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A

Figure 1. An example of the stimulus pictures, for the sentence The boy is putting the bag in the box / The boy is putting in the box
the bag (Picture B is correct). Reproduced with permission from: Chrabaszcz, A., Dragoy, O., Iskra, E., & Bergelson, M. (2015). [Compre-
hension of spatial constructions by healthy adults and patients with aphasia]. In E.V. Pechenkova & M.V. Falikman (Eds.) Cognitive science

in Moscow: New research (pp. 216-220), Figure 1.

structure, regardless of word order (direct or inverted).
If, however, heritage speakers prefer sentences with direct
word order (due to the influence of the English language),
only sentences like 1a (isomorphic mapping, direct word
order) should be easier to process, while sentences like 1b
(non-isomorphic mapping, inverted word order) should
present greater difficulty. Additionally, by comparing
two groups of heritage speakers with different degrees of
mastery of the Russian language, we intend to examine
how the choice of the processing strategy possibly changes
with an increase in language proficiency.

Method

Participants

Thirty-six Russian-American heritage speakers (20
females, mean age=21.7, SD=3.6) participated in the
study. Their proficiency in Russian was assessed with an
online Russian cloze test. Participants read a short story,
in which every seventh word was deleted and replaced
with a blank. They had to fill in the blanks by typing in the
appropriate word in the grammatically appropriate form.
The maximum number of correct responses was 25. Each
accurate response received a score of 1, while inaccurate
(semantically or grammatically inappropriate) responses
or omissions received a score of 0. The scores were added
up to yield a global proficiency score, which was on aver-
age 20.36 (SD=3.6). The median score of 21 was used to
split the participants into two groups of equal size: a group
with a lower proficiency rating (cloze test score<21), and
one with a higher proficiency rating (cloze test score=21).
The language proficiency of the participants in the for-
mer group roughly corresponded to the Intermediate
proficiency level on the ACTFL (American Council on
the Teaching of Foreign Languages) scale; proficiency of
the participants in the latter group corresponded to the

Advanced level.r All participants signed an online consent
form. Their participation in the study was voluntary.

Materials and Procedure

Stimuli consisted of 48 semantically reversible sen-
tences (e.g., Masbumk KnageT cyMKy B Kopobky [Mal'chik
kladet sumku v korobku, “The boy is putting the bag in the
box]) and 24 filler sentences with semantically irrevers-
ible constructions (e.g., ManbuvK KnageT S6/10K0 B CyMKY
[Mal’chik kladet yabloko v sumku, “The boy is putting the
apple in the bag”]). The latter are considered semantically
irreversible because the reversed construction is semanti-
cally implausible (e.g., Manbunk KnageT CymMKy B 16/10K0
[Mal’chik kladet sumku v yabloko, “The boy is putting the
bag in the apple™]). All sentences were recorded by a female
native speaker of Russian at a normal speaking rate. Half
of the sentences used locative constructions (as in 1a and
1b), and half of the sentences constituted instrumental
constructions (as in 2a and 2b). Experimental sentences
were counterbalanced across two presentation lists such
that each participant saw only one version of the sentences
(e.g., either l1a or 1b). Filler sentences were the same in the
two presentation lists. Thus, each participant received
48 pseudo-randomized sentences (24 experimental and
24 filler sentences). The sentences were paired up with
two color pictures, one picture depicting the target situ-
ation described in the sentence and the other one depict-
ing the opposite situation (see Figure 1). For example, for
the sentence Masnbuuk KnageT cymky B Kopobky [Mal'chik
kladet sumku v korobku, “The boy is putting the bag in the
box], participants saw a sentence-congruent picture of
a boy putting a bag into a box, and an incongruent picture
of a boy putting a box into a bag.

1 The correspondence of the Russian cloze test scores to the ACTFL pro-
ficiency levels (based on the results of the Oral Proficiency Interview) was
established for use in studies by Gor, Chrabaszcz, & Cook (2017a, 2017b).
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Figure 2. Mean proportion of errors (A) and reaction times (B). Error bars represent standard error.

The two pictures appeared on the computer screen
while the stimulus sentence was presented auditorily. The
task was to choose the picture that corresponded to the
sentence. Participants were instructed to press the right
shift key if they chose the picture on the right, and the left
shift key if they chose the picture on the left. Reaction times
were recorded from the onset of the audio file. After the
participants made the decision, they pressed the spacebar
to advance to the next trial. No feedback was provided
after the training phase consisting of five trials, which was
included at the beginning of the test phase for familiar-
ization purposes.

Results

A linear mixed-effects modeling approach was used to ana-
lyze reaction time data (Imer function in R (R Core Team,
2015)); a generalized linear mixed-effects model was used
to analyze error rate data (glmer function in R). The models
included Motor Stereotype (isomorphic: MS+ or non-iso-
morphic: MS-), Proficiency (Intermediate or Advanced),
and Type of Construction (Locative or Instrumental) as
fixed factors, Subjects and Items as random factors, and all
interaction terms. For the reaction time analysis, incorrect
responses were removed. Reaction times were calculated by
subtracting the duration of the sentence from the duration
of the trial (from audio onset until the response button was
hit). Descriptive statistics for reaction times and error rates
are provided in Figure 2. The output of the mixed-effects
models is provided in Table 1.

The outcome of the error rate analysis yielded
a significant effect for Motor Stereotype (=4.03,
z2=3.66, p<.001) and the type of construction (=2.93,
z=2.62, p=.008) in the Intermediate proficiency group
(Table 1), while no significant effect of Motor Stereotype
or Construction was observed in the Advanced proficiency
group (when the same model was examined with the
intercept for the Advanced proficiency group). As evident

from Figure 2, heritage speakers with Intermediate
proficiency made more errors when they had to choose the
picture corresponding to the instrumental constructions
with isomorphic mapping between the inverted word order
and the motor stereotype (MS+) (3=4.03,z=3.66, p<.001).
The analysis of reaction time data corroborated this finding:
participants with Intermediate proficiency in Russian took
longer to respond to instrumental constructions with
inverted word order which mapped onto the isomorphic
motor stereotype ($=1190, t=2.15, p=.003). While no
interactions were significant in the reaction time analysis,
error rate analysis yielded significant two-way interactions
for Motor Stereotype and Group (B=-4.15, z=-3.45,
p<.001), Motor Stereotype and Construction (f=-4.9,
z=-3.86, p<.001), Group and Construction (f=-2.6,
z=-2.16, p=.03), and a three-way interaction for Motor
Stereotype x Group x Construction (B=4.51, z=3.15,
p=.002).

