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Review of Dubois et al.

Understanding how the human brain en-
codes individual faces is a central chal-
lenge for face recognition research. Such
within-category selectivity has mainly
been reported in spike rate analyses of
single-unit data from macaque infero-
temporal cortex (IT) (Hasselmo et al.,
1989; Tsao et al., 2006; Freiwald and Tsao,
2010). In contrast, human face processing
studies are generally restricted to nonin-
vasive, spatially imprecise neuroimaging
methods such as functional MRI (fMRI)
and have focused on brain responses that
are organized on a coarser spatial scale,
such as mapping areas with selective re-
sponses between object categories such as
faces and scenes (Kanwisher et al., 1997).
Thus, a key strength of single-unit record-
ing has been its sensitivity to subtle within-
category distinctions, while a strength of
fMRI has been its applicability in humans
and the ease with which large parts of cortex
can be mapped.

One can leverage the relative strengths of
these methods by using macaque fMRI to
identify category-selective patches, and then
target these patches with single-unit record-
ing for within-category comparisons. Using
this method, Freiwald and Tsao (2010)
found functional dissociations between in-
dividual exemplar representations in adja-
cent face patches of the macaque temporal

lobe. Briefly, cells in the middle face patch
ML/MF were strongly view-selective with
limited identity sensitivity. Anterior to this,
cells in patch AL showed mirror-symmetric
view tuning and some sensitivity to identity,
while cells in the anterior-most patch AM
exhibited strikingly view-tolerant identity
tuning. These results constitute a landmark
achievement in the field and suggest the
power of combining fMRI for large-scale
mappingofselectivityat thebetween-category
level with single-unit recording for measuring
subtle within-category selectivity.

However, concurrent with the develop-
ment of fMRI-guided macaque single-unit re-
cording, several recent studies have used
multivariate pattern analysis (MVPA) meth-
ods to discriminate human fMRI responses to
individual faces, which suggests that fMRI
may be more sensitive to within-category in-
formation than previously thought (Krieges-
korteetal.,2007;Natuetal.,2010;Nestoretal.,
2011;GaoandWilson,2013;GoesaertandOp
de Beeck, 2013; Nestor et al., 2013; Verosky et
al., 2013; Anzellotti et al., 2014; Axelrod and
Yovel, 2015; Anzellotti and Caramazza, 2015).
This is an exciting development because the
centralgoaloffaceperceptionresearchisargu-
ably to understand human face recognition,
and unlike single-unit recording, fMRI is
widely applicable to human subjects. In con-
trast, macaque single-unit recording data can
only be used to support inferences about hu-
man face recognition if humans and ma-
caques are assumed to process faces similarly.
In fact, some research suggests that there may
be differences. For instance, stimulus inver-
sion affects face recognition disproportion-

ately compared with other object categories in
humans (Yin, 1969), but whether macaques
exhibit a similar inversion effect is controver-
sial (Bruce, 1982; Parr et al., 1999). Thus, there
is a need to validate face effects from macaque
single-unit recording against brain measure-
ments in humans, and fMRI MVPA appears
to provide the necessary sensitivity to enable
this species comparison.

In a recent paper in The Journal of Neu-
roscience, Dubois et al. (2015) investigated
the correspondence between fMRI and
single-unit recording by applying similar
MVPA classification methods to both
fMRI responses and single-unit data re-
corded from the macaque face patch sys-
tem. Their study has several important
features. First, instead of comparing hu-
man fMRI MVPA to tuning analyses of
macaque single-unit data, the authors
used the same analysis method to com-
pare data acquired with the two tech-
niques in the same species, making it
easier to attribute differences to modality
effects. Second, the known functional
dissociations between neighboring face
patches provide a clear set of reference re-
sults against which the fMRI MVPA re-
sults can be compared to test whether
fMRI captures the same effects as single-
unit recording. Finally, these functional
dissociations involve changes both in view
and identity tuning across the face
patches, which enables tests of how differ-
ent within-category face effects are pre-
served across modalities.

Dubois et al. (2015) first trained classi-
fiers to discriminate brain responses to

Received April 10, 2015; revised May 14, 2015; accepted May 15, 2015.
Correspondence should be addressed to Johan D. Carlin, MRC Cognition

and Brain Sciences Unit, 15 Chaucer Road, Cambridge CB2 7EF, UK. E-mail:
johan.carlin@mrc-cbu.cam.ac.uk.

DOI:10.1523/JNEUROSCI.1385-15.2015
Copyright © 2015 the authors 0270-6474/15/359252-03$15.00/0

9252 • The Journal of Neuroscience, June 24, 2015 • 35(25):9252–9254



different face viewpoints. These classifiers
were trained on brain responses from all
but one of the presented face identities
and tested on the left-out identity to en-
sure that successful classification could
not be attributed to low-level visual fea-
tures in particular stimulus images. This
analysis yielded above-chance classifica-
tion performance in all face patches and in
both fMRI and single-unit data. Further-
more, the pattern of classification errors
across the viewpoints correlated between
the two modalities. For instance, both the
single-unit and fMRI data from patch
AL/AF exhibited a similar pattern of mir-
ror image confusions. Thus, fMRI MVPA
appeared to capture all the main view-
point effects in the single-unit data.

