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Abstract

The cognitive bias test is used to measure the emotional state of
animals with regard to future expectations. Thus, the test offers a
unique possibility to assess animal welfare with regard to housing and
testing conditions of laboratory animals. So far, however, performing
such a test is time-consuming and requires the presence of an
experimenter. Therefore, we developed an automated and home-cage
based cognitive bias test based on the IntelliCage system. We present
several developmental steps to improve the experimental design
leading to a successful measurement of cognitive bias in group-
housed female C57BL/6) mice. The automated and home-cage based
test design allows to obtain individual data from group-housed mice,
to test the mice in their familiar environment, and during their active
phase. By connecting the test-cage to the home-cage via a gating
system, the mice participated in the test on a self-chosen schedule,
indicating high motivation to actively participate in the experiment.
We propose that this should have a positive effect on the animals
themselves as well as on the data. Unexpectedly, the mice showed an
optimistic cognitive bias after enrichment was removed and additional
restraining. An optimistic expectation of the future as a consequence
of worsening environmental conditions, however, can also be
interpreted as an active coping strategy in which a potential profit is
sought to be maximized through a higher willingness to take risks.
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({13787’ Amendments from Version 1

In addition to minor linguistic and orthographic improvements,
some major changes have been made to the manuscript. In
the introduction, a scientific article was added as a reference,
which also describes a cognitive bias test in the IntelliCage.
The methods have been expanded to include a description of
the habituation steps to the home-cage based set-up. It was
also explained in more detail why only females were used, and
that it is necessary to test this set-up as well as the experiment
with male mice. The discussion of developmental step 2 was
expanded to include information on the IntelliCage entries

(the data for this can be found in the supplements). This
information is important to better describe learning and non-
learning behavior. In the discussion of developmental step 3, the
statement “cognitive bias could be manipulated” was weakened
and described and discussed in more detail.

Any further responses from the reviewers can be found at
the end of the article

Introduction

It has been shown that in both humans and animals, past expe-
riences influence future expectations (Harding er al., 2004;
Mendl et al., 2009; Paul et al., 2005). Individuals with nega-
tive experiences or in a bad mood are more likely to be “pessi-
mistic” about future events and, vice versa, individuals with
positive experiences or in a good mood are more likely to be
“optimistic”. In the past, many tests for various species have
been developed to investigate the emotional state of animals
(Jirkof et al., 2019). To examine the influence of emotional or
affective states on expectations of future events, a number of
cognitive bias tests have been developed (Boleij et al, 2012;
Harding er al., 2004; Hintze et al., 2018; Schliins et al., 2017;
Verbeek et al., 2014).

The common feature of these tests is the need for condition-
ing the subjects to scalable stimuli, e.g., odors, tones, or spa-
tial positions. The animals learn that they will receive a reward
for the stimulus at one end of the scale and a punishment for
the second stimulus at the other end of the scale. After suc-
cessful conditioning, the actual test follows, in which ambigu-
ous stimuli are presented to the animals. These ambiguous
stimuli are located on the scale between the already known
stimuli. The reaction towards these ambiguous stimuli is then
measured and analyzed: It is assumed that if the response
to the ambiguous stimulus is similar to the positively
conditioned stimulus, the animals seem to expect a reward.
In this case, they had a positive expectation of the future event,
or in other words, they appear to be “optimistic”’. However, if
the response resembles the response of the negatively condi-
tioned stimulus, the animals seem to have a negative expectation
or seem to be “pessimistic”.

The first cognitive bias test was developed by Harding and col-
leagues in 2004 (Harding et al., 2004). Rats were conditioned
to press a lever in response to hearing the positively-associated
tone-frequency to receive a reward or not to press a lever to
avoid a punishment after hearing the negatively-associated
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tone-frequency. The cognitive bias test revealed that rats kept
under unpredictable housing conditions were less likely to press
the lever for a reward in response to ambiguous tone-frequencies
than rats kept under normal housing conditions. It was
thus concluded that the negative experience rendered them
‘pessimistic’.

Although mice are the most commonly used experimental ani-
mals (Lewejohann er al., 2020), it took eight years before the
first results of a cognitive bias test for mice were published
(Boleij et al., 2012). Boleij and colleagues conditioned mice
to various odor stimuli, which predicted either a palatable or an
unpalatable food reward. First, it was shown that BALB/cJ mice
were able to discriminate between odor stimuli, whereas 129P3/J
mice were not. Second, it was shown that BALB/cJ mice
tested under more aversive white light conditions had a higher
latency in response to the ambiguous stimulus than mice tested
under less aversive red-light conditions.

Further cognitive bias test methods followed in which mice
were conditioned to spatial positions (Bailoo er al., 2018; Kloke
et al., 2014; Novak et al., 2015; Verjat et al., 2021), to tactile
stimuli (Novak er al., 2016), to different tunnel lengths
(Krakenberg et al., 2019), to auditory stimuli (Jones et al.,
2017), to light stimuli (Alboni et al., 2017), to olfactory stimuli
(Resasco et al., 2021), or in an automated touchscreen-based
set-up presenting different patterns on a screen (Krakenberg
et al., 2019). Most studies showed that mice could be condi-
tioned to the different stimuli and that the data plotted on the axis
of stimuli increasing from negative to positive result in a
sigmoidal curve (increasing s-shape slopes from the negative
to the positive stimulus). These sigmoidal curves indicate that
ambiguous stimuli are perceived differently compared to the con-
ditioned stimuli, which is an important criterion for the validity
of cognitive bias tests (Gygax, 2014; Hintze et al., 2018;
Krakenberg et al., 2019).

In most of the studies, it is necessary for both the condition-
ing and the test itself to remove the mice from their home-cages
and manually place them in the respective test set-ups. As a
consequence, the animals have to be handled, taken out of
their familiar environment, separated from their group mem-
bers (if kept in groups) and forced to participate in the test irre-
spective of their current state of motivation. In fact, this may
have a negative effect on the animals’ state of mind during
the conditioning phase and as a result the cognitive bias test
might also be influenced. This implies that in order to mini-
mize external influence on the cognitive bias, the best handling
method has to be chosen (e.g., known influence of tail handling
compared to cup and tunnel handling on anxiety-like behav-
ior (Hurst & West, 2010) and that the animals have to be very
well-habituated to the test set-ups. Nevertheless, even with the
best handling and habituation, a possibly negative influence of
the separation from the home-cage and/or the group (Krohn
et al., 2006; Manouze et al., 2019) as well as the experimenter’s
immediate influence on the mice, and thereby the test results,
must be taken into account. Home-cage based experiments
are a good way to address this shortcoming and are becoming
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increasingly common (see https://www.cost-teatime.org/ for
more on home-based cage-based systems + (Kahnau et al.,
2023)).

For example, Alboni and colleagues used the IntelliCage sys-
tem (TSE-Systems, Germany) to perform a cognitive bias test
on male mice (Alboni et al., 2017).

The IntelliCage is a home-cage based test system that allows
automated data acquisition, which can improve the repro-
ducibility of the data (reviewed in Voikar & Gaburro, 2020).
Depending on size and weight of the animals, it is possible to
keep up to 16 mice in the IntelliCage as one social group. The
IntelliCage has four conditioning corners, each containing an
radio frequency identification (RFID) antenna. Since the mice
also carry an RFID transponder, it is possible to obtain indi-
vidual data from mice living in groups and to study activity and
learning behavior in social groups (Endo et al., 2011; Kahnau
et al., 2021; Krackow et al., 2010; Voikar et al., 2018).

In the study of Alboni and colleagues, different male mice
groups were conditioned to two lights (blue and yellow) that
were associated with either a reward or a punishment within the
IntelliCage. As an ambiguous stimuli both lights were pre-
sented simultaneously. When presented with this ambiguous
condition a nosepoke scored as optimistic behavior and no
nosepoke scored as pessimistic behavior. The results showed
that mice treated with the anti-depressant fluoxetine appeared
to be more optimistic in an enriched environment than mice not
treated with fluoxetine. In this study, several mice were
housed together in one (or more) IntelliCages. The system
allows individual data to be collected using RFID sensors, but
mutual interference between the mice cannot be ruled out.
It is possible that individual conditioned corners were preferred
and therefore visited more frequently and/or that mice pushed
each other out of corners to gain access, preventing individual
mice from performing their task undisturbed. In addition only
one ambiguous condition (both lights) could be presented
sparing near positive and near negative ambiguous stimuli.

To overcome this shortcoming, we added a gate to the Intelli-
Cage, the AnimalGate (AnimalGate, TSE-Systems, Germany),
in order to test the mice individually and undisturbed by group
members. Our test set-up consisted of a home-cage, a gate and an
IntelliCage (test-cage). Through the gate, it is possible to sepa-
rate the mice and let them individually enter the test-cage.
This is especially important to allow all individuals within
the group to be conditioned and tested without disturbance by
group members. Another advantage is that the mice can indi-
vidually decide when to enter the test-cage and participate in the
experiment, rather than being coerced by an experimenter-
imposed schedule. As a result, the influence of the experi-
menter and the influence on the wake/sleep rhythm is reduced to
a minimum, except for daily visual inspection and weekly
cleaning of the set-up. It has already been shown that rats and
mice can independently transfer themselves from their home-
cages to test-cages individually to perform tasks within
test-cages (Kahnau er al, 2022A; Kaupert et al., 2017; Mei
et al., 2020; Rivalan et al., 2017; Winter & Schaefers, 2011). A
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slight disadvantage is that since only one mouse can be within the
test-cage at a time and other motivated mice have to wait until
this mouse has left the test-cage. However, we could show in a
recent experiment with a comparable set-up that no single
mouse was constantly blocking others from getting access
(Kahnau et al., 2022A).

Within our automated and home-cage based test set-up, we con-
ditioned female C57BL/6J mice to different tones. De Hoz
and Nelken as well as Francis and colleagues already showed
that mice were able to differentiate between different tones
(De Hoz & Nelken, 2014; Francis & Kanold, 2017). Here,
we present our different developmental steps and results of
the cognitive bias tests. Our first hypothesis was that it is pos-
sible to condition mice within the IntelliCage based set-up
and that the cognitive bias is influenced by the removal of
enrichment and by repeated restraining. Here we present the
individual developmental steps of our automated and home-cage
based cognitive bias test, which were based on each other and
the optimizations we implemented through previous experi-
ence. We show that it is possible to successfully condition mice
in a relatively short time and measure the cognitive bias of
mice, with minimal intervention and time investment by the
experimenter.

Methods

Animals and housing conditions

In this study, three developmental steps with three differ-
ent mouse groups (one developmental step per group) are pre-
sented in which different conditioning methods are described
(Table 1). As this is an exploratory study, it was not possible to
estimate the effect size and power in advance. All three groups
served as their own controls as before and after comparisons
were made. All 36 female C57BL/6] mice were purchased from
Charles River Sulzfeld, Germany. For each developmental
step, the three groups consisted of 12 mice. This group size was
chosen due to the size of the entire IC based set-up. It is possi-
ble to keep 12 mice in this set-up with additional enrichment
and still providing enough space for exhibiting species specific
behaviors. RFID technology also makes it possible to obtain
individual data from mice living in a social group. All mice were
four weeks old upon arrival but were bought at different time
points. All efforts were undertaken to minimize animal suffering.
No medical treatment was required at any time for the mice due
to pain, suffering, or harm. Further details on the mouse groups
are given at the respective developmental steps.

