may be influenced by cul-
tural factors, such as reading direction. People
primarily educated in Arabic show an inverted
spatial-numerical association of response codes
(SNARC) (9) effect (10), whereas peoplewithmixed
reading habits (such as Israelis) show no SNARC
at all (11).

It remains unclear whether the MNL orienta-
tion is simply modulated or entirely produced
by educational factors. Seven-month-old infants
prefer increasing (e.g., 1-2-3) to decreasing (e.g.,
3-2-1) magnitudes displayed from left to right,
(12), showing that spatial-numerical association
does exist before mathematics and linguistic
education. A tendency to count from left to right
has also been found in domestic chicks (13), adult
Clark’snutcrackers (14), andadultRhesusmacaques
(15). In these studies, animals were trained to
identify a target element in a sagitally oriented
series of identical elements. When required to
repeat the task with an identical series of ele-
ments rotated by 90°, animals identified as cor-
rect the target positioned from the left end (14).
However, this left-sided preference could de-
pend on a general bias in the allocation of spa-
tial attention (16). Both humans (17) and birds
(18, 19) primarily attend to objects in the left
side of space, a phenomenon termed “pseudo-
neglect.”When a different paradigm was used,
adult chimpanzees were trained to touch in
ascendant order Arabic numerals (1 to 9) ran-
domly displayed on a computer screen. At test-
ing, they were presented with only two numerals
(1 and 9) displayed horizontally, one on the left
and the other on the right; chimpanzees re-
sponded faster to the left-right (1-9) than to the
right-left condition (9-1) (20). However, these
results are not conclusive concerning the spon-
taneous mapping of magnitudes onto space, be-
cause apes required intensive sequential learning
during training.
The spatial arrangement of numbers is high-

ly flexible in humans: A fundamental charac-
teristic of the human MNL is its relativity. In the
1-9 range, for instance, responding to 9 is faster
when responses are executed on the right; but in
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Fig. 1. Experimental settings of experiment 1.
Chicks were trained to circumnavigate a panel, lo-
cated in the center of the apparatus, depicting
5 identical elements (i.e., the target number). (A) In
all experiments,we used 20 different training stimuli,
differing in the spatial disposition of the elements.
The training finished whenever the chick circum-
navigated the screen and reached the food reward
20consecutive times. After training, eachchick under-
went two tests in random order: a small number
test (2 versus 2) (B) and a large number test (8 ver-
sus 8) (C). In all experiments, each test consisted
of five nonreinforced trials (a novel pair of stimuli
was employed on each trial). On each test trial, we
scored the panel first inspected by the chick and
computed the mean percentage of choices for the
left panel.
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Eine mögliche Antwort: BAFT
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A biological foundation for spatial–numerical associations:
the brain’s asymmetric frequency tuning
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“Left” and “right” coordinates control our spatial behavior and even influence abstract thoughts. For number con-
cepts, horizontal spatial–numerical associations (SNAs) have been widely documented: we associate few with left
andmany with right. Importantly, increments are universally coded on the right side even in preverbal humans and
nonhuman animals, thus questioning the fundamental role of directional cultural habits, such as reading or finger
counting. Here, we propose a biological, nonnumerical mechanism for the origin of SNAs on the basis of asymmet-
ric tuning of animal brains for different spatial frequencies (SFs). The resulting selective visual processing predicts
both universal SNAs and their context-dependence. We support our proposal by analyzing the stimuli used to doc-
ument SNAs in newborns for their SF content. As predicted, the SFs contained in visual patterns with few versus
many elements preferentially engage right versus left brain hemispheres, respectively, thus predicting left-versus
rightward behavioral biases. Our “brain’s asymmetric frequency tuning” hypothesis explains the perceptual origin
of horizontal SNAs for nonsymbolic visual numerosities and might be extensible to the auditory domain.

