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Abstract

Research on numerical cognition suggests a strokgbletween
mental representations of space and quantity. TheRE effect
(Spatial-Numerical Association of Response Codeectf is
characterized by the association of small quastitigh left space
and large quantities with right space. While thejamity of
research on the spatial representation of number bdeen on
number words or Arabic numerals, this study ingggts quantity
representations that are involved in the processfrgrammatical
number. We found that German words that were itgbdor
singular had a relative left hand advantage, amd@ely, plurals
had a relative right-hand advantage. However, gatgern was
only found in relatively late responses. Moreovem@ppeared to
interfere with the opposite pattern caused by th&R@ effect
(Markedness Association of Response Codes effeat)iig to a
relative right-hand advantage for singulars. Thigerference
appeared to depend mainly on response latency MI&RC
effects being more pronounced in early responsg@S&ARC-like
effects being more pronounced in late responsds. Work sheds
light on the interaction of different stimulus-tesponse mappings
operating on the same stimulus dimension — grancalatumber.
Moreover, it suggests that spatial numerical asgiotis go
beyond explicit numerical information, as in numbeords or
Arabic numerals.

Keywords: grammatical numberMARC effect; numerical
representation; SNARC effect.

Introduction

Many researchers have argued that the mental esgeg®on
of quantity is intimately connected to space.

mapping to hands but to perceptual space (e.gché&is
Castel, Dodd, & Praat, 2003; Loetscher, Schwarz,
Schubiger, & Brugger, 2008). The SNARC effect haerb
shown for both Arabic numbers and for spoken ottemi
number words (cf., Landy, Jones, & Hummel, 2008eiku
Iverson, & Willmes, 2004; Nuerk, Wood, & Willmes,
2005).

In an alternative account, the SNARC effect coul b
attributed to polarity alignment (Landy et al., 30®roctor
& Cho, 2006; Santens & Gevers, 2008). This accposits
that in binary representations of dimensions, acrosth
stimulus and response properties, one value of the
dimension is “generally more available than theedth
(Landy et al., 2008: 358). To account for the SNA&@ct,
e.g. the polarity correspondence principle (Pro&oCho,
2006) assumes that small numbers are coded a®lgijtp
and large numbers as [+] polarity. The responsatiog is
coded in a similar way: [-] polarity for a left pgnse and
[+] polarity for a right response. Congruent pdias (small
numbers/left space, large numbers/right space)ectaster
response selection than incongruent polarities.

This model also accounts for the MARC effect
(Markedness Association of Response Codes effdgt, ¢
Nuerk et al., 2004; Reynvoet & Brysbaert, 1999;vds &
Iversen, 1995). An example of the MARC effect aastér
right hand responses to even numbers and fastehdefl
responses to odd numbers (see e.g., Nuerk et0éid) 2t is
assumed that this effect is closely related todbwcept of
linguistic markedness (see Haspelmath, 2006, for an

Thisoverview) which refers to the formal and conceptual

connection is often described using the metaphoraof asymmetry between linguistic categories: in a parit

mental number line, which (in Western culturespiiented
from left to right. In line with this assumption, has been
shown that spatial response dimensions are assdctat
numerical magnitude: the SNARC effect is charazeatiby
the association of small quantities to the leftchand large
guantities to the right hand. In their seminal wddlehaene,
Bossini, and Giraux (1993) found that in a paritggment
task (“is the number even or odd?”), responsesatger
numbers were consistently faster with the rightchéman
with the left hand, whereas responses to smallenbeus
showed the opposite pattern. As the task was nutogky
focused on quantity information but on parity,
interaction between quantity and spatial orientatisas
taken to suggest automatic access to quan
representations which are organized horizontallgveal
studies have found similar effects without hand ements,
suggesting that the SNARC effect is not genuinelg tb a

judgment task, in which the hand-to-response naiais
manipulated within participants, the adjectivegyfit’ and
“even” are assumed to be linguistically unmarkeuin@er,
1964). On the contrary, “left” and “odd” are assuhte be
linguistically marked. Interference is observed tife
markedness association between stimulus and resgens
incongruent, while facilitation is observed if threrkedness
association is congruent.

