r

Human Brain Mapping 30:2008–2020 (2009)

r

Neural Correlates of Personally Familiar Faces:
Parents, Partner and Own Faces
Margot J. Taylor,1* Marie Arsalidou,2 Sarah J. Bayless,3 Drew Morris,1
Jennifer W. Evans,1,4 and Emmanuel J. Barbeau5
1

Department of Diagnostic Imaging and Research Institute, Hospital for Sick Children, Toronto, Canada
2
Department of Psychology, York University, Toronto, Canada
3
Department of Psychology, University of Winchester, Winchester, England
4
Institute for Medical Sciences, University of Toronto, Toronto, Canada
5
Université de Toulouse, CerCo, UPS, CNRS, Toulouse, France

Abstract: Investigations of the neural correlates of face recognition have typically used old/new paradigms where subjects learn to recognize new faces or identify famous faces. Familiar faces, however,
include one’s own face, partner’s and parents’ faces. Using event-related fMRI, we examined the neural
correlates of these personally familiar faces. Ten participants were presented with photographs of own,
partner, parents, famous and unfamiliar faces and responded to a distinct target. Whole brain, two
regions of interest (fusiform gyrus and cingulate gyrus), and multiple linear regression analyses were
conducted. Compared with baseline, all familiar faces activated the fusiform gyrus; own faces also activated occipital regions and the precuneus; partner faces activated similar areas, but in addition, the
parahippocampal gyrus, middle superior temporal gyri and middle frontal gyrus. Compared with
unfamiliar faces, only personally familiar faces activated the cingulate gyrus and the extent of activation varied with face category. Partner faces also activated the insula, amygdala and thalamus. Regions
of interest analyses and laterality indices showed anatomical distinctions of processing the personally
familiar faces within the fusiform and cingulate gyri. Famous faces were right lateralized whereas personally familiar faces, particularly partner and own faces, elicited bilateral activations. Regression analyses show experiential predictors modulated with neural activity related to own and partner faces.
Thus, personally familiar faces activated the core visual areas and extended frontal regions, related to
semantic and person knowledge and the extent and areas of activation varied with face type. Hum
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Considerable progress has been made in our understanding of face processing over the last years through a
variety of functional neuroimaging investigations. That
faces are particular visual stimuli has been proposed for
many years [Bodamer, 1947; Charcot, 1883; Wilbrand,
1892], but recent technological advances have allowed the
identiﬁcation of the neural substrates of face processing,
leading to detailed anatomo-functional models [Allison
et al., 2000; Gobbini and Haxby, 2007; Haxby et al., 2000].
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Although most neuroimaging face processing studies
have used faces unfamiliar to the participants to preclude
effects of familiarity, others have focused precisely on the
effect of familiarity. These latter use either old/new paradigms, in which participants have to recognize faces they
have just learned (‘‘old faces’’) among distractors [‘‘new
faces’’; e.g., Dubois et al., 1999; Ishai and Yago, 2006], or ask
participants to recognize famous among unknown faces [e.g.,
Elfgren et al., 2006; Gobbini et al., 2004; Ishai et al., 2005].
Fewer studies on familiar face processing have used stimuli
with the ecological validity of being personally familiar.
Personally familiar faces can range from casual acquaintances to colleagues, close family, and lovers to one’s own
face, a highly familiar face. All personally familiar faces
have associations with an accumulation of experiences and
social interactions. As they are processed frequently and
repeatedly, in a range of conditions, this extensive experience is likely reﬂected in neural processes [Balas et al.,
2007]. We wished to determine whether personally familiar faces are processed similarly to unfamiliar faces and
whether there are distinct neural activation patterns across
the different types of personally familiar faces.

Face Perception and Identiﬁcation
In their behavioural cognitive model, Bruce and Young
[1986] described the putative stages required for face identiﬁcation, postulating that a face is ﬁrst recognized as
known and is then matched to a particular individual,
before retrieval of multimodal and semantic knowledge
about the person. This model has proven very useful and
has been updated with recent data [Breen et al., 2001;
Schweinberger and Burton, 2003]. Face identiﬁcation in
these general models is thought to rely on a posterior to
anterior ventral-temporal axis, predominant in the right
hemisphere [De Renzi et al., 1994; Kanwisher et al., 1997;
McCarthy et al., 1999; Puce et al., 1996; Rossion et al.,
2000], with posterior regions processing visuospatial
aspects of faces and anterior regions processing integrated
modality independent and social aspects of faces. Early
processing of facial features is associated with activation of
the inferior occipital gyri [Haxby et al., 2000]. Information
is then proposed to follow two main pathways: one
through the superior temporal sulcus, specialized in
changeable aspects of faces such as eye gaze, expression,
and lip movement [e.g., Allison et al., 2000]; the other
through the fusiform gyrus up to the anterior temporal
pole, a pathway specialized for face identiﬁcation and
multi-modal integration with voice, name and biographical
elements [Gorno-Tempini et al., 2001; Joubert et al., 2004,
2006; Leveroni et al., 2000; Paller et al., 2000]. The model
of Haxby et al. [2000] was recently revised to include recognition of personally familiar faces [Gobbini and Haxby,
2007]; the authors proposed that these faces recruit a distributed network including areas of visual processing such
as the fusiform, inferior occipital gyri and posterior superior temporal sulcus as well as areas associated with both
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person knowledge and emotion. They suggest that full recognition of a person includes not only recognizing the visual appearance and retrieving biographical information,
but also retrieving personal traits, attitude, mental states
and intentions, involving areas such as the anterior paracingulate, the posterior superior temporal sulcus and the
precuneus. Lastly, they argued that social interactions and familiarity recognition modulate the emotional response to familiar faces, implicating areas such as the insula and amygdala. Thus, face recognition depends on a network of brain
areas [Barbeau et al., 2008; Ishai, 2008; Leveroni et al., 2000];
we hypothesize that aspects of this network are modulated
according to the type of face viewed.

