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Abstract

ldentifying individual Ipyes$ ooteb/jodantoebsj eacst sweilsl a
as semanti.c Ar sce@aqmiattiioom of this | exical retrie
has been supported by neuropsychol ogical studi
familiaridayldexdgaemew®ver evaéur oi maging studies
hypot hesis have arrived at inconsistent findin
neural activations during | exicalnamitmg efvarl ex
an ani @alg édosn.pespepdo itrodr f amindexiingg to the ani mal
partiiepanting of knowing. By removing a confoun
we separated the brai-mamiemgdg ohs. g.el alt efdt wTRPh fsmp
famiiiinndexi ng (e. gPFEC)b.i Ilant etrhad [|mebfati asaid® Gt heé he po
ant evreingppreat s were related with the familiarity
respectivel y. Psychophyksoweé @ gililwdd rIpFa® teemact i on
connected |l eft TRamndgSdG Wbt hspbkeiffarght TP an
hifgamiliarityy,emthA&lec amamneatieod only the brain r
S peeniafmicn g . Using separatehmemexymiatedi ¢ehal ttasd
selective connectivity patterns and found that

areas according to the Omamotr gt cantdebbvdy scaacahorns

suggest an invol veoretnrtololfi ndhet HeefdermdrGt iin retr |
specific names, and gwagttdoeirlafddr @ sa ap ihwdt alwhr alhe
addition accesses the inherent information in



Significance statement

We tend to r ermenmalse rofs pisbg @ddcét eso p(péb. agedd), dta d

i ndUeel i ngs .ofBy armdmdwairng yt he confounding eff ec
and familiarity, we demonstrated separate func
nami ndhoasmreditnhherent in familiar objleFo@dfs. We f ou
ventrol ateral poehrohtwhicbrtbanged their conn
t he modabeteitesd ewwfedt anembugi ngnaenmalamdme, body
habitat. Howevedqgr alll ybuthemdptoasd eppeéamiromaccessed
for familiar objects in addiihdboagroandgehcdbse f or
(antwentoral -toa spads)t efruinccrt i onal sdpuer ci i nagl iszeantainotni ci
recognition including | exical retrieval



Introduction

The identification of individual persons or objects is a composite cognitive function reported

to contain three stages: (1) thegemnantic stage, where an item is perceived; (2) the

semantic stage, where the item is recognized, and its semantic information is retrieved; (3) the

| exical retrieval stage, where the itembds spec

GorneTempini and HAce, 2001). Evidence from neuropsychological studies suggests that the

recognition (stage 2) and specifiaming (stage 3) processes are distinguishable at the

cognitive and neural level (Damasio et al., 198@)4 Bi et al., 2011; Drane et al., 2013).

Specifically, several studies on patients with lesions in the left anterior temporal lobe (left

ATL) found that patients showed intact object recognition, yet suffered from name retrieval

deficits (Damasio et al., 1996; Bi et al.,1A). Furthermore, anothstudy found that right

temporal lobe epilepsy (TLE) patients exhibited deficits in famous face recognition without

any problems in naming (Drane et al., 2013). However, in contrast to the suggested

dissociation of the responsible brain regions for thegtages identified within this literature,

neuroimaging studies using cognitively normal participants have not separate the capacity of

recognition from naming (Damasio et al., 199604 Tranel et al., 1997 ornoTempini and

Price, 2001 Nakamura et al 2001; Olson et al., 2013; Abel et al., 215

A possible explaation forthe controversy is thairevious neuroimaging studies targeted

only one component of these functigne. either naming or recognition; Damasio et al.,

1996 2004 Grabowski et a] 1998; Gornel empini and Price, 2001; Nakamura et al., 2001,

Abel et al., 2015). Accordingly, there might be an internal covariance between naming level

and familiarity level of the items used in previous experiments because participants may tend
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to retieve specific names for familiar items. In addition, another confounding faitton
previous experiments may be encountered when comparing the semantic stage with the
lexical retrieval stage. In most of the naming tasks (Damasio et al., 2@®% Abel et al.,

2015), participants retrieved item names voluntarily, whereas in the recognition paradigm
they simply monitor their feeling of knowing for the items, which is reflexively called to
mind (GorneTempini and Price, 2001; Nakamura et al., 2001; Leverbal., 2000)Thus,

the activation areas in the naming tasks may contain the memory control areas which may
mediate a general retrieval process not only for the natoinglso for other types of

semantic memory.

In the present study, we addressedtthio types of confounding factors inherent to the
item stimuli and task conditions to investigate brain mechanisms involved in the voluntary
recall of semantic memory, including specifiaming and its relationship with the familiarity
effect. We measurdalood-oxygenatiodeveldepend (BOLD) fMRI signal during three
types of memory recall tasks (specifiaming, color retrieval and context retrieval) using
same object stimuli as cues, followed by a s@sin test scoring how strongly participants felt
they knew the objects presented as cue stimuli (Fig.1) (Kikyo et al., 2002; Belfi & Tranel,
2014). In imaging analyses, namilayel and familiaritylevel were adjusted to examine the
familiarity effect and naming effect separately. In addition, we comparediénal
connectivity patterns between the memory control deegs, leftinferior frontal gyrus IFG)]
and the representational ar¢agy., sterior superior temporal gyruspG),
parahippocampal gyrlisising psychophysiological interaction analyfesston, 1994;

Jackson et al., 2016) among the three task conditions. The results suggest that distributed



brain networks for semantic recognition and lexical retrieval are activated in-speskc

manner and that the networks, including those focgssing of familiar objects, are linked at

the posteriodorsal part of the left IFG.



