JKcnepuMeHTanbHas ncuxonorms Experimental Psychology (Russia)
> 2021. T. 14. Ne 3. C. 40—49 2021, vol. 14, no. 3, pp. 40—49
DOI: https://doi.org/10.17759/exppsy.2021140303 DOI: https://doi.org/10.17759/exppsy.2021140303

ISSN: 2072-7593 ISSN: 2072-7593
ISSN: 2311-7036 (online) ISSN: 2311-7036 (online)

RATS MAY TAKE INTO ACCOUNT THEIR OWN
BODY WEIGHT

IVANA. KHVATOV

Moscow Institute of Psychoanalysis, Moscow, Russia
ORCID: https.//orcid.org/0000-0002-6939-244X, e-mail: ittkrot 1@gmail.com

ALEXEY YU. SOKOLOV

Moscow Institute of Psychoanalysis, Moscow, Russia
ORCID: https.//orcid.org/0000-0002-6927-6473, e-mail: apophis-king@mail ru

ALEXANDER N. KHARITONOV

Institute of Psychology, Russian Academy of Sciences; Moscow Institute of Psychoanalysis;
Moscow State University of Psychology and Education, Moscow, Russia
ORCID: https.//orcid.org/0000-0002-4801-9937, e-mail: ankhome47@list.ru

In animals, the awareness of own body is expressed in their ability to take into account various param-
eters of their bodies in the relationship with the environmental objects. Currently, one of the areas of these
studies is the ability of animals to perceive their bodies as a physical obstacle to solve a problem. We studied
the ability of brown rats to consider their own body weight. To solve the experimental problem, the rats
were supposed to receive the bait by crossing one of three bridges located above the floor. The bridges could
be installed in a fixed or unfixed position. In the second case, when the rat tried to cross the bridge, it fell.
Accordingly, the rat needed to correlate its body weight with the strength of the support. We found that 14
out of 41 tested rats could solve this problem. During the experiment, these rodents demonstrated charac-
teristic “trying movements”, during which, we believe, they correlated their own weight with the reliability

of the bridge.

Keywords: brown rats, self-awareness, body-awareness, weight, body weight awareness, mirror self-
recognition.

Funding. The study was supported by the Russian Foundation for Basic Research (RFBR), proj-
ect # 20-013-00546.

For citation: Khvatov I.A., Sokolov A.Yu., Kharitonov A.N. Rats May Take into Account Their Own Body
Weight. Eksperimental’naya psikhologiya = Experimental Psychology (Russia), 2021. Vol. 14, no. 3, pp. 40—49.
DO https://doi.org/10.17759 /exppsy.2021140303 (In Russ.).

KPbICbI MOI'YT YYUTBIBATD BEC
COBCTBEHHOI'O TEJIA

XBATOB 1 A.

Mocxosckuit uncmumym ncuxoanaiuza (HOYY BO «Mockogckuii uncmumym ncuxoanaiusas ),
2. Mocxkea, Poccuiickas @edepaust
ORCID: https.//orcid.org/0000-0002-6939-244X, e-mail: itthrot 1@gmail.com

CCBY-NC
40



Khoatoo 1.A., Sokolov A.Yu., Kharitonoo A.N.
Rats May Take into Account Their Own Body Weight S

Experimental Psychology (Russia), 2021, vol. 14, no. 3

COKO0J0BA.10.

Mockosckuii uncmumym ncuxoanarusa (HOQY BO «Mockosckuil uncmumym ncuxoanaiusas),
2. Mocxkea, Poccuiickas @edepaust
ORCID: https.//orcid.org/0000-0002-6927-6473, e-mail: apophis-king@mail ru

XAPHTOHOBA.H.

Hncmumym ncuxonozuu PAH (OI'BYH «HI1 PAH»); Mockogckuii uncmumym ncuxoanaisa
(HOYY BO «Mockosckuii uncmumym ncuxoananiusas);

Mockoscxuii zocydapcmeennoiii ncuxonozo-nedazozuueckutl ynusepcumem (OIEOY BO MITIITY),
2. Mockea, Poccuiickas @edepaust