Keywords: hemispheric asymmetry; numerical cognition; SNARC effect; spatial frequency tuning; spatial–numerical
associations; spatial vision

Introduction

Across many domains of daily living, we find that
numbers are systematically associated with space:
on numbered artifacts, such as rulers, keyboards,
graphs, and so on, small numbers (e.g., “1” or “2”)
tend to occur on the left side and larger numbers
(e.g., “8” or “9”) to their right. We henceforth refer
to these ubiquitous associative patterns of “few–left”
and “many–right” as spatial–numerical associations
or SNAs. These pervasive SNAs have by now been
studied in several hundred scientific publications;
their origin is the focus of this contribution.
One popular method for measuring SNAs is to

compare the speed of manual responses when peo-
ple classify numbers as “odd” or “even” with left-
and right-side response buttons. Responses to small
numbers are faster and more accurate with left-side

buttons and responses to larger numbers are faster
and more accurate with right-side buttons. SNAs
can be found with many other tasks, such as magni-
tude classification (Is this number larger or smaller
than the reference value?), magnitude comparison
(Which of these two numbers is larger?), and with
responses made by many different body parts, such
as the eyes, one or both hands, the feet, and even
by turning one’s head or when choosing a walking
direction (reviews in Refs. 1–3).
Interestingly, SNAs are range-dependent, such

that numbers “4” and “5” are left-associated within
the number set 4–9 but right-associated within the
number set 0–5 (see Exp. 3 in Ref. 4 and Exp. 1 in
Ref. 5). This context-dependence of SNAs is partic-
ularly challenging to explain and we will return to
it repeatedly below, after briefly describing previous
attempts to identify the origin of SNAs.

doi: 10.1111/nyas.14418
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Figure 1. All panels illustrate how, with respect to a given visual scene characterized by middle SF range (top row), the left/right
hemisphere preferentially filters higher/lower SF percepts, respectively (bottom row). As a consequence of the hemispheric pre-
dominance, attention is projected to the contralateral hemifield (middle row). (A) One everyday object is represented as coarse
elements in the right hemisphere but as an assembly of details in the left hemisphere. (B) The general case, that is, processing
of an SF-defined contrast grating. (C) The specific case, that is, processing SFs of square patterns used in the experiment by Di
Giorgio and colleagues.16 Within a given numerical range, any smaller/larger numerosity is represented by lower/higher spatial
frequency ranges, respectively, compared with the middle spatial frequency range of the reference stimulus. The bottom row in
panel C schematically indicates how decomposition of the difference between the adaptor and stimulus into low and high SFs is
preferentially processed by the different hemispheres, resulting in the observed looking preference for contralateral space (middle
row). The polar bear scenes of panel A are adapted from Figure 3 of Ref. 81, licensed under CC-BY, version 4.0. The anatomy of
visual pathways is redrawn after Figure 1 of Ref. 82, licensed under CC-BY, version 4.0. Figure 1 is licensed under CC-BY, version
4.0 by Arianna Felisatti.

their SF content, using the fast Fourier transform
algorithm.52 Stimulus images were provided by the
authorsb or else extracted fromor generated accord-
ing to the published papers. We converted these
images into the SF domain and computed their rota-
tionally averaged power spectra with standard soft-
ware (MATLAB R⃝ , R version 3.6.1; seeRef. 53).Next,
for each experiment reported below, we subtracted
the logarithm of the power spectrum of the habitu-
ation stimulus from that of the subsequent (“few” or
“many”) test stimulus, yielding relative power. Dis-
crete data points were interpolated using a scatter-
plot smoother based on local polynomial regression
fitting.54
Below, we plot relative power as a function of

logarithmic SF. Specifically, we visualize changes
in power of the current test stimulus relative to

bWe thank Elisa Di Giorgio and colleagues for providing
the original stimuli.

the standard stimulus (along the y-axis) against SF
(along the x-axis). These plots summarize the purely
physical stimulus conditions at the time of behav-
ioral testing in the original studies to be reviewed.
Each plot should be scrutinized by readers in four
quadrants (Fig. 2); for example, the upper left quad-
rant identifies increases in power from the standard
to the test stimulus for lower SF. According to BAFT,
this is associated with increased right-hemispheric
activity, which, in turn, induces a behavioral left-
bias. Generally, those segments showing the largest
deviations from the dashed zero-line represent the
behaviorally relevant change in the respective test-
ing conditions.