Materials & Methods

Participants

The present study recruited 38 student participants from Peking University (17 females, 21

males, mean age 22.7 + 2yars). All B participants finished the naming task. Of these, 21

participants (10 males, 11 females; mean age 23.2 + 2.3 years) participated in the color

retrieval task. Two out of the 21 participants were excluded from subsequent data analyses for

color-retrieval tak due to performance problems (one for excessive head motion, and another

di dndét complete the task). Sixteen participant

years) participated in the anim@dntext retrieval task. Thresmongthem (one for excesss

head motion, and two for misunderstanding the instruction) were excluded from subsequent

data analyses for contepdtrieval task. All participants were native Chinese speakers and

right-handed. For all participants, vision was normal or correctedrtoaloNo participants

suffered from psychiatric or neurological disorders, had previously suffered heaekjrgur

were on any psychoactive medications. All participants completed a written informed consent

form approved by the institutional review boafdhe School of Psychological and Cognitive

Sciences of Peking University.

Stimuli

The stimulus set consisted of 120 blasidwhite photographs of animals, which were

originally downloaded as colored photographs from the ImageNet website (Stanford Visio

Lab, Stanford University). The original photographs were subsequently resized to 350 x 350

pixels, and removed color and all background features to leave only the animal present. The



visual stimuli were presented by using the Psychtoolbox 3 packagedRral997) in

MATLAB (MathWorks, Natick, Massachusetts MathWorks).

Task design and procedure

Naming experimenRarticipants were instructed to overtly (in speech) name the animals
presented on the screen at specific (subordinate) leveldiggon; Fig 1A). When unable to
recall specific animal name, they were required to name the animals at a basic level (e.g.,
bird). During the naming task, fMRI BOLD signals from the participants were measured and
their vocal responses were recorded using an antetiagnicrophone system, which is
equipped with a redlme noise cancelling function (FOMRI Ill, Optoacoustics Ltd).

I n this naming task, each trial began with t
center of the screen forls (4s, 6s, 8s, 00%), which was then replaced by a target animal
picture lasting 2s (Fig. 1B), participants were instructed to name the animal overtly during the
interval. The naming task was conducted in two runs, each run consisting of 80 trials. The
total time of eachun was 12 minutes. The object presentation order for each run was{seudo
randomized for each participant, with no consecutive trials presenting the same category (e.g.,
bird) of pictures. In order to reduce head motion of participants during vocabzhgyt
induction briefing was given prior to initialize fMRI scanning.

Feature retrieval experimenRarticipants were instructed to retrieve mesjagcific (i.e.

color, context) contents of every animal vividfythe feature retrieval task. We used thesa

animal photographs as in the naming task. Each trial of the feature retrieval task began with

the appearance of a fixation -p0s{sbs,850r+0) on th

10s), which was then replaced by a target animal picture |&si(gig. 1C). During the



presence of an animal picture, the participants needetrievemodalspecific contents of

every animgland then to press the left button if they retrieved successfully, or pressed right
button if they could not retrievén addition to the main condition requiring the recollection,

the task also includes a lelevel control conditionunderwhich a scrambled picture was

shown for 2sandparticipants needed only pwess the left button. The whole task included
two runs, botltonsisting also of 80 trials. The total time of every run was 12 minutes.
Postscanning testAfter the fMRI scanning, we asked the participants to conduct a
familiarity rating task. In this task, the participants were asked to evaluate the familiarity of
the animal in each photograph by a scale-@f(1 indicating extreme unfamiliarity, 7

indicating extreme familiarity), based on their sense of knowing rather than judging whether
they feel that they watched the photo during the .scan

Data acquisition andanalysis

fMRI data acquisitionMRI data were collected on a 3T Siemens Prisma scanner at the
Peking University MRI center. Higresolution 3D structural images were acquired with a
3D-MPRAGE sequence (TR, 2530 ms; TE, 2.98 ms; flip angle, 7 degree; siadix

448x512; voxel size 0.5x0.5x1 MmBOLD signal was acquired using a midéind eche

planar imaging (EPI) sequence (TR, 2000 ms; TE, 30 ms; flip angle, 90 degrees; matrix size,
112x112; voxel size, 2x2x2 nin64 slices with gap of 0.1mm).

fMRI datapreprocessingThe fMRI data was preprocessed and analyzed using SPM12
(Wellcome Trust Centre for Neuroimaging, London, UK) and MATLAB software
(MathWorks, Natick, Massachusetts). Preprocessing of the functional MRI data included slice
timing, realignmenthead motion correction), eegistration, segmentation, normalization,

10



smoothing and higlpass filtering. Slice timing (sinc interpolation) was used to correct

differences in image acquisition time between slices within a TR. Subsequently, realignment