At least for numerals, SNARC and MARC effects may c
occur (e.g., Nuerk et al.,, 2004). However, they rut
interfere  with each other since they are linked to

theindependent stimulus properties (SNARC is linked to

relative magnitude, MARC is linked to parity).
tity
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Grammatical number, quantity, and markedness

In addition to symbolic and lexical number repreéagans,

many languages encode quantity grammatically. Ir}\/l

particular, languages such as English and Germasiogm
morphological markers that decode the distinctiebween
one entity (“singular’) and more than one entitpl(fral”).

Most commonly, nouns are grammatically marked for

number by inflection, e.g., by adding an affix swdhsto
systems restrict the number of available categoties
singular (one entity) and plural (more than oneitgnt
(Corbett, 2000). For a German example, comparenfi¢re
the suffix -n adds plural meaning to the noun lion.

(1) Lowe'lion’ vs. Léwen'lions’

While, most research on mental quantity represiemtat

has focused on Arabic numerals or number words;hmuc
interpretation of

less is known about the semantic
grammatical number. Several developmental and hetzv
studies demonstrated a tight connection
grammatical and conceptual number (Barner, Tha)wit
Wood, Yang, & Carey, 2007; Berent, Pinker, Tzelgdmi,

& Goldfarb, 2005; Sarnecka, Kamenskaya, Yamanaf&gu
& Yudovina, 2007). For example, in a Stroop-likeska
Berent et al. (2005) asked their participants tdggi the
quantity (one or two) of visually presented wordiles
ignoring their contents. Letter strings consistefd both
singular and plural nouns (Exp. 1), and of pseudds/avith
or without regular plural inflection (Exp. 3). Resyse
latencies were higher when there was a mismatoeaet
grammatical number and the quantity of words presen
(e.g.,dog dogvs. dogs dogs The authors concluded that

the extraction of semantic number from grammaticat

number is automatic and represented in a way that
comparable to the conceptual number that they ebdram
visual perception.

The present study follows up on those findings kmks
it to numerical cognition research. Grammatical bemis
an excellent testing ground for the
contradicting stimulus-to-response mappings becaitise

allows us to pit SNARC-based and MARC-based acunt2

against each other.

The present study

The present study applies a binary classificatiask tto
German nouns inflected for singular or plural. Geptaal
quantity is involved in the process of specifyinget
grammatical number of nouns because, typicallygudar
nouns refer to one entity and plural nouns refemtdtiple
entities. Although the plural does not represerspacific
guantity, we assumed it to represent a quantitekvid — on
a (Western) mental number line — localized moreatals
the right relative to a singular quantity (= 1)usheading to
a SNARC-like effect. In other words, singular forstsould

betwee
z

interaction of

be responded to faster with the left hand wherdaslg
should be responded to faster with the right hand.

This prediction goes against the predictions basethe
ARC effect: In linguistic theory, singular is thght to be
unmarked, and plural is thought to be marked (cf.,
Greenberg, 1966). For example, within a language,
singulars are used more frequently than pluralsd,Aha
language has a morphological coding of number (sischn
eaﬁ‘ix), then the plural is typically overtly codedhus
frormally more complex, whereas singulars often lack
overt coding, as in the German example (1) above T
MARC effect predicts that if markedness of a stinsul
(singular vs. plural) is congruent with the markesk of a
response side (right vs. left), there should belifaton.
Hence, singular forms should be responded to fasibr

the right hand (unmarked) whereas plurals should be
responded to faster with the left hand (marked).

Apparently, grammatical number poses a problem to
olarity accounts. Two conflicting polarity alignnts are
potentially at work operating on the same stimulus
dimension: one alignment coding singulars as [Hhyty
Que to its linguistically unmarked status, and @oeling
singulars as [-] polarity due to the conceptual ndtya
representations. Typically, however, polarity afigent
accounts do not deal with conflicting polarity asations
and therefore they make no prediction about whiallanty
association should occur in a given setting. MoegpVf
competing associations interfere with each otherrtodel
does not predict how interference affects behavior.