Results

Numerosity effect and range dependency
Let us first consider the study by Rugani and
colleagues.18 In their first experiment, they assessed
the SNA in 3-day-old chicks with a habituation
paradigm. After exposure to centrally presented

4 Ann. N.Y. Acad. Sci. xxxx (2020) 1–10 © 2020 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences
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Figure 3. Relative power as a function of spatial frequency for the stimuli used by Rugani et al.18 and Di Giorgio et al.16 See
Figure 2 for interpretation and the main text for details.

in low SFs, thus inducing a left-bias. Similarly, the
orange line depicts a strong decrease in low SFs,
thus inducing a right-bias. Again, both outcomes
are explained by BAFT.

Other visual effects
Why does our computational analysis of the two
range-related experiments by Rugani et al.18 and
Di Giorgio et al.16 differ, with power changes in
high SFs for Rugani et al.18 and in low SFs for
Di Giorgio et al.?16 This apparent discrepancy is
explained by the need to control for the correlation

of numerosity with different continuous visual
features: in Experiments 1 and 2 of Rugani et al.,18
numerosity was positively correlated with overall
area and perimeter; instead, in Experiments 2a and
2b by Di Giorgio et al.,16 numerosity was negatively
correlated with overall area as the result of perime-
ter control. Our explanation was confirmed when
we analyzed the third experiment of Rugani et al.18
(Condition 3) where they replicated the range
dependence of SNAs under perimeter control with
identical numerosities. As can be seen in panel B of
Figure 4, the deviations from zero now occur in the
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Figure 4. Relative power as a function of spatial frequency for the stimuli used by Rugani et al.18 and Di Giorgio et al.16 See
Figure 2 for interpretation and the main text for details.
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Hypothesen (Diss/Exprak)
• BAFT-Vorhersage: SNAs sollten stärker ausfallen, wenn 

Ortsfrequenzinformation als Cue für Anzahl nutzbar ist


• Evtl. können wir durch “anormale” Ortsfrequenzinformation numerische 
Täuschungen induzieren (ähnlich bekannten Wahrnehmungstäuschungen)


• Dazu designen, implementieren und testen wir vier Experimente

UNCORRECTED PROOF
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Psychonomic Bulletin & Review 

1 3

Because our study was inspired by the work of Nemeh et al. 
(2018), who found a large effect size (e.g., ηp

2 = .19) for 
the typical SNA congruency effect (e.g., Hand × Magnitude 
interaction), we assumed a standard large effect size (ηp

2 
= .14) for our main variable of interest (e.g., congruency 
mapping). The calculation established that to obtain a large 
effect size (ηp

2 = .14) with an 80% of power for the main 
effect of the mapping (congruent vs. incongruent), in a one-
way repeated-measures analysis of variance (ANOVA; two 
levels of measurements; alpha = .05), a minimum sample of 
51 participants was required.

A sample of 521 undergraduate students from the Uni-
versity of Milano-Bicocca were recruited (41 females, 44 
right-handed). The mean age was 22.53 years (SD = 3.69). 
Due to COVID-19 restrictions, participants performed the 
study online through the Pavlovia/PsychoPy platform (www. 
pavlo via. org). All participants had normal or corrected-to-
normal vision and were unaware of the purpose of the exper-
iment. Each participant signed an online informed consent 
document before the experiment began, and the study was 
conducted in accordance with the Declaration of Helsinki. 
The study was approved by the Local Ethical Committee 
(protocol N° RM-2020-230).

