BRAIN IMAGING

NEUROREPORT

The neural correlates of grammatical gender
decisions in Spanish

Arturo E. Hernandez,“* Sonja A. Kotz,' Juliane Hofmann,' Vivian V. Valentin,? Mirella Dapretto®
and Susan Y. Bookheimer?

Department of Psychology, University of Houston, 126 Heyne Bldg., Houston, TX 77204-5022, USA; 'Max Planck Institute for Cognitive Neuroscience,
Germany; 2University of California, Santa Barbara; *University of California, Los Angeles, USA

“ACorresponding Author: achernandez@uh.edu

Received 8 December 2003; accepted 8 January 2004

DOI: 10.1097/01.wnr.0000119452.05850.8¢c

In the current study, nine participants were asked to make gender
decisions for a set of Spanish nouns while being scanned with
functional MRI (fMRI). Words were chosen in which a direct
mapping between ending and gender (“transparent” items such as
Carrogem OF Casamasc) is present and those in which there is not a
direct relationship (“opaque” items such as fuenteg,, Or arroz,sc).
Direct comparisons between opaque and transparent words
revealed increased activity in left BA44/45, and BA44/6 as well as
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bilateral activation near BA 47/insula and the anterior cingulate
gyrus. These results reveal activity in areas previously found to
be devoted to articulation of the determiner and to morphological
processing. Taken together they support the notion that gender
decisions for opaque items requires deeper and more effortful
processing during the retrieval of lexical and syntactic informa-
tion. NeuroReport 15:863—866 © 2004 Lippincott Williams &
Wilkins.

INTRODUCTION

Grammatical gender is a pervasive phenomenon in many of
the world’s languages. However, this gender is not
conceptual in nature. For example, the French word for
ocean (mer) is feminine, while the Italian (mare) and the
Spanish (mar) can be either masculine or feminine in
Spanish. This clearly shows that gender markings are not
completely systematic across languages and do not rely
solely on conceptual information. Why does grammatical
gender exist? What is it for? Some have suggested that
gender helps listeners to keep track of the referents in a
sentence, much like uniform numbers indicate the identity
of players on a football field [1]. For example, a Spanish
speaker will say something like ‘pasameLA’, pass itfem to
me. This allows one to cut the number of potential referents
in half. Furthermore, gender marked nouns have to agree
with determiners and adjectives. Hence, gender plays a role
both at the lexical as well as syntactic level.

Recent discussion in the neuroimaging literature has
considered the nature of syntactic processing across a
variety of tasks [2,3]. These studies revealed a mixture of
results potentially due to a variety of tasks such as sentential
tasks [4,5], phrasal [6] and single word tasks [7]. However,
all these results have shown increased activity in a set of
areas which include BA 44 and 45 for syntactic tasks. Recent
work by Miceli and colleagues has also found a similar locus
for gender decisions of single nouns compared to phoneme
and semantic decision tasks [8]. However, Miceli and

colleagues did not explore, opacity, a crucial distinction in
Italian. In Spanish, as in Italian, gender can be marked both
in a transparent manner (-o for masculine, -a for feminine)
and in an opaque manner (in which items can end in
elnrs,t and z which tend to be more irregular). Previous
work has found that processing of opaque items results in
longer reaction times [9]. However, to date no published
study has investigated the neural correlates associated with
the processing of opaque items.

What brain areas will reveal increased activity for opaque
items relative to transparent items? Recent work in
computational linguistics suggests that the gender of a
single word can be computed by word endings [10].
Whereas transparent items involve a one-to-one correspon-
dence between word and ending, opaque items require
more complex lexical processing in order to match a
particular ending with a gender. Studies using fMRI in
German have confirmed the finding that overt generation of
the determiner for a noun results in increased activity in BA
44 near BA 6 [11]. Activity in this area has been associated
with phonological retrieval [12,13]. If gender decisions for
opaque items require more complex phonological retrieval,
increased activity in superior BA 44 should be observed.
Second, one would also predict that gender decisions
should lead to increased activity in BA 44/45 in an area
proximal to that observed by Miceli and colleagues. It
remains to be seen if this area shows increased activity for
opaque items relative to transparent items.
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METHODS AND MATERIALS

Subjects: Nine participants (four female) with a mean
(£ s.d.) age of 27.3 £+ 0.82 (range 21-23) years participated
in the current experiment. All were native speakers of
Spanish who live in the Santa Barbara area, but had not
spent more than two years in the United States at the time of
testing. None had any past medical history or had used
medication. All were right-handed as assessed by our
internal handedness questionnaire and reported no left-
handed members in their immediate family. Informed
consent was obtained from all participants and the current
protocol was approved by both the UCLA and UCSB
Human Subjects Committees.