(3D rigid-body transformation) was conducted to correct head motion. To normalize

functional i mages, each par-tegistereptathedniean st r uct ur

functional imageand was subsequently segmented. The parameters obtained in segmentat
were used to normalize each participantos
Institute (MNI) space (resampling voxel size was 2x@&xt). All volumes were spatially
smoothed with an isotropic 6 mm fwilidth at halfmaximum (FWHM) Gaussiakernel. In
addition, a high pass filtering was used to removefleguency drifts.
General Linear Model (GLM) Analysdsor the naming taskp order to detect the brain
regions related to specifitaming and recognition processing for familiar objeets, types
of categorical GLManalyses of the functional MRI data were performed. Firstly, we examine
the two effects separately without controlling for confounding factors present within the
stimuli were examinedAs to the namingevel difference, the aigsis included 4 main
regressors: the effect of specifiaming trials, the effect of basiaming trials, the effect of
baseline condition trials (i.e. scrambleidture trials), and the effect of other-imterest trials
(i.e. the error trials). In addiin, the six motion regressors were also included as nuisance
regressors. As to the familiaritgvel difference, the analysis included 3 main regressors: the
effect of high familiarity trials, the effect of low familiarity trials, and the effect of baseli
condition trials in addition the six motion regressors.

Secondly, the effects of namibgvel and familiaritylevel via a single categorical GLM
analysis were examined. Based on the participants' naming responses and familiarity ratings,

11
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naming task tals were divided into three conditions: the kfgimiliarity & specificnaming

(HS) trials, the higfamiliarity & basicnaming Hb) trials, and lowfamiliarity & basic

naminglb) tri als. The 6 HSéaming trialseof whichiaeeniliaty ratingse s peci f i
were above the mean value of i ndi v-mathimgal parti c
trials for which familiarity ratings were above the mean value of individual participants.

Then, we chose t he-nahingtrials wilrthe dolvest familianitynratindh e b asi ¢
(i .e. 1) wuntil the number of the 61l bd trials ne
together, this GLM analysis included 5 main regressors: the effect of high familiarity &

specificnaming HS) trials, the effecof high familiarity & basienaming Hb) trials, the

effect of low familiarity & basienaming trials Ip), the effect of baseline condition trials, and

the effect of other trials. Furthermore, the six motion regressors were also included as

nuisance regreess. For group level analysise entered the contrastimages (eé9gdb > | b 6
contras} that were generated by the subjlestel GLM analyses into a secofelel one

sample ttest.In addition to the categorical GLM analysis, the familiarity effect was al

examined using a parametric modulation analysis based on the familiarity rating (7 levels)

within the basic naming trials. In the parametric analysis, the polynominal function up to the

second order were used. This analysis incliledin regressorshe effect of specific

naming trialsthe effect of basimaming trialsthe effects of the first and second order of

familiarity ratings,and the effect of other trials (included the error trials). In addition, the six

motion regressors were also inclugednuisance regressofibjectlevel analyses were run

to generate SPM contrast images, and these contrast images were entered inttegajroup

randomeffects GLM.
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For the feature retrieval task, one GLM analysis was made for each retrieval condition
(i.e., colorretrieval; contextetrieval). Each GLM analysis included 4 main regressors: the
effect of successfl et ri eval (O60Yesd) trriatlrsi,evale (edNe&) to
the effect of baseline condition trials (i.e. scramipédure tials), and the effect of other no
interest trials (i.e. the error trials). In addition, the six motion regressors were also included as
nuisance regressors. In group level analygesentered the contrastimages (ileYes > No 6
contras} that were gerrated by the subjedével GLM analyses into a secofelel one
sample test
Psychophysiological interaction (PPI) analysksorder to assess functional connectivity
patterns contributing to a particular cognitive function, PPI analyses were conbycted
performing a separate GLM analysis involving t
regressor; (ii) the Apsychological 06 regressor ;
1994; Jackson et al., 2016). In addition, the six motion ssgrs were also included as
nuisance regressors for each session. As the physiological regressor, activities of a particular
spherical brain region with six millimeters radii (i.e. seeds) were Uséeft IFG, we totally
defined six seeds. The first foseeds determined as peaks in the whodén results of GLM
analyses (i.e., specific naming, high familiarity, color retrieval and context retrieval), one
more seed was chosen according to previous literature (Badre et al, 2005; Whitney et al.,
2011). Thesixth seed was constructed from tloordinateof peak overlap in the anterior
ventral part of left IFG between cotogtrieval condition and contexétrieval condition using
lowthresholdp < 0. 005, unc o)linaderttcecdmpared witthe baterdl | e v e |
PFC seeds (left IFG), we also defined a seed in medial PFC, which was chose based on high

13



fami |l iarity c/Asthe psgckotogical geekbor, trial tygedrglated with a
particular functional effect were used. A total of fourtcasts between trial types were
examined for each brain seed: the speciiming (contrast: HS > Hb), the recognition of
familiar objects (contrast: Hb > Ib), and the two objeetture retrievals (contrast: successful
retrieval > unsuccessful retrievalhe interaction regressor was used to identify voxels in
which functional activity covaried in a taslependent manner with the seed region. Subject
level PPI analyses were run to generate SPM contrast images similar to alsub|egt. M

model, and thescontrast images were entered into a gileupl randormeffects GLM

(Friston, 1994; Jackson et al., 2016; Wang et al., 2017).