One level of dissociation of those effects mighérape on
processing depth: the SNARC effect may become géion
when magnitude processing is activated more intehsi
Gevers, Verguts, Reynvoet, Caessens, & Fias, 20@6)
he size of the SNARC effect depends on resporieadies

i . .

and the amount of semantic number processing iegjuin
their meta-analysis, Wood, Willmes, Nuerk, & Fische
(2008) found a positive correlation of the SNARGeef
size and response latencies across studies. Marethay
found SNARC effects to be more pronounced in stuiie
which the task required the active processing oherical
magnitude (see also De Brauwer & Duyck, 2008; Fias,
001). Because the SNARC effect requires a ceaamiount
of semantic magnitude processing, we expect it douo
only in semantic tasks. The MARC effect on the pthend,
could already occur in an asemantic task, sinceemoantic
information is necessarily required to encode argblu
inflection, which is a surface characteristic ofard. Thus,
one might hypothesize that those two effects atentially
dissociated in respect to task requirements. Tdoexphis
possibility and to investigate a potential disstora of
SNARC and MARC, we introduced tasks requiring dife
processing depths.

Method

We designed four different tasks correspondingitieregnt
stages of processing depth. In the first task,jg@pants had
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to decide whether the presented words were wiitt@ialics  once. In the test blocks, each word was preseetedirnes
or not (surface processingurp. The second task was a in randomized order.
lexical decision task: participants had to decidesther the The experiment was controlled using Superlab 2.04
presented letter strings were existing German wordsot  software (Abboud, 1991) and a RB-830 response both(
(lexical processing,EX). In the third task, participants had Cedrus Corporation, San Pedro, CA, USA). Stimulreve
to make animacy judgments, where they had to deciddisplayed on a 16"-monitor screen using black sysibo
whether the nouns denoted creatures (animate) jectsb against a white background. Stimuli were presented
(inanimate) (nonspecific semantic processisgM). In a  Times New Roman, font size 90, resulting in a maxim
fourth task, participants had to decide whetherribens height of 15 mm and a maximum width of 50 mm.
denoted one entity or more than one (specific séman Responses were recorded by two response keys péaced
guantity processingQUANT). distance of 30 cm in front of the participants, teeed in
Because quantity information is assumed to besgocentric space and separated 10 cm from each dthe
represented at a conceptual level of processingt@g&lURF  the beginning of each trial, a fixation stimulussisting of
and LEX conditions do not require conceptual access, wéive asterisks (*****) was presented in the centef the
expected no SNARC effect to occursirRFandLEX. On  screen for 300 ms. Then, the target appeared andimed
the other hand, both decisions$am and QUANT required  for 1300 ms, during which response time was measure
access to conceptual representations, thus a SN&RCt  The inter-trial-interval was 1500 ms (blank screenhe
is expected to occur &EM and QUANT. A MARC effect, instructions given to participants stressed boteedpand
however, could already occur in asemantic tasks tie do  accuracy.
not predict any task dependency of a potential MARC
effect. In their interaction, with increasing presing depth  Analysis
the impact of the MARC effect should be increasingl Six participants were excluded from analyses bexdsy

attenuated by the impact of the SNARC effect. showed difficulties in changing the response assigmt in
at least one task. In the remaining data set, ®B#te trials
Participants had to be excluded due to wrong responses (3.45%),

Fifty-two native speakers of German (33 female,mdéle), anticipations (RT faster than 200 ms) (0.05%), ofsR
with an average age of 26.9 years (SD = 7.0) veknatd to  outside +3 standard deviations from the individondan of
participate for payment. All of them had normal oreach task per hand association per speaker (2.308é)e

corrected-to-normal vision. was no trade-off between mean RT and error rate.(82;
p>.05).
Stimuli Reaction times were analyzed using a series of

