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Abstract

The putamen is a subcortical structure. However, neuroimaging studies have demonstrated the involvement of the left
putamen in other language functions such as bilingual language processing. Some studies have also shown the role of
the right putamen in higher-order language functions. The present reanalysis aims to investigate the role of the
bilateral putamen during the L1-L2 sentence comprehension in bilinguals using functional magnetic resonance
imaging (fMRI). Hence, 36 Turkish-Persian bilinguals (21 females and 15 males), who had acquired their second
language at the age of seven after entering school, were selected in a purposive sampling method to perform an
auditory grammaticality judgment task within an alternative language switching paradigm. After detecting the
activity of the bilateral putamen at the whole-brain level, in FSL, percent signal change was extracted per participant
as an intensity measure and analyzed statistically in SPSS. At the whole-brain level, the findings demonstrated that
the bilateral putamen was involved in the comprehension of syntactic structures during the alternating presentation of
L1 and L2 stimuli. In addition, regardless of the hemisphere involved, the significant grammaticality effect for L1 as
well as the increased sensitivity for L1-violation stimuli compared to L2-violation stimuli may imply the standard
language dominance effect also in the putamen.
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Introduction
Subcortical structures are considered a key component in language processing in bilinguals. Basal ganglia are a group
of subcortical structures found deep within the White Matter of the brain and have extensive connections with the
cerebral cortex, especially Broca's area and speech motor cortex. These nuclei include Putamen, Caudate, Pallidum,
substantia nigra and subthalamic. Nowadays, the involvement of Putamen in production processes is evidenced,
nevertheless, very little is known about the contribution of this region in understanding syntax in bilinguals. To our
knowledge, no studies have examined the role of Putamen in syntactic processing in bilinguals. Here, we aimed to
explore it within an alternative language switching paradigm.

To address this gap, the current reanalysis focuses on the following research question.

1. How is the performance of bilateral Putamen during L1-L2 syntactic processing?
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To answer this research question guiding this study, a bilingual task with alternating language switching paradigm
were developed. In this task, brain imaging was performed using event-related fMRI while the participants listened to a
total of 128 sentences in two Turkish and Persian languages.

Materials and methods

To allow for reliable ROI-based analysis, 36 right-handed and balanced Turkish-Persian bilingual students were
recruited to participate in this study. All participants were native speakers of Turkish and learned Persian at school from
the age of seven. Participants' language proficiency levels were assessed by the Bilingual Dominance Scale (BDS) and
no significant difference was observed between Turkish and Persian (i.e., between L1 and L2) in language dominance.
During a bilingual grammaticality judgement task, participants heard 128 test sentences (64 in L1 and 64 in L2, with
50% violation per language) and made their judgment by pressing a button. Stimuli were presented using the
Psychtoolbox in MATLAB via headphones. Stimuli were randomized for each condition, but alternated in a fixed
sequence for language. MRI data were collected in NBML, Tehran, Iran, using a Siemens Prisma 3T scanner with a 20-
channel head coil. For each participant, a high-resolution T1-weighted anatomical scan was acquired (TR = 1800msec,
TE = 3053 msec, flip angle: 7°, 192 axial slices, slice thickness = 1 mm, field of view (FOV) = 256 mm?, 256 x 256
acquisition matrix, voxel size: 1x1x1 mm). After the anatomical scan, participants underwent a 21.5-min fMRI scan
that used a whole brain echo planar imaging (EPI) sequence (TE: 30 ms, TR: 3000 ms, flip angle: 90°, slice thickness: 3
mm, voxel size: 3x3x3 mm, matrix size: 64x64, FOV: 192 mm? 430 volumes and 45 axial slices per volume).
Processing of the fMRI data was carried out using FEAT in FSL. Preprocessing steps included motion correction, slice-
timing correction, non-brain removal using BET, spatial smoothing (6 mm FWHM), normalization, temporal filtering
(with sigma = 50.0 s), and exploratory ICA-based data analysis. Statistical analyses of fMRI data were conducted using
general linear modeling (GLM), as implemented in FSL. Z statistic images were thresholded using clusters determined
by Z > 2.6 and a (corrected) cluster significance threshold of P < 0.05. After detecting the Cerebellum activation in the
whole-brain analysis, percent signal changes were extracted as an intensity measure in this brain region. All statistical
analyses were conducted in IBM SPSS Statistics 26.