Identiﬁcation of Personally Familiar Faces
Most of us are able to recognize hundreds of faces; however, personally familiar faces share extended exposure
and increased person knowledge attained through social
interactions. Although differences in personal relevance of
these faces are important, there are also obvious distinctions among these familiar faces. For example, parents’
faces are the ﬁrst to be learned and recognized in infancy,
thereby having personal relevance for the longest period
of time. They are the visual stimuli stored when visual
and memory systems were in the earliest stages of maturation, and parents’ faces undergo steady updating with age.
For most couples, a partner’s face is one of the faces seen
most often, every morning, evening and week-ends. A
partner’s face also holds emotional valence and person
knowledge attributed to personal closeness. Along the
same line, one’s own face is seen as a mirrored reﬂection
many times a day, often because we need to act on it (e.g.,
for brushing teeth, shaving, combing hair) and it may be a
cue for self-knowledge or awareness, a special kind of person knowledge.

Behavioural studies
Behavioral investigations have examined possible hemispheric asymmetries in processing personally familiar
faces. Some authors have found a right-hemisphere
advantage for one’s own face [Keenan et al., 1999, 2000],
whereas others found a left-hemisphere advantage [Brady
et al., 2004]. When viewing one’s own face was compared
with viewing other familiar faces such as colleagues or famous faces, the reverse hemispheric effect was found
[Brady et al., 2004; Keenan et al., 1999]. However, some of
these studies used mirror images of participant’s own face
whereas others did not, which may impact lateralization of
own face processing. In split-brain patients, the initial
studies by Sperry et al. [1979] found that both hemispheres
were able to recognize one’s self-image, whereas Turk
et al. [2002] found a left hemisphere advantage and
Keenan et al. [2003] found a right hemisphere advantage.
As the results from these various studies are contradictory,
research using controlled protocols is warranted.
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Neuroimaging studies
A few recent PET and fMRI studies have investigated
possible differences in the neural substrate underlying
processing of personally familiar faces, although none
investigated the processing of parents’ faces (except Gobbini et al. [2004] but combined with other personally familiar faces). Investigations of mothers viewing photographs
of their child found differential brain activations in occipito-temporal areas and the fusiform gyrus as well as
orbito-frontally, that correlated with mothers’ mood,
reﬂecting positive emotional arousal related to their children’s faces [Nitschke et al., 2004]. In another report,
increased activation was found in mothers viewing their
own child (compared with their child’s friends) in the
amygdala, the insula and the superior temporal sulcus and
anterior paracingulate gyrus, areas thought to reﬂect emotional response, attachment, and empathy [Leibenluft
et al., 2004].
In studies of viewing one’s own face, some report
increased activity of the left fusiform gyrus [Kircher et al.,
2001; Sugiura et al., 2000, 2005], while the right fusiform
gyrus usually shows increased activity to other face stimuli. In contrast, Platek et al. [2004] and Devue et al. [2007]
identiﬁed a right-sided network for own faces. A later
study found a bilateral network of brain areas associated
with subject’s own faces [Platek et al., 2006], which was
thought to be similar to the network engaged in selfawareness and the executive aspects of own face processing. Uddin et al. [2005] showed participants digital morphs
between their own face and a familiar face and found that
activation of the right inferior parietal lobule, inferior frontal gyrus and inferior occipital gyrus increased as the stimuli contained more of one’s own face and less of the familiar face. Thus, according to the above studies, viewing
one’s own face could trigger a strongly lateralized ‘‘self’’
network, but with no consensus as to whether it is right or
left lateralized.
In contrast to one’s parents’ and own face, one’s spouse
or partner’s face should activate areas associated with previous romantic, emotional and social interactions. Two
functional imaging studies examined neural responses in
intensely ‘‘in love’’ young adults with mean relationship
lengths of 0.61 years [Fisher et al., 2005] and 2.4 years [Bartels and Zeki, 2000]. Fisher et al. [2005] found increased
activation in the right ventral tegmental area and right
posterior-dorsal body of the caudate nucleus; some of their
participants also showed activity in the right insula, and
right anterior and posterior cingulate cortex. The latter
ﬁndings are in general agreement with the study of Bartels
and Zeki [2000], who found activity bilaterally in the
medial insula, the anterior cingulate, the caudate nucleus,
and the putamen. Kircher et al. [2001] found higher activity in the right insula for partner faces. Bartel and Zeki
[2000] also reported deactivation in the cingulate gyrus,
the amygdala as well as prefrontal, parietal, and middle
temporal cortex. Overall, these studies suggest that part-
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ner’s faces in early stages of a relationship activate areas in
the limbic system [Fisher et al., 2005], which include areas
associated with person knowledge at later stages in a relationship [Bartel and Zeki, 2000]. Relationships, however,
last much longer; thus to fully characterize processing
related to partners/spouses, it is essential to investigate
the neural correlates of partner faces well past the stage of
the initial ‘‘in love’’ period.
Although we readily recognize famous faces such as
politicians or actors, we do not typically have personal experience with them. This is likely reﬂected in the processing of famous faces, which only implicates the inferior
occipital and fusiform gyri, the superior temporal sulcus
bilaterally and the amygdala [Ishai et al., 2002]. However,
there is disagreement whether right or left hemisphere
activation to famous faces is stronger [Denkova et al.,
2006; Eger et al., 2005; Ishai et al., 2005; Pourtois et al.,
2005].
Thus, a number of functional imaging studies have
investigated the neural substrates of personally familiar
faces, but little convergence is found among the reported
results, perhaps due to dissimilar protocols. The marked
discrepancies suggest that there are variables such as the
types of personally familiar faces, which could affect the
results.
Here we wished to answer the following questions: (i)
are personally familiar faces processed with the same functional mechanisms as unfamiliar faces? and (ii) are there
activation differences across types of personally familiar
faces? Brain responses to the presentation of parents, partner, own and famous faces were compared with unknown
faces. We expected that personally familiar faces would
produce wider activation patterns than unfamiliar faces,
particularly including frontal structures. Unlike one’s own
face and parents’ faces, partner faces were expected to
recruit areas associated with emotional control, such as the
insula and the amygdala.