The stimuli consisted of four German nouns in bibtbir  generalized linear mixed effects models implemeintetthe
singular and plural form, respectivelikuh/Kihe'cow(s)’, R software (R Core Team, 2012) and the pacKauyst
Lowe/Lowen 'lion(s)', Miuinze/Minzen 'coin(s)’, and (Bates, Maechler, & Bolker, 2012). We used a Gaussi
Stuhl/Stuhlechair(s)’). We applied the following selection error distribution and identity link function. Bosubjects
criteria to fit the stimuli to the experimental dgs two  anditemswere used as crossed random intercept effects.
items were animate beingkuh, Léweg; the other two were Since we are interested in the interaction of disand
inanimate entities Stuhl, Minzg There were two response, we included the factdumber(singular, plural)
grammatically masculine Sguhl, Léwg and two interacting with the factorespondingHand (right, left) as a
grammatically feminine nounsviinze, Kulh Plural forms fixed effect in the models.

of all nouns contained an umlaut. Because bothutangnd In a first step, we tested if this interaction epdndent on
plural forms can have ae suffix and an umlaut, neither of task requirements, thus we included a three-wagraction
these cues was valid for unambiguously detectingapl of Hand x Numberx Task (SURF, LEX, SEM, QUANT) as a
inflection. This was done to ensure that partictpaaccess fixed effect. In subsequent analyses we testedHiued x
lexical knowledge rather than focus their attentjost to ~ Numberinteraction for each task separately.

one particular orthographic cue. We computed p-values comparing the models with the
interactions in question to the models with onlg thon-

Procedure interacting fixed effects via Likelihood ratio teLRTS).

All subjects participated in eight blocks of triaise. two

blocks per processing deptbURF, LEX, SEM, andQUANT). Results

After the first block of each processing depthréheas a  gyerg]l, responses to tasks differed substantialtgrms of

short br_eak, in which participants were instrudizdeverse response latency, such thgiRF was responded to fastest
the assignment of response buttons. The ordersporee (513 ms) followed bysem (548 ms),LEX (579 ms), and

assignments to the right hand and.the left harshedively, QUANT (631 ms). Crucially, thedand x Number x Task
was coun'ger-balancgd across .part|C|pants. Eaclkstacted  nieraction  was significant 7(9)=81.514, p<0.0001),
with a training session in which all words were geneted indicating that there was a stimulus-response actém

modulated by task specific effects (cf. Figure 1).
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=

SG

LEX
(579ms)

o

SEM
(548ms)

—+

QUANT
(631ms)

dRT in ms

-35

PL SG PL SG PL SG PL

Figure 1 Estimated RT differences (dRT) and standard erro
between right hand and left hand responses as @idanof
grammatical number (SG = singular; PL = plural) ghitve
slopes indicate SNARC-like effects; positive slopedicate
MARC-like effects. Mean RT of each depth is givem i
brackets.

Subset analyses of each processing depth sepa
revealed thaisurr showed a significanHand x Number
interaction ¢(1)= 4.096, p=0.043), such that the mo
estimated a greater right hand advantage for saingafms
(9 ms) than for plural forms (1 ms) (SE=3.88 ms3,
predicted by a MARC-based account. The two-\
interactionHand x Numberdid not reach significance in tt
LEX or SEM condition {(1)=1.226, p=0.27 ang(1)= 0.303,
p=0.58, respectively). For th@UANT processing deptt
there was a significant interaction ¢fand x Number
(x(1)=35.11, p<0.0001) such that the model estimatésit
hand advantage for singular forms (6 ms) and & tigimd
advantage for plural forms (26 ms) (SE=5.36ms),
predicted by a SNARC-based account.

Table 1: Overview of stimulus-to-response mappings
as a function of task and RT bin.