ROI analysis of PPI effecttn order to examine specificity of the connectivity patterns among
the modalities of memory conterits their retrieval, ROIs analyses were performed on the
whole-brain PPl analysegirstly, ROIs 6 mm, c¢)wdrdcanstructed around the peak
coordinategrom the wholéebrain PPI results in key brain regions identified from previous
literature, includng the SMA, pSTG, TP, hippocampus, FG, and parahippocampal gyrus
(Leveroni etl al., 2000; Davachi, 2006; Rogers et al., 2806;mmons et al ., 2007
2 0 0Qspnetal.,203 Her t r i c)hSeocortdly, bdta.valuesdobeda&ion regressor
were calculated and averaged for every ROIs for each seed under the four contrasts (name,
familiarity, color and context). Thirdly, we dgtouplevel onesample #est Bonferroni

correcteql.

14



Resul ts

Behavioral results

During the naming taslkarticipantgoronounced correct specific name and basic name for
31.2+90% and 59.1+£10.4% of the total trials, and made error for 9.7+fh@8%an + s.d., n =

120). After the fMRI scanning, we examined how strongly the participants felt they knew the
animals of the sanhp pictures presented in the naming task. In the-poest familiarity test,

we found a significant difference in familiarity ratings among the animals with different
naming levelsk (2, 74)= 214.3 p< 0.0001] repeated measures ANOVA)ost hoc tests

using the Bonferroni correction revealed that subjects rated a significantly higher familiarity
for the specifiecnamed items than basiamed itemgp < 0.0001 two tails) (Fig. 2 B). This
pattern was consistent across all participants @Ag. Behavioraresults demonstrated that
familiarity covaried with naming performance, i.e., the speciiming items usually had

higher familiarity scores than the basiaming items. In order to tease apart the effect of
naming from familiarity, we divided trials ofi¢ naming task based on the participants'
naming performances and familiarity ratings into three conditions: 1)faigtiarity &
specificnaming (HS) trials, 2). high familiarity & basitaming (Hb) trials, and 3). low
familiarity & basicnaming (Ib) tials (see Methods). As a result, familiarity level was
adjusted between the 6HS6 trials (mean familia
familiarity = 5.44 + 0.39p = 0.123), and their familiarity levels were substantially larger than
thatofte 61 b6 tri al s 38mbap< 000Mor Hoth,Bonfetropi = 1. 5

corrected).

15



I n the feature retrieval t ask, as the rel ati
familiarity ratings significarhdfferanaenm faligritytrairgk , t her e
between the successful and unsuccessful retrieval trials in both theetaleral taskF (1,
18)=171.1, p< 0.0001 repeated measures ANOYAnd the contextetrieval task[t (1, 12)
=174, p<0.0001 repeated measures ANOVA)e found that percentage of high familiarity
rating trials (scores: 5, 6, 7) in unsuccessful retrieval were significantly smaller in both of the
two featureretrieval tasks (color: 28, n =170, context:10.56, n =63) compared with its
percentage in basitaming(28% n =751) of the naming task (color vs. basiaming:¢®=
6 1. 10 . @pContextvs. basinaming:= 9 0. (6.0® LpThis tendency was stronger
in the contextetrieval task than the color retrieval task{ 1 7.. B.0@lBecause of
tdh small number of high f amielti,amewe@yc orualtdi nngo tt r i
bal @ meeaent viet-fhangihlriaatriintgyutcrcieasled util neivallhfeeado ur e
retriaesval task
Brain regions showing naming effect and famil.
Using these three triglonditions as regressors, wesessfully differentiated the brain
regions that responded to speciim mi ng (i .e. O6HS > Hb®d contrast)
responded to high familiarity i.6. Hb > | B (@able b Rid. 3 wh&ch contrasts with
large overlapping between the braggions associated with the two effects demonstrated by
GLM analyses that did not remove the confounding effect (Fig. 4). The brain regions
responsible for specifinaming included left temporal pole (TP, BA38), bilateral superior
temporal gyrus (STG, BA41pilateral supramarginal gyrus (BA40), and left posterior middle
temporal gyrus (pMTG, BA21) (p < 0.05, FDR corrected in voxel level, Fig. 3, Table 1).

16



Meanwhile, the brain regions associated with familiarity indexing included the bilateral
medial PFC (mdial parts of BA9/10), bilateral OFC (BA11), and bilateral occipital cortex
(BA18/19) (p < 0.05, FDR corrected in voxel level, Fig. 3, Table 1). The results of familiarity
effect from categorical GLM contr asattionfl 6HD
analysis with familiarity ratings (17) as the modulation parameter. While the two analyses
showed similar patterns of brain activation, familiarity effect in the right TP (BA38), right
hippocampus, and bilateral calcarine (BA30) reached a statistgnificance only in the
parametric modulation analysis (Table 2), presumably because of its statistical advantage
compared with the categorical contrdstcontrast results from analyses similar to previous
studies, which neglected the covarianceveen naming and familiarity, showed large
overlapping between the brain regions responding to speeifiing and familiarity (Fig. 4).

In addition to the specific brain regions responsible for the specific naming or familiarity
effect, we found the letEG (BA45) to be a commonly activated brain regidthoughthe
activation sitesvithin this brain regiordiffered between the two effects (Fig. 3). Our results
suggested that speciHiaming and familiarity during object identification are supported by
distinct brain networks, which may possess linkage in the left frontal lobe.