For the establishment of the home-cage based cognitive
bias test, females were used exclusively since they show lit-
tle agonistic behavior and can be easily kept in groups. In addi-
tion, females do not show pronounced territorial behavior that
would excludes others from certain resources (Mieske et al.,
2021) However, it is worth noting that in a previously pub-
lished study, 48 male mice were kept in groups of 12 in four ICs
without such problems (Kahnau et al., 2021). These mice were
grouped at the age of 21 days and by the end of the long-term
study (up to 2 years) there were no injury-related failures.
The early grouping of the mice, but also the group size (Lidster
et al., 2019), seems to have a positive effect on the agonistic
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Table 1. Experimental procedure. IC = IntelliCage.

Group one
Developmental step 1
Year 2019
Conditioning Gate:
protocol passing the gate
Tone Sequences
Tone length 6.6 sec.
Airpuff length 1 sec.

behavior of the male mice. However, as this was an explora-
tive study to establish a new test design, there was the concern
that individual male mice might occupy the gate and thereby
prevent others from entering the test cage. This would reduce
the number of visits for the other mice and possibly have a nega-
tive effect on learning behavior. To circumvent this from the
beginning we used female mice in this study. However, it
is important to emphasize that follow-up studies with male mice
are needed. As this is the only way to prove that the method
can be used regardless of sex.

We deliberately used an inbred strain to minimize genetic
variability. However, despite all efforts of standardization,
minimal genetic drift and varying epigenetic influences can
occur during breeding. In order to randomize the factors that
could not be controlled for, all mice in each experiment were
born and raised by different mothers and foster mothers to ensure
maximum genetic and epigenetic independence between indi-
viduals. Immediately after arrival a health inspection was
performed and the mice were weighed and color-marked
(edding 750, colors: black, white, red, yellow, silver) on the
tail for visual identification. The mice were housed within the
home-cage based set-up, and no data was recorded for the
first two weeks. The day after arrival, tunnel handling train-
ing to reduce handling stress (Gouveia & Hurst, 2013; Hurst
& West, 2010) was started and conducted for three weeks (see
video tutorial).

One week after arrival, all mice received RFID transpond-
ers (Euro ID, FDX-B, ISO 11784/85). The evening before the
transponder transplantation, an analgesic (meloxicam 1mg/kg,
Meloxidyl by CEVA) was given orally by fixing the mice in the
experimenter’s hand, to reduce possible pain caused by implan-
tation. The transponders were implanted under isoflurane
anesthesia (induction of anesthesia: 4l/min 4%; maintenance
of anesthesia: 11/min 1-2%) subcutaneously in the neck region
about lcm behind the ears. Out of 36 mice, two mice lost their
transponders by the morning after transponder implantation and
the procedure had to be repeated. None of the 36 mice needed
medical treatment after transponder implantation.

One week after transponder implantation, the mice moved to
the housing room where also the home-cage based experiments

visiting the IC corner

Group two Group three
2 3
2019 2020
Corner: Corner:

visiting the IC corner

Frequencies Frequencies

0.5and 1 sec. 2 sec.

1 sec. 2 sec.

were conducted. The room temperature and humidity were
22°C +/- 3°C and 55% +/- 15%. The light/dark cycle was set
to 12/12 hours with light off at 7 pm in winter months and at 8
pm in summer because of the switch from winter to summer-
time. The sunrise was simulated with a wake-up light (Philips
HF 3510, 100-240 vac, 50-60 Hz, Philips Consumer Lifestyle
B.V. Netherlands) half an hour before the room-light was
switched on. The wake-up light was placed on the ground in a
corner of the housing room with the light directed towards the
animals. The light intensity increased gradually and reached the
full intensity at 7/8 am (depending on season). The daily vis-
ual health inspection was performed between 7/8 am to 10 am
(depending on season). The home-cage set-up was cleaned once
a week. Bedding, nesting material, and enrichment items were
replaced. A small handful of old bedding was transferred to
the new home-cage. On the same day, the mice were weighed
and re-color-marked.

Home-cage based set-up

In all developmental steps, the same home-cage based set-up was
used. This set-up (Figure 1) consisted of three compartments: a
home-cage, a gate (AnimalGate), and a test-cage (IntelliCage,
IC). As the gate had doors, an RFID reader, and infrared bar-
riers, it was possible to allow only one mouse at a time to pass
through the gate from the home-cage into the IC. This indi-
vidual transfer was necessary to allow the mice to perform
the tests individually and undisturbed by group members. All
other mice of the social group had to wait until the one mouse
within the IC moved back through the gate into the home-cage.
However, getting used to the setup was a gradual process.

Step 1:

First, all doors in the gate and conditioning corners were left
open at all times. This allowed all mice to move freely, explore
and gain access to the water bottles. During this phase, all mice
were able to remain in the test cage at the same time.

Step 2:

The center gate door and the conditioning corner doors were
closed. Gate: Each time a mouse entered the gate, the door
opened, the mouse could pass through the gate, and the door
closed again. Then another mouse could enter the gate. During
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Figure 1. Home-cage based set-up based on the IntelliCage system. A: The set-up consisted of the IntelliCage used as the test-cage,
which is connected through the AnimalGate to the home-cage. The IntelliCage was equipped with four conditioning corners and bedding.
The home-cage was equipped with bedding, nesting, enrichment and food ad libitum (not shown here). The AnimalGate had three doors,
one radio frequency identification (RFID) antenna. B: In addition, the AnimalGate had eight infrared barriers and one scale to measure the
animal's weight during each gate passage. C: Within the IntelliCage corners, water could be provided. In addition, each corner had one radio
frequency identification antenna, one presence-sensor, one airpuff-valve, two water dispensers and two doors.

this phase, all mice were able to move between the home-cage
and the test-cage. IC: On entering the conditioning corners,
the doors opened and access to the water bottles was free. The
doors closed when the mouse left the corner.

Step 3:

Only one mouse was allowed to pass through the gate and stay
in the test cage. Gate: The middle door was closed. It opened
as soon as a mouse entered the gate from the home cage.
At the same time, the rear (first AG door) and front (third gate
door) doors closed. As soon as the mouse entered the rear part
of the gate and passed the middle door, the middle door also
closed and the weight of the mice was measured. After seven
seconds, the front and middle doors opened and the mouse could
leave the gate and enter the test cage. The first door of the gate
remained closed until the mouse had left the test cage through
the gate again. IC: the doors inside the conditioning corners
were closed and opened when the mouse did a nosepoke on the
nosepoke-senor.

The home-cage was a Makrolon type IV cage (floor space
2065 c¢cm?) with a filtertop equipped with 3-4 cm bedding (Poplar

Granulate 2-3 mm, Altromin, Germany), two red triangle-shaped
houses (“TheMouseHouse”, Tecniplast, Italy), nesting mate-
rial (eight papers, six paper nesting stripes and six cotton rolls),
four wooden bars to chew on, and food ad libitum (autoclaved
pellet diet, LAS QCDiet, Rod 16, Lasvendi, Germany). Within
the home-cage was also an acrylic tube (4 cm diameter, 17.5 cm
long), which was used for tunnel handling to reduce handling
stress. Mouse group three additionally received nesting mate-
rials upon weekly changing: folded paper stripes, mid coarse
wood wool and square hemp pads. Also, one resting platform
and a running disk (InnoDome with InnoWheel, Bio-Serv) was
placed within the home-cage and the mice received weekly
changing toys filled with millet (organic peeled golden millet,
Bohlsener Miihle) once per week.

The IC is a computer and RFID technology-based test system
with four conditioning corners. Each corner contained an RFID
antenna at the corner entrance, a presence sensor, which detected
differences in temperature, two nosepoke infrared sensors,
two doors through which the water access can be regulated,
two water dispensers, and an airpuff valve for the possibility
of a mild punishment (0.5 bar). Depending on the conditioning
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method, one or four IC corners were active, in which water was
provided. The IC contained only bedding material.

In order to perform experiments within the IC system, it is nec-
essary to habituate the mice to the system first. The mice had
to learn how to pass through the AnimalGate and where to
access water within the IC. For this purpose, the mice were
habituated gradually to the AnimalGate and IC doors. Ini-
tially, all AnimalGate and IC doors were permanently open
(phase: ‘all doors open’). Thus, it was possible for all mice to
move freely within the system. As a next step, the doors of the
AnimalGate were closed, and opened only when a mouse
entered the AnimalGate, which is similar to the next IC
habituation step when the corner doors were closed and
opened due to a visit (phase: ‘visit open doors’). In the final
phase of habituation, only one mouse could stay in the IC, and
the IC doors could only be opened with a nosepoke.

Conditioning protocol

The basic requirement for performing a cognitive bias test is
to condition the animals to scalable stimuli. In our study, the
mice were conditioned to auditory stimuli. Three different
conditioning protocols were performed with each of the differ-
ent mouse groups. Common to all protocols was that the mice
had to learn that for one presented tone (positive tone); they
received water as a reward; if they made a nosepoke within the
IC corner (correct behavior). For another tone (negative tone),
they received an airpuff as a punishment, if they made a nose-
poke (incorrect behavior). If the mice did not make a nose-
poke after hearing the positive tone (incorrect behavior), they
received no water. If the mice did not make a nosepoke after
hearing the negative tone (correct behavior), they did not
receive an airpuff (Table 2). All tones were created by
using the online tool onlinetonegenerator.com and Audacity
(AudacityCross-Platform Sound Editor).

Since the mice only had the opportunity to drink water in
the IC, it was necessary to monitor whether all mice drank
daily. If a mouse did not drink for 24 h, the mouse was offered
water in a separate cage for 15 minutes. After these 15 minutes,
they were placed back in the home-cage. If drinking did not
occur in the IC for three consecutive days, these mice were
taken out of the experiment by allowing them access to water
within the IC corner without tones. These mice were no longer
participating in the conditioning phase and cognitive bias test,

Table 2. Description of the possible
events during the conditioning within the
IntelliCage corner.

Nosepoke Positive Tone Negative Tone
ves waer [ pulE
No nothing nothing
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but were still left in the group, leaving the social structure
unchanged throughout the experiment.

For more clarity, the individual development steps are described
individually below. The respective results and conclusions fol-
low the method description of the individual development
steps.

Analysis

Data analysis was done with the open-source statistical soft-
ware R (version 4.0.3, RCoreTeam, 2020). For data visualiza-
tion the R package ggplot2 (Wickham, 2016) was used. Model
assumptions were inspected visually first by Q-Q plots, and
secondly by visualizing variance homogeneity of the residu-
als versus fitted values. Individual animals served as the experi-
mental unit, as only one mouse was in the test cage at a time. A
total of 36 mice were used, which were divided into three groups
(12 mice per group and developmental step). Since data were
collected automatically, blinding was not necessary.

Analysis of data from gate conditioning protocol. For the gate
conditioning protocol (detailed description below), the mice
first had to learn which corner was the active corner. There-
fore, the number of visits to the active corner was compared to
the number of visits to the inactive corners for each mouse per
day during the first 14 days (when only the positive tone was
presented). A visit was recorded by the IC-system each time a
mouse entered a corner, and both the RFID transponder number
was detected and the presence-sensor was activated. The visit
number was used as the outcome in a linear mixed-effects
model (R package nlme [Pinheiro er al., 2020]). The experi-
mental days were used as a fixed effect (factor with 14 levels).
The type of visit (factor with two levels: visits in active cor-
ners versus visits in inactive corners) and the interaction of type
of visits and day were used also as fixed effects. The variable
‘days nested in animals’ (n = 12) were set as a random effect.
Sum-contrasts were used for days and type of visits.