ORCID: https.//orcid.org/0000-0002-4801-9937, e-mail: ankhome47@list.ru

Bocripusitiie cOOCTBEHHOTO TeJa, IPUMEHUTENBHO K JKUBOTHBIM, BHIPAJKAETCSI B MX CHOCOOHOCTU MPU-
HUMATh B PACYeT PAsMYHBIE [APAMETPbl COOCTBEHHOrO TeJia B UX CBSI3M C OObEKTaMU BHEIIHEN CPEJibl.
B nacrositiiee BpeMst OJJHUM U3 HAMPABICHUN MCCJAEOBAHIN SIBJSIETCS] M3YYeHHe CIIOCOOHOCTH KIMBOTHBIX
BOCIIPUHUMATD CBOE TEJIO B KadecTBe (PU3MUYECKOTO TPETATCTBUS /IS PElIeHus 3a/1aun. Mbl u3ydaun cro-
COGHOCTD CEPBIX KPBIC YUUTBIBATH BEC COOCTBEHHOTO TeJa. JIJist pellieHrst 9KCIIePUMEHTAIbHOI 3a1a4n KPbl-
caM HeoOXOAUMO OBLIIO MOJIYyYaTh IIPUMAHKY, IPOXO/ISI 110 OJHOMY M3 TPEX MOCTHKOB, PACIIOJIOKEHHBIX HaJl
1osioM. MocTuku MOrjiu GbITh YCTAHOBJIEHBI B 3aKPEILVIEHHYO MJIM He3aKPEIUIEHHYO T103u1no0. Bo BropoM
cirydae, KOrjla KpbIca MbITAIACh TPOUTH 110 MOCTHUKY, OHa najaia. COOTBETCTBEHHO, Kpbice ObLIO HEOOXO-
MO COOTHOCHTD BEC CBOETO TeJa C IIPOYHOCTBHIO ONOPBL. Bolto ycranosieno, uto 14 us 41 ncnbityemMbIx
KPbIC MOTYT PEHINTD JIAHHYIO 3a/iauy. B Xozie akcriepuMenTa 3T IPhI3yHbI IEMOHCTPUPOBAJIN XapaKTEPHbIC
«IIPOBYIONINE JABUKEHUS >, B XO/I€ KOTOPBIX, KAK MbI [I0JIaraeM, OHM COOTHOCUJIU COOCTBEHHBII BEC ¢ Xapak-
TEPUCTUKAMU BHEIIHUX 00beKTOB. Takum 06pazom, Hamu Oblia MPOLEMOHCTPUPOBAHA CIIOCOOHOCTD KPbIC
YUYHUTBIBATH BEC COOCTBEHHOTO TeJIa.

Kmoueswie crosa: cepole Kpbichl, Bec, self-awareness, body-awareness, camoysnasanne B sepkaie, body
weight awareness.

@unancuposanue. VccienoBanye BbIIOIHEHO MPU GUHAHCOBON mofiepskke Poccuiickoro dorma
dynmamentanpibix nccaegopanmii (POMU) B pamkax nayanoro mpoekta Ne 20-013-00546.

JUst wurarsr: Xeamos U.A., Cokonos A.JO., Xapumonos A.H. Kpbicbl MOryT y4uTHIBATbH BeC COOGCTBEHHOIO
Tena // dkcnepumentanbhas neuxosorust. 2021, Tom 14. Ne 3. C. 40—49. DOI: https://doi.org/10.17759/
exppsy.2021140303

Introduction

The study of the evolutionary prerequisites of self-awareness is one of the main directions
of modern comparative psychology and cognitive ethology, based on a combination of several
methodological approaches [6]. Currently, the point of view is being developed, according to
which self-consciousness is a multi-modular phenomenon, and each module has its independent
phylogenetic trajectory. Frans de Waal believes that self-awareness, both in phylo- and ontogeny,
is formed gradually, bottom-up, step by step [5].

There are three main approaches to the search for traits of self-awareness in animals:
1) studying the ability of self-recognition in the mirror [6]; 2) the ability of animals to distinguish
their own odor (“olfactory mirror”) [7; 8]; 3) studying the ability to perceive one’s body as a
physical obstacle to solving a problem (“body-awareness”) [4; 10; 11].

The fact that a subject has an idea of the physical properties of its body may be evidenced by
the ability to spontaneously (without additional training) solve problems for which these proper-
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ties need to be taken into account. Currently, two variants of such tasks are used in the studies.
One is used to assess the ability of children, elephants and dogs to operate with the idea that their
body has weight and to understand that body weight can be an obstacle to the performance in an
experimental task [3; 4; 11]. The second one allows the researcher to assess the subject’s ability
to operate with the idea of the size of own body, i.e. to correlate it with the size and shape of the
opening through which the subject must pass [3; 10].