Discussion

The present study aimed to extend the predictions of the
Isomorphic Mapping Hypothesis to the processing of loca-
tive and instrumental constructions by Russian-American
heritage speakers with varying proficiency in Russian. The
observed processing strategies employed by Russian-Amer-
ican heritage speakers are compared to those employed by
monolingual English speakers (O'Grady & Lee, 2005) and
monolingual Russian speakers (Dragoy et al., 2015; 2016)
reported in previous studies. O’'Grady and Lee (2005) only
compared locative sentences of type (1a) and instrumental
sentences of type (2b), and found that while the there was
no difference in the error rate pattern between the two con-
structions in a group of English-speaking adults without
neurological disorders, agrammatic patients made more
errors on instrumental constructions of type (2b) (with
non-isomorphic mapping between the word order and the
event). Similar studies on healthy and neurological popu-
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Table 1. Outcome of the Mixed Effects Models for Error Rate and Reaction Time as Dependent Variables (Fixed Effects Only)
ERROR RATE
Fixed Effect Coefficient SE z p
Intercept: MS—, Intermediate, Instrumental -5.30 1.11 -4.81 <.001*
MS+ 4.03 1.10 3.66 <.001*
Advanced 2.23 1.19 1.88 .060
Locative 2.93 1.11 2.62 .008*
MS+ xAdvanced -4.15 1.20 -3.45 <.001*
MS+ x Locative -4.90 1.27 -3.86 <.001*
Advanced x Locative -2.60 1.20 -2.16 .030*
MS+ x Advanced x Locative 451 1.43 3.15 .002*
REACTION TIME

Fixed Effect Coefficient SE df t p
Intercept: MS—, Intermediate, Instrumental 1755 437 88 4.01 <.001*
MS- 1190 553 165 2.15 .003*
Advanced -469 586 120 -0.80 420
Locative 179 521 123 0.34 .730
MS- x Advanced -1145 701 1452 -1.63 .100
MS- x Locative -507 765 147 -0.66 510
Advanced x Locative 29 682 1361 0.04 .970
MS- x Advanced x Locative 39 981 1412 0.04 .970

Note:

lations of monolingual Russian speakers revealed that iso-
morphic mapping of meaning to syntax in sentences of types
(1a) and (2a) usually helps participants to interpret these
constructions faster and with greater accuracy (e.g., Dragoy
et al., 2015; 2016). In comparison with previous studies, the
results of the present study with Russian-American heritage
speakers demonstrate that the effect of isomorphism was
either negligible (for speakers with advanced proficiency
in Russian) or reversed (for speakers with intermediate pro-
ficiency in Russian). Unexpectedly, heritage speakers with
intermediate proficiency in Russian experienced most diffi-
culty with the instrumental constructions where the motor
stereotype mapped onto inverted word order isomorphically,
as in (2a), compared to the same constructions with direct
word order and non-isomorphic mapping (2b). This find-
ing is especially interesting considering the existing contrary
evidence that monolingual Russian pre-school children with
lower proficiency (junior kindergarten group) prefer sen-
tences of type (2a) to type (2b) (Chrabaszcz, Ovsepyan, &
Dragoy, 2017). This suggests that, while monolingual Rus-
sian children with still developing competency in Russian
rely on non-linguistic strategies (motor stereotype) for com-
prehension of instrumental constructions and benefit from
isomorphic mapping of meaning to syntactic structures,
heritage speakers with low proficiency in Russian weigh the
word order cue to a greater extent than the motor stereo-
type. We explain this difference in performance as inter-
ference from the English language, which acts as a source
of transfer strategy (Jarvis & Pavlenko, 2008; Odlin, 1989;
Pavlenko & Jarvis, 2002; Ringbom, 2007). English does not

* indicates significant model outcome at the .05 level

carry as many morphological distinctions as Russian, which
leads heritage speakers of Russian to lose sensitivity to cer-
tain grammatical markers, such as case inflections. Mor-
phological simplification has been observed in a number
of studies on heritage language acquisition (e.g., Isurin &
Ivanova-Sullivan, 2008; Polinsky & Kagan, 2007), and some
researchers even argue that low proficiency heritage speak-
ers only have two case forms: unmarked (corresponding to
the nominative) and marked (based on the accusative case)
forms (Polinsky, 1997). In the face of such morphological
reduction, the potential compensatory strategy for under-
standing and expressing syntactic relations between words
in a sentence is reliance on the word order. In English, word
order is not as flexible as in Russian, which is why a fixed
word order becomes “a staple feature of heritage language
grammar” (Polinsky & Kagan, 2007). While knowledge of
morphology was not overtly tested in the present study, the
existing literature suggests that it is possible that the Russian-
American heritage speakers who participated in our study
also have a reduced case system and may not take advantage
of the inflectional marker of the instrumental case (-oj/-om,
in the singular) to exploit the isomorphic mapping between
the corresponding event structure and the linguistic word
order. As a result, they rely on the word order cue and mis-
takenly apply English rules of assigning thematic roles dur-
ing the processing of Russian sentences. Thus, the first noun
following the verb in (2a) could be perceived as a theme, not
as an instrument. The observed difference in performance
on instrumental versus locative constructions supports this
interpretation. Instrumental case markings in Russian are
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acquired later in life compared to other cases (Ceitlin, 2000),
and therefore they present more difficulty for heritage speak-
ers. This causes them (especially speakers with lower profi-
ciency levels) to ‘look for’ and rely on additional cues, such as
word order, to help interpret sentence meaning. We observe
that the mechanisms underlying the processing of instru-
mental constructions in early childhood undergo changes
under the influence of the subsequently learned language. In
general, the present study questions the predictions of the
Isomorphic Mapping Hypothesis. Heritage speakers, at least
those with a lower proficiency in the heritage language, are
more sensitive to syntactic cues (word order) than seman-
tic cues, including the isomorphic mapping of the syntactic
structure and the representation of the event that it denotes.
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Link Between an Object and Its Category Label and Visual Search

Stimuli

We created eight categories of artificial objects to use as
stimuli. Half of them were accompanied by labels (mean-
ingless syllables), while the other half remained nameless.
We call these two groups of categories “with labels” and
“without labels”.

We suppose that the provided labels would have
a strong link with the corresponding categories, because
participants would use those labels to perform the task.
Even if participants could come up with their own labels
for objects, we considered them to be a category with
a label that have a weak link with the corresponding
category, because those self-made labels are not necessary
to complete the task and, as we noticed, self-made labels are
not stable in time. Participants could change them during
task performance.

For each category, the form of the objects was
a categorical feature (it was the same for all objects in
a particular category) and its colors were individual
features. We used two color sets, each consisting of seven
colors: one set we used during training, and the other we
used during the search. Therefore, in the search task, there
were seven objects in each category.

Procedure

Our study consisted of two stages. The first stage was pre-
paratory. In this stage, participants needed to acquire new
categories and to link half of them to the provided labels.
Participants were shown a set of animations where objects
and their labels (if an object had one) were presented.

To check whether participants had acquired the new
categories and associated half of them with the provided
labels, we asked participants to complete a test trial after
aset of sixteen animations. In the test task, participants were
presented with eight objects on a screen simultaneously

(one per each category) and were asked to write down the
objects’ labels (if they had any) in a special blank space. The
test task contained two trials. If a participant made at least
one mistake in at least one test trial, he/she needed to go
back to the preparatory level to watch the animations one
more time. Animations could be demonstrated up to three
times. If it was not enough to complete a test trial correctly,
participants were excluded from the experiment.

Participants who completed the test trial correctly
went on to the second stage, where they performed
a visual search task. See Figure 1 for the structure of the
trial. In Experiment 1, a target was designated by picture.
In Experiment 2, a target was designated by a picture and
its label at the same time. If a target had no label, it was
designated by two pictures: a big one, and a small copy of it
beneath the big one in the same place where a word would
appear for targets with labels (see Figure 1).