For the evaluation of the two gate conditioning runs (run 1 n
= 11, run 2 n = 12), the frequency with which the mice passed
the AnimalGate was first determined for each mouse for each
day, i.e., how often mice were presented with tone-sequences.
The duration from entering to leaving the IC was defined as IC-
session. From this, we determined how often the positive and
negative tone-sequences were played (per animal, per day).
Next, we determined how often the mice visited the active cor-
ner and made nosepokes on the nosepoke-sensor during the
positive and negative tone-sequence IC-sessions. The number
of nosepokes was used as the outcome in a linear mixed-effects
model (R package nlme). In this model, the experimental days
were defined as days and used as a fixed effect (factor with nine
levels in AnimalGate conditioning run 1, factor with 14 levels in
AnimalGate conditioning run 2). Within the statistical model,
the type of tone-sequence (two-level factor: positive versus
negative tone-sequence) and the interaction of type of tone-
sequence and day were also used as fixed effects. Sum-contrasts
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were used for day and type of tone-sequence. The variable
‘experimental days nested in animals’ was set as a random
effect.

Analysis of data from corner conditioning protocol. For the
evaluation of the corner conditioning protocol (detailed descrip-
tion below), the frequency with which the mice (group 2
n = 12, group 3 n = 12) visited the active corner within the IC
was first determined for each mouse for each day, i.e., how
often mice were presented with tone-frequencies (inactive cor-
ners were blocked with a plug). From this, we determined how
often the positive and negative tones were played (per animal,
per day). Next, we determined how often the mice visited the
active corner and made nosepokes at the nosepoke-sensor
during the positive and negative tone. The number of nose-
pokes was used as the outcome in a linear mixed-effects model
(R package nlme). In this model, the experimental days were
defined as days and used as a fixed effect (factor with 48
levels). Within the statistical model, the type of tone-frequency
(two level factor: positive tone-frequency versus negative
tone-frequency) and the interaction of type of tone-frequency
and day were also used as fixed effects. Sum-contrasts were used
for day and type of tone-frequency. The variable ‘experimental
days nested in animals’ was set as a random effect. To test
for effects of interaction of day and tone-frequency, post hoc
comparison was conducted (R package emmeans [Lenth,
2020]).

Learning success for visit conditioning. Descriptive statistics
were used to assess individual learning success by observing
correct nosepoke behavior. Correct nosepoke behavior at the
positive tone was defined as a corner visit during which at least
one nosepoke was made. Correct nosepoke behavior for the
negative tone was defined as a corner visit without a nose-
poke. For each mouse, we first determined how many positive
tone trials and negative tone trials had occurred. Then, the
numbers of positive tone trials with nosepokes and the number
of negative tone trials without nosepokes were determined.
Since the probabilities for the positive and negative tone trials
were different, percentage values were calculated. From this,
the corrected nosepoke behavior was plotted for each animal
individually. The learning criterion was set as follows: First,
we checked whether the values for the positive and nega-
tive tone were above the 50% chance level. Then, on 75% of
the conditioning days, the correct nosepoke behavior had to be
above the chance level in order to reach the learning criterion.

Cognitive bias test. All mice reaching the learning criterion
were used in the cognitive bias test (test 1 and 2 n = 9). All
other mice remained in the group, but no tones were presented
when they entered the IC corner. For the cognitive bias test, the
mice were presented with three additional (ambiguous) tones.
First, for each mouse we determined how many nosepokes
they made in response to the five different tones. The number
of nosepokes was used as the outcome in a linear mixed-effects
model (R package nlme). In this model, the tones (factor with
five levels) and measurement (cognitive bias test 1: factor with
three levels (baseline measurement 1, negative conditions and
baseline measurement 2), cognitive bias test 2: factor with four
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levels (baseline measurement 1 and 2, negative conditions and
baseline measurement 3) and the interaction were used as fixed
effects. The variable ‘treatment nested in animals’ was set as
a random effect. If the model indicated a significant effect of
treatment or tone, we conducted a pairwise post hoc analysis
(R package emmeans).

Body weight and IntelliCage behavior. For the evaluation
of body weight, number of nosepokes and visits, the corre-
sponding values were determined for each animal for each day
(group 2 n = 12, group 3 n = 12). These three variables were
used as the outcome in three different linear mixed-effects mod-
els (R package nlme). Treatment (group two: factor with eight
levels (0%, 5%, 10%, 16%, 20%, 33% and 50% probability of
negative tone and visit open doors), group three: factor with
seven levels (0%, 20% and 50% probability of negative tone,
nosepoke open doors, baseline measurement and negative con-
ditions)), day (group two: factor with 75 levels, group three:
factor with 100 levels) and the interaction of treatment and day
was used as a fixed effect. The variable ‘experimental days
nested in animals’ were set as a random effect.

Developmental Step 1

Methods

Animals. The 12 female mice of group one arrived at the insti-
tute in February 2019. At the start of the first developmen-
tal step, the mice were seven weeks old. After the experiment
presented here, the mice were 18 weeks old and used in home-
cage based learning tasks (data not published) and in a consumer
demand test, which was also performed within the home-cage
based set-up presented here (Kahnau er al., 2022A). The mice
started barbering behavior at the age of 18 weeks and imme-
diately following the experiment presented here. Barbering
behavior is commonly found in C57BL/6J mice (Kahnau et al.,
2022B; Sarna et al., 2000). The reason for this behavior is
not yet understood.

Gate conditioning protocol. The gate conditioning protocol
was pre-registered in the Animal Study Registry (doi: 10.17590/
asr.0000121). The mice were conditioned to tone-sequences.
These sequences had a play time of 6.6 seconds at a frequency
of 8 kHz and comprised either short tone-sequences with long
breaks or long tone-sequences with short breaks (Figure 2).

Each mouse was randomly assigned one of two tone-sequences;
thus six out of twelve mice had tone-sequence A and the other
six had tone-sequence B as the positive tone stimulus. The other
tone-sequence was consequently the negative stimulus. One
loudspeaker was placed on top of the IC (on the grid) facing
in the direction of the IC inside, allowing the mice to hear
the tone-sequences. The tone-sequences were played when
entering the IC after passing through the gate.

Within the IC, each mouse was randomly assigned one active
corner (three mice per corner), in which the mice received
either the water reward or an airpuff punishment depending
on the tone-sequence. Visiting the other three corners had no
consequences.
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tone break
Tone sequence A 0.5 sec. 2.55 sec. 0.5 sec. 2.55 sec. 0.5 sec.
2 sec. 0.3 sec. 2 sec. 0.3 sec. 2 sec.

Tone sequence B

\.

Figure 2. Tone-sequences used for AnimalGate conditioning.

The mice had to learn first which corner their active corner
was (one out of four) and second that a tone was played every
time they entered the IC through the gate. This corner and
positive tone conditioning ran for 14 days. When visiting the
active corner and activating the nosepoke-sensor, the doors
were opened for five seconds. To prevent the mice from staying
too long inside the corner, an airpuff was released after another
five seconds. To open the doors within the IC corner again,
the IC had to be left through the gate (end of IC-Session). By
re-entering the IC, a new trial was initiated.

After corner and positive tone conditioning, the negative
tone-sequence was added. To prevent the mice from hav-
ing too many negative experiences directly at the beginning
of the conditioning phase, the probability of the negative tone
being played was increased successively. Therefore, two runs
were carried out. For gate conditioning run 1, the probabil-
ity of playing the negative tone was 33%. For gate conditioning
run 2, the probability of playing the negative tone was 50%. To
initiate a new trial, the IC had to be re-entered through the gate,
i.e., mice that could not drink after a negative tone-sequence
or did not drink after a positive tone-sequence had to leave and
re-enter the IC for the next chance to drink.

Results

Corner and positive tone-sequence conditioning. The mice
first had to learn which corner was the assigned active corner.
Over a period of 14 days, the animals were successfully con-
ditioned to the active corner (main effect visits: F Liss = 225.44,
p < 0.0001). The overall number of visits decreased over the
experimental days (interaction: F = 6.63, p < 0.0001,
Figure 3).

13,154

Gate conditioning protocol. The mice had to learn to make
nosepokes after hearing positive tone-sequences and refrain
from making nosepokes after hearing negative tone-sequences.
In gate conditioning run 1 with 33% chance of hearing a nega-
tive tone sequence (Figure 4), the mice did not make more or
less nosepokes after hearing positive or negative tone-sequences

6.6 sec.

on average (main effect tone-sequence: F,, = 0.22; p = 0.64).
The mice did not learn to differentiate between tone-sequences
over time (interaction: F&QO = 0.82; p = 0.59). However, the
mice made fewer nosepokes regardless of tone-sequences over
time (main effect day: FS_SO =4.58; p=0.0001).

In gate conditioning run 2 with the chance of hearing a negative
tone sequence increase to 50% (Figure 5), the mice made, on
average, more nosepokes for the positive tone-sequence (main
effect tone-sequence: F,,, = 18.9; p < 0.0001) but did not
learn to differentiate between the tone-sequences (interaction:
F ., = 0.62; p = 0.71). During run 2 the mice made more
nosepokes over time regardless of tone-sequences (main effect
day: F =2.45;p=0.03).

Discussion

The first developmental step was described as ‘gate condition-
ing protocol’, where tone-sequences were played whenever
a mouse passed the gate and entered the IC. The initial idea
of using tone-sequences was to easily create ambiguous
sequences once the positive and negative sequences were suc-
cessfully conditioned. Although it was possible to condition
the mice to their respective randomly assigned IC corner, the
mice were not able to distinguish between two tone-sequences.
The mice were unable to associate a water reward with one
tone-sequence and a mild airpuff punishment with another
tone-sequence. The unsuccessful conditioning could have
different reasons.

First, mouse-specific ultrasonic vocalization series can have a
length of two seconds. They are variable in their sequence but
are released at a more or less constant frequency. There are
also short sequences (a few milliseconds long) that vary in both
sequence and frequency (Ehret, 2018). Our artificially created,
very static tone sequences at constant frequency had a length
of 6.6 seconds, which may be too long to be perceived as
relevant for the mice. The tone-sequences might have shown
better results if shortened. To the best of our knowledge,
there have been no experiments to condition mice to artificially
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Figure 3. Comparison of visit numbers in active and inactive corners. The y-axis shows the number of visits which were made within
the active and inactive corners. The x-axis shows the experimental days. n = 12.
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Figure 4. Gate conditioning run 1. The y-axis shows the number of nosepokes which were made in response to the presented tone-
frequencies. Number of nosepokes are given in percent since the probability of the two tone-frequencies being played was different
(positive = 67%, negative = 33%). After hearing a positive tone-frequency, a nosepoke had to be made, but not after hearing a negative
tone-frequency. The x-axis shows the experimental days.n =11.
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Figure 5. Gate conditioning run 2. The y-axis shows the number of nosepokes which were made in response to the presented tone-
frequencies. The probability of the two tone-frequencies being played was 50:50. After hearing a positive tone-frequency, a nosepoke had
to be made, but not after hearing a negative tone-frequency. The x-axis shows the experimental days. n = 12.

created tone-sequences like the ones we used during develop-
mental step 1. However, past studies showed the possibility to
condition mice to tones, namely tone-frequencies (De Hoz &
Nelken, 2014; Jones et al., 2017). Therefore, we decided to use
tone-frequencies instead for the next developmental step.