Stimuli

Original stimuli were generated off-line with the script from 
Gebuis and Reynvoet (2011), which provides statistical 

controls over the following low-level visual cues: area 
extended (or convex hull), total surface (the aggregate sur-
face of all dots in one array), density (area extended/total 
surface), item size (average diameter of the dots presented 
in one array), and total circumference (circumference of all 
dots in one array, taken together). Post hoc analyses ensured 
the absence of a relationship between numerical distance and 
the difference in visual properties (all R2 values < .05; see 
also the Stimuli Visual Parameters Analysis section in the 
Supplementary Materials). Each stimulus was composed of 
black dots of a random size (RGB = 0, 0, 0) depicted on a 
middle grey background (RGB = 127, 127, 127) and scat-
tered across a squared stimulus panel (395 × 395 px; see 
Fig. 1). A total of 192 stimuli were generated (96 stimuli 
pairs). In each pair of stimuli, one set always contained 12 
dots (reference), whereas the second numerosity (test) was 
smaller than 12 in half of the trials (8, 9, or 10 dots) and 
larger than 12 in the other half (14, 16, or 18 dots), result-
ing in three symmetrical ratios (smaller numerosity/larger 
numerosity: ratio 0.66, ratio 0.75, and ratio 0.8) around the 
reference numerosity. A total of 6 different relative com-
parisons between test and reference were generated in the 
stimuli: 8 vs. 12 (ratio 0.66), 9 vs. 12 (ratio 0.75), 10 vs. 12 
(ratio 0.8), 12 vs. 14 (ratio 0.8), 12 vs. 16 (ratio 0.75), and 
12 vs. 18 (ratio 0.66). For each of the six numerical ratios, 
the script generated 16 pairs with different spatial patterns.

Procedure

Instructions and experimental stimuli were projected by 
means of an online PsychoPy routine (Peirce, 2007). The 
experimental task was a number comparison between two 
sequentially presented arrays of dots (e.g., to determine 
whether the test stimulus is numerically larger or smaller 

Fig. 1  Example of original stimuli used in Experiment 1 as generated with the method of Gebuis and Reynvoet (2011)

1 A total of 62 participants were originally tested. However, data 
were inspected before the analysis to verify that participants correctly 
understood the task. Consequently, 10 participants were discarded 
from the final sample because they presented an overall accuracy out-
side the ±1.5 interquartile range of the distribution.
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Results and discussion of Experiment 2

Data were analyzed as in Experiment 1. We found a main 
significant effect of the ratio, F(2, 102) = 207.92, ε = .88, p 
< .001, ηp

2 = .80, Fig. 6A, and a main effect of mapping over 
accuracy, F(1, 51) = 5.9, p = .019, ηp

2 = .104, but no inter-
action, F(2, 102) = .238, ε = .83, p = .74, ηp

2 = .005. Post 
hoc (Bonferroni correction) revealed a significant difference 
between the ratio 0.66 and 0.75, t(102) = 6.631, p < .001, d 
= .92, the ratio 0.66 and the ratio 0.80, t(102) = 20.01, p < 
.001, d = 2.7, and the ratio 0.75 and the ratio 0.80, t(102) = 
13.38, p < .001, d = 1.85.

Analysis of RTs (4.65% of data were discarded) showed 
a main effect of ratio, F(2, 102) = 43.22, p < .001, ηp

2 = 
.45. Post hoc comparisons (Bonferroni correction) revealed a 
significant difference between the ratio 0.66 and 0.75, t(102) 
= −3.01, p = .010, d = .41, the ratio 0.66 and the ratio 0.80, 
t(102) = −9.12, p < .001, d = 1.26, and the ratio 0.75 and 
the ratio 0.80, t(102) = −6.11, p < .001, d = .84. Crucially, 
a significant main effect of mapping was also found, F(1, 51) 
= 4.57, p = .037, ηp

2 = .082, see Fig. 6b, with faster RTs for 
the congruent mapping as compared with the incongruent 
one.4 No interaction was found, F(2, 102) = .72, p = .48, 
ηp

2 = .014.

Finally, we replicated the regression analysis with the 
RTs difference between right-hand and left-hand responses 
as dependent variable, and numerosity as predictor. Again, 
we found that numerosity explained a significant propor-
tion of variance in RTs, R2 = .93, F(1, 4) = 52.99, p = .001, 
with a significant decreasing regression coefficient, β= −.01, 
t(4) = −7.28, p = .001, suggesting a linear mapping (see 
Fig. 6c; see also Supplementary Materials for the individual 
analyses). As a further metric of numerical precision, we 
calculated the CoV (an index of the Weber fraction) for each 
mapping condition. We found that in the congruent condi-
tion participants presented also a slightly better precision 
(smaller CoV) compared with the incongruent condition, 
t(51) = −2.25, p = .029, d = .31, which is in line also with 
higher accuracy found for the congruent condition compared 
with the incongruent condition. Frequentist analyses were 
accompanied by Bayesian statistics that confirmed these 
results (see Supplementary Materials).