Objects on the search screen were organized in
a pseudorandom order. The target was always located on
the invisible circle and distractors were organized in the
following way: one vertical half of the screen (left or right)
was occupied only by labeled distractors, with non-labeled
distractors on the opposite half of the screen. Thus the target
was always surrounded by distractors of one type, with either
strong or weak links. Participants were asked to respond to
which side of the screen they found the target: the left or
the right. We did not vary the set size. Each search screen
contained 14 objects: 1 target and 13 distractors, belonging
to the previously learned categories. The reason for such
organization of the display was the following. We supposed
that the difficulty of the task would force our participants
to use not only visual features of the objects, but also
additional sources of information, including the strength
of the objects’ link with their category labels. According to
Duncan and Humphreys (1989), a search would be easier
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Figure 1. Trial structure for Experiments 1 and 2.

The Russian Journal of Cognitive Science

Vol

.4, Issue 4, December 2017

www.cogjournal.org

24



Maxim |. Morozov

Link Between an Object and Its Category Label and Visual Search

1.0 1.0
~ 09 [ 09
o o
c “' c
g i g
0.8 0.8

o [
o | n .

Without Labels With Labels
Distractor Type

Figure 2. Mean natural logarithm of search time
in Experiment 1. Error bars represent 95 %
confidential interval.

when distractors are similar to each other. Therefore, using
more than one distractor per category should increase the
efficiency of the search. Since we needed to keep the total
number of categories used for the experiment relatively
small and at the same time keep the search challenging, we
used all stimuli categories in the same display.

Results

The distribution of reaction times was skewed to the left, so
a natural logarithm of the reaction times was computed and
used for the subsequent data analysis.

We analyzed the effect of the factors Target Type
and Distractor Type on natural logarithm of reaction
time using a repeated measures ANOVA. The analysis
revealed a significant interaction of factors Target Type
and Distractor Type (types: with or without labels) in
both experiments; F(1, 25)=25.8, p<.001, n?,=.508 and
F(1, 25)=418, p<.001, n?%=.63, correspondingly. In
Experiment 1, the effect of neither factor reached signif-
icance: F(1,25)=0.04, p=.84; F(1,25)=0.061, p=.81,
correspondingly. In Experiment 2, however, Target Type
demonstrated a significant influence on natural logarithm
of RT F(1, 25)=6.15, p=.02, n?=.197, while Distractor
Type did not: F(1, 25)=2.07, p=.163. Figure 2 and 3 show
the results for Experiments 1 and 2, correspondingly. Error
bars express 95% confidential intervals. According to our
results, in both experiments the search for a target with
a label is faster when it is located among distractors with
labels, than among distractors without labels. Also, the
search for a target without a label is faster when it is located
among distractors without labels, than among distractors
with labels.

In order to determine how the method of target
designation influences search performance, we conducted
an additional analysis wherein we combined data from the
two experiments and repeated the analysis with the method
of target designation as an additional between-subject
factor. Our rANOVA revealed a significant effect of Target
Designation Method F(1,50)=11.27, p<.001, n?,=.184.

Target Type
. Without Labels

T |:| With Labels

Without Labels

With Labels
Distractor Type

Figure 3. Mean natural logarithm of search time
in Experiment 2. Error bars represent 95 %
confidential interval.

However, there was no significant interaction of all three
factors (Target Type, Distractor Type, Method of Target
Designation) F(1,50)=0.104, p=.75. No interactions
of the Target Designation Method with either Target Type
(F(1,50)=3.39, p=.072) or Distractor Type (F(1,50)=1.25,
p=.207) were found.

Discussion

Our results demonstrate that participants perform a search
task faster if the target is located among the distractors that
have the same strength of the link with their category labels.
According to our hypothesis, objects with a strong link with
their category labels would have some processing advan-
tage. They would facilitate a search of a target with labels
among distractors without labels, and disrupt a search of
a target without labels among distractors with labels. How-
ever, our results demonstrate that there is no such pattern
for objects with strong and weak links with their category
labels. In the contrary, the search time depends on the con-
sistency of target type and the type of distractors around it.
Therefore, we can conclude that the evidence does not sup-
port our hypotheses.

However, our results suggest do that the strength of an
object’s link with its category label could influence search
performance. When participants search for a target, they
firstly examine objects with the same strength of the link
with their category labels. And if they do not find a target
among them, they go to the other half of the screen and
continue searching. In this case, both the type of target
and type of distractors influence search performance.
We cannot yet say how exactly the strength of the link
with their category labels influences our attention. Does it
influence the initial deployment of attention torward objects
with the same strength of the link with their category labels,
or does this influence occur in later stages of information
processing? An eye tracking methodology might help to
answer this question in future research.

We also expected that designation of a target by a label
should facilitate the processing of objects labels, which
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should force our participants to use this information during
search performance. According to Vales and Smith (2015),
labeled targets should be found faster than those without
an onscreen label. However, according to our results, the
opposite happens. Participants search for labeled targets
longer than for non-labeled targets.

In addition, participants in the second experiment
performed the search slower than in first experiment, even
for non-labeled targets. It is possible that the designation
of targets by labels influenced the entire task performance.
Our participants report that it is hard to recall an object by
its label. And the objects themselves have unusual shapes
which cannot easily be described by words, so perhaps this
inhibition of search time of labeled objects is caused by
a verbal overshadowing effect (Schooler & Schooler, 1990).
However, why the search times decreased for non-labeled
targets remains unclear. Future research should explore this
question.

Another direction of our future research will concern
the investigation of the effect we demonstrate here using
natural categories. The categories we used in the present
study had only two features, shape and color, while
natural categories have plenty of them. So our categories
that we used here could be different from natural ones.
Furthermore, the usage of artificial categories forced our
participants to use their own labels for those categories. To
eliminate this, and also to figure out whether our partic-
ipants use labels during their searches, we need to conduct
an additional study with natural categories as the stimuli.

Conclusions

Our results suggest that the strength of an object’s link with
its category label influences visual search performance. Our
participants performed a search task faster when the target
was located among the distractors having the same strength
of the link with their category labels as the target. However,
designating targets by their labels increased search times,
probably because of an overshadowing effect. Although our
results were inconsistent with our initial hypotheses on how
the strength of the objects’ link with their category labels
might guide visual search, we obtained strong evidence that
such guidance exists.
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BanaHume cBA3M 00bEKTa

C ero KateropmasibHbIM
Ha3BaHMEM Ha YCMeLIHOCTb
ero 3pUTeIbHOro rnoucka

Makcum Nropesny Mopo3oB

Poccuiickan akageMus HapogHOro X03aMCTBa 1 rocyAapCTBEHHOM cnyxo6bl npu Mpe3ngeHTe Poccuiickoli degepaumu
(PAHXuIC), Mocksa, Poccust

