UC Merced
Proceedings of the Annual Meeting of the Cognitive Science
Society

Title
Spatial Reasoning in Native Speakers of Russian and German

Permalink
https://escholarship.org/uc/item/103664hx

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 35(35)

ISSN
1069-7977

Authors

Mikheeva, Maria
Bucher, Leandra
Nejasmic, Jelica

Publication Date
2013

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/103664hx
https://escholarship.org/uc/item/103664hx#author
https://escholarship.org
http://www.cdlib.org/

Spatial Reasoning in Native Speakers of Russan and German

Maria Mikheeva (maria.micheewa@mail.ru)
Kazan (Volga Region) Federal University, Departmar®sychology, Kremlyovskaya-Str. 18,
420008 Kazan, Russian Federation

L eandra Bucher (leandra.bucher @psychol.uni-giessen.de)
Justus Liebig University, Experimental Psychologyg £ognitive Science, Otto-Behaghel-Str. 10F,
35394 Giessen, Germany

Jelica Ngjasmic (j elica.nejasmic@psychol.uni-giessen.de)
Justus Liebig University, Experimental Psychologyg £ognitive Science, Otto-Behaghel-Str. 10F,
35394 Giessen, Germany

Markus K nauff (mar kus.knauff @psychol.uni-giessen.de)
Justus Liebig University, Experimental Psychologg £ognitive Science, Otto-Behaghel-Str. 10F,
35394 Giessen, Germany

Abstract 2008), other studies show that there are commonitog

The relationship between reasoning and languagebbas prlnC|pIes'us'ed' .by reasoners O.f different cultur@msls-
frequently studied. Here we explore principles gt cultural similarities have, for instance, been show

reasoning in Germans and Russians. We compared thetopological reasoning (Knauff & Ragni, 2011; Knauff

performance of Russians in three different settit@gshe 2013).
performance of Germans. The task was to constayouts of The present study is concerned with spatial refatio
wooden blocks according to verbal instructionscdbig the reasoning and the influence of language and cultite

relations of these blocks. Subsequently pieces eW n
information, introduced as incontrovertible factsdapartly
contradicting the initial descriptions, were givétarticipants

briefly analyze relevant work on linguistic influsm on
thinking, comparative topology of German and Russénd

re-arranged the blocks to take into account the fets. spatial relational reasoning. We then present germxent,
Recent research conducted with Germans has shaatn-th ~ designed to investigate the construction and rewisof
although alternatives are logical equivalent - ¢heare spatial models.
preferences for certain solutions. The question whsther
Russians show the same or dlffe_rv_snt preferepces.r@ults Construction and Revision of Spatial Mental
suggest that construction and revision of spatzdefs follow
similar principles. However, we observed differenbetween Models
the groups regarding the flexibility to apply anmiple based Imagine you need to find the house 28 in a street,
on the order of words in a sentence. unfamiliar to you. You have received the following
Keywords: Spatial reasoning; Relational reasoning, Cross- descrlptl_on of the precise location by friend Afoiming
cultural similarities; Language; Russia; Beliefision you that: , _
(1) “Thereis a hotel to the right of a café.”, and
Introduction (2) “The houseNe 28 is to the left of the café.”

The description allows for one (determinate) motiel

diff i tries. tri 1a the | tant qi@st how i construct. In order to construct the model, spatial
Iterent countries, triggering the important QUESLNOW IS~ nt5rmation  is  inserted successively. Based on the

language connected to our mental representatiothef . : :

world? What role does it play in reasoning? Answerénzg;mat!%]a?évf}?_ig?eﬁatement (1), the model
suggested to that question are provided by an irapbr is initiated and extended by (2) “House 28", resulting
theory in that area: the Sapir-Whorf hypothesig@a that into the model: '
language influences thought (Zvegintsev, 1960; hewn, (4)  HouseNo 28 — Café — Hotel