METHODS
Participants
We studied 10 participants, 4 males, mean age 35.4 years
(67.7 years SD), who met the following criteria: they had
lived with their partner for at least 2 years (average relationship length 9.1 years (65.01 years), they grew up in
the same house as both parents and both were still alive,
and they could provide recent high quality photographs of
themselves, their partner and their parents.

Material
Stimuli
Each subject provided his/her own digitized photographs of his/her partners,’ parents and own face, following a standardized protocol controlling for neutrality (no
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Figure 1.
An example of the stimulus set used in the experiment for one subject. The task was to press a
button each time the ‘‘ghost’’ (the superimposition of all faces) appeared.

emotion on the face), gaze direction (looking straight at
the camera), and light conditions. Subject’s own face was
reversed right/left, as when viewing one’s face in a mirror.
All subjects also provided a short list of famous people,
men and women, who they would easily recognize if they
saw a picture of them, from which we chose two (a male
and a female). We also included photographs of two unfamiliar subjects (male and female). Thus, the set of eight
photographs was unique for each subject. The set was
processed to remove all information unrelated to the faces
themselves (background, paraphernalia, etc.). The photographs were converted to grayscale. Figure 1 shows an
example of a set of photographs for a single subject. A
‘‘ghost’’ image was prepared for each set by superimposing all photographs and adjusting levels of transparencies.
Stimuli were repeated such that at least 40 trials of each
face type (parent, partner, own, famous, unfamiliar, and
scrambled) were presented. The order was pseudo-random
such that one stimulus type did not repeat without at least
four intervening faces. The faces were presented for
500 ms and ISI was jittered between 1.7 and 2.0 s. The
ghost image occurred with a probability of 8% and was
included to maintain subject’s attention. Participants were
asked to focus on the photographs and press a button to
the rare ‘‘ghost’’ image.

Procedure
Participants gave informed written consent and the
Research Ethics Board at the Hospital for Sick Children
approved all procedures. After standard MR screening,
participants completed the task in the scanner, followed by
a short questionnaire including questions such as ‘‘How
many minutes do you look at yourself (in a mirror) a day
on average?’’ and ‘‘For how many years have you been
with your partner?’’.
All MR imaging was conducted on a 1.5T Signa Twin
EXCITE3 scanner (GE Medical Systems, WI; software
rev.12M4) with a standard quadrature head coil. Foam
padding comfortably restricted head motion. A set of
high-resolution T1-weighted 3D SPGR images covering the
whole brain was acquired (TE/TR/a 5 9 ms/4.2 ms/158,
116 slices, voxel size 5 1 3 1 3 1.5 mm3, 2 NEX, 7 min) as
an anatomical reference prior to the acquisition of functional images. Functional images were acquired with a
standard gradient-recalled echo-planar imaging sequence
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(TE/TR/a 5 40 ms/2,000 ms/908, voxel size 5 3.75 3
3.75 3 5 mm3) over 27 contiguous axial slices with interleaved acquisition.
Face stimuli were displayed on MR compatible goggles
(CinemaVision, Resonance Technology, CA). Subjects
responded to ghost trials using an MR compatible keypad
(Lumitouch, Photonics Control, CA). Stimuli were controlled and responses recorded using the software Presentation (Neurobehavioral Systems, CA) on a personal computer. A TTL trigger pulse from the scanner ensured stimulus synchronization with image acquisition.