Second, the timing at which the tone-sequences during gate
conditioning were presented was not optimal. Tones were
initiated by each pass through the gate and played when the
IC was entered. Whether the mouse then also directly visited
the IC corner was probably dependent on how strong the moti-
vation to drink was. Therefore, it might be possible that too
much time passed between the tone and the actual corner visit,
and thus, no association was established between these two
events. The timing between stimulus presentation and event
onset is important for successful conditioning, as shown, for
example, by clicker training (Lattal, 2010).

Therefore, we decided to change the time point of tone pres-
entation and relocated the conditioning completely to the IC
corner. From then on, the sound was played when the mouse
entered the IC corner. This improvement reduced the time span
from the presentation of the stimulus to the corresponding nose-
poke behavior to a minimum. To prevent a possible overlap effect
of the unsuccessful conditioning on the next developmental
step, we continued to work with a naive mouse group.

Developmental Step 2

Methods

Animals. The twelve female mice of group two arrived at the
institute in October 2019. At the start of the second devel-
opmental step presented here, the mice were 14 weeks old.
The mice started barbering behavior at an age of 20 weeks,
during the conditioning phase. At the end of the experiment,
the mice were 26 weeks old and used in another experiment to
develop a conditioned place preference test to assess severity
of experimental procedures (publication in preparation).

Corner conditioning protocol. Since the gate conditioning
protocol was not successful in group one, we improved the
conditioning protocol and decided to no longer condition to
tone-sequences but to tone-frequencies.

The hearing range of mice is between 2 kHz and 70 kHz
(Heffner & Heffner, 2007). To find different frequencies with
equal sound pressure levels (SPL) in the corner, a measuring
microphone (miniDSP Umik-1 calibrated USB microphone)
and the software Room EQ Wizard were used. In a study by de
Hoz and Nelken, mice were successfully conditioned to tone-
frequencies between 6 kHz and 13 kHz (De Hoz & Nelken,
2014). The same frequency range was used for our study. With
a digital signal processor (miniDSP 2x4 ), the SPL of the played
tone was optimized, to ensure that all tones were played at the
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same volume within the corner. This was done to ensure that
variations in SPL stemming from the speaker and confined
space in which they are played were as small as possible.
However, it must be emphasized that the perception of mice dif-
fers from that of humans and that there possibly are influences,
which we are unable to detect and/or assess.

In addition to different tones, we decided to change the time
when the tones were played. For the corner conditioning pro-
tocol, tone-frequencies (positive or negative tone) were played
when entering an IC corner instead of when leaving the gate
and entering the IC. One single corner within the IC was chosen
as the active corner for all mice to set the focus of the mice to
this corner and to ensure that the tone quality was the same
for all mice. All other corners were made unreachable by
3D printed plugs made from gray polylactic acid (PLA). In
order to initiate a new trial, the mice had to re-enter the active
corner. During one IC session, multiple trials could be initi-
ated by the mouse re-entering the active corner without having
to leave the IC again (as it was the case for gate condition-
ing protocol). Within the active corner and after hearing the
positive tone-frequency, the IC doors could be opened by
a nosepoke for seven seconds.

To play the tone-frequencies, one loudspeaker was placed
on top of the active corner directed towards the inside of the
corner, so the mice were able to hear the tones. In order to
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be able to position the loudspeaker, it was integrated into a
black 3D printed box (Figure 1C).

The tone-frequency at one end of the scale was 6.814 kHz at
70 decibel (dB), the other tone-frequency on the other end of
the scale was 13.629 kHz at 70 dB. At the beginning of the
conditioning phase, only the positive tone frequency was played
during a visit in the active IC corner. The probability of the
negative tone-frequency was increased progressively to
avoid too many negative experiences at the beginning of the
experiment (Extended data [Kahnau et al., 2022C]).

The tone-frequencies had at first a length of 0.5 seconds. The
tone length was extended to one second on experimental day
20. During the experimental phase, there were several technical
problems and therefore, data for some days were lost. On
several occasions, the body weight of the animals could not
be recorded due to the AnimalGate being blocked by bedding
material. Removing the bedding from the AnimalGate solved
this problem. An unexpected failure of the control unit led to
missing data recording on days 23, 99, 104, 105. The whole
IC system had to be restarted to resolve these failures.

Results

Corner conditioning protocol. After visiting the active corner,
one out of two tone-frequencies was randomly presented. In
total (Figure 6), the mice made more nosepokes at the positive
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Figure 6. Corner conditioning group two. Number of nosepokes in percent made in response to two different tone-frequencies. The
data for experimental day 23, 99, 104, 105 is missing due to technical problems with the IntelliCage system. No data from day 49 to 84 is
available, because the mice were not in the home-cage based set-up as the set-up had to be maintained. From experimental day 85 the
mice were kept in the set-up again. In order to habituate the mice to the set-up again, no sounds were played on days 85 to 98. On the
y-axis, the number of nosepokes in percent is shown. The x-axis shows the experimental days. The dashed line marks the time point when
the tone length was increased to one second. 0% = no negative tone, 5% = 5% negative tone probability, 10% = 10 percent negative tone
probability, 16% = 16% negative tone probability, 20% = 20% negative tone probability, 33% = 33% negative tone probability, 50% = 50%

negative tone probability.
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tone compared to the number of nosepokes made at the nega-
tive tone-frequency (main effect tone: F ., = 795, p < 0.0001).
The mice differentiated between the two-tone frequencies after
the tone length was increased to 1 second on experimental day
20 (interaction: F,, ., = 9.51, p < 0.0001, table S3 Extended data
[Kahnau et al., 2022C]). In addition, the mice made less nose-
pokes in total after day 20 (main effect experimental day:
F 53=5.39,p <0.0001).

Individual learning success. Since the results are considered
for each mouse, the results are evaluated descriptively. The indi-
vidual learning success was considered during the time period
when the negative tone was played with a probability of 33%
(Figure 7) and 50% (Figure 8). These were chosen because the
negative tone was played enough times to allow a meaningful
comparison of the nosepoke behavior.

At the time when the negative tone was played with a probabil-
ity of 33%, seven mice (ro_si_2, ro_sw_2, sw_ge_2, sw_si_2,
we_ro_2, we_si_2, and we_sw_2) out of 12 mice reached the
learning criterion. Mouse ro_ge-2 stopped to drink before the
negative tone was played with a probability of 33%.

Increasing the probability of the negative tone to 50% resulted
in more incorrect nosepoke behavior in response to the nega-
tive tone. Only four mice (ro_sw_2, sw_si_2, we_ro_2 and
we_si_2) out of 12 mice reached the learning criterion (75%
of correct nosepoke behavior over 50%). The mice ro_ge 2
and ro_si_2 did not drink and were taken out of the experiment.

Body weight and IntelliCage behavior. Body weight, number
of licks, and number of visits were recorded throughout the
experimental period (Figure 9). Body weight was influenced
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by the treatment (F, . = 2.33, p = 0.02) as well as by the
experimental day (F, .= 211, p < 0.0001). Also, the interaction
treatment and day had an influence on body weight (F, . = 2,36,
p = 0.02). Body weight increases over time, but there are days
when the mice lose weight. This is influenced by the tasks
they have to perform in the IC. In addition, the number of licks
over time was influenced by treatment (£, .= 20.71, p < 0.0001)
as well as experimental day (F .= 143, p > 0.0001) and
seems to decrease with the presentation of the tones. This
influence seems to be particularly strong on individual experi-
mental days (interaction: F,, .= 7,99, p < 0.0001), which is
also reflected in the number of visits (interaction: F, . = 22.31,
p < 0.0001). These were also influenced by the treatment

(F,, =47, p <0.0001) but not influenced by the experimental

7814
day (F,,,;=0.05,p=0.83).
Discussion

The second developmental step was described as ‘corner
conditioning protocol’, where tone-frequencies were played
whenever a mouse visited the active IC corner. With this pro-
tocol, it was possible for the first time for single mice to distin-
guish between two different tone-frequencies within the set-up
presented here. Two mice ceased drinking in the IC during the
conditioning phase. Therefore, these mice were excluded from
the experiment, i.e., for them the tone presentation was turned
off and they were able to open the doors by a nosepoke at each
visit. Dropouts also occurred in other studies, where individual
animals did not reach the learning criterion and thus the actual
test phase (e.g., Braci¢ et al., 2022; Hintze et al., 2018; Kloke
et al., 2014; Krakenberg et al., 2019). Since only one mouse
could be in the IC at a time, the question arises whether
individual mice could not learn because they could enter the
IC less often. The data show that all mice were able to enter
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Figure 7. Individual learning success during conditioning when the negative tone-frequency was presented with a probability
of 33%. Mouse ro_ge_2 was taken out of the experiment. Learning criterion 75% of correct nosepoke behavior over 50%.
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the IC several times a day. Once they were in the IC, they were
also able to repeatedly enter the active corner of the IC. We
therefore assume that individual mice did not fail to learn because
they were able to enter the IC less often. For the mice that
stopped drinking, it seems more likely that the risk of getting
an airpuff was too high and they stopped drinking. When the
tones were turned off for these mice, they started drinking again.

The other ten mice of the group continued to drink within the
IC but they did not initially distinguish between the two dif-
ferent tones. After changing the tone length (from half a second
to one second), significant increase in the number of nosepoke
behavior could be detected. The mice did more nosepokes
in response to the positive tone compared to the nosepoke
number for the negative tone. However, the number of nose-
pokes for the negative tone increased when the probability
of it occurring was increased (up to 50%).

This was particularly evident in the examination of indi-
vidual learning performance, when nosepoking was barely
supressed by the negative tone. Overall, mice made many correct
responses for the positive tone, but markedly fewer correct
responses for the negative tone. Accordingly, the mice seemed
to have a high motivation to perform nosepokes regardless of the
outcome.

There was also an increase in the number of visits over the
course of the experiment. However, the number of licks per day
hardly changed. The explanation might be that the possibility
to drink was reduced by increasing the number of trials with
the negative tone. Thus, to get the same amount of liquid, more
visits had to be made. It may be that the motivation to inter-
act with the nosepoke sensor was so strong that the risk of
punishment was accepted. This would be in line with litera-
ture data showing that mice continue to operate a lever although
it was associated with a stimulation of ‘aversive brain regions’
(Cazala, 1986).

By giving many incorrect responses to the negative tone, the
mice also received a correspondingly high number of air-
puffs, which in turn could have led to habituation to the airpuff.
The punishment would therefore no longer be perceived as a
valid punishment (Kahnau et al., 2021). Another explanation
could be that the permanent presentation of the tones caused
them to no longer be perceived as relevant but rather as a kind
of background noise, and nosepokes were made independently
of the tones.

In many previous cognitive bias tests, mice were placed in
a designed test apparatus for a defined test period and were
exposed to the stimuli for that defined time (e.g., Bailoo et al.,
2018; Boleij et al., 2012; Kloke et al., 2014; Krakenberg
et al., 2019; Richter er al., 2012). After the test phase, the mice
were transferred back to their home-cages, where they spent
their time undisturbed until the next test phase. On the contrary,
in our system, which also served as the home-cage, no such
breaks occurred. Thus, the stimulus might have had none or
little relevance and the focus might be on opening the doors,
driven by the motivation to drink.
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Our results suggest that rest periods should be included in
order to maintain the concentration and/or motivation of the
mice. Therefore, for the next developmental step, we decided to
schedule breaks, while the mice had access to the water with-
out presentation of the tones, between the individual condition-
ing and testing phases. To exclude possible influences from
previous conditioning phases, we again worked with another
naive mouse group in the next developmental step.