Kita, Haun, & Rasch, 2002; Levinson & Meira, 2008n i
the other hand, there is the view that the mindrganized

in a modular way with separate modules dedicatexnbttain
abilities (e.g. Tsimmerling, 2000; Nowak, Komarou&,
Niyogi, 2001; Kulikov, 2012). A further importantigstion,

to some extent related to language, is: how do ahent
representations differ across different culturestatWole do
cultural backgrounds play in reasoning? While sctoeies
suggest cultural dissimilarities (e.g. Oyserman &el

Misunderstandings happen so often between peopla fr

A lot of studies have explored factors that infloen
reasoners when they construct models, among them th
order of objects as inserted into the model, amerobrder
effects (e.g.Payne, 1993; Ehrlich & Johnson-Laird, 1982;
Payne & Baguley, 2006; BucheKrumnack, Nejasmic, &
Knauff, 2011; Krumnack, Bucher, Nejasmic, & Knauff, 2011,
Nejasmic, Krumnack, Bucher, & Knauff, 2011)
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Imagine you find out a little later that the infaation
uttered by friend A is unreliable. Friend B — wiixek in the
street in question — informs you that as a fact:

(5)  “The housé\e 28 is to the right of the hotel.”

The more reliable and incontrovertible
partially contradicts friend A’s description ne¢dde taken
into account. The following alternatives are poksib

(6)  Café - Hotel - Housh. 28

(7)  Hotel — House\e 28 — Café

Both variations of the initial model are
equivalent. Nevertheless, when confronted with gundiis
relational information, human reasoners frequepttgfer
one alternative over the other (Jahn, Knauff, & nkamn-
Laird, 2007; Krumnack, Bucher, Nejasmic, & Knal#@10;

logically (feminine),

First, we briefly explain the structures of bothdaages in
terms of comparative typology. Both languages esefthe
Indo—European family. German belongs to the West
Germanic family, Russian is a Slavic language. They

informationinflexional languages (from Lat. Flectivus «flexab). The

term refers to a language, where word-building with
inflexions dominates. Inflexions are morphemes Wwhian
have much significance; e.g. the article ,die* {as“die
Katze”, “the cat”) in German, indicates the gender
the case (nominative), and the number
(singular). Russian is even more inflexional conepato
German. Inflexional languages can be syntheticnaiyaic.
The German language is between the synthetic aalgten
languages, it has some characteristics of both ukzge

Bucher et al., 201XKrumnack, Bucher, Nejasmic, Nebel, & types. In a synthetic language, a word containstradl

Knauff, 2011; Bucher & Nejasmic, 2012; Knauff, Bach
Krumnack, & Nejasmic, 2013).

Preferred model revision

The process of model revision with verbal desaipdi
using binary relations r(X,Y) as facts has beernshto rely
on the following principle: the functional distitah of X as
the “to-be- located object” (LO) in contrast to % #e
“reference object” (RO) specifies the location bEtLO
relative to the known location of the RO (e.g. ldatbcher
& Strauss, 1968; Miller & Johnson-Laird, 1976; T&m
1983; Landau & Jackendoff, 1993). For the revisimhn
horizontal linear arrangements, the following fimgli
concerning reasoners” preferences is characteristic

Initial arrangement ABC

Counterfact Cis left of A,

with C as the relation’s LO

Preferred revision: CAB
Note that the logical equivalent (non-preferredemiative
for revising the initial model by relocating theurerfact’s
RO (here: A) would results in the revised modelC B.. We
refer to the preferred principle as the LO-prineipl
(compared to the RO-principle).