Task Bin dRTSG dRTPL Slope SE
1 -3,71 1,31 -2,40 2,18

= 2 -1,28 009 -1,37 1,22
3 3 -0,23 1,16 0,94 1,67
4 -0,53 321 2,68 6,12

1 -2,04 246 -450 2,59

< 2 -0,33 1,59 1,26 1,34
43 1,69 1,21 047 1,80
4 -4,52 7,16 2,64 6,04

1 -1,56 342 -499 255

= 2 -1,83 047 -230 1,41
» 3 1,37 1,48 -0,11 1,53
4 7,39 0,99 838 6,22

_ 1 -3,33 3,40 0,07 3,19
z 2 2,09 1,73 0,36 1,97
> 3 1,96 3,14 510 256
oy 3,65 -16,95 20,60 8,57

binl bin2 bin3 bin4
o (426ms) (479ms) (526ms) (621ms)
» N
€
£ S
L
§ g o - E/E X E\E
9]
g3
e 7
)
© o
Dy
o (483ms) (542ms) (594ms) (697ms)
» N
€
£ S+
< &
|__|,J T o i/i — 3 — 3
o
9]
TR
c =
)
© o
o
o (454ms) (515ms) (564ms) (662ms)
N

i/i

o

SEM

centered dRT in ms
10 0 10
1 1 1

(499ms) (577ms) (653ms)

E\E

SG

(795ms)

20 -20

i

QUANT

centered dRT in ms
20 -10 O 10
1 1 1
»
® j
0
°

sG PL SG PL PL
Figure 2 Estimated RT differences (dRT) and standard errors
between right hand and left hand responses as aidanof
grammatical number for RT bins (centered around)zer
Negative slopes indicate SNARC-like effects; positslopes
indicate MARC-like effects. Mean RT of each bingisen in

brackets.

Since the mean response latencies of the taskeretiff
substantially, the observed dissociation betweerAFSSI
and MARC might be due to overall processing tinthea
than required magnitude processing. To obtain & wikthe
time course, we rank ordered RTs for each subjadt a
processing depth and divided them into four equak b
(Ratcliff, 1979). We tested if theHand x Number
interaction was dependent on the fad®dr bin(bin 1-4) for
each task separately. This was not the cassUrF, LEX or
SEM (x(9)<12.75, p0.17). It washowever, forQUANT as
indicated by a significant interaction bfand x Numberx
RT bin(x(9)=20.77, p=0.014). In this condition, there was a
significant SNARC-like effect in late responsesn(i8i and
4) (x(1)>3.94, p<0.047), but not for early responses in bin 1
and 2 {(1)<0.035, p0.85) (cf. Table 1, Figure 2).

Numerical trends further indicate that SNARC-likéeets
are found in all tasks depending on overall praogssme.
This pattern of evidence suggests that these SNAfiRELCts
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could be accounted for by processing time onlyaathan
processing depth. Visual inspection of the sloper ¢ime
yielded a similar pattern: Early responses extgb#itive or
flat slopes indicating MARC-like patterns and/oreth
absence of SNARC-like effects, while late resporesdsbit
negative slopes indicating SNARC-like patterns. &ter,
the change of slope over the time course appeatseto
roughly linear.

Discussion

The present study investigated

stimulus-to-response

associations with MARC effects being more dominant
early responses and SNARC-like effects being more
dominant in late responses. Given the apparentadine
change of slopes as a function of processing timeemight
speculate that both effects co-occur, interferirith veach
other. Over time, the relative strength of one stirs-to-
response mapping (MARC) decreases (or remains amajst
while the alternative mapping (SNARC) increasese Dol
the lack of statistically significant results fororse
conditions, this remains, however, speculative.