AHHOTaUUs. BHMMaHWE B 3pUTE/IbHOM MOUCKE MOXKET YMPaBISTbCS HE TOMbKO 3PUTENbHBLIMU MPU3HAKAMU O06BEK-
TOB, HO W KaTeropuasbHOiN MH(OpMALMeN, HanpuMep abCcTPAKTHOCTBI) MM KOHKPETHOCTBI) KaTeropuasibHbIX Hasga-
HUWiA. OfHAKO KaTeropuasnbHble Ha3BaHWsi 0GHLEKTOB MOTYT BbITb B PasHOW CTEMEHW CBS3aHbl C 0603HA4aEMbIMK KaTero-
pusiMn. 3Ta CBsI3b MOXET 6bITb CU/LHONM, HANMPUMeEP KOrAa Mbl 3HAEM Ha3BaHWe KAaTeropuv 1 akTUBHO €ro UCMO/b3YeM.
TaKoKe 3Ta CBSI3b MOXKET GbIThb CN1abolA, KOrga Mbl He 3HaeM Ha3BaHWs KAaTErOpUM U UCMO/b3yeM A/isi ee 0603HaYeHNs 6onee
o6Le cnosa. [JaHHOe UCCMEAOBaHKE MOCBALLEHO TOMY, KaK Ha YCMELHOCTb 3pPUTE/IbHOrO MOUCKA 06bEKTa BNUSIET CTe-
MEHb €ro CBSI3U C KaTeropuasibHbIM HasBaHWeM. Mbl 0XWAanu, YTO 06beKTbI (LN U AUCTPAKTOPbI) C CU/IbHOM CBSI3bHO
CO CBOMMM KaTeropuasbHbIMW Ha3BaHWsIMU GyayT 06pabaThbiBaThCs BbICTPEE U NPUBIIEKATH Halle BHUMaHWe. OCHOBbIBAsICh
Ha 3TOM, Mbl NPEANONOXKIMN, YTO MOUCK LIeNW, 06113 JaK0LLER CUIbHON CBA3bIO CO CBOWMM KaTeropuasibHbIM Ha3BaHveM, GyaeT
GbICTPeE, YeM MOUCK Lienn, 06najatoLLieit cflaboli CBS3bI0 C KaTEropuasibHbIM Ha3BaHWEM. B TO e Bpemsi MOUCK CPeAU Auc-
TPAKTOPOB, 06/1aJaOLLIMX CU/BHOW CBA3LIO C Ha3BaHWUsSIMK, BYAET fO/bLUE, YeM CPeay AMCTPAKTOPOB, 06M1afatoLLyX crnaboli
CBSI3bl0 C HA3BAHUAMU, BHE 3aBUCMMOCTHU OT TOTO, Lieflb C KaKUM TUMOM CBSA3M HEOBXOAMMO HaiiT. CTeneHb CBSI3W 06bEK-
TOB (Leneli 1 AMCTPAKTOPOB) C MX HA3BaHWUSIMM BapbMPOBA/IaCh Kak BHYTPUCYGbEKTHBIV (DaKTop 1 3aaBanach Ha NepBoM
(NOAroTOBUTENBHOM) 3Tare HaLEro UCCNeA0BaHNs. Ha 3TOM 3Tane UCMbITYeMble OCBaVBa/IM HOBbIE KAaTEropym NCKYCCTBEH-
HbIX 06LEKTOB 1 3aMOMUHAN Ha3BaHWs (3afaHHble 3KCTMIEPYMEHTATOPOM) /1S MOMIOBUHBI M3 HIX, B TO BPEMS KaK BTOpast
MosoBMHA 06BEKTOB OCTaBaslach 63 Ha3BaHWIA. [o/lyYeHHble HAMW Pe3yNbTaThl MOKA3bIBAKT, UTO B 060UX 3KCMEPUMEH-
Tax UCMbITYeMbIE BbIMOJHSIOT MOMCK BbICTPEE, EC/N LiE/b HAXOAUTCS CPEAM AUCTPAKTOPOB, KOTOPLIE B TOM XE CTEMEHU, UTO
W LeNb, CBSI3aHbI CO CBOVMIMU KaTeropuasibHbIMU Ha3BaHMSIMU. XOTS MOMTyYeHHbIe Pe3yNbTaTbl He MOATBEPXKAAIOT BbIABUHY-
Thble MMNOTE3bl O TOM, KAKUM 06pa3oM CTEMeHb CBS3U 06BEKTA C r0 KaTEropuasbHbIM Ha3BaHNEM MOXET HaMpPaBATh HaLll
3pUTENbHBIV MOWCK, NOYYEHHbIE PE3YNbTaThbl CBUAETENLCTBYHOT B M0/b3Y TOr0, YTO MH(OPMALWS O CTETEHU CBSA3M KaTero-
pUK C ee Ha3BaHVEM BCE-TaKU YUaCTBYET B YMNPaBIeHUM BHUMAHUEM B 3pUTE/IbHOM MOUCKE.
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Abstract. Investigating links between theory of mind (ToM) and behavioral control in children advance our understanding
of socialization and the development of self-regulation processes. The present study explores relations between ToM and
behavioral control in children of primary school age. The Hanoi Tower task (1), Kogan task of combining attributes (2),
the ABC of Mood task (3) and a series of neuropsychological tasks (4) assessed behavioral control. A visual perspective
understanding task (1), false belief understanding task (2), understanding of intentions in a situation of deception (3), and
reading mind in the eyes task (4) assessed ToM. Thirty children participated in the study (M age=7.10 years, 20 males).
We found that ToM does not correlate with behavioral control. It is likely that at primary school age, ToM and behavioral
control become more differentiated and independent from each other, compared to earlier childhood ages. Moreover, the
lack of interrelation between ToM and behavioral control might be a result of the dynamics of development: ToM in general
is developed by the age of 6—7 years, while behavioral control continues to develop intensively at this age.
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Introduction

Links between theory of mind (ToM) and self-regulation are
extensively investigated in psychology (Carlson & Moses,
2001; Hughes, 1998; Perner, Lang, & Kloo, 2002). Various
possible interactions were found between ToM and self-
regulation during development (Carlson, Moses, & Breton,
2002; Jahromi & Stifter, 2008, Benson et al., 2013). How-
ever, the mechanisms of the interactions between ToM
and behavioral control are not fully understood. ToM is

the ability to attribute to other people mental states differ-
ent from our own and the ability to consider these states as
the cause of another person’s behavior (see the review by
Baron-Cohen, 2000). According to most researchers, this
understanding of the difference between one’s own mental
world and those of other people begins to develop in chil-
dren after 4 years of age (see the review Sergienko et al.,
2009). By the end of preschool, children more clearly appre-
ciate complex mental states such as beliefs, desires and
knowledge that allows them not only to predict and explain
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the behavior of other people, but also to manipulate their
own behavior, influencing representations of reality.

Behavioral control is a psychological level of self-
regulation. It organizes human mental resources for goal
achievement and provides an opportunity of goal-directed
behavior. Three components of behavioral control can be
distinguished: cognitive control, emotional control and
control of action (Sergienko, Vilenskaya, & Kovaleva,
2010). It is important to note that, unlike the conceptually
similar notion of executive functions, behavioral control
is not limited to cognitive regulation but represents the
unity of all regulatory components (Vilenskaya, 2016).
Behavioral control rapidly develops during preschool and
early school years.

Atransition period of adaptation to a new environment
or activity, such as the period of a childs adaptation to
school, provides an important opportunity to trace the
continuity of the development of ToM and self-organi-
zation of one’s behavior during this period. Understanding
the development and interaction between ToM and
behavioral control and their roles in children’s adaptation
to school life allows researchers to increase the efficiency of
schooling and socialization and to develop ways to improve
and accelerate the adaptation process.