Discussion of results and conclusions

The present reanalysis investigate the contribution of Putamen in Turkish-Persian participants during processing syntax.
Our research question concerns whether there are differences in syntactic processing between L1 and L2 in bilateral
Putamen in non-native participants. At the whole-brain level, the findings indicated that the bilateral Putamen is
involved in modulating the syntactic aspects of language, supporting the previous pathological studies on Putamen as
well as its association with cortical areas in the realm of bilingualism. Another crucial point is regarding the significant
effect of grammaticality in L1 and significant differences between L1-ungrammatical and L2-ungrammatical sentences,
irrespective of the involved hemisphere. This is in line with the behavioral performance of present sample in which
bilinguals had longer reaction time and more errors for L1 which was leading to more brain activations. This could be
arguably because of the standard language dominance effect placed on L1, as mentioned by Declerck & Koch (2023),
demonstrating that the present population may have relied more on their L1 than L2. Accordingly, using Chinese-
English bilingual speakers, Wang and his colleagues (2009) found that sustained and transient language control induced
differential activation patterns, and that sustained and transient activities in the human brain modulate the behavioral
costs during switching-related language control. Thus, it is reasonable to say that in mixed-language blocks, balanced
bilinguals performed better in L1 than in L2. In sum, based on current sample and task, we propose that bilinguals who
had learnt L2 at the age of seven when entering school have employed the bilateral Putamen during processing syntax
with standard language dominance effect (i.e., better performance in L1 than in L2).
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Translations (adapted from Meykadeh et al., 2021)

£98 VL) Jotobs
Sogews Aylln (o3
-1.sgﬁ5-‘>;; B) OL&)&N{ 1plles ~1.ng=,,"«f S o s NS 1 pl e
*May 5 bedehkari-ye-man ré pardaxtam, . *Biz kitdb-lar-i-mizi gatirdim.
We debt-HI-OBJ-CLT.Def pay.PAST-1SG We book-PL-HI-OBJ-CLT.Def bring-PAST-
(We paid our debts.) 1SG
(We brought our books)
S5 Al
Lsgpdndy L P B 100 1590335 sk 15900
Man; ¢ Nazar-as ra paziroftam, g;. Man; 4 paltar-e-mi yudum, .
| offer-OBJ-CLT.Def accept.PAST-1SG I cloth-HI-OBJ-CLT.Def wash.PAST-1SG
(1 accepted her/his offer.) (1 washed my cloth.)

w‘bMﬁwbdMéwx)éJﬁ#)ﬁ&m’*&

d https://doi.org/10.22108/jrl.2024.138007.1777


https://doi.org/10.22108/jrl.2024.138007.1777

VY Ol 5l O o osled el oplad e 5l Jlo cOlgios! ol (B 0L sla Lty VoY

09031 (Sl >l Sgxi NV
o ke DEULSCS 5 s i O G b 1 b s (S5 g6 5es 0aST SlalS e (sl SOl 51l 5 Sty 53
P ol o ol g yasaienls & (681 (6,85 LS 3 1 s ST S e 03 (6 52enl 6 s2s ol 2 B s
T Sy gen oy S gl i Y 1 Sz S5 a0 paT T ol 5L F 5 (ol O TS
.:}_3A:JG‘Y'V\df;#f&hj&b.wﬁb\éﬁ@de‘}Sﬂ@QT}\A@)J:;JJkgH:JE_V' Coml il Slej sl 3l
~0L3 I3yl S s Bl (5l 3 (glasEo 7LD CF oo 5 Glslo ¥ e oK glaslin) Sl G g oS5 Jols jiou 2
0L ) 0Ls edlie s5ba) 3.5 o ks g 5o S5k 2 55 05 35 Ve oS 1455 @ s 43 5,50 0y Kl 5 S
L 05037 Gl Olej Sodn il o5 (3l ) sbas () 5mmnnlin (65 5md SS s Sl 55 (5 £33 0L ) 0L cps
(I s ol S 5 (CVFY) (o a0l San €OV FY) (a5 5 0l Sen iy S (1) 3.9 435 YO 30 (¢ 5lwoslel > o Ol

(5 9% ans 0 (LRI VEHY)

SIldppeal JT9p V-
g‘.g_iaﬁdﬂﬁj‘.ﬁ;\é‘}iﬂLg)\zﬁmi&oliiﬁbjT)JAﬂUlfY' o BsS UG Y bliae Oldse 53 (5 gl Slaosls

SV e 15 5l oslinal LV oSS 0,08 b ol p e o 43 8w o5 55 (63 Shas 507 6K 5 S0k p g
Calind e 53V s &y 515 TR= 1800 MS (TE = 353 MS el sla sl o g ) TodtioslT ibliie o 3ol 5
3(aRESD s o pn i s YOF iy Syl YOPHYDF oy 5a 53160 cnn i slon VXY STy 531060 ¢ hon ) miShe
FXYX S5 5310 ¢ a n ¥ oDl Cnlinss e y3 4+ s 5l TR = 3000 ms (TE =30 MS) EPI s, 4 (53 Sas s 58

Al ds (M)Lw\f’é C}:J‘}JAQ\.(:}:J‘)?V' cA:JE\YQ' u:}i’ scffuLsL:A\QY L %)U SExPY M_JJLA Zj‘u\i\ cg_,\xgnjla&:/a

polai w3ld g g -0
/v J.\AFSL)1J~3|¢J;,M,?,A6L»MU\uu;m,,}ﬁ;c,.zgﬁ;uj;tgﬂﬂc(2021)ol,m,°& ddlae gliuly s