Apparatus and procedure: {MRI data were acquired with a
General Electric 3.0 T magnetic imager equipped with echo-
planar imaging (EPI) from Advanced NMR. Using an EPI
gradient echo sequence (TR = 3000 ms; TE =25ms; a 64 x 64
scan matrix with a 24 cm FOV) 108 images were obtained for
each subject over 19 slices (4 mm thick/1 mm gap). Accord-
ing to the atlas of Talairach and Tournoux [14], the most
inferior and superior slices approximately corresponded to
z=—24 and z= +65, respectively. A set of co-planar high-
resolution EPI structural images (TR =4000 ms; TE = 65ms;
matrix size 128 x 128; FOV =20 cm) were also collected at
the same time to later allow for spatial normalization of each
subject’s data into a standard coordinate system.

Design and materials: A set of 96 nouns were used in the
present experiment. Half of these items were transparent
(where gender was marked with an -a or an -o ending), and
half the items were opaque (where gender is not marked
and words end in eln,rs,t and z). These were further
subdivided into four sets (two opaque and two transparent)
which were presented in four separate blocks (see below).
Across all four sets, items where matched on length,
frequency, imageability, and age of acquisition which are
known to influence visual word recognition.

Each scanning session consisted of four activation blocks
of 48s, which alternated with five rest blocks of 24 s each.
Before each block participants were shown the cue ‘M o F’
(masculine or feminine) to indicate that they would be
making a gender judgement during the experimental
portion of the run. In each activation block, 24 words were
presented visually through a set of goggles composed of
non-magnetic materials. Stimuli were presented at the rate
of 1 every 2s. Each stimulus remained visible to the
participant for 1s. Behavioral data were acquired via
response box for each subject during the fMRI sessions.
Male/female judgments were indicated via button press
with the middle or index finger. The finger press associated
with each judgment was counterbalanced across subjects.

Data analysis: The functional images for each subject
were preprocessed using automated image registration
(AIR) [15,16] which includes realignment, spatial transfor-
mation into Talairach space [14] and smoothing using an
6mm FWHM isotropic Gaussian kernel to increase the
signal-to-noise ratio. Statistical fixed effect analyses were
done using Statistical Parametric Mapping Program, 1999
(SPM 99; Wellcome Department of Cognitive Neurology,
Institute of Neurology, London, UK) [17]. For activation vs
rest images we used a correction of p < 0.001. For direct

comparisons images were corrected for height using the
false discovery rate [18] value of p < 0.05 and an additional
corrected spatial extent threshold of p < 0.05. For direct
comparisons between opaque and transparent items activa-
tion vs rest was used as a mask. Statistically significant areas
were superimposed on individual brain anatomy in
Talairach space using SPM routines. Areas of increased
activity in BA 44 were interpreted using the probabilistic
maps developed by Tomaiuolo ef al. [19]. Behavioral data for
reaction time and percent correct of the responses was
gathered during the scanning session. In addition, we
entered reaction time as a covariate. The analyses reported
here include comparisons in which reaction time was
regressed out for each subject.

RESULTS

Results from mean error rates for all subjects revealed no
significant effects (transparent 95%, opaque 95%). Compar-
isons between transparent and opaque items revealed an
effect of opacity for gender decisions (F=125.32, p < 0.001,
MSE = 166.97; transparent 882 ms, opaque 962 ms).

For the fMRI data, comparison between opaque gender
and rest revealed activity in BA 44, 45, 47, BA 6, the anterior
cingulate gyrus and lingual gyrus as well as portions of the
anterior STG, and the insula. Comparisons between trans-
parent gender and rest revealed increased activity in many
of the same areas (Table 1). Direct comparisons between
opaque and transparent items revealed increased activity
for opaque items in the left inferior frontal gyrus in BA 44/
45, a more superior locus near BA 44/6. Bilateral activity
was observed in the insula near BA 47 and the anterior
cingulate gyrus (Table 1; Fig. 1). There were no areas of
increased activity for transparent items relative to opaque
items.

DISCUSSION
The current study was designed to investigate the neural
bases of gender decisions using fMRI. Behavioral findings
were in line with previous studies which showed that
gender decisions were faster and more accurate for
transparent than for opaque items [9]. fMRI results revealed
increased activity for opaque items in the left inferior frontal
gyrus in BA 44/45, a more superior locus near BA 44/6 and
the bilateral insula near BA 47. Increased activity for opaque
items was also observed in the anterior cingulate gyrus.
Many of these areas parallel those seen in previous
studies. BA 44/6 has been observed across a wide range of
studies which involve articulation and has been posited to
be involved in phonological encoding and retrieval [20].
Furthermore, a recent study in gender production used
fMRI to investigate activity when participants generated the
article of a noun in German [11]. Articulation of the picture
name resulted in activity in a number of areas including the
inferior frontal gyrus (BA 44 and BA 45), the anterior insula,
the fusiform gyrus and the inferior temporal gyrus.
Interestingly, generation of the determiner resulted in
increased activity in superior BA 44 in an area which we
also observed in the current study. In addition, a locus of
activity in the bilateral insula (near BA 47) was also
observed in current study, a region also known to be
involved in articulation [21]. Finally, damage to the anterior
cingulate gyrus has been associated with a reduced drive to
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Tablel. Areas of increased activity during gender decision.