Data processing and analyses
Data analyses were carried out in AFNI [Cox, 1996],
using motion correction, 8-mm spatial blur (FWHM), signal intensity normalization for percent signal change and
deconvolution using a ﬁxed haemodynamic response
function, for all subjects. Images were spatially normalized to the MNI N27 brain in Talairach stereotaxic space
and resampled to 3-mm cubic voxels. Group images were
analyzed using a random effects analysis of variance. The
results were thresholded at P < 0.01 [corrected for cluster
size; Xiong et al., 1995] for the whole brain and for the
regions of interest (ROIs) in fusiform and cingulate gyri.
These ROIs were chosen as they were the only two
regions activated by all personally familiar faces in the
whole-brain results. The fusiform gyrus was active in contrasts with the baseline, and the cingulate gyrus activated
in contrasts with unfamiliar faces. The selection of ROI
masks was anatomically based on the Talairach structural
template deﬁned in AFNI [MNI N27 brain in TLRC space;
Eickhoff et al., 2007]. The probability map was thresholded at P 5 0.01 (t 5 3.25) for familiar faces versus baseline and P 5 0.01 (t 5 2.88) for personally familiar faces
versus unknown faces. The ROI masks were then applied
to the thresholded data. To control for multiple comparisons in the whole brain, fusiform and cingulate ROI analyses, we performed 1,000 Monte Carlo iterations at an
uncorrected P-value of 0.01 on the 43,349 voxels, 596 voxels, and 1,878 voxels in the respective masks. This yielded
a minimum volume of 5.70 cc (210 voxels), 0.49 cc (18
voxels), and 1.6 cc (59 voxels) at a P-value of 0.05 for the
whole brain, the fusiform gyrus, and the cingulate gyrus,
respectively. A laterality index (LI: [Left 2 Right]/[Left 1
Right]) of activated voxels was calculated for the whole
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TABLE I. Areas of signiﬁcant activation during recognition of all faces types minus baseline
Anatomical region

Hemisphere

x

y

z

R
L
R
L
R
L
R
L
R

42
240
43
234
17
25
24
222
20

248
247
277
276
278
279
286
282
270

214
214
24
24
23
23
13
18
41

5.507
4.695
5.184
4.678
3.641
3.837
4.640
4.339
3.821

R
L
R
L
R
R
R
R
L
L

47
238
12
217
19
14
45
45
26
237

245
246
276
276
285
42
264
243
258
26

216
216
23
26
18
26
20
20
37
29

5.262
6.417
3.398
4.587
3.510
4.202
5.209
3.394
3.589
4.664

BA 37

R
L

40
238

249
260

216
211

4.933
3.970

BA 37

R

40

255

214

4.329

BA 32

R
L
R
L

7
23
6
25

30
33
210
13

25
24
28
30

24.217
23.837
23.772
24.754

Brodmann area

Own faces minus baseline
Fusiform gyrus

BA 37

Inferior occipital gyrus

BA 19

Lingual gyrus

BA 18

Cuneus

BA 17/18

Precuneus

BA 7

Partner’s faces minus baseline
Fusiform gyrus

BA 37

Lingual gyrus

BA 18

Cuneus
Parahippocampal gyrus
Middle temporal gyrus
Superior temporal gyrus
Precuneus
Middle frontal gyrus
Parent faces minus baseline
Fusiform gyrus

BA
BA
BA
BA
BA
BA

Famous faces minus baseline
Fusiform gyrus
Unfamiliar faces minus baseline
Anterior cingulate
Cingulate gyrus

18
36
39
13
7
9

BA 24

brain and each ROI. LI > 0.20 was deemed left dominant
and LI < 20.20 as right dominant, values in-between were
considered bilateral.
Three multiple linear regression models were performed
on activity related to own, partner, and parent faces based
on the questionnaire. Predictors of the activity related to
own faces included age, time spent looking at one’s self in
the mirror in minutes per day, and a rating out of 10 of
how comfortable they were with their own face. Age,
hours spent with partner per day and relationship length
in years were the predictors for activity related to partner
faces. Activity related to parent faces was regressed on
age, time it would take to reach the parents’ home, and
days spent with parents per year. Similar to above, clusterwise multiple comparison controls were used at a P-value
of 0.01 yielding a minimum volume of 5.1 cc (188 voxels)
for own faces, 2.2 cc (81 voxels) for partner faces, and
2.3 cc (85 voxels) for parent faces with a P-value of 0.05.

RESULTS
To examine the neural correlates of face type over the
whole brain, each face type was compared to rest/baseline
(the ﬁxation cross; Table I) and unfamiliar faces (Table II).

r

(t)-value

Based on the stringent cluster size threshold, the reported
regions appear as part of clusters, which are equal to or
larger than 210 voxels (Fig. 2a,b). Compared with baseline,
partner faces activated bilateral (L/R) fusiform gyrus, right
(R) lingual gyrus, cuneus (R), parahippocampal gyrus (R),
middle temporal gyrus (R), superior temporal gyrus (R)
and left (L) precuneus and middle frontal gyrus (L). Parent
faces, compared to baseline, only activated the fusiform
gyrus (L/R). Pictures of the participant’s face (i.e., own
face) activated fusiform gyrus (L/R), inferior occipital
gyrus (L/R), lingual gyrus (L/R), cuneus (L/R) and precuneus (R). Famous faces activated the fusiform gyrus (R)
and unfamiliar faces showed decreased activation of the
anterior cingulate (L/R) and cingulate gyrus (L/R). The LI
results over the whole brain showed that, compared to
baseline, unfamiliar faces activation was bilateral (LI 5
0.002; Fig. 2e). All other faces were right lateralized with
partner faces the least and famous faces the most right lateralized [LI 5 20.288 for partner; LI 5 20.311 for parent;
LI 5 20.373 for own; and LI 5 21.0 for famous faces].
All personally familiar faces were contrasted with unfamiliar faces. Results showed that partner faces had the
most extended activations, including the anterior cingulate
(L/R), cingulate gyrus (L/R), medial frontal gyrus (L/R),
middle frontal gyrus (L), inferior frontal gyrus (BA 47; L),
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TABLE II. Areas of signiﬁcant activation during recognition of personally familiar minus unfamiliar faces
Anatomical region
Own faces minus unfamiliar faces
Anterior cingulate