Linguistic Influence on Thought and
Comparative Typology of German and Russian
L anguages

The Sapir-Whorf hypothesis postulates that language

determines thought or at least that linguistic gaties
influence thought and certain kinds of non-lingigist

behavior (Zvegintsev, 1960). Li and Gleitman (2002)

investigated influences of individual languageg.(&nglish
and Dutch) on spatial reasoning. Chatterjee (2@tddied
language as a form of mental representation ofespafith
the current study, we investigate influences offedént
languages (Russian vs. German) on spatial
representations. Moreover, to dissociate betwefneinces
that result from linguistic aspects on the one aofural
aspects on the other hand, the study took placevm
cultural settings (in Germany and in Russia).

grammar, e.g., by inflexional endings, prefixedfises. An
analytic language is a language which reproduces
grammatical relationships syntactically. Accordingt uses
only unbound morphemes, and only separate words lik
articles etc. (Anokhina & Kostrova, 2006). For arste:
“xopomras HoBocte” and “eine gute Neuigkeit” (“good
news”) — in Russian, the endings,, and in German the
(additionally needed) article ,eine" indicates: fame,
nominative, singular. There are some more diffeesnc
between German and Russian which we do not want to
explain here in detail. What is relevant for thereaot study

is the flexibility in word order in the two langueg In
German, the possibility of ordering words withisentence

in a certain way is much more limited compared ts$tan.

Of course, the “freedom” of word order in Russiannit
unlimited and also regulated by semantic and siylis
factors (as in German) (Anokhina & Kostrova, 2008
example is given in table 1.

Table 1. Word order in German and Russians language

Russian German Exact meaning
S mo6mo Te6s Ich liebe Dich | love you
Tebs s mobmo ~ Word order | love you, exactly
not possible  you, not another
person
S tebs mobmo  Word  order | love you, exactly
not possible  you, not another
person
Jlroomro s Tebst  Word ~ order | love you (with an
not possible* even stronger
significance in the

sense that | can do
nothing about it)

mental

Jlroomro Te6st 1 Word  order You are loved by me,
not possible** not someone else
“Te6s mobmo s Dich liebeich | love you, exactly
you, not another
person

*the word order would be possible in a German daest
(“Liebe ich Dich?”); **the word order would be pabk in
a German passive sentence (“Du wirst von mir gelieb
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Analogously, the Russian spatial language is alsvem
flexible than the German language. For example adyo
local relations in German indicate source locatifméere
from?”) and directions of motion (“where to?”), Wiin
Russian such relations have a triple function, timgljcate:
location (“where”), source location,
(Khoruzhaya, 2007).

To summarize, there are major differences betwee

German and Russian. Previous research on spdttibrel

reasoning suggests that reasoners have strongrqareés
which are often based on linguistic cues that amnected
to the sentence structure. The main finding in rageaof
experiments on the variation of spatial models (Rucet
al., 2011; Krumnack et al., 2011; Bucher & Nejasrigl2;

Knauff, et al., 2013) is that the variation is @rebly done
by the relocation of objects that are perceivednase

flexible compared to other objects. These objetsuaually
the so called to-be-located objects (LO) of a retetl

statement as compared to reference objects (RQyhwdrie
perceived as more stationary. We refer to thisguegice as
the LO-principle.

The question is whether cognitive principles sushtlee
LO-principle are used independently from linguistic
cultural aspects. Concerning the language aspeuatould
be plausible if Russians, i.e. native speakers language
that is by nature very flexible concerning the worder and
sentence structure are accordingly more flexiblethie
application of such cognitive principles. In thigesific case
they might use the RO-principle more frequently s
alternative solution in the reasoning task. Cultgranother
important aspect to look at when we look at sirntiks of
cognitive principles. There are many definitionscafture.
Oyserman and Lee (2008, p. 311) say that “cultuatters
to the extent that individuals living in differesbcieties are
likely to have differing experiences”. Criado (20@9 295)
explains that culture is “a set of shared valuedljefs,
expectations, customs, jargon, and rituals”. Wiesnss to
be indisputable is that a cultural environment bame an
impact on the way an individual thinks.

In order to explore both, language and cultureugrilce,
we conducted the same experiment with native spsake
German and of Russian as participants. Three difter
samples of Russian participants were tested indifferent
cultural environments:

1. The first sample was tested in German, in Germany

describing the relations of these blocks. The sgquart can
be titled “revision phase”. Once a layout was carcied, a
piece of new information, introduced as an incovgrtible
fact contradicted a part of the initial descriptidrhe task
was to re-arrange the blocks such that it coheritd the

and direction“fact”.