The most likely suggestion is that the intercon-
nection between ToM and executive functions (which is
closely tied to behavioral control, especially to its cognitive
component) should be bidirectional. According to Kloo
and Perner’s research (Kloo & Perner, 2003), the process
of training the understanding of false beliefs (one of the
key aspects in ToM) improves the 3-to-4-year-old child’s
ability to complete tasks on executive functions and vice
versa. Evidence from the literature is not very consistent,
especially the data about school children and adolescents.
For example, a predictive relationship between ToM and
the executive functions (cognitive flexibility) is observed
among 7 to 12-year-old children while controlling for
age, vocabulary, working memory and inhibition (Bock,
Gallaway, & Hund, 2015). Lagattuta, Sayfan and Blattman,
in their research (2010), note that the success in completing
tasks of ToM among 4 to 9-year-old children is connected
to individual differences in other executive functions: verbal
working memory and inhibitory control. However, in a
sample of children aged 8.5 years, with and without attention
deficit hyperactivity disorder (ADHD) (Charman et al.,
2001), a correlation between executive functions and ToM
was found in typically developing children but when age and
intelligence were factored out, the two constructs were no
longer significantly correlated. According to another study
(Austin, Groppe, & Elsner, 2014) made on a large sample
of 6 to 12-year-old children (more than 1,500 participants),
longitudinal research showed that the executive functions,
namely working memory and cognitive flexibility, are more
likely to predict the development of ToM than vice versa.

All of these facts demonstrate that the development of
ToM isimpossible without the simultaneous development of
the regulative function that we refer to as behavioral control
(Sergienko, Vilenskaya, & Kovaleva, 2010). We focused
our attention on the investigation of the mechanisms
of interaction and mutual development of ToM and
self-control (considering it as behavioral control, a psycho-
logical level of self-regulation). Our research was conducted

in terms of the system-subject approach (Sergienko, 2011).
This approach combines the propositions of the system-
evolutionary and subject-activity approaches.

Our understanding of “subject” here is close to that
of S.L. Rubinstein: subject is a qualitatively certain way
of self-organization and self-regulation of the human
(Rubinstein, 2003). The subject is always individual and
is considered as a source and a cause of activity and of
his own behavior. One of the main ideas is a continuity
of development. All stages of human development are
interrelated and interdependent.

Within this approach, ToM is considered as
a cognitive function, while behavioral control is considered
as a regulative function of a subject. This allows us to
clarify questions about a subject’s genesis, to take a step
forward toward explaining the basis of socialization and
to identify the formation mechanism of self-regulation. In
the framework of the system-subject approach, Sergienko
mentions that the search for empirical evidence of the
relationship between behavioral control and ToM should be
carried out through analysis that covers the development of
the united system of mental organization and realization of
one’s own activity and interactions (Sergienko, Lebedeva, &
Prusakova, 2009). Hence, our task was to find a relationship
between indices of ToM and behavioral control among the
primary school aged students.

In our previous research conducted among children
between the ages of 3 and 6 years (N=44; Vilenskaya
& Lebedeva, 2014) we found several links between ToM
and behavioral control during this period. There was a link
between the control of actions and predictors of ToM, as
well as one between emotional control and ToM. Thus,
in the present study we expected to discover some links
between behavioral control and ToM among older school
children as well.

Method

Participants

Thirty children attending the first year of primary
school participated in our study (age range 6.6—-8.1 y.o.,
M=7.10 y.0., SD=4.7 y.0., 20 boys (66.7%)). The children
were recruited in two schools in Moscow.

Measures

To estimate cognitive control we used Kogan's task of com-
bining attributes (Bleyher & Kruk, 1986) and the “Tower
of Hanoi” puzzle (Bull, Espy, & Senn, 2004). Kogan's task
examines a child’s abilities to focus, shift and maintain
attention. During this task a child is asked to sort and count
cards with different geometric shapes by different colors
(with a preliminary series in which the child just counts the
cards). The cards are sorted first by color, then by shape,
and in the final series a child must put them in a special
table considering both color and shape. The experimenter
records the times for each series and the number of mis-
takes in counting and/or sorting.

The “Tower of Hanoi” is a well-known puzzle,
frequently used in psychological research on problem
solving. It consists of three rods and a number of disks
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AHHOTauus. MccnegoBaHue CBs3e MeXY MOZENbIO MCUXMYECKOTO U KOHTPO/IEM NOBeLEHUA Y AeTeli NO3BOMMT NPOABU-
HYTbCA Kak B MOHUMaHUM OCHOB COLManm3aLnm, Tak U B U3y4eHun pasBnTmA camoperynaumm. laHHaa pabota nocssiLeHa
MOVCKY B3aMMOCBA3M MEX/Y NOKa3aTeNsMy MOAENM NCUXUYECKOT0 U KOHTPONSA NOBeAEHNS Y feTeld MaafLwero WKOIbHOro
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[ETCKOW TPEBOXHOCTU, «A30yKa HACTPOEHUS» W PSAL HEMPONCUXONOrnyeckmx nNpob. Mogenb NCUXMYECKOr0 OLEHMBaNach
npy NOMOLLM 334a4 Ha MOHUMaHWe BU3yasbHOW MepCreKTUBbLI U Ha NMOHWMaHWE HEeBEPHbIX MHEHWIA MepBOro 1 BTOPOro
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CTBME B3aVIMOCBA3€e MOXET 6bITb Pe3ybTaTOM Pas/INYHOM AUHAMUKM UX Pa3BUTUS: MOZE/b NCUXMYECKOrO B 0BLLUX Yep-
Tax CKNnafpblBaeTcs K 6—7 rogam, a KOHTPO/Ib NOBEAEHNA NPOJO/MKAET MHTEHCMBHO Pa3BMBATLCS.
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Abstract. We investigated the interaction of academic self-concept and emotional self-efficacy with positive and negative
feedback effects in anagram solving. Two groups of respondents participated in the research: 131 students aged 12 to 15 and
124 adults aged 18 to 37. All participants were randomly divided into three groups. They solved anagrams with positive/
negative feedback or without any feedback. The students also filled out an Avrora-s questionnaire and Emotional Self-Efficacy
Scale. The results showed that the positive feedback condition enhanced anagram solving compared to the condition with
no feedback. We also found that for the students with low academic self-concept in analytical skills, the type of feedback
affected the efficiency of the anagram solving. At the same time, the feedback effect was not significant for students with
high academic self-concept. In addition, participants with high emotional self-efficacy tended to solve anagrams without any
feedback more efficiently than participants with middle and low emotional self-efficacy.
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Introduction

Cognitive abilities are considered to be highly stable and
reliable measurable characteristics (Neisser et al., 1996).
However, to some extent both external (situational) and
internal (personal) variables could hinder or enhance test
scores. For example, a stereotype threat is a well-known
external factor that undermines intellectual performance
(Steele, 1997). On the other hand, control and emotional
support could boost cognitive performance (Vorobiova,
1996). Intrinsic motivation (Renzulli, 1986), positive think-
ing (Gordeeva & Osin, 2010), self-theories of intelligence
(Dweck, 1999) and self-efficacy (Bandura, 1997) are internal
factors that could alter the manifestation of cognitive skills.
We assume that, apart from cognitive ability level itself, the
interaction of external and internal predictors determines
the result of cognitive task performance in a particular situ-
ation. In our research, we chose feedback as an external fac-
tor and academic self-concept and emotional self-efficacy
as internal ones. As we will show, feedback is a very influ-
ential factor that can modify performance in various tasks.
At the same time, self-efficacy (and self-concept as its proxy
measure; Pietsch, Walker, & Chapman, 2003) implies con-
fidence in one’s own strengths. Such confidence may help
to resist any external influences.