Brodmann area

Hemisphere

x

R
L
R
L
R
L
L

BA 32

Cingulate gyrus

BA 32/24

Medial frontal gyrus

BA 9

Middle frontal gyrus
BA 46
Partner’s faces minus unfamiliar faces
Anterior cingulate
BA 32
Cingulate gyrus

BA 32

Medial frontal gyrus

BA 10

Middle frontal gyrus
Inferior frontal gyrus
Middle temporal gyrus
Insula
Amygdala
Thalamus
Parahippocampal gyrus
Precuneus
Parent faces minus unfamiliar faces
Cingulate gyrus
Superior frontal gyrus

BA
BA
BA
BA
BA

8
47
20/21
13
34

BA 34/28
BA 7
BA 32/24
BA 6/8

middle temporal gyrus (L), parahippocampal gyrus (L),
amygdala (L), insula (L), thalamus (L) and precuneus (L).
The parent faces only activated the cingulate gyrus (L/R)
and the superior frontal gyrus (BA 6; R). Own faces compared with unfamiliar faces activated the anterior cingulate
(L/R), cingulate gyrus (L/R), medial frontal gyrus (L/R)
and middle frontal gyrus (L). The LI results showed that
compared with unfamiliar faces, partner faces were left lateralized (LI 5 0.205), parent faces were right lateralized (LI 5
20.413), and own faces were bilateral (LI 5 20.112; Fig. 2f).
The ROI for the fusiform gyrus showed bilateral activation for personally familiar faces, while famous faces activated only the right fusiform (Fig. 2c). Activation associated with own and partner faces extended most anteriorly
in both hemispheres, while own faces also extended into
inferior parts of the fusiform gyrus. Activation related to
parent faces occupied primarily central regions of the fusiform gyrus, overlapping with both own and partner faces.
The laterality index showed that familiar and all personally familiar face types showed higher voxel counts in the
right fusiform (own, LI 5 20.220; partner, LI 5 20.251;
parents, LI 5 20.316; famous, LI 5 20.566), with increasing asymmetry from own to famous faces (Fig. 2e).
The ROI analysis of the cingulate gyrus showed greater
activation for personally familiar faces than unfamiliar
faces, with the most extensive activation seen to own faces,
and the least to parents (Fig. 2d). Parent faces activated
mostly the right cingulate gyrus. Activation associated
with own and partner faces extended most anteriorly in

r

y

z

3
21
7
21
18
215
238

35
36
18
20
27
29
36

20
20
30
30
31
30
17

3.930
3.857
3.946
3.716
3.698
4.272
3.342

R
L
R
L
R
L
L
L
L
L
L
L
L
L

5
23
5
22
7
26
223
222
249
228
225
220
214
26

33
31
31
31
59
49
36
17
211
15
22
226
29
256

24
24
29
28
8
8
38
214
214
24
210
5
214
41

4.133
3.377
3.639
4.032
3.787
3.450
4.279
4.074
3.322
3.300
3.218
3.303
3.314
3.375

R
L
R

5
21
6

26
21
22

30
30
56

3.659
3.901
3.831

(t)-value

the left hemisphere, whereas own and parent faces
extended most anteriorly in the right hemisphere. Activation of own and partner faces overlapped in posterior
parts of the cingulate gyrus. The laterality index conﬁrmed
the initial observation of slightly more voxels activated in
the right cingulate gyrus for parents’ faces (LI 5 20.194)
and own face (LI 5 20.222) and more voxels activated in
the left cingulate gyrus for partner faces (LI 5 0.288). Famous faces did not elicit signiﬁcant activation in this area.
Signiﬁcant predictors of activation related to partner
faces were time spent daily with partner and relationship
length, and included activity in right superior temporal
gyrus and left insula (see Table III). The overall regression
model was signiﬁcant, suggesting that these predictors
adequately explained the data. All predictors of own faces
(age, time spent in front of a mirror, rating of own face)
correlated signiﬁcantly with medial frontal gyrus activation (Table III). However, the overall model did not fully
explain the data, suggesting that additional predictor variables are needed to describe activation related to own
faces. Activation elicited by parents’ faces did not correlate
with age, distance from parents, or days spent with
parents per year.

DISCUSSION
We examined the neural substrates associated with processing partner, parents and own faces, each in comparison
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Figure 2.
Representation of the regions that showed signiﬁcant BOLD are presented on graphs (e) for all faces versus baseline in the
responses for (a) contrast for all face categories > Baseline, (b) fusiform gyrus and whole brain analysis and (f) for personally facontrast for personally familiar faces > unfamiliar faces, (c) ROI miliar versus unfamiliar faces in the cingulate gyrus and the
for the fusiform gyrus for all face types, and (d) ROI for the cin- whole brain analysis.
gulate gyrus for personally familiar faces. Laterality indices (LI)

with baseline and unknown faces. We found that personally familiar faces all activated the fusiform and the cingulate gyri, with other areas activated depending on the face.

r

Notably, partner faces showed the most extensive activation. Parent faces, which have been known for the longest
time, showed the least activation, an intriguing ﬁnding
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TABLE III. Areas of signiﬁcant activation as function of predictors for partner and own faces
Predictor