Participants Altogether, we tested 76 volunteers who
Berformed in the task either in German or in Russia
Germany or in Russia. All participants gave infodme
consent to participation. Participants were tested
individually. Each participant was tested only ance

Language abilities were assessed by self-repogsiRn
participants tested in Germany rated their Gernaaguage
abilities as “very good”, and reported to be capabf
writing and speaking fluently. They were fluentRussian
as their mother tongue and in German as a secogddge,
and have been living and were educated in Germany f
considerable time. Russian participants tested ussi
reported to be not familiar with the German languadyile
German participants reported to be not familiarhwihe
Russian language.

The sample of Germanstested in German in Germany
consisted ofl1 (5 male; ageM = 24.91 SD =2.95) native
speakers of German, all students from the Uniwersit
Giessen. None of them has ever studied Russian.

The sample of Russians tested in German in Germany
consisted of 19 (3 male; aget =24.05 SD =4.18) native
speakers of Russian.

The sample of Russians tested in Russian in Germany
consisted of 20 (3 male; aget =25.45 SD =5.26) native
speakers of Russian.

The sample of Russians tested in Russian in Russia
consisted of 26 (1 male; aget =20.35 SD = 0.63) native
speakers of Russian. They were all students freni-tderal
University of Kazan (among them 19 students
psychology). None of them has ever studied Germmaras
been to Germany.

of

Materials, Procedure, and Design 32 items were
presented, each consisting of two premises and
inconsistent fact. The task was presented on act®nputer
screen, using Microsoft PowerPoint (Version 20Qif)ning
in the windows environment XP on a standard peilsona
computer. PowerPoint slides were presented by the
experimenter in a sequentially and individually pteal

an

2. The second sample was tested in Russian in Germanfanner according to participants” performance.

3. The third sample was tested in Russian in Russia
The purpose was to control for both, the languagethe
cultural setting.

Experiment: Construction and Revision of
Block Arrangements

Method

The first part of the experiment can be referredato
“construction phase”. The task was to physicallpstouct
layouts of wooden blocks according to a verbalriretton,

In all items, the two premises and the contradictact
(presented in red) had the surface structure #&afsi first
object - relation (either “left of” or “right of’ second
object.

Example: “Yellow left of red”
Participants were provided with wooden square tddskze:
2.5x2.5x2.5cm), red, green, yellow, and blole®ed on a
plate in front of them and instructed to constractd
subsequently revise their block layouts.

The construction phaseparticipants were instructed to
pick up the colored blocks, one at a time using baed,
and arrange them according to the information mlediby
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the premises into a linear one-dimensional orddne T used more frequently compared to the 2-1-3-order (

premises informed about the determinate orderebtbcks
with the blocks represented by the respective so{oed,
green, yellow, and blue).

Example:

1st premise: “Blue right of red”

2nd premise: “Green right of blue”

Spatial arrangement: red — blue — green
The location of the third object was counter-batghacross
all problems. In a recent experiment, very simitathe one
reported here, and presented
participants, word order has been shown to be akfwi the
physical construction of spatial models (Buchealet2011,
Experiment 2). Here, accordingly, based on the rijggm

2.01;p < 0.05). The same applies to the remaining samples
Russians tested in German in Germany-3.93;p < 0.01),
Russians tested in Russian in Germany ¢(3.97;p < 0.01),
and Russians tested in Russian in Russia ¢4.49;p <
0.01). Our results provide evidence that the sarireiple
(putting down blocks in word order 1-2-3 ratherrthia the
order 2-1-3) was applied similarly by participanfsall four
samples. Thus, we can conclude that the cognitiveciple
is not affected by linguistic aspects. Russiangetesn

in German to Germd&permany as well as Russians tested in Russia beeshime

principle, suggesting cross-cultural similarities.
We continued our analysis by comparing the mageitfd
the preference applied by Germans and Russian®@n t

of the f' premise, two possible construction orders werglifferent settings. The Kruskall-Wallis test rewsl a

possible:
1. Starting on the left side and continue to the righg.

difference between the samples (p < 0.05). Paire wis
comparisons, using Wilcoxon’s tests revealed thagroup

(consider the 1st premise from the above example&)f Germans differed from all Russian samplesfa# .05).

putting down the red block first and placing theebl
block to the red one’s right side.