The problem of efficiency of positive and negative
feedback (praise and criticism) does not lose relevance in
psychology and educational processes (Mackinnon, Smith,
& Carter-Rogers, 2015; Brown, 2010; Brockner, Derr,
& Laing, 1987). The question of which is more effective —
to promote and to support a correct action, or to censure
an undesirable and incorrect one — often worries parents,
teachers and supervisors. Positive feedback is perceived
more readily, promotes self-affirmation, and increases
self-esteem and confidence. Negative feedback is accepted
with difficulty and is perceived as threatening. However,
both types of feedback can be useful (see review in Dahling
& Ruppel, 2016). Knowledge that is obtained with negative
feedback can facilitate personal growth and positive changes
(Kappes, Oettingen, & Pak, 2012). Recent studies show that
both positive and negative feedback can have different
effectiveness for different purposes. For example, Plakht
and colleagues (2012) demonstrated that high quality
positive feedback is associated with higher academic scores,
high performance in clinical practice and high self-esteem
in nursing students. Meanwhile, high quality negative
feedback is associated with more accurate self-assessment
in students (Plakht, Shiyovich, Nusbaum, & Raizer, 2012).
Some factors could hinder the effective use of both positive
and negative feedback (Audia & Locke, 2003), such as the
inability to build constructive conclusions.

There is some empirical evidence of an interaction
between feedback and personality. In a recent study by
Dahling and Ruppel (2016), the participants thought they
solved a cognitive ability test (in reality it was not intended
to measure any ability), and they received fake feedback
independent of their results. Respondents who received
negative feedback decreased their self-efficacy. There were,
however, individual differences. Participants who focused
on mastering the skills in the learning process (in contrast
to the participants focused on achieving results) were not
sensitive to negative evaluations. According to Dweck’s

theory (Dweck, 1999), performance-oriented individuals
constantly need confirmation for their self-esteem.
In contrast, mastery-oriented individuals seek progress
in their competencies and skills. These results suggest the
importance of learning and goals orientation, which allows
students to develop a constructive response to criticism.
Thus, both types of feedback can be useful in different
situations and for different people.

Most interesting to our research is a study
by Gerstenberg and colleagues (2013). They used
intelligence tests and demonstrated that individual
reactions to feedback depend on participants’ explicit
and implicit self-concept of intelligence. After negative
feedback, participants with low explicit and high implicit
self-concepts demonstrated an increase in performance,
whereas the performance of other participants was
hindered (Gerstenberg et al., 2013).

In previous studies, we showed that there are some
gender differences in the perception of feedback (Shepeleva
& Valueva, 2015; 2016). According to our results, positive
feedback led to a significant decrease in anagram solving
in 9 to 14 year old boys. It was also demonstrated that
achievement motivation may play a significant role in
a delayed effect of negative and positive feedback.

Our brief review shows that studies of feedback
effects and their interactions with personal factors are
sufficiently variable and are based on various theoretical
approaches. We believe that Bandura’s self-efficacy
concept (Bandura, 1997) is most relevant to the purposes
of our study. According to this theory, the success in any
activity depends on the confidence in one’s own ability
to perform this activity efficiently. Moreover, we suppose
that confidence in one’s own abilities makes a person
independent of external evaluation. Feedback associated
with cognitive tasks has two components: cognitive (was
the answer correct?) and emotional (was the answer good or
bad?). Therefore, we suppose that two types of self-efficacy
could moderate a feedback impact on cognitive tasks
performance: academic self-concept (as a proxy measure
of self-efficacy in the cognitive domain) and emotional
self-efficacy.

We hypothesized that negative and positive feedback
have different influences on anagram solving, depending
on the level of personal variables: the greater the confidence
in one’s own abilities and the higher the emotional
self-efficacy, the less feedback-dependence there will be.

Method

Participants

Two groups of respondents participated in this study:
131 students from grades 6 through 8 (62 boys and 69 girls)
and 124 adults aged 18 to 37 (mean age 19.3, SD 2.7, 32 men
and 92 women). The school did not provide exact birth
dates of the children, so we can estimate only their age range
(12 to 15 years old). For all students, their parents gave con-
sent for participation; adults participated partly as volun-
teers and partly for course credit at the National Research
University Higher School of Economics. The adults signed
voluntary consent forms to participate in the research.
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Materials

The main experimental task consisted of anagram solv-
ing. An anagram is a letter string that is obtained by the
rearrangement of letters in a given word (usually a noun).
For example, the answer to the anagram “lebat” is the word
“table”. Anagrams were chosen as a reasonably good mea-
sure of cognitive abilities as well as a handy experimental
task because the participants usually know about the cor-
rectness/incorrectness of their decisions, and feedback in
this case has emotional rather than informative value. For
the purpose of our study, we developed 24 anagrams with
alength of 5 to 7 letters.

In addition, two questionnaires were used:

1. The reduced emotional self-efficacy scale (Kirk,
Schutte, & Hine, 2008, in the Russian adaptation by
Shepeleva, 2014). This questionnaire measures self-beliefs
with respect to the management of emotions. The original
version of the scale includes 32 items. In the present study
we used Miller’s reduced version (unpublished), which
includes 12 Likert-type questions and has Cronbach’s
0=.82 (see Table 1 for descriptive statistics). A sample
question is: “Please rate how confident you are that, as of
now, you can get into a mood that best suits the occasion”.

2. The Aurora-s scale of academic self-concept
(Chart, Grigorenko, & Sternberg 2008; Mandelman, Tan,
Kornilov, & Sternberg, 2010) in the Russian adaptation by
Shepeleva (Shepeleva & Valueva, 2015). The scale includes
four sub-scales which measure academic self-concept in
four domains: memory, analytical, creative, and practical
abilities. In our research, we focused on academic
self-concept in the analytical domain. The sub-scale
includes 14 items, with Cronbach’s a =.77 (see Table 1
for descriptive statistics). Sample questions include: “I like
to sort and group things (ideas, objects, things that I am
learning) according to rules that make sense to me”, and
“When working on a problem or answering a question,
I am good at recognizing the information that | need to
solve the problem or answer the question, and ignoring the
information that |1 don’t need”. Based on Bandura’s guide
for constructing self-efficacy scales (Bandura, 2006), we
believe that this scale is relevant for measuring self-efficacy
in the analytical tasks area.

Procedure

All participants took part in anagram solving, and the stu-
dents additionally filled out the two questionnaires. The
adults did not complete the questionnaires, partly because
data were collected as a pilot study and partly because one
of the questionnaires (Aurora-s) is intended only for chil-
dren. A total of 103 children filled out the Aurora-s acade-
mic self-concept questionnaire, and 113 children filled out
the emotional self-efficacy questionnaire. The question-
naires were filled in using a paper-and-pencil format before
the anagram solving.