Anatomical region

Direction

Brodmann area

Hemisphere

x

y

z

(t)-value

R
L
R
L

48
254
60
254

210
25
7
214

34
30
26
31

24.10
24.24
24.59
24.52

56
255
59
56
239

210
210
1
213
210

12
13
4
12
12

24.17
24.83
24.86
24.01
24.38

Partner faces
Time spent together with partner daily
Precentral gyrus
;

BA 6

;
;

BA 9
BA 4

;

BA 42/43

;
;
;

BA 22
BA 42
BA 13

R
L
R
R
L

;
;
;

BA 6
BA 3
BA 7

R
R
R

7
28
4

229
229
247

64
63
59

26.23
25.01
24.31

:

BA 9

R
L
L

10
23
28

48
50
41

23
18
33

4.22
4.53
11.81

R
L
R
R
L
L
R
R

6
23
19
2
23
24
6
31

56
57
57
48
48
253
232
229

23
24
21
21
21
61
66
63

5.08
6.74
3.73
4.81
4.03
4.45
5.33
5.58

Inferior frontal gyrus
Postcentral gurus
Relationship length
Precentral gyrus
Superior temporal gyrus
Transverse temporal gyrus
Insula
Own faces
Age
Paracentral lobule
Postcentral gyrus
Precuneus
Time spent in front of mirror daily
Medial frontal gyrus
Superior frontal gyrus
Own face rating
Superior frontal gyrus

:

BA 9

:

BA 9

Superior frontal gyrus
Medial frontal gyrus

:
:

BA 10
BA 9

Precuneus
Paracentral gyrus
Postcentral gyrus

:
:
:

BA 7
BA 6
BA 3

Arrows show the direction of correlation: : is positive, ; is negative.

considering that one could expect that these faces to trigger a network of brain areas involved in autobiographical
memory. Laterality index analyses revealed that, regarding
whole brain or regional analyses, personally familiar faces
were less right lateralized than famous faces. Compared
with unfamiliar faces, partner faces were left lateralized
while own faces were bilateral.
These results, the ﬁrst to distinguish long-term partner
and parents face activations, indicate that the network
model of familiar face processing [Gobbini and Haxby,
2007; Haxby et al., 2000] is modulated according to the
type of familiar face. These results contribute to our understanding of some features presented by prosopagnosic
patients. These patients usually recognize the faces of close
relatives better than other faces. This has usually been
explained by higher frequency and deeper memory traces
for these faces. However, these results suggest that it could
be related to distinct networks which are lateralized differently for personally familiar faces than for other faces.
Also, these ﬁndings make important predictions for future
studies, particularly in neurophysiology, as components
associated with face processing (e.g., N170-P2) which are
usually larger over the right hemisphere, should be modulated by whether the face is famous, the partner’s or one’s
own face.

r

All Face Types Versus Baseline
As expected, activations elicited by all faces compared
to a ﬁxation cross recruited areas associated with the visual recognition of faces [e.g., McCarthy et al., 1997; Puce
et al., 1996] such as the fusiform gyrus. The partner, parent, and own faces evoked bilateral activation in the fusiform gyrus; famous faces activation was signiﬁcant only in
the right hemisphere. Partner and own faces also activated
bilateral lingual gyrus and cuneus; inferior occipital gyrus
activation was only seen for own faces.
In addition to the core visual system [e.g., Gobbini and
Haxby, 2007], further areas were involved for processing
partner and own faces; both activated the precuneus, but
partner faces activated the left while own faces activated
right. In the face processing literature, the precuneus is
associated with person knowledge processing [Gobbini
and Haxby, 2006, 2007], but more generally the precuneus
is linked with visuospatial analysis of objects [Faillenot
et al., 1999], and a recognition network supporting retrieval [Nagahama et al., 1999; Reber et al., 2002]. Thus,
the precuneus may well be involved in retrieval of person
knowledge. The intriguing lateralizations may be attributed to the differences between person knowledge and
self-knowledge, and merit further study.

2015

r

r

Taylor et al.

Partner faces also generated activation in the middle
and superior temporal gyri, the parahippocampal, and the
middle frontal gyri (BA 9). The superior temporal gyrus is
part of the network linked with the social cognition of
faces [Allison et al., 2000]. The parahippocampal gyrus is
involved in encoding visual information [e.g., Kirchhoff
et al., 2000; Rombouts et al., 1999], which in face studies is
related to the recognition of familiar faces [Barbeau et al.,
2008; Leveroni et al., 2000] and memory retrieval of personal and social knowledge [Sugiura et al., 2005]. Memory
retrieval is also likely to be supported by activity in the
middle frontal gyrus, which has been linked with cognitive
functions such as working memory and attention [e.g.,
Christoff and Gabrielli, 2000; Petrides, 1996]. Activation in
this area was associated with personally familiar faces as
well [Bartel and Zeki, 2000; Gobbini and Haxby, 2006; Platek et al., 2006]; we suggest that in this study, the middle
frontal gyrus was involved in holding the person information in mind.
Thus compared to baseline, all personally familiar and
famous faces activated the core visual system for processing faces, with an interesting laterality differentiation in
the precuneus in the comparisons of partner and own
faces. Partner faces activated an extensive network of
regions, likely linked with the mnemonic and semantic
attributes of the partner.