Developmental Step 3

Methods

Animals. The twelve female mice of group three arrived at the
institute in September 2020. At the start of the third developmen-
tal step, the mice were six weeks old. At the end of this experi-
ment, the mice were 21 weeks and used in various cognitive
experiments (data not published) and in an experiment to
develop a home-cage based consumer demand test based on
the mouse positioning surveillance system (data not pub-
lished yet). The mice started barbering behavior at the age of
31 weeks, 10 weeks after the experiment presented here.

Corner conditioning protocol. In order to successfully condi-
tion the mice of group three to tone-frequencies, further modifi-
cations were made to the corner conditioning protocol described
carlier. This experiment was pre-registered in the Animal
Study Registry (doi: 10.17590/asr.0000228). In the active cor-
ner and after hearing the positive tone-frequency, the IC doors
could be opened by a nosepoke for ten seconds. In addition, the
tone length as well as the airpuff length was extended to two sec-
onds. The tone-frequencies for the first conditioning phase of
group three were the same as for group two (6.814 kHz at 70 dB
and 13.629 kHz at 70 dB). For the second conditioning
phase, tone-frequencies between 6.814 kHz at 70 dB and
9.636 kHz at 70 dB were used. Also, for group three, the
probability of the negative tone was increased step by step
(Extended data).

Cognitive bias test. After the conditioning phase, the cognitive
bias test followed. This was done by adding ambiguous tone-
frequencies, which were calibrated between the positive and
negative tone-frequencies (first cognitive bias test: 8.103 kHz,
9.636 kHz, 11.459 Hz, second cognitive bias test: 7.431 kHz,
8.103 kHz, 8.836 kHz). For the determination of these ambigu-
ous tones, the geometric mean, which is the perceived middle
between two tones, was used. To determine the geometric mean
(GM), the square of the product of the two chosen tone frequencies
is calculated.

aM = Jh 1y

The tritone of the original low and high frequency is then used
as the respective high and low frequency to calculate two addi-
tional tritones, generating a scale of five tones, each percep-
tibly equidistant to their neighbors. The SPL was checked
with a measuring microphone and the Room Acoustics
Software.

The probability for each of the three ambiguous tone frequen-
cies to be played was 5%. By entering the active corner, one of
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the five different tone-frequencies was randomly presented.
The mice received water by performing a nosepoke at the posi-
tive tone, and received an airpuff by performing a nosepoke
at the negative tone. The mice received neither a reward nor a
punishment for the ambiguous tones. For data evaluation, the
nosepoke behavior toward the ambiguous tone-frequencies was
measured.

During baseline measurement, the housing conditions were as
described in section “Home-cage based set-up”. To manipulate
the cognitive bias, the housing conditions were changed. In
accordance with studies in rats, we expect the cognitive bias of
the mice to be negatively affected by the removal. The mice
had less bedding (2cm high), less nesting material (four
papers), less housing (one mouse house), no running disk, one
handling tube, two wooden gnawing sticks, no active
enrichment and no resting platform. For further treatment
effect, the mice were additionally restrained. For this purpose,
the mice were handled by tail and placed in a tube. In the tube,
the mice were unable to move and had to remain in the tube
for three minutes. This procedure was performed on four
consecutive days at 08:00 to 9:30 o’clock during the cognitive
bias measurement. The order in which the mice were restrained
was randomized for each day using the R statistical program.

Results

Corner conditioning protocol. From day 57 (Figure 10), the
tone-frequencies were changed. Over the entire period, the mice
made more nosepokes in response to the positive tone compared
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to the number of nosepokes made in response to the negative
tone-frequency (F,,, = 3578, p < 0.0001). The experimental
days seem to have an influence on the nosepoke number (main
effect experimental day: F,, .= 477, p < 0.0001) as well
as the interaction of day and tone (F,,,= 6.13, p < 0.0001).
This shows that the mice can discriminate between the sounds,

but on some days there were fewer nosepokes overall.

Individual learning success conditioning phase 1. Condition-
ing phase 1 run for 11 days (Figure 11). Experimental day 16
was quite noticeable, where all mice performed worse. It was
found that a technical problem occurred during the tone play-
back. Therefore, for the evaluation of the learning success only
10 days were used.

Nine mice (ro_ge_3, ro_sw_3, ro_we_3, sw_ge_3,sw_si_3,
sw_we_3, we_ge_3, we_ro_3 and we_si_3) out of 12 mice
reached the learning criterion (75% of correct nosepoke behavior
over 50%). The mice ro_si_3, sw_ro_3 and we_sw_3 stopped to
drink and were taken out of the experiment at day 18.

Cognitive bias test 1. During the first CB test (Figure 12), the
tone-frequencies influenced the number of nosepokes, which
were made after hearing the tone-frequencies (F,, = 28.55,
p < 0.0001). The more similar the tone becomes to the positive
tone, the more nosepokes the mice made. A post hoc compari-
son showed that, except for the negative and near-negative tone
(tone-frequency which is close to the negative tone-frequency),
the mice discriminated between the different frequencies
(Table 3). Also, the treatment (baseline measurement and
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Figure 10. Corner conditioning group three. Number of nosepokes in percent made in response to two tone-frequencies. The data for
experimental day 32 and 59 are missing due to technical problems with the IntelliCage system. There was an experimental break between
day 47 and 56. After each treatment, no tones were presented. On the y-axis, the number of nosepokes in percent are shown. The x-axis
shows the experimental days. During the experimental time period, the tones were presented with different probabilities. 0% = no negative
tone, 20% = 20% negative tone probability, 50% = 50% negative tone probability, CBT b = cognitive bias measurement baseline, CBT
n = cognitive bias measurement under negative conditions with less bedding and nesting, no enrichment and daily restraining.
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Figure 11. Individual learning success during conditioning phase 1 of mouse group three. On day 16, due to technical problems,
the tones were not played correctly The mice ro_si_3, sw_ro_3 and we_sw_3 were excluded from the experiment from day 18 onwards.
Learning criterion: 75% of correct nosepoke behavior over 50%.
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Figure 12. Cognitive bias test 1. The x-axis shows the tone-frequencies with n = negative tone, nn = near-negative tone, m = middle
tone, np = near-positive tone and p = positive tone. The y-axis shows the number of nosepokes in percent made in response to the
tone-frequencies. During negative measurement the housing conditions were changed compared (less bedding and nesting and
no enrichment) to baseline measurement and the mice were restrained daily. n = 9.
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Table 3. Results of the post hoc comparison of the
performed nosepokes in response to the tone-
frequencies for the first cognitive bias test. n = negative
tone, nn = near-negative tone, m = middle tone, np = near-
positive tone and p = positive tone.

Comparison Estimate SE df t.Ratio p-Value
m-n 12.52 3.87 96 3.24 <0.001
m -nn 15.79 3.87 96 4.08 <0.001
m - np -23.41 3.87 96 -6.06 <0.0001
m-p -48.27 3.87 96 -12.48 <0.0001
n-nn 3.27 3.87 96 0.85 0.4
n-np -35.93 3.87 96 -9.29 <0.0001
n-p -60.79 3.87 96 -15.72  <0.0001
nn - np -39.2 3.87 96 -10.14  <0.0001
nn-p -64.06 3.87 96 -16.57  <0.0001
np-p -24.86 3.87 96 -6.43 <0.0001

negative treatment (less bedding and nesting, no enrichment and
daily restraining) had an influence on the nosepoke behavior of
the mice (F,,, = 5.08, p = 0.02). A post hoc comparison
showed that the mice made less nosepokes during baseline 1
measurement compared to baseline 2 measurement and negative
treatment (Table 4). The interaction of tone-frequency and
treatment had no influence on the nosepoke behavior
(Fyo= 1.05, p = 0.4). Which suggests that the mice do not
evaluate the different tone frequencies differently during the

different treatments.

Individual learning success conditioning phase 2. Due to tech-
nical issues, the data of day 59 are missing and was excluded
for learning success evaluation. During conditioning phase 2
(Figure 13) 8 (ro_sw_3, ro_we_3, sw_ge_3, sw_si_3, sw_we_3,
we_ge_3, we_ro_3 and we_si_3) out of 12 mice reached the
learning criterion. The mice ro_si_3 and we_sw_3 stopped
to drink and were taken out of the experiment at day 59. The
mouse sw_ro_3 stopped to drink, too, and was taken out of the
experiment at day 65.

Also, during the second CB test (Figure 14), the tone-
frequencies influenced the number of nosepokes (F,,,= 27.27,
p < 0.0001). Again, the mice did not differentiate between
the negative and near-negative tone but between all other
tone-frequencies (Table 5). The measurement and the interac-
tion of tone-frequency and treatment had no influence on the
nosepoke number (main effect treatment: F,, = 1.67, p = 0.2,
interaction: F';, ,=0.62, p=0.8).

Body weight and IntelliCage behavior. Body weight
(Figure 15) was influenced by the treatment (Fyg3 = 17.4,
p < 0.0001) as well as by the experimental day (F . = 196,
p < 0.0001). Over time, body weight increased continuously.
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Table 4. Results of the post hoc comparison of the
performed nosepokes during baseline measurement
and negative treatment in response to the tone-
frequencies. b = baseline, n = negative treatment (less
bedding and nesting, no enrichment and daily restraining).

Comparison Estimate SE df t.Ratio p-Value
b1 - b2 11.917 3 16 -3.979  <0.01
b1-n -11.345 3 16 -3.788  <0.01
b2-n 0.573 3 16 0.191 0.85

Also, the interaction of experimental day and treatment influ-
enced body weight (F,, = 12.52, p < 0.0001). There are a few
days when the mice lose a noticeable amount of weight. The
number of licks (Figure 15) over time were influenced by treatment
(F,o; = 30.79, p < 0.0001) but not by experimental day
(F ;= 0.03, p = 0.9) or the interaction of experimental day
and treatment (F5‘963= 1.8, p = 0.1). The number of visits
(Figure 15) were influenced by treatment (Fsq6, = 50.29,
p < 0.0001). The analysis showed a tendency towards influ-
ence of the experimental day on the visit numbers (F ., = 3.5,
p = 0.06). However, the interaction of experimental day and
treatment had an influence on the visit number (F,,. = 6.8,

p < 0.0001).

,963

,963

Discussion

The third developmental step was also described as ‘corner con-
ditioning protocol’, where tone-frequencies were played when-
ever a mouse visited the active IC corner. The tone length
was changed again (from one to two seconds) compared to
developmental step two. The assumption was that this change
would allow the mice to discriminate the tone-frequencies more
easily. In the study by de Hoz and Nelken, the tone-frequencies
were played throughout the complete time of a corner visit.
The playing of the tone was stopped only after the mouse left
the corner and was re-initiated by a new corner visit (De Hoz
& Nelken, 2014). This extreme adjustment of playback length
was not considered for our experiment, since it is not known
how the individual tone presentation length influences the
nosepoke behavior, and thus, the cognitive bias of the mice.
There was a potential for individual visit durations to have an
influence on the individual mouse assessment of ambiguous
tone, making the results difficult to interpret and thus reducing
the validity of the data.