Starting on the right side and continue to the kef.

putting down the blue block first and placing thesl r
block to the blue one’s left side

The resulting orders are describable as 1 — 2 rdRa- 1 —
3, with the numbers indicating the order by whidjects

had been put down; e.g. red first — blue secontkergthird

(order 1 — 2 — 3) and red second — blue first -emgrthird

(order 2 — 1 — 3). The question was whether thareldvbe

order effects when constructing the arrangementshée
Russian samples similar to those found in Germans.

Despite the overall similarities found across alinples,
we found that Russians were more strictly in theliaption
of this principle. The Germans performed more téiin
the task, using the alternative word order (2-1r3)re
frequently. Figure 1 depicts the result graphicalye
continue to discuss this difference in the GenBiatussion
of this paper.

Revision: Mean percentage rate of correctly revised
models was 99.14%50 = 1.74). There were no differences
in the amount of mistakes between the sampies (.40).
Erroneous problems were excluded from further esesly
We ran Wilcoxon’s tests for each sample, separaldigt

The revision phasesubsequently after participants hadwas to analyze which principle the revision follayvdahe

constructed the order of the three colored blothey were

asked to revise their order according to the inisbast fact.
Example-fact: “Green left of red”

Participants were free with the revision of thaeiitially

constructed arrangements. After each trial, the deao

blocks were put back onto the plate by the expertare

Four practice trials (neither recorded nor analyzedceded

the experimental trials. Performance was recordedao

video tape by the experimenter and analyzed aftter
experimental session (Bucher et al., 2011).

In previous experiments, using a very similar ekpental
set-up, presented in German to German participahts,
finding was that of a clear preference (e.g. 8942SD =
11.30; see Bucher et al., 2011, experiment 2) of

relocations as compared to RO relocations. The tigumes
was whether participants of the Russian samplesldvou

apply the LO-principle similarly to the German peigants.

Results and discussion

Construction: Mean percentage rate of

difference in number of mistakes in constructiotwaen

correctly
constructed orders was 97%600=4.46). There was no

tests indicated that in the German sample LOs were
relocated more frequently then RQs -2.95;p < 0.01).
The same principle was applied by reasoners inother
samples: Russians tested in German in Gernmany3(83;p
< 0.01), Russians tested in Russian in Germany-8.96;p
< 0.01), and Russians tested in Russian in Rugsia4.56;
p < 0.01). Again, our results suggest similaritiesoas both
language groups. There was a clear preference @r L
t relocations across all samples (figure 2 depices résults
graphically). The principle was equally used by $&as
native speakers, who were tested in Russian af&&iman.
This suggests that linguistic aspects were not hatidg the
effect. Russians tested in Germany as well as
LO

p<0.01

Word Order
1-2-3[%]

Russians Germans

the samplesp(> 0.30). We analyzed the order of objects pufigure 1. The figure depicts the difference betw@enmans
down during the construction in every sample, rogni @nd Russians during the construction of block ayeaments.

Wilcoxon's tests for each sample, separately ($i€ga

Castellan, 1988). In the German sample the 1-2d8rowvas

The word order effect was more pronounced in Rassia
than in Germans. Error bars indicate standard ®rror
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p<0.01

Relocated
Objects[%]
N
o

0 —
LO RO

Figure 2. For revision, the LO principle (relocatiof the to-
be-located object, LO as opposed to the referehpen
RO) was preferably applied by participants of athples.