The advantage of this approach is that, theoretically, it may be applied to representatives of
many different species. However, when using it, the problem common to other methods of study-
ing animal cognition arises, i.e. how to discriminate between operating with representations and
rapid learning to solve an experimental task. Below we consider some currently available research
in the ability of animals and humans to take into account their own weight (“body weight aware-
ness”) [3; 4; 11].

In a study of early development of body awareness in children Brownell, Zerwas and
Ramani [3] used two versions of a body-as-an-obstacle task. A child standing on a blanket was
encouraged to push a stroller attached to a blanket. In order to fulfil the task, the child had to
get off the blanket (an attempt to push the stroller without leaving the blanket was regarded as
an erroneous action). In another test, a child sat on a mat and listened to a short story. When the
story ended, the experimenter asked the child to pass the mat over to him. Children’s attempts
to pull the mat out from under themselves without first getting up and moving their bodies out
of the way were counted as errors. The children aged 18 months coped with both variants of the
tasks only after one, and more often several, erroneous actions. At the age of 22-26 months, the
number of erroneous actions decreased significantly, and some children solved these problems on
the first try. These results suggest that the idea of the properties of one’s body (namely, that it has
weight) is just beginning to form during the second year of life.

Working with elephants, Dale and Plotnik [4] preliminarily trained the animals to pick up
a stick and give it to the experimenter. Then the elephants made 48 test trials and two types of
control tests (also 48 trials each). At the beginning of each trial, the elephant was brought onto a
mat. In test trials, a stick was tied to the mat. The experimenter stood at such a distance from the
mat that, for the elephant, it was only possible to pass the stick over to him by getting off the mat.
Control tests, in which the stick was not tied to the mat, made it possible to find out whether the
elephants left the mat only in the situation when it was necessary to solve the problem. The two
types of control tests differed only in that in one of them the experimenter pulled on a rope tied to
the mat, creating a tension on the fabric under the elephant’s feet. One group of animals was first
presented with all 48 test trials, and then the control ones. With the other two groups, the experi-
ment started with one or another control trial. Comparison of the results of both all 48 trials of
each type and the first 12 showed that elephants significantly more often left the mat when it was
necessary in test trials. Four elephants from different groups did not make a single error during
the first 12 trials. The other four made only one mistake during the first 12 trials. Two animals
from the group that made test trials first never left the mat in subsequent control tests. These
results indicate that the correct action in the test trials was not formed as a result of training.

A similar technique was used by Lenkei et al. [10] to assess body awareness in 54 dogs. In
this work, the third type of control test was additionally used, in which the stick was tied to a
hook fixed in the ground next to the mat, which did not create “foot discomfort” as when attached
to the mat. To reduce the effect of training, each dog was presented with 4 conditions of each type
(4 test and 12 control), alternating them in a quasi-random order. In the test trials, less than 15%
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of the animals remained on the mat. Dogs reliably faster left the mat in the test trials than in all
three types of controls. They left the mat reliably slower in the tests when the stick was tied to the
hook, and more often they did this by releasing the stick, while in the test tests they more often
left the mat without releasing the stick. In those control tests in which the experimenter pulled
on the rope tied to the mat, the dogs stayed on it significantly more often than in the test trials,
which indicates that the sensation of tissue tension under the legs is not enough for the dog to
get off the mat. Overall, these results indicate that dogs understand the structure of this task and
have an idea that their body has weight.

In the current study we assessed the ability of gray rats to take into account their own body
weight as an obstacle to solving the experimental problem. Rats are common models for studying
cognitive processes [2; 12]. They have an explicit spatial memory and can navigate the terrain
using external signs [14]. Rats can learn the rules for solving a problem. For example, in a study
by Murphy, Mondragon and Murphy [13], the ability of rats to navigate oriented by a sequence
of visual cues was demonstrated. However, these rodents have never participated in experiments
aimed at studying their ability to take into account their own body weight. Previously, we con-
ducted a study that demonstrated the ability of rats to take into account their body size [1; 11].
Due to the specificity of the animals, we could not organize the experimental task in the same way
asit had been done in the studies on children, elephants and dogs [3; 4; 11]. So, we have developed
an original method for studying the ability of rats to take into account their own body weight.