Unlike the viewpoint results, classifiers
that were trained to discriminate face
identity and tested on a left-out viewpoint
performed quite differently on single-unit
and fMRI data. Single-unit identity classi-
fication was above chance throughout the
face patches, with increasingly accurate
classification on a posterior–anterior axis
ending in patch AM on the ventral tempo-
ral surface of anterior IT. In contrast,
fMRI identity classification was reliably
above chance across subjects in the poste-
rior/lateral region ML/MF, and declined
to nonsignificant levels anterior to this.
The pattern of identity classification er-
rors also did not correlate across modali-
ties, although this result is less surprising
since the sensitivity of such confusion
analyses are limited by the absolute level
of classification performance. Overall,
peak identity classification was substan-
tially less accurate than peak view classifi-
cation in the fMRI data while the view and
identity classifiers reached similar max-
ima in the single-unit data, suggesting that
fMRI MVPA exhibited particularly low
sensitivity to identity information com-
pared with view information.

Dubois et al. (2015) suggest that fMRI
MVPA may capture viewpoint effects to a
greater extent than identity effects be-
cause the limited spatial selectivity of
fMRI renders this method insensitive to
representations that are not spatially clus-
tered. In support of this interpretation,
single units recorded within 1 mm along
the same track had more strongly corre-
lated view tunings than identity tunings
(although this difference was modest in
AM, which was the only patch to exhibit
significant identity clustering). This anal-
ysis underlies the authors’ concluding re-
mark that representations that are not
sufficiently clustered at the single-unit
level are “unlikely ever to be successfully

decoded by fMRI multivoxel pattern anal-
ysis” (Dubois et al., 2015, p. 2802).

An alternative account of why the mo-
dalities differ in this manner is that the
quality of fMRI data from the face patches
that most strongly encode identity is par-
ticularly poor. Note that the strongest
identity effects in the single-unit data were
reported in the anterior temporal patches
AL/AF and especially AM, where fMRI
functional signal-to-noise ratios (fSNR)
generally are lower than in the more pos-
terior and lateral ML/MF. Dubois et al.
(2015) confirm that fSNR declines on a
posterior–anterior axis in their data, but
dismiss this account on the grounds that
fMRI view classification remained above-
chance in AL/AF and AM despite low
fSNR. Instead, the conclusions of the
study are centered on issues of spatial
clustering.

However, a strict clustering account
appears problematic upon closer inspec-
tion of the authors’ results. First, fMRI
classification of identity in ML/MF was re-
liably greater than chance even though
this patch exhibited the lowest identity
clustering of the three patches, suggesting
that an absence of clustering at the single-
unit level does not preclude above-chance
fMRI MVPA. Furthermore, ML/MF had
the highest fSNR of the three patches and
was the region where both view and iden-
tity classification effects were most similar
to the single-unit data, which is consistent
with the view that fSNR is critical for a
close correspondence between recording
modalities. Second, a strict clustering ac-
count predicts that fMRI classification of
identity and viewpoint should be similarly
accurate in AM, since this patch exhibited
comparable clustering for identity and
viewpoint. Contrary to this prediction,
only viewpoint could be classified reliably
across the three subjects. Instead, the re-
sults include a hint that fSNR may be im-
portant for fMRI classification in AM:
although fSNR was generally lower in AM
than in ML/MF, one of the three subjects
did not exhibit this effect, and that subject
was also the only one for which AM fMRI
identity classification was reliably above-
chance (Dubois et al., 2015, their Fig. 6b,
white bars). The same subject also showed
the strongest fMRI view classification in
AM. Thus, under sufficiently high fSNR
conditions, fMRI identity classification
appears possible even with minimal spa-
tial clustering, although these effects cer-
tainly were weaker than in the single-unit
data.

The study by Dubois et al. (2015) high-
lights both the promise and challenge of

fMRI MVPA. In some cases, the corre-
spondence with single-unit data is strik-
ing; while in other cases, high noise levels
in the fMRI data reduce classification to
chance-level performance. I disagree with
the authors on whether fMRI data fails to
match single-unit data because facial
identity representations are insufficiently
spatially clustered or because facial iden-
tity is coded primarily in regions with
insufficient fSNR in macaques. This dis-
tinction matters because spatial clustering
is a fixed property of the brain, while fSNR
is a technical issue that can be improved
with experimental design, neuroimaging
protocols, analysis methods, or the use of
a subject species with a more easily im-
aged ventral temporal lobe. Note that
macaques exhibit particularly severe
ventral temporal dropout with conven-
tional fMRI methods (Ku et al., 2011),
which might explain how several human
fMRI MVPA studies obtained reliable
identity classification in ventral tempo-
ral regions while Dubois et al. (2015) did
not. Thus, I remain optimistic about the
prospects of fMRI MVPA. As Dubois et
al. (2015) themselves point out, null
results should be interpreted with
caution.
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