SMNI bl (555 1 TIMPRAGE (it L 3315 GLH (Y) 5 123 2 il 3 e ol (1) 23 lonl FMRI'" i aee
o5 (0) sy bsys 5okl b Tl iy sanOle} el (F) 6 &S el (1) 40T s (63 Shos (glaosls G g
S il Gl e 55 b e £l T3 8 I () e ke 84l s FWHM L o 8 S A8 lans 7 3G 05 5
05515 5 i s sbal Sl s el e Codm (A) 5 4l 0 (LS b oS LIEVL s Lo 7 Sl 05,5 A6 (V) ¢ KL

o3l (25,5 61D 33 5 (63,5 Gl ) Usl peda bdows 5 425 g snpme ot Joke 31l ICA o, 5 eslizal

! psychoPy
2 gvent-related design
% block
* resting period
®run
® hemodynamic baseline
" alternating language switching paradigm
8 20-channel head coil
® three-dimension magnetization-prepared rapid gradient-echo (MP-RAGE) sequence
0 volume
1 www.fmrib.ox.ac.uk/fsl
12 Head Motion Correction
13 Slice Timing Correction
14 Spatial Smoothing
15 Normalization
16 Temporal Filtering
7 Generalized Linear Model (GLM)
d https://doi.org/10.22108/jrl.2024.138007.1777


https://doi.org/10.22108/jrl.2024.138007.1777

1R OSes 5 0dSee s 3 Sas gl L5 ()5 5 505 Sl (Sbl 5 093 5 sl 0L SBar &S5 5 ab

P </ Sl ST (g lsline pelaw 5 VY (VL ZStAL L s JuS s 5 pln 23,5 o ST b e 3 Je Sl eslizal L s

..\:.:.«'a/.fj}&tbﬁjs\.ijqd:\;'-ﬁ-):mxama:\:@):'cml.;hQTQS&MM.A&a:I:MJ&éJﬁf)Q)y

gs;loTM o9y T-F
LngJ‘.:SUT;M..;dA.SLJ'j:5\}\)3C}J}J)\ngdf):):&ab“ﬁi?-[}ﬂmﬁ)}bn\ijOZl)Qb&wjo.&:a:\.JLEJL{L:M\)VA

L Gl elsg it ) au\_:;f;;ffijaaéljr“«g.m»)lam Q\j;.oqul;i;.w Ol il Az y3 canlsl j3 A (lqﬁl}.n—‘}f.sjﬁ_j}
j(Lg)j:_w:lsck;)}:_w:)j:ﬁéjw:)aﬁijﬁxﬁa\y@gjtiyglnﬁ.Lp):..ucwbuFSLJ:\C;)}MT—:)bJLAon\
5\oaumLfL;)LAT}:SUT..U.L;@,?,Bpdeuﬁxaolyq(@\,‘%)e&c(wjhr,;ogyé;:d,\op))op;
W,,{AL;LAL;,&;‘.\;‘g°d4g,l,dg,aoy5Tpr,>,d,|o\,.jpduiz..amum;:w,ﬁ..utt?a\wi;m;spss,\;tp;

. = A . ..V . T
L3S Dot ) Sai s T e 0se)T 5 Y X Y X

xW.f
Sy s F-)
o 7> 5> (Meykadeh et al., 2021) Lol dallas 55 s Gl 'Cj,ueffu@j;{b Ol Juls Buses x ok, s

!

- 5 Cudled zols XY
Sogmd $LacS e 5 (V) Jol 0L () (5 5mmwnl 5 () (5 50w SASS s &1yl = ;5 BOLD dl.:i:.ﬁu\:l;u Zaj:mf;‘.:ﬂaé

0O JSK8) i edalie 50l 5 a5 (Y) £33 0L (5) gy 52wt 5 (C)

5(1) J9 0L Sgwdl (<) 9 Sagimwd () Sl Sl yom0 W11 LSS (550 adled (Sl -1 5
9 55508 00 (Wi b i) 308 (Slve 213 (V) P93 O3 S2gRwdl (3) 9 G295 () Saluid Sy oo

A3 0 Ol [y Cwly
Fig 1- whole-brain activation during presentation of auditory stimuli for (1) L1 and (L2) in two

conditions: (A and C) Grammatical (B and D) Ungrammatical. Red circles indicated the left and
right putamen.
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Table 2- The activity of Putamen at the Whole-Brain level per stimuli, hemisphere and language relative to the
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Fig 2- (A) Locations of Putamen (blue), (B) Box plots of percent
signal change (%SC) values, per language (L1 = Turkish; L2 =
Persian). Significant effects are indicated by asterisks. Box-and-
whisker plots depict the median (the line that divides the box into
two parts and marks the mid-point of the data) and the 25th and

75th quartiles (boxes) and the Sth and 95th percentiles (whiskers) of
PSC during the morphosyntactic task.
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Fig 3- Scatter plots showing the relationship between WM scores and Percent Signal Changes at
left and right Putamen for (a) L1 and (b) L2 per condition.
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