All participants completed the anagram task on-line.
Adults and children worked with the same interface
shown in Figure 1. An anagram appeared on the screen
and participants had to press the button “I know the
answer” when they had found the encrypted word. Every
anagram was presented on the screen until the answer
button was pressed, but not for more than 15 seconds.
Then the anagram disappeared, and an answer entry field

appeared. Participants could type a solution (with a 20
second time limit) or leave the entry field empty. Then
they pressed “Next” to proceed to the feedback or to the
following trials, depending on the group. All participants
solved 24 anagrams. The program only allowed partic-
ipants to type Cyrillic lowercase letters and evaluated the
responses as correct only in the case of orthographically
correct words. In subsequent data analysis, the experi-
menter manually adjusted the correctness of the answers
(the number of such cases was negligible and did not affect
feedback influence). The final measure of accuracy was the
proportion of correct answers, which ranged from 0 to 1.
The experiment began with a training session (four
anagrams, with feedback on answer correctness). Then
participants were randomly divided into three groups
that received different feedback. The first group (37 adults
and 40 children) received “positive” feedback: in case of
a correct solution, the message “You have managed to solve
the anagram!” («Bam yganocb peLnTb 3Ty aHarpammy!» in
Russian) was displayed on the screen. No feedback was
given for incorrect or no solutions. The second group
(47 adults and 46 children) received “negative” feedback:
in case of an incorrect or no solution, the message “You
failed to solve this anagram!” («Bam He yganocb pemTb
3Ty aHarpammy!» in Russian) was displayed on the screen.
No feedback was given for correct solutions. The third
group (40 adults and 45 children) never received any
information about the correctness of their decisions.

Results

The Influence of Feedback

First, we considered the general influence of feedback on
anagram solving. A two-way Feedback x Age ANOVA was
performed for the combined sample (students and adults).
We merged our samples since we considered that the age
difference between the two groups was quite small, and
most participants fall under the definition of “teenager”.
Moreover, as the results showed, the pattern of the feed-
back’s influence on anagram solving was the same in the
two groups (Figure 2).

Table 1. Descriptive Statistics for Self-Report Measures

Min Max Mean SD

Academic self-concept in analytical domain

Positive feedback 2.43 4.50 3.33 0.59
Negative feedback 2.14 4.71 3.25 0.57
No feedback 2.14 4.71 3.40 0.66
Overall 2.14 4.71 3.33 0.61

Emotional self-efficacy

Positive feedback 18.00 45.00 33.97 5.85
Negative feedback 16.00 47.00 35.32 6.54
No feedback 23.00 48.00 35.58 5.48
Overall 16.00 48.00 34.99 5.96
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Ponb akagemmnyeckou
A-KOHLIENU MM 1 3MOLINOHANIbHOW
camMo3(hPeKTMBHOCTU B 3(DNEKTaX
06paTHOW CBA3U MPU peLleHnn
aHarpamm

EneHa AHApeeBHa Lllenenesa

MOCKOBCKMIA FOPOACKON NCMX0N0ro-neaarorMyecknin yHueepcuteT, Mockea, Poccust

EkaTepmnHa AnekcaHpoBHa BanyeBa
MOCKOBCKWIA FOPO/CKOI MCUX0N0r0-Mneaarormyecknin yHUBEPCUTET;
WHCTUTYT ncmnxonorum Poccuiickoii akagemmm Hayk, MockBa, Poccus

NHHa BnagnmuposHa KpoBuLKas
FBOY Lkona Ne 1288, MockBa, Poccus

AHHOTaumsa. PaboTa NocBsLLeHa WCCNefOBaHWUI0 B3aMMOLENCTBUSA aKafeMUYecKon S-KOHUENUMU U 3MOLMOHANbHOW
caMo3(pheKTUBHOCTY C athpeKTaMmn NO3UTMBHOWM N HEraTUBHON 0BPATHOM CBSI3M MpK peLLeHnn aHarpaMm. B nccnegosa-
HUW NPUHANN yYacTue ABe TPYMMbl PECNOHAEHTOB — 131 LWKOMbHUK B BO3pacTe 12—15 fieT 1 124 B3pOC/bIX B BO3pacTe
oT 18 o 37 net. Bce yyaCcTHUKM, cinydaliHbiM 06pa3oM MogefieHHble Ha TPY FPynmbl, PeLlann aHarpaMmbl ¢ NO3UTUBHOM
WM HeraTMBHOM 06PaTHOM CBSI3bIO B MPOLLECCE peLleHns MO0 6e3 BCAKOM 06paTHOM cBA3M. LLIKOMbHMKM TakxKe 3anofHANN
OMPOCHWK «ABPOpPa-S» 1 OMPOCHUK 3MOLMOHaIbHOM CaMO3deKTUBHOCTU. Pe3ynbTaTbl NoKasaan, 4To, He3aBUCUMO OT BO3-
pacTa, No3nTMBHaA 06paTHas CBA3b NPUBOAUT K 60/1ee BLICOKON YCMELUHOCTU PeLLeHMs aHarpamM, YeM OTCYTCTBMe obpar-
HOIA cBsI3W. Takke 6b110 06HaPY>KEHO, YTO TUN 06PATHON CBA3W BUSET HA YCMNELWHOCTb B PELLUEHWUN aHArPamM LLIKO/bHM-
KOB, KOTOPbIe H3KO OLLeHVBAIOT CBOW aHAIMTUYECKME CMOCOBHOCTM MO OMPOCHUKY aKaZeMUUECKOW A-KOHLeNLmMK. B To >e
BPEMS Y UCTMbITYEMbIX C BbICOKOW aKafieMUYeCKOW S-KOHLEMLUMEN B aHaIMTUYECKON cepe He ObiNo BbISBAEHO 3didhekTa
o6paTHoli cBA3W. Ha ypoBHe TeHAEHLMUM BbISIBNEHO, YTO B YCOBUAX C OTCYTCTBYHOLLLE 06paTHOM CBA3LIO FPyMna UCMbITy-
eMbIX C BbICOKOI 3MOLMOHa/IbHOW caMoadh(heKTUBHOCTBIO 60/1ee YCMELLHO peLlaeT aHarpaMmmbl Mo CPaBHEHMIO C rpynnamm
UCMbITYEMbIX C HU3KOI 1 CPeAHe 3MOLMOHAIbHOM CaMO3(D(EKTUBHOCTLIO.
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Nina A. Bondarenko

Anxiety and the Problem of “Inattentive” Animals

In the EET test, a rat was placed for up to two minutes
inside a cylinder with a diameter of 10 cm, the lower edge
of which was lowered into the water (24°C) to a depth of
2.5cm. for up to two minutes. The height of the water
column is 25cm. in a water tank with a diameter of 60cm.
Immediately after diving, the rats were removed from
the water. According to Bondarenko (1980), 80% of the
animals dive up to 20 seconds after water immersion and
escape hypothermia. We registered the number of attempts
to jJump out from the water before diving. Two rats did not
dive in EET within two minutes and were eliminated from
the experiment. After that, all animals were divided into
jumping rats (JR) and non-jumping rats (NJR) subgroups.

The water immersion’s antinociceptive effect
continues for some time after water stress termination
(Abdelhamid et al., 2013). Therefore, the PW test was
performed twice. The first test (PW,) was immediately
after extraction of the animal from the water in EET. PW,
was used to assess the nociception threshold induced by
the interaction of locomotor and tactile tasks. Then the
rat was placed for 15 seconds in a home cage for restoring
land-based locomotion, and after that PW, (the only water
stress-induced nociception) was measured (Spradley et al.,
2012; Hough, 2014). A PW change (PW, = PW, — PW,
and PW, = PW, — PW,) was calculated for each animal.