Connectivity patterns for specific naming and high familiarity

In order to examine the functional networks related with the naming and the familiarity
effects, we conducted PPI aysik usingwo different seeds in the left IFG, which were
determined as the peak positions for the

Figure 5B shows the wholerain results of the PPI analysis of the naming sét] 44,

-2) and familiariy seed {62 26 14). The naming seed showed increased connectivity in the

17
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OHS® condition, compared with the &6HbO6 conditi
(BA21), bilateral STG (BA42)hilateral precentral gyrus (BA6), the left supramarginal gyrus

(BA40), and bilateral SMA (BAG6) (P < 0.05, FDR corrected in voxel level, Table 3), which

are known to be involved in word generation and spdedeffey and Levelt, 2004; Hertrich

et al., 201%. On the other hand, the familiarity seed showed stronger conheutith the

right TP and the right hippocampus in 6Hb6 tha
reported to support recognition of famous objects (e.g. famous faces, landmarks) and

familiarity feeling (Leveroni etl al., 2000; Nakamura et al., 2@Bainotti 2007; Damasio et

al., 2004). Interestingly, under the specifia mi ng contrast (6HS > Hbd),
seed {62 26 14) connected with similar brain regions as results of the namingS2ed/(-

2) (Table 3). In contrast, thenamimgye d di dndt show connectivity wi
hippocampus under higha mi | i ari ty contrast (O6Hb > | bd) (Ta
posteriordorsal part of the IFG (i.damiliarity seedl may be involved in the processes related

with both thespecific naming and the high familiarity effects, while anteviemtral part of

the IFG (i.e. naming seed) supports only specific naming process. One potential question here

is whether or not the differential connectivity patterns in anteeéotral parof the IFGare

observed when the participants retrieve other memory contents of the cue stimuli. For

example, is the anteriaentral part of the IFG recruited only during speeifaming retrieval

and not for other modalities of memory content such ks oo context? Such a case might

entail support by other parts of the IFG for these modalities instead.

Connectivity patterns for color and context retrievals

18



Wenext inwmhewtibaetéedft | FG changed its functi on:
toetrieval demands i nnaminmag.nsF oruttshide puUr pepse,i

BOLD signals during partircetprainetvsa |wetraes kp earnfdo rtnhie

retrieval task, in which the samengantiansakl (pFicgt.u
1C). We examined actd®uvuatees$utorehei evatr asuss
(Yes &) MNot heetcoil eval tas&t andvahet aoskhteapar at el

that the | eft I FG skocwedi sai oit hi tasksr éFigev el
peakbs8,[ (24, et rfite?va?d®| 46 )r dtori evwvalt]lexwer e cl ose
familiarity seed d&RRin@d,by4t)hasnamilhg atsagskhe( s
previ ous[ BlaidiE eestoa-®4 r e 2 Badre &t al.) 2005;Badre & Wagner, 2007;
Whitney &f a&lu.g,ge2s0tlilng its pivot al role in coghni
6 A). We conducted BPIls eaendalayss ense luls iansg wBhaed rtewo s €
the activation peaks for color retrieval and c¢
the Badreed were consistent with Whoset asti mgt th
the ®Badmrbedd (20, 12) al so bBbofveahi bi snii By seedl it
anal yses t esspteienigfiniech g heont H eagnti | drartHeyg eraidgler ast .
we showed the results ®f sPPH asat heepreseng fh
directly comparpedecwidtin gt hsaasuedicefs.t he

Figure 6B sihows nt teswhdalse of the PPl analysis
tasks. The seed showed increased connectivity
bil ater al SMA, the right-rleitmgealal gympusx OLGY1duw
i n voxelp<D@yHRDR coaettdd in clusterlevEla b | emodn)g. tAhese regi ons
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fusiform gyrus and | ingual gyrus have been i mp
knowl edge retr2@@®n)] $Mmwmens et al ., 2007, Hs u
2013). On the other hand, the same seed showed

right parahi ppp€tafmpak §gyn004, ( uarmiO0.05¢ckDRed i n vo

corrected irclusterlevelTabl e 4), and the | eft SMA, and the
0.0005, wuncor r,ecTagbdl deut ndi em gexoerltt relixagwell . The

parahi ppocampal cortex has been reported to su
retmge¢bavachi, 2006; Di ana et al., 2007, 2010
Ritchey, 2012). These results indicate that a

di fferent brain regions during thebdeature ret
retrieved semantdcomttextibutes (i .e. col or
Connectivity patterns across multiple semantic attributes of an object

In order to examine specificity of the connectivity patterns among the modalities of memory
contents for their retrievalye conducted the PPl analyses using the same seeds and the same
ROlsin different contrast conditions. In addition to the anteviemtralnaming seed and the
posteriordorsal seedi(. e . , B eirdthie ¢efi IEG vee @isedl MPFC familiarity seed 4,

60, 18) as a control, which showed a significant familiafitgh > b6 ¢ o reffect aus df )

the IFG (Fig. 3)In the present study, totally, eight ROIs were determined (see Methods): the
left SMA, left TP, and left pSTG were selected from the specificdmgthe right TP, and

the right hippocampus were from the familiarity; the bilateral FG were related to color

retrieval; the right parahippocampal gyrus was related to context retrieval (Fig. 5 and Fig. 6).
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We calculated the beta values of the ROIs inRRéanalyses testing the four contrasts (name,

familiarity, color and context).