Materials and Methods

Subjects: 41 male rats Rattus noroegicus, naive individuals aged 2 to 6 months. During the
experiment, the animals were kept in individual cages.

The experimental setup was a glass box without a ceiling (area 1000x950, height 500 mm).
Inside the box, on its opposite sides, parallel to the bottom plane at a height of 300 mm there
were two shelves that occupied the entire width of the box and each had a length of 320 mm. The
shelves were connected by three bridges (50 mm wide each) arranged parallel to each other. Two
bridges were located along the edges at 200 mm distance from the wall of the box, the third was
in the center at a 200 mm distance of from each of the side bridges. The bridges were attached to
and balanced on a single metal rod located exactly in the center of their length. Due to this, the
bridges could be fixed in different positions (Fig. 1).

Loose condition: the bridges, when balanced, were parallel to the bottom, connecting both
shelves. A light pressure on one of the edges of the bridge made it move vertically.

Fixed condition: the bridges were additionally attached to the shelves with latches (from
the bottom), so that pressing them did not entail their displacement.

The experiment included of two series: introductory and experimental. At the beginning
of each test, the rat was placed in the center of one of the shelves inside the experimental setup
(hereinafter, shelf No. 1). In the center of the opposite shelf (hereinafter — shelf No. 2) there was
a bait (cheese). The test was considered completed either after the rat, having passed over one of
the bridges to shelf No. 2, reached the bait, or when the rat fell from the bridge, which was in an
unsecured position, or if the rat did not attempt to pass along any bridge. All trials were carried
out sequentially with each animal. The interval between the trials was 5 min.

The introductory series consisted of 27 trials. All bridges were in a fixed position. Objectives
of the series: to form in rats the skill of reaching the bait, to reveal whether individual preferences
of a certain bridge for the transition to shelf no. 2 are formed in rats.
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Fig. 1. Experimental setup (top view): 1 — shelf No. 1; 2 — shelf No. 2; a, b, ¢ — bridges; d — fixation rod

The experimental series consisted of a maximum of 36 trials. In each trial, only one of
the three bridges was in a fixed position; the location of this bridge varied quasi-randomly:
firstly, the fixed bridge had to be 12 times in each position (left, center, or right), and sec-
ondly, the same bridge could not remain in the fixed position for more than two sequential
trials by one individual. The task of the series was to form the skill of choice adequate for
passing the bridge. The series continued either until the rats reached the learning criterion,
i.e. a sequence of 9 successful passes without falling (p = 0.001, binomial test), or was termi-
nated after 36 trials.

During the experiment, the following dependent variables were registered.

— The number of successful passes over the fixed bridge from shelf No. 1 to shelf No. 2 (in
the introductory series).

— The number of attempts to cross the bridge (in the experimental series) — such an at-
tempt could be successful if the rat passed the fixed bridge, or unsuccessful if the rat fell

— The number of falls from unsecured bridges (in the experimental series).

— The number of “trying movements” (in the experimental series). By trying movements,
we understood the behavior of a rat in which it, placing its four paws on shelf No. 1, stretched
its muzzle in the direction of the bridge. Then the rat pressed the bridge of one of its front paws.
The animal performed several such presses for about 5—10 seconds, after which it acted depend-
ing on the result. If the bridge was fixed, the rat crossed it to shelf No. 2. If the bridge was loose,
such trying movements of the rat led to some displacement of the bridge under the pressure of
the rat’s paw: the edge of the bridge dropped below the shelf level, after which it returned to the
original position. Some rats demonstrated the described trying movements starting from the
second trial in the experimental series.

Data analysis. In the introductory series, to determine the preference for the position of
the bridge, the Pearson chi-square test was used, with the help of which the empirical distribu-
tions of the number of passes along the left, central and right bridges, obtained as a result of the
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experiment, were compared with a uniform distribution (the probability of passage along each
bridge is 33.3%).

In the experimental series, we used the factorial analysis of variance ANOV A to identify the
factors that influenced the choice of the bridge for the attempted passage. The following variables
were used as predictors: condition (fixed / loose) and bridge position (left / central / right).

To identify the influence of trying movements on the number of falls, a linear regression
analysis was carried out, with the number of trying movements as a predictor variable, and the
number of falls as a dependent variable.

All mathematical calculations were performed in Statsoft Statistica (version 10.0.1011.0).