Error bars indicate standard errors.

guided by the LO-principle. This principle had been
repeatedly shown in German reasoners and here thdor
first time — in Russians. The effect was comparahle
magnitude across all samples. We conclude that both
principles reflect similar mechanisms.

However, Germans used the alternative principle
(starting construction with the second object) moften
compared to the Russian samples and performed thus
construction processes more flexible. Please, thatewith
the current experiment, it is not distinguishabléether
reasoners used the first object mentioned in tleenjze or
the LO as a starting point for their constructibacause the
first object in a statement was identical with th®.
However, Bucher et al. (2011) argue that differ@gnitive

Russians tested in Russia used the same principlgsinciples are applied during construction (first wecond

suggesting similarity across the cultures. We cargd our

object as starting object) and revision (relocatéi.O vs.

analysis by comparing the magnitude of the prefe@en RQ), respectively. The authors also provide emairic

applied by Germans and Russians in the differettings.

evidence for their view. The results of the curretudy

The Kruskall-Wallis test revealed that there are N&how that German native speakers are more flexiblen

differences between the samplps>(0.30). Unlike the word
order effect, the LO effect was equally strong asrall
groups. This finding further corroborates the agsiion of
a cross-cultural and cross-linguistc cognitive gipte.

General Discussion
The present study investigates aspects of spataional

applying the word order principle, compared to Rass,
while the LO-principle is applied equally robustly both
groups. This can be taken as corroborating evidératethe
cognitive mechanisms underlying construction andsien
are distinguishable, however comparable for Gernsarb
Russians.

Nevertheless, we found differences in the manifiesta

reasoning in reasoners from Germany and Russia. W the word-order effect between the groups. Tliecefvas

explored principles applied for the constructiond atihe
revision of spatial models in four types of samplés

stronger in Russians compared to Germans. Thigateh
that Russians used the alternative word orderftegsiently

sample of German native speakers who were tested ihan Germans did when they constructed their models
German in Germany, a sample of Russian native spgak \When we bear in mind that the Russian languagevalfor

tested under the same conditions, a sample of Russitive
speakers tested in their mother tongue but in teem@n
cultural environment, and a sample of native spesaké
Russian who were naive to the German languagedtest
their native Russian cultural environment.

The study was motivated by recent findings thatqples
applied by German reasoners in spatial relatioeasoning
tasks were based on linguistic cues. One study HBuet
al., 2011) suggests that during the physical cangtn of
spatial (block) arrangements, the word order pkaysle in
guiding the construction process while for the s@n of
these models the asymmetry of LOs and ROs of oslati
statements provide the crucial cues for reasorirsher &
Nejasmic, 2012; Knauff et al., 2013). Here as aeftgy a
similar task was presented to native speakers s§iRn. We
were concerned with the dissociation of linguistiad
cultural aspects. In order to dissociate these casp® a
certain degree, we splitted the Russian groupthree sub-
samples, allowing a rough distinction of culturabrf
linguistic influences. The results indicate crosfitral
similarities for both cognitive principles applieduring
construction and revision of spatial models. Acragb
samples (German and Russians), the constructidowied

many variations of word orders in a sentence, gt
might look counterintuitive, at the first glanceowever, we
must note that speakers of Russian already makey man
decisions when they construct a sentence. Mayhs, the
compensation for this “liberty” in the canonical mloorder
of the Russian language which we find reflectedhgyhigh
adherence to the word order principle. Also imparia the
present context is that although we might have docnoss-
cultural similarities between Germans and Russiassyell
as cross-linguistic principles that were appliedimy the
construction phase, there is an alternative in&tgpion of
the results. While (as in previous experiments) nizar
reasoners might have based the construction plédyecm
the word order, it is possible that Russian reasoapplied
the LO principle, i.e. put the LO as first object the table.
With the present study we cannot rule out thisradttve
interpretation but we are currently running expets
designed to look at this problem.
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