Like in developmental step two, some mice in group three
could not be conditioned to the tone-frequencies. However, the
remaining mice learned effectively and made more nosepokes
in response to the positive tone compared to the negative tone.
In addition, the mice seemed to be more hesitant in nose-
poke behavior compared to the mice in developmental step
two. This becomes evident when examining individual learn-
ing performance: There were slightly fewer correct responses
for the positive tone and more correct responses for the negative
tone. This implies that they performed less nosepokes overall,
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Figure 13. Individual learning success during conditioning phase 2 of mouse group three. Data of day 59 is missing due to technical
problems.
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Figure 14. Cognitive bias test 2. The x-axis shows the tone-frequencies with n = negative tone, nn = near-negative tone, m = middle
tone, np = near-positive tone and p = positive tone. The y-axis shows the number of nosepokes in percent made in response to the tone-
frequencies. During negative treatment the housing conditions were changed compared to baseline measurement and the mice were
restrained daily. n = 9.
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Table 5. Results of the post hoc comparison of the

performed nosepokes in response to the tone-
frequencies for the first cognitive bias test. n

= negative

tone, nn = near-negative tone, m = middle tone, np = near-
positive tone and p = positive tone.
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which has a positive effect on the number of correct answers
for the negative tone but a negative effect on the answers for
the positive tone. The airpuff seems to be perceived as negative.
However, since some mice had to be excluded in this and in the
previous developmental step because they stopped drinking, it
should be considered whether the airpuff of 0.5 bar is too intense

Comparison Estimate SE df t.Ratio p-Value and might be reduced which could reduce the drop-out rate.
m-n 2472 442 112 559 <0.0001 _ _ _ .
In other studies, punishment is not used at all (Graulich et al.,
m - nn 21.92 a2l 25 <0.0001 2016; Hintze et al., 2018; Novak et al., 2016; Verjat et al.,
m - np 3289 442 112 744 <0.0001 2021.), as it is‘discussed that punishment‘ during conditioning
and in the test itself may already have an influence on the cog-
m-p -44.87 A7 2B 085 <0.0001 nitive bias (Roelofs er al., 2016). Also in the study of Alboni
n-nn 279 442 112 -063 0.53 and co.lleagues punishment.was pot used 'within the IC .sy.stem
(Alboni et al., 2017). It is quite conceivable that individual
n-np -57.61 442 112 -13.03  <0.0001 mice, motivated by their everyday exploratory behavior, enter
n-p -69.59 442 112 1574 <0.0001 ir}d.ividual corners .without drinking motivation, so that corner
visits also occur without nosepoke. In order to be able to inter-
nn - np -54.82 A N2 A <0.0001 pret the mouse behavior clearly, it is recommended to use mild
nn-p 66.80 442 112 151 <0.0001 a.irp}lffs as punishment in IC experiments.. In addition, condi-
tioning with punishment seems to be easier to learn and thus
np-p -11.98 a2 =270 <0.001 seems to succeed faster (Lagisz et al., 2020). In our system,
Treatment = 20% negative tone E2 all doors open 22 CB neg. cond. & positive tone
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Figure 15. Measurement of body weight, IntelliCage corner visits and lick number over time. The x-axis shows the experimental
days. On the y-axis, first the body weight, second the lick number and third the visit number is shown. Different tones with different playback
probabilities were presented throughout the experimental period (treatment). The data of experimental day 32, 59 and 92 is missing, due
to technical issues.
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we chose to use a punishment because the behavior of the mice
can be interpreted clearly. The mice want to avoid the airpuff and
therefore do not poke when the negative tone is presented. We
come to this conclusion based on our experience of mice
immediately performing nosepokes upon entering the IC
corners if no airpuffs are included in an experimental design.

Lagisz and colleagues identified in their systematic review
and meta-analysis that a go/go active choice paradigm (go to
receive a reward and go to avoid a punishment) leads to the most
sensitive set-up (Lagisz er al., 2020). It is discussed whether
in a go/no-go paradigm the no-go behavior could be related to
reduced activity or motivation and not to negative expectation
of the future event (Enkel et al., 2010; Matheson et al., 2008).
Nevertheless, we chose in our system a go/no-go paradigm.
The mice had to nosepoke (go) to receive the reward (water)
and not to nosepoke (no-go) to avoid the punishment (airpuff).
In addition, the mice had to leave the IC corner and re-enter
it (go) to initiate a new trial. We chose a go/no-go paradigm
for the same reason that we used the airpuff as a punishment.
The behavior in response to the tones is more easily distin-
guished and interpreted. In addition, by self-initiating the trial,
there are no waiting times and the mice have the possibility
to complete the trial in a self-determined manner (Hintze et al.,
2018; Krakenberg er al, 2019). This choice of experimental
design allows us to assume that the mice are highly motivated
and facilitates the derivation of a conclusive interpretation
of the mice’s behavior.

In the third development step we also analyzed the visit and
lick behavior. Both seem to be influenced by the treatment
(breaks, conditioning or cognitive bias measurement). By start-
ing conditioning, fewer visits and licks were made. It can
be assumed that the lick number is also influenced by the
circumstance that the IC doors were permanently open dur-
ing the breaks. This allowed the mice to drink more per visit
during the breaks, which consequently reduced the number of
visits and increased the number of licks. The data suggest that
the mice need more time to drink, as weight was also affected
by the treatment. It would therefore be reasonable to increase
IC open-door-time. However, the open-door-time should not be
so long that the number of visits is reduced because more licks
might be made per visit and thus fewer visits are needed and
made overall. This in turn would lead to a reduced number of
trials for evaluation.

Because we assumed successful conditioning in developmental
step three, the cognitive bias test followed. With the automated
and home-cage based set-up presented here, it was possible
to measure the cognitive bias of female C57BL/6J mice. Our
data showed a sigmoidal curve of data points decreasing
from positive tone-frequency to negative tone-frequency. Our
result suggests that the ambiguous tone-frequencies are per-
ceived and interpreted differently with respect to the previously
conditioned tone-frequencies, which is a basic requirement
of a valid cognitive bias test (Gygax, 2014; Hintze et al., 2018;
Krakenberg et al., 2019).
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We hypothesized that mice living in enriched housing
conditions (from 28 days of age) would be affected in their
emotional state by removal of enrichment and additional restrain-
ing. In accordance with the literature on known effects of
worsening housing and living conditions in rodents, we expected
a pessimistic cognitive bias as a result. In fact, we were able to
detect a change in the cognitive bias. The mice showed more
nosepoke behavior while kept under negative conditions com-
pared to the time of the first baseline measurement, indicating
a positive, optimistic cognitive bias. This increased nosepoke
behavior was still evident during the second baseline measure-
ment, when the negative conditions had been eliminated. This
result is surprising because studies in rats showed that rats housed
under negative housing conditions showed a negative cognitive
bias (Burman ez al., 2009; Harding et al., 2004) and a transfer
from standard to enriched housing conditions led to a shift from
pessimistic to optimistic cognitive bias (Brydges er al., 2011;
Richter et al., 2012). So far, only Alboni and colleagues and
Resasco and colleagues were able to measure an influence of
housing conditions on cognitive bias in mice. Unlike to our
study, enriched housed mice seemed to have a positive expect-
ancy related to the ambiguous stimulus compared to standard
housed mice (Alboni et al., 2017; Resasco et al., 2021).

The question arises why the mice in our experiment seem to
have a more optimistic cognitive bias after removing enrich-
ment and with restraining. It is theoretically possible that the
removal of enrichment has no negative effect on the mice.
However, the mice were additionally restrained daily during
this developmental stage. Based on the behavior of the mice,
we assume that the mice had a negative experience at least
concerning the restraining. Anecdotally, we can report that the
mice showed a reduced interaction with the experimenter’s hand
after the first trial and seemed to no longer want to enter the
restrain tube freely. The mice also tried to leave the tube, as evi-
denced by frantic turning inside the tube. Another possible
explanation could be that the mice experienced boredom due
to the removal of enrichment, since most stimulating objects
had been removed. According to optimal arousal theory,
individuals strive for an optimal arousal state. If an individual
does not have this arousal state and/or experiences boredom,
it would seek something arousing/stimulating. However, if the
arousal state is too strong, the individual would seek less arousing
stimuli (Mitchell ef al., 1984).

In our experiment, this could indicate that the mice did not have
an optimal arousal state due to the removal of enrichment and
that this is targeted by an increased willingness to take risks to
receive an airpuff. However, the mice were also additionally
restrained. Thus, it is not possible to identify which factor
(removal of enrichment or restraining) or both factors had an
influence on the cognitive bias. The influence also seems to be
so strong that an increased nosepoke behavior (compared to the
first baseline measurement) could also be detected for the second
baseline measurement. This raised the question of whether the
mice really had a more optimistic cognitive bias or whether the
tones were too “easy” to distinguish. Therefore, we decided
to reduce the tone scalar.
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The mice also learned to discriminate between tones which
were closer to each other, and learned when they received
water and when they received an airpuff. Therefore, another
cognitive bias test was performed.

During the second test phase, we again observed a sigmoidal
curve in the data, but no change in cognitive bias. This result
is consistent with other studies (Bailoo et al, 2018; Braci¢
et al., 2022). It should be noted that during the second test
phase, the period of negative conditions was significantly
shorter. It is possible that one week has no influence on the cog-
nitive bias of mice or that the experiences already made have
led to a kind of habituation. Also, the number of animals with
nine mice might be too small to statistically detect an exist-
ing difference of small effect size. It is also possible that the test
systems developed so far, including the system presented here,
were not sensitive enough. In addition, the possible change
in cognitive bias might not last long enough to be measured
or is masked by positive stimulation due to cognition training
(Krakenberg et al., 2019).

Another reason why we could not measure a change could be
that a group of mice serving as their own control is not informa-
tive enough, as we cannot rule out a temporal carrying over
effect for the second baseline. However, the study of Bracic and
colleagues showed that the cognitive bias was repeatable over
multiple measurements (Braci¢ et al., 2022). Further experi-
ments are necessary to better interpret the results presented here.
For example, it is necessary to test whether a mouse group can
serve as its own control group in our test set-up. We therefore
conducted a follow-up study in which two groups of mice with
different experiences are tested simultaneously and repeatedly.
The analysis of this data will allow us to compare two inde-
pendent groups with each other, but also to compare each group
with itself.

It should be noted that a too-frequent repetition of presenting
the ambiguous stimuli could also lead to mice learning that nei-
ther reward nor punishment occurs with ambiguous stimuli
(Roelofs et al., 2016). This might in fact have been the case here,
as the mice never returned to baseline 1 level. It seems that the
mice make more nosepokes over time. This could indicate that
the mice have learned that there is no reward or punishment for
the ambiguous tones. However, it is positive to note that the sig-
moidal curve is present in all measurements, suggesting that the
mice evaluate the ambiguous tones differently from the condi-
tioned tones. If the mice unambiguously could differentiate all
frequencies, we would expect a much higher nosepoke behavior
(close to 100%) in response to the ambiguous tone frequen-
cies. This assumption is based on experience from previous IC
experiments (Kahnau et al., 2021). To prevent the animals in
the cognitive bias test from learning that there is neither reward
nor punishment for the ambiguous stimuli, it is necessary to
ensure that the ambiguous stimuli are distributed in an appro-
priately high experimental number of positive and negative
stimuli (Krakenberg et al., 2019).