Results

Results of the introductory series. Each rat successfully reached the bait, going from shelf
No. 1 to shelf No. 2, in each of the trials. All rats showed an individual preference for the central
bridge (in total for 27 trials) — the y?criterion (df = 2; p = 0.001). In total, the rats crossed the
left bridge 146 times, the central one 780, and the right one 154 (3> = 327.803; df = 2; p = 0.001).

According to the results of the experimental series, the rats were divided into 3 groups.

— The 1st group of rats, 14 individuals that have reached the training criterion. The rats
allowed 2 to 5 falls (M = 3.07; SD = 1.07). In these group, trying movements appear after several
falls, starting from the 2nd trial: before the attempt of passing over the bridge, the rats of this
group carried out trying movements and then acted depending on the result.

— The 2nd group of rats, 8 individuals that did not reach the training criterion after 36 tri-
als. The rats allowed 20 to 27 falls (M = 23.00; SD = 2.58). In these animals, 5 trying movements
were identified.

— The 3rd group of rats, 19 individuals that made from 2 to 5 falls (S = 2.89; SD = 0.80) and
then did not attempt to cross the bridge, remaining on shelf No. 1. After committed falls, in subse-
quent tests the rats placed on shelf No.1 either did not approach the bridges at all, or approached
them, then made trial movements, but did not move further on.

The only predictor that influenced the attempt to cross the bridge in the 1st group of rats
was bridge fixation: rats significantly more often attempted to cross the fixed bridge (N = 14; F
(1,78)=290.278; p = 0.00001). The predictor of the bridge position (left / central / right) had no
effect, as well as its interaction with the predictor of bridge position (Table 1, Fig. 2).

Table 1
Results of 14 rats of the 1st group: assessment of the influence of predictors on the number
of attempts to pass the bridges, factorial ANOVA

Predictors SS sd MS F p
Bridge loose/fixed 84,0000 1 84,0000 290,278 0,00001
Bridge position 0,5000 2 0,2500 0,864 0,425498
Bridge loose/fixed + Bridge position 0,9286 2 0,4643 1,604 0,207566

Summing up all tests of the experimental series, the rats of the 1st group allowed 43 falls
and made 275 trying movements, the rats of the 2nd group allowed 161 falls and carried out 5
trying movements. Regression analysis shows a negative relation between the number of trying
movements and the number of falls (R =0.963; B = -1.008; p = 0.0001) (Fig. 3).
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Discussion

We suppose that, in the introductory series, the preference of all rats for the central
bridge is explained by the fact that the shortest path to the bait runs along it. This factor is
secondary; however, it was excluded by the quasi-random position of the fixed bridge in the
second series. We explain the selection of the 3rd group of rats in the experimental series by
the fact that, for these animals, falls were a strong stress, and therefore they did not dare to
make further attempts to move along the bridges. This is probably due to the type of rat ner-
vous system. Meanwhile, based on the results of 14 individuals from the first group, we can
state that the gray rat is able to take into account its own body weight when interacting with
environmental objects. We believe that it was during the revealed “trying movements” that
the rats carried out a comparison of their own body weight with the strength of the support
(fixed or loose bridge).

At the same time, as in the experiment with elephants [4], children [3] and dogs [11], for
rats as well, their own body was at first an obstacle to solving the problem, but then they began to
use it as a means for selecting a suitable bridge. The rats of the first group learned the rule: before
passing on the bridge, it is necessary to test it for strength. It is important to note that this action
was not carried out mechanically (as a procedural skill, just like pressing a button or pedal) as
a rat assessed the will-be result of the trying movement and stepped on the bridge only if, after
several clicks, the bridge did not succumb. We emphasize that, when pressed during search move-
ments, the unsecured bridge did not collapse totally, but only dropped slightly, then returned to
its original position. Accordingly, the rats inferred its strength based on these characteristics. The
data obtained in this study are consistent with the previously established fact of the ability of
gray rats to take into account the boundaries of their own body when passing through openings
of various sizes [1].

Thus, our study demonstrated the possibility of experimental detection of the ability to
take into account their own body weight in rats. To date, signs of the ability to take into account
their own body weight have been found in children aged 22-26 months [3], elephants [4] and dogs
[11]. The technique we used expands the set of tests that can be used to study the multidimen-
sional phenomenon of perception of their own bodies by animals [5]. It can be applied to a wide
range of species, which will make it possible to trace the development of this cognitive ability in
phylogenesis.
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