Figure 7 shows the results of ROI analysis.

Th

significant connectivity i-wermnrteraasle pndadrtth haefh el M@&)mi an

Bads eseed -{ponsalerpart of | FG) for all the retrieyv
context but not for the familiarity contrast. I n
pSTG and right PHC iitnyc rwiatshe dt hheh etiwo csoenendesc tdfv t he
specific naming and/ or the context retrieval Th

among the ROlIls were sinmdl|saaged of drhotshee faluln dt hwri & eh

dependentl nc crmotnrtasatsst. to the two seeds in the | eft
connectivity increase in all three retrieval <con
smal | but significant connectivity &eRrRtrease with
retrieval. The connectivity between mPFC familia
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Discussion

The present study utilized a new objaaiming paradigm to unequivocatlystinguish the
brain mechanisms associated with spegiicing and familiarity indexindn doing so,
strong evidence has been provided for previous suggestions thatitaé retrievaland
familiarity assessment stages within visual object identiinadre differentially processed at
the neural level. Additional verification is provided by the connectivity patterns shown in the
PPI analyses. These showed significant connectivitgeoposteriodorsal parof left IFG to
regions involved in word gemation under the specifitaming condition, but significant
connectivity with the right TP and right hippocampus under familiarity evaluation for familiar
objects. Compared with the postertbro r s a | part of left I FG (e.g.,
seed)the anteriotventral part of left IFG (e.g., naming seed) only showedfieeific
namingeffect, which could indicata graded functional specialization in the left IFG.
Furthermore, weletected featurdependent connectivity patterns that changed inordance
with the target modality of semantic retrieval during feature retrieval tasks.
The first major finding from the present study is that specific naming and recognition of
familiar objects operate via different brain networks. The brain areasingactivations
under specifimami ng condi tion (O6HS > Hb®&) are highly
speech and word production studies. The word production network mainly includes the IFG,
the posterior STG, the premotor cortex, the SMA, and thetpéitemporal junction
(Grabowski et al., 1998; Indefrey and Levelt, 2004; Hickok and Poeppel, 2007; Hick8k, 20
Indefrey, 2011; Hertrich et al., 2016). In addition, the antergmtral part of left IFG showed

significant connectivity with these wordqgatuction regions (e.g., SMA, pSTG, etc) under
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specific naming. Compared with specifiaming, different brain regions have been detected
under high familiarity condidordalpartofilett#6 > | b6 ) .
connected with the righitP and right hippocampus which have been reported to support
recognition and familiarity feeling of familiar objects (Leveroni etl al., 2000; Nakamura et al.,
2001; Gainotti 2007; Damasio et al., 200@yerall, a strong contrast is noted between

familiarity and specifimaming retrieval, instantiated at tlewel of functional connectivity

and activation, supporting a great role for the IFG in lexical retrieval and semantic

recognition.

Notable results were also detected from the ATL. GLM contrast asatyesved that
specificnaming cues activated the left TP. Additional PPI analyses also showed significant
connectivity of the left IFG (which has semantic control hub functionality) to the left TP
under the specifinaming condition. Compared to the spieeifaming condition, the left IFG
showed more significant connectivity with the right TP under the-fagiiliarity objects
recognition. These results are of particular interest when compared with the extant literature
on the functionality of the ATL in hman cognition, for which a number of accounts have
been proposed. One view holds that the ATL provides the basis for knowledge of unique
entities (e.g. famous people and landmarks). This account also suggests at laterality
differences between the left aright ATL (Damasio et al., 1996, 2004; Tranel et al., 1997;
Tranel, 2006; Abel et al., 2015), wherein the function of lexical associativity (i.e. naming) for
unique entities is domaispecific to the left ATL, and recognition of these items is associated
instead with the right ATL. Yet alternative explanations compete for acceptance. For instance,
another account claims that the ATL is a dorrgeneral semantic hub (Patterson et al., 2007;
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Wong and Gallate, 201Ralph et al., 2017). Supporting evidencetfos claim is derived
mainly from neuropsychological studies of semantic dem¢8ig patients with neural
atrophy centering on the anterior temporal regions, bilaterally (Ralph et al., 2001; Jefferies
and Ralph, 2006; Rogers et al., 2006; Pattersoh, @087). These preceding studies have
detected object naming deficits in patients that are observed for all categories (e.g. people,
animal, tool) and occur secondary to degeneration of conceptual knowledge.