In some mouse test systems, the trial number per session is rela-
tively low, i.e.1-32 trials (Boleij et al., 2012; Kloke et al., 2014;
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Novak et al., 2016). In contrast, in the set-up of Hintze
and colleagues and in the automated touch-screen system
of Krakenberg and colleagues, up to 54 trials per day could be
performed. However, it was always necessary to remove the
mice from their familiar environment, thus separating them from
their group members (with the exception of individual hous-
ing) and determining the time of the test, which could have an
influence on the motivation to participate in the test.

In our set-up, the number of trials varied depending on how
frequently the IC corners were visited (group three: 4 - 214 visits
= trials), but were distributed over the entire day. The animals
decided independently from the experimenter when to enter
the IC (if the IC was not already occupied by another mouse),
which makes a high motivation to participate in the test
plausible. Even though only one mouse could be in the IC at
a time, it was possible for all mice to enter the IC several times
a day, and thus, initiate trials in the IC itself. This was also
shown in an automated and home-cage based consumer demand
test, for which a similar test setup was used as described here
(Kahnau et al., 2022A). It is also not necessary to manipulate
the night/day rhythm (as e.g., in Krakenberg et al., 2019), as in
experiments in which the presence of an experimenter dur-
ing data acquisition is required. This, in turn, drastically reduces
the time required (daily control of animals and set-up of about
30 minutes).

Conclusions

The cognitive bias test seems to be a suitable test method to
measure the affective state of animals (Lagisz et al., 2020). So
far, however, these tests are very labor intensive and require
animals to be tested outside of their home cages, which has
implications for the animals and thus the data. (e.g., Braci¢
et al., 2022; Hintze et al., 2018; Kloke et al., 2014; Krakenberg
et al., 2019). Therefore, we aimed to develop an automated
and home-cage based cognitive bias test for mice in which
individual mice can perform the task undisturbed by group
members.

In the study presented here, we describe the developmental
steps for such a test concluding in a method that allows meas-
uring the cognitive bias in mice. By presenting the various
stages of development, we intended to provide a better under-
standing of the structure of the test method. We also contribute
to providing comprehensive information to the scientific com-
munity that can be used to develop further automated and
home-cage based systems.

Automation and home-cage based testing offers the advantages
of testing the mice in their familiar environment and dur-
ing their active phase. The influence of the animals on each
other is reduced, as only one mouse can be in the test-cage at a
time. Also, the influence of the experimenter is reduced to a
minimum. The fact that the mice can choose the time of the
experiment and initiate trials themselves gives them control over
what occurs and suggests that the mice are highly motivated.
All this, in turn, might have a positive impact on the validity of
the data.
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All three groups of mice showed barbering behavior over
their lifespan. This behavior occurred at different ages in the
respective groups. Group one showed barbering behavior
immediately after the experiments presented here, group two
during the experiments and group three a few weeks after
the experiments presented here. However, it is likely that the
behavior was present earlier, as it was only visible through fur
lesions. Barbering is a common behavior in female C57 mice
(Garner, 2005; Kahnau et al., 2022B). The reasons for the
occurrence of this behavior are still unknown. To gain a better
understanding of the behavioral course of barbering, we have
developed a score sheet (Kahnau er al, 2022B). Whether
and what influence barbering has on the mice and thus on the
experimental data is unclear. We assume that the influence on the
data presented here is rather low, as we were able to condition
mice and measure the cognitive bias. Nevertheless, it is nec-
essary to investigate this behavior further and to report it if it
occurs.

We were able to measure the cognitive bias of the mice
although further research is needed for a better understanding
of the mice’s cognitive bias measured in the IntelliCage based
system. We will continue to develop our test system and
use it to assess the burden of commonly used behavioral
tests such as the Water Maze Test, and to include the perspective
of the mouse in this assessment.

Ethical approval

All experiments were approved by the Berlin state author-
ity, Landesamt fiir Gesundheit und Soziales (LAGeSo), under
license No. G 0182/17 and were in accordance with the German
Animal Protection Law (TierSchG, TierSchVersV).

Data availability

Underlying data

Zenodo: Data and supplementary material for the paper
“Development of an IntelliCage based Cognitive Bias Test for
Mice.”, 10.5281/zenodo.8203397 (Kahnau et al., 2022C)
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Extended data

Zenodo: Data and supplementary material for the paper
“Development of an IntelliCage based Cognitive Bias Test for
Mice.”, 10.5281/zenodo.8203397 (Kahnau et al., 2022C)

One .pdf file contains supplementary material, the other .pdf
file the ARRIVE checklist. In addition, there is one .xlIsx file for
each developmental step that contains all the data for that step.
Each of these three .xIsx files contains a ReadMe sheet describ-
ing all variables. The different .txt files contain the R scripts that
were used to analyze the data.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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mention that last author Lars Lewejohann and the reviewer both participate in the COST action
CA20135 TEATIME. However, we are not actively collaborating or working on common
publications. In 2011, were both authors of the publication of a multi-lab study (PLoS One. 2011
Jan 31;6(1):e16461.doi: 10.1371/journal.pone.0016461.), but this did not involve direct interactions
between us. Further, the reviewer participated in the development of the original idea of the
IntelliCage system and acted as a scientific advisor of NewBehavior, the company which
commercialized IntelliCage until it was sold to the company TSE Systems. I never had nor do I
currently have any commercial interest in the IntelliCage system or in any competing product. In
conclusion, my review of this work was not hindered by a conflict of interest.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 14 February 2023
https://doi.org/10.21956/openreseurope.16536.r30671

© 2023 Knapska E. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

? Ewelina Knapska
Laboratory of Emotions' Neurobiology, Center of Excellence for Neural Plasticity and Brain
Disorders BRAINCITY, Nencki Institute of Experimental Biology, Warsaw, Poland

The manuscript by Pia Kahnau et al. describes an attempt to develop a method of measuring
cognitive bias in mice using the IntelliCage. The cognitive bias test measures how emotional states
affect cognitive processes. The test uses classical or operant conditioning to measure responses to
ambiguous cues. It can be used to measure animals’ welfare state, as those in better welfare make
more optimistic judgments. The cognitive bias test is well-described in many species, including
mice. The novelty of the studies described in the manuscript is using the IntelliCage, an
automated cage for assessing mice behavior and learning, to develop a new protocol for
measuring cognitive bias. Developing a reliable protocol would be useful as it would be a valuable
tool to assess the welfare of the laboratory mice and study mechanisms of cognitive bias. The
authors present three experiments through which they came closer to designing optimal test
conditions. The methods are well described, and all the necessary experimental details are
provided. However, the aim of that study, i.e., the development of a reliable cognitive bias test for
mice in the IntelliCage, has not been achieved. Thus, additional experimental work is needed.

Major comments:
1. The mice were only tested for cognitive bias in the third experiment, in which a shift toward
more optimistic decisions was observed after a supposedly stressful procedure. This effect
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was maintained even when the animals were not stressed, i.e., their responses did not
return to the baseline. This result should be carefully considered. One of the possible
scenarios the authors did not discuss is that the procedure they used to stress the mice was
actually not aversive. Removing some elements of the environment which was already
enriched (the mice had access to a large territory, had to learn a new behavior, etc.) and
adding very mild restrain changed the behavior of mice in the direction opposite to the
predicted one. It could be the effect of positive cognitive bias. Still, the change conditions
could also affect learning as the response curve did not return to baseline. I recommend
testing the protocol using conditions already known to induce cognitive bias.

2. To show the reliability of the cognitive bias protocol, it should be tested on more than one
cohort of mice.

3. As during the training and testing only one mouse could enter the IntelliCage at the same
time (when another animal did not already occupy it), it would be good to show, for each
animal, how often it entered the training/testing chamber. Such data may explain the
relatively high drop-out rate of animals that were unable to learn (if some mice waited for
another trial too long, it might have affected memory consolidation).

4. The test has been developed for females only. The authors should discuss how to develop
such a test for male mice.

Minor comments:
1. It would be helpful for the reader to get information that mice are individually recognized in
the IntelliCage system thanks to the transponders they carry early in the text (e.g., in the
Introduction).

2. It needs to be clarified whether, during habituation to nose-poking, all mice had access to
the IntelliCage or whether they went there one by one as during the following stages.

Is the rationale for developing the new method (or application) clearly explained?
Yes

Is the description of the method technically sound?
Yes

Are sufficient details provided to allow replication of the method development and its use
by others?
Yes

If any results are presented, are all the source data underlying the results available to
ensure full reproducibility?
Yes

Are the conclusions about the method and its performance adequately supported by the
findings presented in the article?
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Partly
Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Behavioral Neuroscience, working with mice and rats. I have been working
with the IntelliCage system since 2004.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Pia Kahnau

First of all, we would like to thank you for taking the time to review our manuscript in the
open review process. The summary is concise and the clearly formulated comments will
help to improve the manuscript.

Major comment 1: It is true that the data suggest a more optimistic emotional state due to
the supposedly more negative experiences (removal of enrichment and repeated
confinement). In rats and also in mice, housing conditions have been shown to influence the
cognitive biases of animals. However, in our study, the group of mice used was their own
control. Based on the results, one has to ask whether a group of mice can be the control at
the same time, whether it is even possible to measure a before-after effect with our
experimental design (see discussion on page 28). The extent to which the removal of the
enrichment actually has a negative effect on the mice has indeed not been conclusively
clarified. However, restraining is a paradigm regularly used to inflict negative experience
and we assume that it is not too bold to claim that the restrain test was a negative
experience for the mice, at least for the duration of the restraining. We observed that after
the first trial on the first day, the mice did not enter the restrain tube voluntarily and
showed clear avoidance behavior in the form of reduced interaction with the experimenter’s
hand. Unfortunately, we can only report on this behavior anecdotally. However, it could be
that the end of the restraint test had a positive effect on the cognitive bias, along the lines
of "now everything is fine again", and may even have overridden the influence of the
removal of the enrichment. We have added this consideration in the discussion (page 27). It
is also possible that the mice learned that nosepoking in response to the ambiguous tones
had no consequences. This point was elaborated in the discussion (page 28).

Major comment 2: We agree. Therefore, another study is planned in which two groups (a
treatment and a control group) will be tested simultaneously. Nevertheless, in the
presented study we were already able to measure the cognitive bias of the mice in an
automated and home cage based set-up, although, it was not possible to clearly manipulate
the cognitive bias. Nevertheless, we believe it is important to describe the steps involved in
measuring the cognitive bias, as this information could potentially be helpful in the
development of more home cage-based experiments. We consider this paper as a methods
paper rather than a results paper.
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Major comment 3: Thank you for this comment. It is theoretically possible that some mice
were not able to enter the IntelliCage or were able to enter less frequently and were
therefore presented with the tones less often during the conditioning phase. We noticed
that all mice were able to enter the IntelliCage several times per night. Once a mouse was in
the IntelliCage, it had the ability to repeatedly enter the corner of the IntelliCage and may
have been able to compensate for fewer IntelliCage entries. We have added two figures to
the supplements showing that the mice were able to enter both the IntelliCage and the
IntelliCage corner several times. We assume that the mice that had not learned to
discriminate between the tones had an aversion to the possible punishment and not that
they had not learned because they could enter the IntelliCage less often (discussion page
18).

Major comment 4: Thank you for mentioning this, it is true that we have only used females
so far. The results may not be transferable to males in a one-to-one manner, so it is useful
and necessary to test both the set-up and the experiment with males. In the methods
section (page 6), we have explained in more detail the need to pay attention to behavior in
experiments with males. On the one hand, that individual males do not occupy the
IntelliCage and prevent other mice from entering, and on the other hand, agonistic
behavior needs to be monitored in order to intervene as quickly as possible in case of injury.