Generally, the presence of a SNARC effect in thentjty

mappings when processing grammatical number inrjoinataSk demonstrates that a mental quantity reprettemtaay

tasks. We demonstrated that grammatical number emark
elicit a SNARC-like effect, i.e. German words irtfled for
singular had a relative left hand advantage; pdutedd a

in principle — be accessed from grammatical nunmbea
similar way as during the processing of Arabic nenstand
number words. One might argue, that the preserst diadt

relative right hand advantage. At the same time, wé&mbivalent with respect to the question whethers thi
demonstrated a MARC effect that showed the oppositduantity representation of grammatical number can b
pattern. There was a reliable MARC effect in a fontconceived as organised in a left-to-right orientadntal

classification taskqURP and a reliable SNARC effect in a
magnitude classification taslkQ@ANT). In the light of our
task dependent pattern of results, this evidenggesis that
the SNARC effect is elicited in relatively late pessing
stages. A look at the overall RTs obtained revehbt

number line or not. One could, of course, doubt the
relevance of the quantity-to-space nature of tepaese-to-
stimulus mapping and stick with a more neutral ptla
account arguing that there is a coding of singasar[—]
polarity and a coding of plural as [+] polarity. i$h

QUANT indeed required the longest processing time. Anterpretation does not require any reference tatiap

significant interaction of reaction times and stinsito-
response mapping in the magnitude classificatiak s
well as numerical trends in all tasks (cf. Tabld-iure 2)
underpin this interpretation. So, one may concltliE a
simple explanation based on processing time iscserfit to
account for the present pattern of results (“A MABfEzct
already appears in early responses while a SNAR&:tef
only appears in late responses”). The appearan88lARC
in relatively late responses is in line with earfiedings on

quantity representation, and consequently our daiald
say nothing about the association between condeptua
number and grammatical number. However, one woane h
to explain why singular is associated with [-] pitlaand
plural with a [+] polarity. To us, one possibleérpretation
is grounded in the spatial nature of the concepquantity
representation.

Future research might shed light on these issues. A
excellent testing ground are languages which haweeem

Arabic numerals and number words (e.g., Wood et alcomplex morphological number systems: In addition t

2008).

Polarity alignment accounts (Landy et al., 200&drer
& Cho, 2006; Santens & Gevers, 2008) explain bbin t

singular and plural, some number systems also lzwve
additional grammatical category that is called duahich
serves to refer to two distinct real-world entiti¢sf.,
Corbett, 2000). Other, more rarely occurring grarticai

SNARC and the MARC effect within the same framework SYStéms also contain a so-called “trial”, in whizbuns are

According to this account, congruent polaritiegléa faster
response selection than incongruent polarities. évew
this account makes contradicting predictions reiggrdhe
response association for grammatical numBeased on the
linguistic markedness dimension, singulars shoealddded
as [+] polarity and plurals as [-] polarity, thesading to a
facilation of right hand responses for singularnisr A

marked for groups of exactly three distinct entitier even
a “paucal”, in which a separate grammatical maikarsed
to refer to a small number of distinct entitiesa@matical
systems in which more than two morphological catego
are used to refer to quantity might further ourenstinding
of the interaction of different stimulus-to-respens
associations in general and the interrelationshipguistic

quantity-based account makes the opposite predictio@nd conceptual number in particular.

which assumes that singulars are coded as [-]ipokand

plurals as [+] polarity (in analogy to numerals).
Interestingly, the present study found both pagietimus two

conflicting polarity alignments have been showroperate

on the same stimulus dimension.
accounts in their present state, however, do netigr
which polarity associations occur in a given settémd — if
competing associations interfere with each othieow their
interaction affects behavior. The present datacetdi a
temporal dissociation of these

Conclusion

To conclude, grammatical number elicits two
contradicting stimulus-to-response mappings. A MARC

Polarity alignmentffect based on the linguistic markedness of tengnatical

categories singular and plural; and a SNARC-likéeaf
based on its semantic reference to magnitudes.leBina
Arabic numbers and number words, this quantity
representation seems to be organised in a rightward

stimulus-to-responseéirection for increasing quantities. This SNARCelikffect,
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however, only appears in relatively late responsédle the
MARC effect appears to be restricted to relativebrly
responses. Linear trends in slope changes overitidieate
that both effects interfere with each other.

In general, the use of linguistic categories beyoachber
words appears to be an interesting and promisieg e to
investigate the relationship of different stimutosresponse
mappings.
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