Statistical Analysis

Because of the small number of animals in some groups,
nonparametric methods of statistical analysis were used
(Chang, 2003): the Kruskal-Wallis test for distribution
equality of PW,, and PW,, across groups, the Mann-
Whitney U test for statistical comparison of PW, data in
the JR and NJR groups, and the Kendall rank correlation
coefficient was calculated between the PW, and number
of jumps in the EET-1 group and between the PWc, and
the immobility duration for the EET-1+FS group. The

p-level was adjusted with Bonferroni correction for mul-
tiple comparisons to handle the multiple testing problem
(0=.05/4=.0125).

Results

The descriptive statistics of the PW,, PW, and PW_, in every
experimental and control group and post hoc subgroup are
presented in Table 1.

The Kruskal—Wallis test showed no significant change
of PW,,across experimental groups (H(4) =0.053, p=.974).
For PW, and PW(,,, the null hypothesis that results for all
experimental groups come from the same distribution was
rejected (H(4)=12.997, p=.002; H(4)=36.69, p<.001).
Therefore, pairwise comparisons were conducted between
the passive control group and every other group (see
Table 1).

The Kruskal-Wallis test showed inequality of experi-
mental conditions for both the NJR (H(4)=9.65, p=.047)
and JR (H(4)=25.86, p < .001) subgroups of animals.
Pairwise comparisons were then conducted between the
results of each subgroup in the passive control condition
and every other condition. The results of the pairwise
conditions are presented in Figure 1.

Discussion

We found no significant change of PW,, in all animals.
This contradicts the data that show swim stress nocicep-
tion decreases in rats in the tail withdrawal assay (Spradley
et al., 2012). It is well established that a tail flick response
is mediated by spinal neuronal mechanisms but a paw flick
response is mediated by supraspinal ones (Deuis, Dvora-
kova, & Vetter, 2017). So the technical and conceptual

Table 1. The Effect of the Experimental Condition on PW,, PW, and PW, in JR and NJR Animal Subgroups
Sub- PW, PW, PW,,
eroup group Md Q Q Md
1 3 p Q. Qs p Md Q. Qs p
JR 19 4.8 35 6.0 — 4.5 4.0 6.3 — 0.0 -1.0 +1.0 —
Egi;’gf NJR 11 50 38 55 — 55 50 55 — 405 00 +05  —
Total 30 5.0 3.0 5.0 — 5.3 4.3 5.5 = 0.0 -1.6 +1.0 —
_ JR 45 4.0 5.0 1.000 4.5 4.5 5.5 602 +0.2 -0.5 +1.0 .676
zgtr']‘t’fol NJR 50 45 58 175 53 45 55 582 +05 00 +05 .754
Total 10 4.8 4.0 5.8 1.000 4.5 4.5 5.5 .807 +0.5 -0.5 +0.8 .880
JR 19 4.5 3.5 55 .963 6.5 6.0 9.0 .033 +2.5* +2.0 +4.5 .008
EET-1 NJR 6 5.0 4.0 55 465 5.0* 5.0 55 1.000 0.0* 0.0 +0.5 .347
Total 25 4.7 4.5 55 468 6.3* 5.5 7.0 .006 +2.2 +1.5 +2.8 .058
JR 45 35 5.0 1.000 3.0 25 3.8 .016 -0.5* -1.0 0.0 .003
EET-5 NJR 4.5 3.0 55 .784 3.0* 25 3.7 .009 -1.0* -05 0.0 .011
Total 10 4.9 35 5.5  1.000 3.0* 25 3.7 <001 -05* -05 0.0 .010
JR 11 45 4.0 5.5 1.000 9.0* 6.5 12.5 .002 +7.00 +3.0 +115 .012
EET-1+FS NJR 5 5.0 3.0 5.0 1.000 4.0* 4.0 5.0 117 +1.0° 0.0 +1.0 .296
Total 16 5.2 5.0 5.3 .450 8.0* 6.0 12.0 .010 +4.0* +2.0 +9.0 .006
Notes: Data are presented in the form of medians, lower and upper quartile values and p-values for comparisons

with the passive control baseline;
* p<.0125 to the passive control group;

* p<.05 to the JR subgroup
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TpPeBOXXHOCTb

N npobnemMa TaKTU/IbHOW
«HEBHUMATE/TbHOCTU
YKMBOTHbIX B BOJHbIX TeCTax

HwnHa BoHaapeHKo

®oHg «Pa3BrTUe hapMaKonorim aMoLMoHaNLHOTO cTpecca», KpacHoropck, Poccus

AHHOTaUUs. «HeBHUMATENILHOCTb» YKMBOTHBIX, BMEPBbIE NMOMABLUMX B BOAY, K TAKTU/IbHLIM CTUMY/IaM OC/IOXHSIET 06Ha-
PY>KeHMe «CnacuTeNbHOM Nnatdopmbl» B TecTax Moppuca, LIMHUMHHATY 1 [p., Y4TO, B CBOK OYepelb, HapyLUaeT crnoco6-
HOCTb )XMBOTHbIX K 06YUeHUI0 HABMT LMW B 3TUX TeCTax. BbISBNEHME NPUYNH TAKTUNBHOW «<HEBHUMATEIbHOCTV» XKUBOTHbIX
SIBMISIETCS aKTya/IbHbIM /151 ONTUMM3aLMM NPOLEAYPbl KCTIEPUMEHTA. B HacTosILLel paboTe /1S OLLEHKU BHUMAHUS KpbIC
K TaKTU/IbHbIM CTUMY/IaM PErMCTPUPOBAIN NMOPOrOBOE 3HAYEHNE CUJ/bl TAKTWIBHOTO BO3AE/CTBIS, BbI3bIBAIOLLETO MOTOP-
HYI0 peaKLMio OTAEPrMBaHUS 3afHel nanbl. B KauecTBe SIOKOMOTOPHOM 3aJaduu Kpbicam Mpeanaranoch NofgHbIPHYTb MOg
CTEHKOW LNNHAPA, HUXKHUM KOHLIOM OMYLLIEHHOT 0 B BOAY (TeCT «3KCTPanonsaLMOHHOe n3baBneHne», T3N). O6Hapy»eHo,
YTO TO/ILKO JIOKOMOTOPHas 3afada MofHbIpUBaHNUs B TOW, HO He (haKTOpbl HOBM3HbI, YPOBHSA MOTMBALIM, MOTPYXEHUS
B BOZY WM (h3UYECKOI HArPy3KM CHUXKa/IM PEAKTUBHOCTb BbICOKOTPEBOXKHBIX XKUBOTHbIX HA TAKTW/IbHbIE CTUMYJIbI. ITOT
3pheKT He Habnogancs y Kpbic, 06yUeHHbIX NOAHLIPUBaHUI0 B TIW. MOXHO NPEANONOXNTb, UTO Y KPbIC, KaK Uy Modei,
CMOCOGHOCTb K MEPEK/THOYUEHNIO C 6O/ee CNOXKHOI 3aaun Ha 60/1ee NPOCTYHO (B HALLIEM Cyyae ¢ NOAHbIPUBAHUSA Ha OTAEP-
TVIBaHWE Narbl) 3aBUCUT OT YPOBHS TPEBOXHOCTU.
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