Minor comment 1: We agree that the information about the individual recognizability of the
IntelliCage system through RFID antennas and transponders should already be mentioned
in the introduction and helps the reader to understand the functionality of the system.
Therefore, we have included this information in the introduction (page 4).

Minor comment 2: That is an important hint, thank you very much. Especially the
habituation of the set-up is important and should be described in the manuscript. That is
why we have added the information in the methods section (page 8).

Competing Interests: No competing interests were disclosed.

Reviewer Report 09 February 2023

https://doi.org/10.21956/openreseurope.16536.r30672

© 2023 Wolfer D. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

? David P. Wolfer

T Institute of Anatomy, Division Functional Neuroanatomy, University of Zurich, Zurich, Switzerland
2 Institute of Human Movement Sciences and Sport, D-HEST, ETH Zurich, Zurich, Switzerland

Pia Kahnau and co-authors describe the development and validation of a test protocol which
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allows to assess emotional state in mice using the IntelliCage system. The concept of the test is
that in a training stage the mice first learn to discriminate two acoustic stimuli and to associate
one of them with a reward (delivery of water) and the other with a punishment (delivery of an air
puff). In the subsequent test stage, the mice are confronted with ambiguous stimuli and their bias
toward interpreting them as predicting reward or punishment is taken as a readout of their
emotional state. This concept of testing emotional state by measuring cognitive bias is well
established. New is the presentation of a protocol that works in the automated IntelliCage system
which allows to test the mice with minimal handling by humans and without social deprivation. In
the first two steps of development, the authors established the training stage of the protocol in
which mice reliably and measurably learned to discriminate two acoustic stimuli. In the third step,
the test stage of the protocol was developed and tested by confronting mice with ambiguous
stimuli after they had been stressed by repeated restraint and sensory deprivation.

The development of this new protocol is well described and documented. The presented data
demonstrate that it has the potential to become a new test of cognitive bias which is as animal-
friendly as possible, but a final convincing proof that it works reliably and is indeed suitable for
this purpose requires additional experimental work.

Major points:

1. My principal concern with this paper is that the conclusion that using the presented
protocol the authors “were able to measure and manipulate the cognitive bias” is
overstated. As the authors correctly note, further research is needed, but not only to “for a
better understanding of the mice’s cognitive bias” but to establish convincingly that that the
protocol is indeed suitable for the intended purpose. As already pointed out in the
Discussion, there are two major problems with the data. First, there was uncertainty what
direction of bias to expect after the stress manipulation used in the experiment. Second, it
could not be demonstrated that the mice returned to baseline after recovery. Thus, the
possibility remains that the mice learned during establishment of the first baseline that the
new stimuli do not predict punishment and therefore showed a positive bias in subsequent
tests. So, the observed cognitive bias may reflect learning rather than emotional state. I
would suggest to re-test the protocol while (i) using a well-established way to change
emotional state such as protocols used in depression models and (ii) using a cross-sectional
design in which an experimental and a control group can be directly compared while they
are still naive to the ambiguous stimuli.

2. Only female mice were tested. While testing male subjects is certainly beyond the scope of
the present study, it needs to be acknowledged that follow up studies will be needed to
demonstrate that the method works independently of sex.

Minor points:
1. There was at least one previous attempt to measure cognitive bias in the IntelliCage system,
published in Alboni et al. (2017"). I would appreciate it if the authors could critically
comment on these attempts in the Introduction.

2.1 could not find a formal power analysis of the experimental designs used in this work, but I
would assume that with the given numbers of subjects and drop-outs it would be difficult to
statistically demonstrate absence of effect. So, negative test outcomes essentially remain
inconclusive. Therefore, the authors should tone down their interpretation of negative test
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outcomes and state that there was no evidence for an effect or that time points/stimuli
were indistinguishable instead of claiming that there was no effect.

3. In several instances, the authors merely state that there was a significant effect. They
should also give a brief description of what the effect actually was, so that its meaning can
be appreciated by the reader. Especially with interaction effects this is not always self-
evident.

4. Typos: p20 “It is discussed wheather”, p21 “the period of negative conditions was
significantly lower” shorter?

5.1 assume that the specific IntelliCage protocols would be made available upon request.

References

1. Alboni S, van Dijk RM, Poggini S, Milior G, et al.: Fluoxetine effects on molecular, cellular and
behavioral endophenotypes of depression are driven by the living environment.Mol Psychiatry.
2017; 22 (4): 552-561 PubMed Abstract | Publisher Full Text

Is the rationale for developing the new method (or application) clearly explained?
Yes

Is the description of the method technically sound?
Yes

Are sufficient details provided to allow replication of the method development and its use
by others?
Yes

If any results are presented, are all the source data underlying the results available to
ensure full reproducibility?
Yes

Are the conclusions about the method and its performance adequately supported by the
findings presented in the article?
Partly

Competing Interests: Conflict of interest statement. For the sake of transparency, [ would like to
mention that last author Lars Lewejohann and the reviewer both participate in the COST action
CA20135 TEATIME. However, we are not actively collaborating or working on common
publications. In 2011, were both authors of the publication of a multi-lab study (PLoS One. 2011
Jan 31;6(1):e16461.doi: 10.1371/journal.pone.0016461.), but this did not involve direct interactions
between us. Further, the reviewer participated in the development of the original idea of the
IntelliCage system and acted as a scientific advisor of NewBehavior, the company which
commercialized IntelliCage until it was sold to the company TSE Systems. I never had nor do I
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currently have any commercial interest in the IntelliCage system or in any competing product. In
conclusion, my review of this work was not hindered by a conflict of interest.

Reviewer Expertise: Behavioral Neuroscience, mostly using mice as disease models. Have been
working with the IntelliCage system for almost 2 decades now.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Pia Kahnau

Thank you for the clear summary and for agreeing to review our manuscript in the open
peer review process. Your comments address important aspects of the limitations of our
work and the editing will help to improve our manuscript. We understand the objection that
our claim that we "were able to measure and manipulate the cognitive bias" is overstated
and we adjusted our interpretation of the data accordingly.

Major point 1: Regarding the "uncertainty what direction of bias to expect": In the
discussion of developmental step 3 we state that we expect a negative cognitive bias, but
we agree that this expectation can already be mentioned earlier. Therefore, we added the
sentence "In accordance with studies in rats, we expect the cognitive bias of the mice to be
negatively affected by removal" on page 20. Regarding the concern that "it could not be
demonstrated that the mice returned to baseline after recovery": It is true, that the mice in
the cognitive bias test 1 do not return to the baseline level. This could indeed be an
indication of learning. It appears that the mice have learned that they will not be rewarded
or punished for the ambiguous tone frequencies. The nosepoke behavior also appears to be
higher in the second cognitive bias measurement compared to baseline 1 in the cognitive
bias test 1. The mice seem to be nosepoke more overall over time. Whether this is due to a
more optimistic emotional state, or whether the mice have learned that ambiguous tones
will not be punished, cannot be determined from the data presented here. Rather, it seems
that a before and after comparison is not possible in this set-up. The conclusion that one
mouse group seems to be unsuitable as its own control was added to the discussion of
developmental step 3 (page 28). In a follow-up study, two groups with different experiences
will be tested simultaneously and the cognitive bias will be compared. However, the
sigmoidal curve is maintained in each measurement and the mice nosepoke more to the
near positive tones than to the mid tones. This suggests that the mice are evaluating
whether or not to make nosepokes. If the mice had learned that they would not be
punished on the ambiguous tones, I would expect a much higher rate of nosepokes (close
to 100%) in response to the ambiguous frequencies, based on experience from other
IntelliCage experiments (Kahnau et al 2021). Nevertheless, learning cannot be completely
ruled out here, so the claim that we were able to manipulate the cognitive bias was
significantly weakened. Kahnau P, Guenther A, Boon MN, et al.: Lifetime Observation of
Cognition and Physiological Parameters in Male Mice. Front Behav Neurosci. 2021,;15:709775.
34539359 10.3389/fnbeh.2021.709775 8442583
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Major point 2: We agree that it is necessary to test the set-up and method additionally with
males. Therefore, we have added to the methods section on page 6 that male mice should
also be tested in this set-up to measure their Cognitive Bias. In addition, we pointed out
possible experimental difficulties in tests with male mice in such a set-up.

Minor point 1: Thank you for pointing out this paper, which we have included in our
introduction (page 3) and discussion (page 26, 27). It is true that in Alboni et al. (2017)
(among other results) the result of an IntelliCage-based test of cognitive bias are shown. For
this test, mice were conditioned to light (blue and yellow). The stimuli were presented every
time a corner was visited, as in our study, which had the advantage that the mice could
initiate each trial themselves and thus experienced more self-determination, leading to an
improvement in the experimental conditions. The focus of this paper was certainly not to
describe the development of the method. Therefore, some parameters that would have
been helpful for the evaluation of the study are unfortunately missing. For example, neither
the paper nor the supplements provide more detailed information on the number of
animals that could not be successfully conditioned. Unfortunately, it is also not clear how
many IntelliCages were used in total and how many animals were kept as a social group in
an IntelliCage. However, the density of a cage could have an effect on learning, as mice can
pull, push or shove each other out of corners. A disadvantage of the cognitive bias test
shown in this study is that only one ambiguous stimulus is presented, probably due to the
fact that the IntelliCage has only three different lights (blue, yellow and red). Because only
one ambiguous stimulus is presented, it is not possible to plot the data on a sigmoid curve.
In such a plot of the data, it is not possible to see how well the mice discriminate between
the conditioned stimuli and how they interpret the ambiguous stimulus. According to Lagisz
and colleagues, even a single ambiguous stimulus seems to reduce the sensitivity of the
test (Lagisz et al. 2020). Unfortunately, it is also not stated from how many sessions the
cognitive bias test results were obtained. Nevertheless, a difference in emotional state was
found between two groups of mice. An enriched environment combined with fluoxetine
treatment seems to have a positive effect on the emotional state of depressed mice
compared to mice that lived in the same environment but were not treated with fluoxetine.
We have not yet been able to clearly demonstrate a manipulation of cognitive bias with our
method. Lagisz M, Zidar J, Nakagawa S, et al.: Optimism, pessimism and judgement bias in
animals: A systematic review and meta-analysis. Neurosci Biobehav Rev. 2020;118:3-17.
32682742 10.1016/j.neubiorev.2020.07.012

Minor point 2: As this was an exploratory study, it was not possible to estimate the effect
size and power in advance. Especially at the beginning, it was not clear how the mice would
behave in this experimental design. We decided on 12 animals per group (and
developmental stage) because it is possible to keep 12 mice in a type IV cage and still
provide different enrichments. RFID technology also allows individual data to be obtained.
We agree that the number of animals used might seem small and that the statements on
negative results regarding the results of the cognitive bias tests should be toned down. We
did so and we have added some paragraphs under “Animals and housing conditions” (page
5), “discussion” (page 28) elaborating on the group size.

Minor point 3: We thank you for pointing this out. We have described the results more
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clearly in the results section.
Minor point 4: Thank you for these hints. We have corrected the typos.

Minor point 5: Of course, the IntelliCage protocols will be made available if there is interest.

Competing Interests: No competing interests were disclosed.
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