Our results are consistent with the functidageralization hypothesis laid out within the
first account: the left ATL underlies the naming function, and the right ATL supiaonikar
object recognitiorand feeling of familiarity. However, an important qualification to these
findings is that theresent study used images of animals as experimental stimuli. The claim
above holds that the ATL only underlies knowledge of unique items (e.g. famous people,
landmarks), which would thus exclude generic entities such as animals or tools. On this basis
ourresults would provide partial supportfoeth 6 semanti ¢ hubé theory; th
serve broader categories of object knowledge. A synthesis of these two positions may be
merited in future studies, based on our results and those of the works mderenc

The second major finding was that the semantic control hub of the left IFG possesses a
taskdependent connectivity pattern, connecting it with different representational brain
regions under corresponding semantic retrieval processes. While the semaingchub
functionality of the left IFG itself is well attested within the literature, this pattern of task
dependent connectivity within the left IFG is a novel discovery. Previous neuropsychological
studies have shown that semantic aphasia (SA) patith brain lesions in the lefFG
di splay object naming deficits. Yet wunlike SD

25



improved considerably when supplied with phonemic cues, suggesting that the left IFG may
not be the storage site for semamépresentations but rather the facilitator q-tmwn

control for the retrieval of semantic information (Badre and Wagner, 2007; Whitney et al.,
2011; KriegefRedwood & Jefferies, 2014; Ralph et al., 2017). Distinct from semantic
control, semantic represgtions are assumed to be distributed in or near cortical areas
involved in processing corresponding sensory or motor features (BarsalouBag€8lpu et

al., 2003;Hauk et al., 2004; Simmons et al., 20Biefer et al., 2008; Binder and Desai,

2017, Hsu et al., 2012). For instance, previous human neuroimaging studies showed that
color-knowledge retrieval activates the cefmocessing system, which includes the fusiform
gyrus and lingual gyrus (Hsu et al., 2012; Wang et al., 2013).

While numerous studéehave emphasized the role of the left IFG and the
representational areas (e.g. sensory, language areas) in semantic processing, comparatively
few studies have probed the connectivity patterns between the semantic control area and the
semantic representatial areas during featuretrieval task. PPI analyses in the present study
showed significant connectivity of the left IFG to word production regions under specific
naming condition; to the FG and LG during the cegkarieval; to the left TP, and right
parahippocampal gyrus during the conisatrieval.From the previous studies, we know that
the FG and LG have previously been implicated in color knowledge retrieval; the
parahippocampal gyrus contributes to context information encoding and storageed@hgs m
that the IFG may in fact control different modal#fpecific representational areasder
correspondinglyifferent semantic retrieval deman@sveral previous studies have
suggested that there is a graded functional specialization within theGe@adre &
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Wagner, 2007Ralph et al., 2017). Commonly, they distinguished two functional subregions
in left IFG. Theanteriorventral part of left IFG tojglown controls retrieval process that
activates goal relevant knowledge (e.g., object colo®.pbiteriordorsal part underlies
postretrieval selection between simultaneously active semantic representagspgtive

of automatically or controlled retrieved). In the present stadyresults showed that the
anteriorventral part of left IFG suppty specific naming, color retrieval, and context
retrieval, while the posteriadorsal part of left IFG also supports familiarity. Compared with
retrieving names, colors, and contexts of items voluntarily, familiarity comes in our mind
more automaticallylt means thaanteriorventral part of left IFG correlates with the semantic
recollection of taskelevant knowledge, while posteridorsal part of left IFG correlates with
executive demands across multiple domaimisexample, postretrieval selectiom fo
automatically activated information

Unlike the left IFG, the left medial PFC showed no such connectivity pattern. Thought

the medial PFC showed high activation under

contrast), the br aidomangpgcifiorepresentationé braincregions e c t

under semantic memory retrieval task (i.e. name, color, and context retrieval) as the lateral
PFC area.

In summary, our results providérong evidence that specHi@ming and familiarity
indexing are embead withindifferent brain networks. In additioretrieval of specifimame
is controlled by the same region in left IFG associated with other attributes retrieval (e.g.,
color). The specific naming network includes the classical areas related to woutjwad
the left SMA, left pSTG, etc. By contrast, the familiarity network includes the right TP, right
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hippocampus. Perhaps foremost importance is our indication that the sezoatrtat hub
functionality of theleft IFG may be tasklependent; that is ®ay, it may connect with
different domairspecific representational brain regions under the corresponding semantic
memory retrievatask(i.e. name, color, and contexifywould befuture studiesto explorethe
semantic control hub potentiality of theGFurtherin relation to its capacity to handle item
knowledge of more broad categories, as opposed to strictly unique categories(efgtem

animals)
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Figure 2. Familiarity ratings of spedif and basic specific naming trials, Si ngl e subj ec
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(pink, spedic naming; cyan, basic naming; dark part, overlap between thigrvJean group

familiarity rating of the specifidyasic, and error naming triaRBost hoc tests (Bonferroni

correction) of the repeated measures ANOVA revealed that the mean familignigyafathe

specific naming trials was significantly higher than the basic naming tpial9.001), and

the familiarity rating of the error trials was also significantly higher than the basic prials (

0.035).Error bars indicate SEM*: p < 0.05,**: p<0.001
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context retrieval. The connectivity between mP
observed for the Bigbr flar $ i*igpr @G guacorecieB E sl s t .
test);**: p<0.05,***. p<0.01 Bonferroni corrected-tes).