General discussion

In this study, we directly tested the brain’s asymmetric fre-
quency tuning hypothesis (Felisatti et al., 2020a, b), probing 
whether nonsymbolic spatial–numerical associations origi-
nate from a mere spatial frequency coding of the raw visual 

Fig. 4  Example of SF equalized stimuli used in Experiment 2 as generated with the method of Willenbockel et al. (2010)

4 We also run an overall ANOVA across the two experiments, 
hence including the type of stimulus (i.e., original vs. equalized) as 
a between-subjects factor. Results on RTs showed only a significant 
main effect of numerical ratio and, critically, of mapping. Further-
more, the congruency effect was not statistically different across the 
two experiments (original vs. equalized). See the Supplementary 
Materials for further information.
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Grobspezifikation Feinspezifikation

Check

Supervision, Test auf 
Standards

Übersetzung in 
Tabellen mit R

Entwicklung 
PsychoPy-Code

Alpha- und Beta-Test 
PsychoPy-Code

Überarbeitung 
PsychoPy-Code

Verantwortlich

JL XL Exprak KoWi

Durchführung der 
Testung

Generierung Stimuli

Supervision

Lernen der PsychoPy-Basics

Vorgehen: Vier Experimente
Beginn LV heuteMonat(e)  

vor LV

Git-Nutzung



Start (Stand 03.05.)



Stand heute



Stand heute



Aktivität Ende Mai 
(Entwicklungsphase)

• Rege Beteiligung 
verschiedener 
Entwickler


• Verschiedene Gruppen 
implementierten 
wiederverwertbare 
Komponenten



Entwicklungswerkzeug: PsychoPy



Issues 
(Testphase)

• rege Beteiligung der 
Entwickler und Tester 
beim Schreiben von 
“Issues”





Erkenntnisgewinn und Innovationswert
• Neues Konzept; es war eine Herausforderung für mich, mich gleichzeitig in PsychoPy und vertieft in Git.UP 

einzuarbeiten. Es hat sich aber gelohnt und ich werde beide weiter nutzen


• Empowerment auf Seiten der Studierenden


• “Entwickler” haben gelernt, dass sie in kurzer Zeit eine aktuelle Experimentalsteuerung 
spezifikationsgerecht implementieren können


• “Designer” haben gelernt, wie detailliert sie ihr Design spezifizieren müssen (hilft beim Verfassen des 
Methodenteils) und wie sie die Ergebnisse der Tests am besten zurückmelden


• Beide Gruppen haben moderne Tools der Softwareentwicklung in unterschiedlichen Rollen 
kennengelernt, die ggf. denen im späteren Berufsleben am ehesten entsprechen dürften


• Beide Gruppen haben ihre interdisziplinäre Kommunikationsfähigkeit geschult


• Fortschritt beim Dissertationsprojekt: Tests mehrerer unabhängiger Hypothesen ermöglichen fokussierte 
Anschlussexperimente



Ausblick
• Entwicklung Datenanalyse im Exprak (Rückgriff auf CWA-Kenntnisse), 

Teilen der Daten via Box.UP und Analyseskripte via Moodle und/oder 
Git.UP


• Rückmeldung der Ergebnisse als Poster an Entwickler


• Projekt wird weiterentwickelt: neue Forschungsinhalte, bessere zeitliche 
Abstimmung, Überarbeitung der git-Workflows, noch stärkerer Open 
Science-Bezug durch Präregistrierung


• Dabei werden weiterhin die zentralen Inhalte des Leitbilds Lehre und 
insbesondere forschungsorientierter Lehre abgedeckt



Vielen Dank für Ihre 
Aufmerksamkeit!

Sorry for not being able to report any empirical results yet…