Personally Familiar Versus Unfamiliar Faces
Partner, parent and own faces elicited signiﬁcantly more
cortical activation than unfamiliar faces. All personally familiar faces evoked activation in the cingulate gyrus bilaterally; while partner and own faces also activated the anterior cingulate bilaterally. The cingulate gyrus is a multimodal area [Turak et al., 2002]. In face processing studies it
shows a stronger response to familiar faces [Platek et al.,
2006], self-resembling faces [i.e., kin recognition; Platek
et al., 2008], and it is likely involved in the integration of
information elicited by the face [Devue et al., 2007]. Signiﬁcant cingulate gyrus activation was evident in the comparisons between unfamiliar and personally familiar faces, but
not with famous faces. Anterior cingulate regions are associated with emotional processing and posterior regions
associated with cognitive processing [Bush et al., 2000].
The proposed emotional and cognitive subdivisions of the
cingulate gyrus have reciprocal interconnections with areas
including the amygdala and lateral prefrontal cortices,
respectively [Bush et al., 2000], areas also activated by personally familiar faces in the current study. Therefore, given
the link between the cingulate gyrus, and person knowledge (including both emotional and semantic information),
we suggest that the cingulate activation to personally familiar faces is related to shared experiences at a personal
level.
In addition, partner and own faces elicited activation in
bilateral medial frontal and left middle frontal gyri; the inferior frontal gyrus responded only to partner faces. Pre-

r

r

frontal regions underlie cognitive functions such as memory and attention, although the exact nature of their
involvement remains a matter of debate. The middle frontal and medial frontal gyri have been linked to manipulation and monitoring of information effortfully held in
mind [Christoff and Gabrielli, 2000], while the inferior
frontal gyrus (BA 47) is associated with processing syntax
and speech [De Carli et al., 2007], as well as maintaining
one or a few items in mind [Christoff and Gabrielli, 2000].
The inferior frontal gyrus has also been related to processing of emotional stimuli and maintains strong connections
with inferior temporal regions and limbic areas such as the
parahippocampal gyrus [Petrides and Pandya, 2002],
linked to the active judgement of stimuli. Thus, as a partner’s face is likely to evoke speciﬁc memories or events
with some emotional overlay, we propose that prefrontal
activation related to viewing a partner’s face reﬂects these
types of information being reviewed or monitored.
Besides the anterior cingulate and prefrontal activity,
partner faces activated areas associated speciﬁcally with
emotional processing or emotional valence [Britton et al.,
2006] such as the insula, amygdala and thalamus. The
amygdala have been shown to elicit a stronger response to
faces compared to pictures [Sergerie et al., 2008], and the
reciprocal functional connections between the amygdala
and the ventral prefrontal cortex impact cognitive judgement [Nomura et al., 2004] and the maturation of cognitive
and affective control [Hare and Casey, 2005]. Insula activity has been reported to partner faces in the early ‘‘in
love’’ stage of a relationship [Bartels and Zeki, 2000; Fisher
et al., 2005] and has been associated with processing emotions as part of face recognition [Gobbini and Haxby,
2007]. Thus, although our participants had experienced
much longer relationships than participants in previous
studies, the limbic activation is consistent with these other
reports, and suggests some similarities between relationships that start well and those that last for many years.
The superior frontal gyrus was activated uniquely to
parent faces. Previous face imaging studies have linked
the superior frontal gyrus with a self-awareness network
[Platek et al., 2006], kin recognition [Platek et al., 2005],
personal choice [Turk et al., 2004] and self-related processing [Goldberg et al., 2006]. So why would parent faces activate the superior frontal gyrus more than any of the other
faces? The right superior frontal gyrus has been implicated
in a network of areas associated with facial resemblance,
linked with detection of facial familiarity and kin recognition [Platek et al., 2005]. Parents would be associated with
self-awareness or self-resemblance, as we all see similarities and differences between ourselves and parents; these
comparisons may contribute to our self-image and selfrelated processes and be evoked with seeing parents’ photographs.
Overall, these ﬁndings suggest that the anterior cingulate and cingulate gyrus together with prefrontal activations may facilitate the integration and monitoring of personal information present in both one’s own face, parents’
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faces and partner’s face, but not in unfamiliar faces. Compared to unfamiliar faces, own faces recruit areas primarily
associated with person knowledge (or self-knowledge),
while partner and parents faces recruited areas associated
both with person knowledge, memory, emotional processing and self-image.