FG, fusiform gyrus; SMA, supplpeSiTet,t aproys tneortioorr a

superior temporal gyrus; PHC, parahippocampal
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Tabl e 1. Brain regionsc asamicn@t edr whitdh sfpami fiarity
the confounding factors

MNI coordinates

. . , Cluster Size
Brain Regions Left/Right T Value X Y 4
(Voxels)
Specific Naming (HS, Hb)
Temporal pole L 44 3.88 -48 20 -14
Temporal Sup L 1150 7.28 -56 -18 12
R 1157 7.06 52 -2 -4
Frontal Inf Tri L 169 5.72 -52 44 -2
Frontal Inf Orb L 312 4.62 -42 18 -6
Frontal Sup Medial L 12 3.17 -4 32 40
Temporal Mid L 83 3.78 -58 -34 -16
Temporal Inf L 217 4.39 -52 -56 -10
Frontal Inf Oper L 229 4.16 -52 12 10
Cingulum Ant L/R 123 4.76 4 32 16
Cingulum Mid L/R 229 4.79 6 8 34
Parietal Inf L 719 5.85 -54 -24 38
SupraMarginal L 402 4.80 -46 -36 28
R 60 491 48 -32 46
Precentral L 82 3.82 -18 -24 62
Supp Motor Area R 22 3.84 8 -2 60
High Familiarity (Hb, Ib)
Frontal Inf Tri L 27 4.89 -52 26 14
Frontal Inf Orb L 66 5.15 -22 24 -14
Rectus L 126 5.89 -4 36 -16
Frontal Med Orb L/R 312 5.52 -4 50 -10
Frontal Sup Medial L/R 257 5.23 -14 60 18
Cingulum Ant L 48 431 0 50 6
Precuneus L 10 423 -8 -56 28
Occipital Sup L 170 5.53 -10 -98 6

L/R, the clusters covered bilateral hemispheres. Only clusters with a significant activity of voxel-level
threshold pror-corr  0.05 are reported. The t values are at the peak voxels in each cluster.
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Tabl e 2.

Brain regions

parametrically

mo d u |

MNI coordinates

i ) ) Cluster Size
Brain Regions Left/Right T Value X Y Z
(Voxels)

Temporal pole L 53 5.17 -34 18 -26
10 3.74 56 14 -10
Hippocampus R 24 4.69 20 -6 -14
Rectus L/R 187 5.16 -2 36 -18
Frontal Med Orb L/R 334 5.24 -2 48 -12
Frontal Sup Medial L/R 804 5.38 0 56 18
R 65 4.00 62 -4 -18
Insula L 163 6.19 -30 20 -18
Frontal Inf Tri L 396 5.62 -48 36 0
Frontal Inf Orb L 380 4.90 -40 28 -12
R 278 4.81 42 32 -10
Frontal Mid L 72 4.04 -34 52 16
R 21 4.40 48 22 48
Cingulum Ant L 22 5.09 -2 48 10
Supp Motor Area L 91 4.66 -8 22 56
Precuneus L 93 4.12 -2 -56 24
Lingual L 58 4.46 -16 -48 -2
R 48 4.73 18 -44 0
Calcarine L 82 5.15 -16 -54 4
R 62 4.25 10 -72 4
Occipital Sup L 180 5.21 -12 -96 6

L/R, the clusters covered bilateral hemispheres. Only clusters with a significant activity of voxel-
level threshold pror-cor,
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Tab8Brain regions connected with the I FG seeds in s
condition

MNI coordinates

i ) i Cluster Size
Brain Regions Left/Right T Value X Y y4
(Voxels)

Specific Naming (HS, Hb)
Naming Seed (-52, 44, -2)

Temporal Pole L 61 3.63* -52 12 -8
Temporal Sup L 168 5.43* -62 -22 10
R 347 5.31* 64 -30 16
Frontal Inf Tri L 253 5.49* -44 32 0
Frontal Inf Orb R 27 3.23* 56 20 -6
Temporal Mid L 93 5.32* -54 -48 6
SupraMarginal L 90 5.99* -46 -36 26
Supp Motor Area L/R 903 4.17* -10 6 70
Precentral L 490 3.86* -44 -6 48
R 1112 5.08* 42 -16 38
Parietal Sup L 56 4.12* -28 -62 54
Fusiform L 858 4.65* -40 -44 -24
R 845 6.20* 32 -46 -14
Occipital Mid L 1743 6.60* -36 -88 20
R 1156 5.80* 46 -84 4
Familiarity Seed (-52, 26, 14)
Temporal Sup L 7 3.21 -52 -38 10
R 119 4.57 48 -30 16
Supp Motor Area L 5 3.09 -6 -12 64
R 10 4.37 12 4 52
Frontal Inf Tri L 14 3.68 -44 34 2
SupraMarginal L 28 3.67 -48 -38 28
Precentral L 68 4.35 -38 -6 64
R 188 4.08 44 -10 48
Fusiform L 28 3.37 -34 -48 -14
High Familarity (Hb, Ib)
Naming Seed (-52, 44, -2)
Temporal Inf L 12 4.19 -48 -24 -18
Familiarity Seed (-52, 26, 14)
Temporal Pole R 29 4.68* 34 12 -36
Hippocampus R 20 4.15* 36 -24 -16

L/R, the clusters covered bilateral hemispheres. The asterisks (*) indicates the clusters with a
significant activity of voxel-level threshold pror-corr,  0.05; without asterisks t values indicate the clusters
with a activity of voxel-level threshold puncor, 0.005. The t values are at the peak voxels in each cluster.
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