Transparent vs rest Opaque vs rest Opagque vs transparent
Region Voxels X y z t Voxels X y z t Voxels X y z t
IFG
BA 44/6 L 34 —40 9 25 6.3" 694 —46 7 24 12.9° 328 —44 2 33 4.8
L -4 7 20 69
R 39 44 5 3l 72 85 44 5 3l 10.5
R 43 46 18 32 56" 85 48 15 3l 8.°
R
BA 44/45 L =5l 18 14 5.1
L —46 13 20 52
BA 44 R 56 38 20 14 52
BA 47 L 23 —53 14 —4 6.2 —53 13 —4 104° 154 —-50 15 -2 2.8
L -4 - -4 58
R
Insula L —40 10 3 29
L 10 —40 10 —4 29° 70 —42 18 —4 904 —34 17 —4 74
R 15 32 13 —4 2.5 139 30 2l —6 77 236 26 20 3 56
R 34 22 6 72 48 5 -7 53
BA 47 R 42 17 —6 5.3
MFG
BA 46 R 185 34 38 15 84
BA 10 R 28 Sl 7 78
BA 6° L 73 =5l 6 38 10.3 90 =5l 8 36 89
L -42 -2 37 80 —44 0 35 I
L —48 7 24 8.6
BA9 R 42 27 30 78°
ACG
L 243 —6 10 44 109 384 —6 4 46 134
L —6 2 50 10.1
L —6 15 34 90
R 243 -2 23 25 59" 325 -2 32 26
R 384 2 18 40 104 89 4 25 37
STG 2 25 30
BA 22 L 36l —55 10 -2 10.2 —57 6 0 10.0°
BA 38 L =5l 13 -7 93 —54 14 —4 47"
LG
BAI8 L 262 -4 76 -1l 10.0 160 —4 76 -3 I
R 6 74 -0 10.2 6 —74 -1l 993

IFG, inferior frontal gyrus; MFG, middle frontal gyrus; ACG, anterior cingulate gyrus; STG, superior temporal gyrus; LG, lingual gyrus.

*This area of activity crossed into the precentral gyrus. It has been listed as middle frontal gyrus since only a small part of the activity was in the precentral
yrus.b'cThese three peaks of activity were part of the same cluster but extended into different areas of the brain.
Areas of activity were there was significant activity with a reduced statistical threshold.

speak [22]. Taken together these results suggest that gender
decision for opaque items requires increased demands on
brain areas involved in articulation, phonological processing
and speaking. Increased activation for opaque items was
also seen in an area which includes BA 44/45 and is very
close to the peak activity reported by Miceli and colleagues
when comparing gender decisions to semantic processing
using fMRI [8]. Miceli and colleagues suggest that this
region has to do with processing grammatical category
information, a result which has been supported in other
fMRI studies [5-7,23]. Hence, gender decisions for both
transparent and opaque items requires increased morpho-
logical processing. Our results extend this finding by
suggesting that gender decision for opaque items may
require additional morphological processing relative to
transparent items. So far our data have found activity in
areas that have previously been observed in other studies
which have investigated the neural bases of grammatical
Fig. I. Areas of increased activity for direct comparison between gender. Our interpretation has centered on suggesting that
opaque and transparent items. processing of opaque items reveals increased processing of
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grammatical category information which relies on deeper
phonological processing and articulation. Earlier we alluded
to one possible strategy that could be used in order to
retrieve gender at the single word level: generation of the
determiner (el/la). Heim et al. [11] actually asked partici-
pants to generate the determiner and found that this led to
activity in superior BA 44 (near BA 6). Miceli and colleagues
found that after debriefing most participants were found to
solve the gender decision task by silently generating the
determiner and the noun. Post experimental interviews in
the current study also found a similar strategy. Interestingly,
subjects did not recognize that they were being tested on
opaque and transparent items. However, they would
mention that they generated the determiner and noun for
opaque items such as ‘arroz’. However, for transparent
items like ‘carro’ they did not report such a strategy. In
short, it appears that in all these studies participants
subvocally produce a short noun phrase. That is, partici-
pants may be generating a small syntactic phrase in order to
retrieve the information. Furthermore, the generation of this
small syntactic phrase is more likely to occur for opaque
items than for transparent items. While speculative at best,
one interpretation is that it is the generation of these
syntactic phrases which leads to activity in BA 44/45 for
single word gender tasks. However, future studies are
needed to more precisely study this. In summary, the
current results shed light on the differences in accessing the
gender of transparent and opaque items. Opaque nouns
required more complex retrieval of grammatical informa-
tion. This resulted in increased activity in areas involved in
articulation, morphological processing, and efforful proces-
sing. These findings are consistent with the view that
opacity plays a role in the recruitment of neural areas
necessary for the retrieval of noun gender.
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