ROI Analyses and Laterality Indices
Despite the fusiform gyrus being related to physiognomic processing of faces generally, regions of interest
(ROI) analyses showed differences with personal familiarity. Areas in the mid-fusiform, particularly in the right
hemisphere, were activated for all faces, but the extent varied with the type of face (Fig. 2c). Partner and own faces
activated the most anterior parts of the fusiform gyrus
bilaterally, and own faces activation was also seen in superior areas in the left posterior fusiform. Parent faces activation was the most restricted, being similar to famous faces,
except that it occupied central areas of the fusiform gyrus
bilaterally, while activation to famous faces was mostly in
the right central fusiform. Thus, the faces seen most often
on a daily basis activated larger areas of the fusiform. This
is interesting in light of developmental data which show
that with increased skill or familiarity with faces between
12-year-olds and adults, the fusiform area activated
becomes smaller [e.g., Passarotti et al., 2003]. Clearly, the
personal signiﬁcance of one’s own and one’s partner’s face
impacts processing from the early stages, producing distinct and special activation patterns.
The laterality index for the fusiform (Fig. 2e), suggested
that compared to baseline, activation for all faces is
strongly lateralized to the right, with the most lateralized
being the famous faces and the least being own faces. A
contrast of these patterns may have produced the apparent
left-lateralization reported in the literature for own faces.
A laterality index of all faces compared to baseline was
also performed for the whole brain, and results were very
similar to the index generated for the fusiform gyrus. The
similarity of the whole brain and fusiform gyrus laterality
indices suggests that for faces, the laterality may be driven
by activation in the fusiform gyrus. These results suggest
that the accepted view that face processing relies predominantly on the right hemisphere may be modulated according to the type of face being processed.
All personally familiar faces activated large parts of the
cingulate gyrus, compared to unfamiliar faces, and as with
the fusiform, the ROI analyses showed that the extent differed with face type (see Fig. 2d). Own faces elicited the
greatest spread of activation, sharing a large anterior area
of right cingulate gyrus with parent faces and a large anterior area in the left with partner faces. Partner faces were
represented more dorsally in both anterior and posterior
areas of the cingulate gyrus. The cingulate cortex has been
strongly linked with various cognitive functions related to
self-control or self-reﬂection, and the larger activation to
own faces is consistent with this. Also, the cingulate gyrus
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is associated with monitoring emotions and empathy,
aspects likely invoked by the faces of parents or partners.
The lateralization of cingulate gyrus activation may be
related to the duration of the familiarity. Parents’ and own
faces have the longest extent of familiarity and tend to
elicit more activation in the right cingulate. Partner’s faces
on the other hand are newer and are represented largely
in the left cingulate. Investigating the effect of duration of
familiarity requires further research; however, the design
would be complicated, and it would be difﬁcult to partial
out duration of the relationship while controlling for personal familiarity.
Unlike the fusiform, the laterality effects in the cingulate
were not closely linked to the whole-brain results. For
example, laterality indices showed that own faces were
right lateralized in the cingulate gyrus, but the whole brain
index suggested that own faces activate areas bilaterally
(Fig. 2f). The latter is in agreement with a recent report
that own face activations are sustained by a bilateral network [Platek et al., 2006]. The type or area of activation
examined may lead to a more right- or left-sided pattern
and perhaps explain the discrepant laterality reports in the
literature [Brady et al., 2004; e.g., Keenan et al., 2000].

Predictors of Activation Related to One’s Own
and Partner’s Faces
Personal familiarity is based on many factors, which
would include not only the length of the relationship, but
also the time spent together on a daily basis; both of these
factors were signiﬁcantly related to activation elicited by
partner’s faces. As time spent together daily increased,
activation in the inferior frontal, precentral, and postcentral gyri decreased. Christoff and Gabrielli [2000] found
that activation in the inferior frontal gyrus was linked to
monitoring items online; the present result suggests that
increases in daily time together may reduce the need for
effortful maintenance of information about the person.
Similarly, activation in the right superior and transverse
temporal gyri and the left insula decreased as relationship
length increased. The insula is associated with processing
of partners’ faces [Bartels and Zeki, 2000; Fisher et al.,
2005] and perhaps the emotional component decreases as
relationship length increases.
Predictors of activation related to one’s own face,
included age, time spent looking at one’s self in the mirror,
and one’s rating of one’s own face. Activation in the right
precuneus, paracentral lobule and postcentral gyrus
decreased with age. In contrast, activation in the left precuneus increased with higher ratings of one’s own face.
This is an interesting distinction as it highlights a difference between a current reference (i.e., how one rates one’s
face at a point in time), which is represented in the left
precuneus, and a reference across time from chronological
age in the right precuneus. The precentral gyrus was previously linked with activation elicited by own faces, consistent with Morita et al. [2008], who suggested that this
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area is speciﬁcally involved in own-face recognition,
although the activation they reported was more lateral and
inferior than in the present study. The superior frontal and
medial frontal gyri (BA 9) activation increased as both the
time one spends in front of the mirror and the rating of
one’s own face increased. A number of studies have
shown that the prefrontal cortex, particularly on the right,
activated speciﬁcally under circumstances of self-evaluation or self-recognition [Fossati et al., 2003; Morita et al.,
2008; Uddin et al., 2005].
Overall, evidence from regression analyses indicate that
experiential predictors such as time spent with one’s partner or looking at one’s self in the mirror everyday modulate neural activity.

CONCLUSIONS
This study determined neural responses to personally familiar faces and extends previous results to direct comparisons of several types of personally familiar faces, including partner, own and parent faces. Despite the small sample size, we present important data which support prior
work and give preliminary results on the differentiation of
the neural substrates of personally familiar faces. The current results provide new evidence on the brain areas
implicated in processing parent faces, which were the only
ones to exhibit activation in the superior frontal gyrus.
Partner faces engaged the most extensive cortical areas
including those associated with emotional processing and
uniquely activated the inferior frontal gyrus. The pattern
observed in the ROI analyses of the fusiform and cingulate
gyri showed anatomical distinctions in processing partner,
parent and own faces. Laterality indices suggested that
fusiform gyrus activity, associated with the core visual system, is right lateralized. However, cingulate gyrus activation associated with extended and emotional processing
was more complex; partner faces were left-lateralized, own
faces were right-lateralized, and parent faces showed bilateral activity with a right bias. Activity related to personally
familiar faces was modulated by factors such as time spent
with one’s partner. Our ﬁndings suggest that long-term,
repeated exposure and personal experiences impact the
network of areas recruited for processing faces in core visual
areas as well as extended cognitive and emotional systems.
Activation within common areas, such as the fusiform and
cingulate gyri, is additionally modulated by face type.
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