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Over the past decade, the cognitive neuro-
science of language has gradually shifted its
focus from describing the function of spe-
cific brain regions to characterizing the spa-
tial and temporal dynamics of functional
networks connecting these regions. Exam-
ining resting-state functional connectivity
(RSFC), the temporal correlation of sponta-
neous brain activity fluctuations at rest, is a
powerful method to characterize neural net-
works (Fox et al., 2007; Smith et al., 2013).
Using this approach, a resting-state network
has been shown to be spatially congruent
with the language network typically evoked
during linguistic tasks (Hampson et al.,
2002; Tomasi and Volkow, 2012).

Several studies have shown that RSFC re-
flects individual differences in performance
on various cognitive tasks (Stevens and
Spreng, 2014). RSFC strength within the
language network has been positively corre-
lated with reading competency (Koyama et
al., 2011) and semantic processing ability
(Wei et al., 2012). Stronger RSFC within the
language network has also been associated
with better second-language phonological
(Ventura-Campos et al., 2013) and lexical
learning (Veroude et al., 2010). Given the
striking variability in second-language at-

tainment among adult learners, RSFC mea-
sures hold promise for investigating the
basis of individual differences in second-
language learning. However, previous stud-
ies in this area have related pretraining
RSFC to learning second-language features
trained in the laboratory over relatively
short timescales (Veroude et al., 2010; Ven-
tura-Campos et al., 2013). In a recent study
in The Journal of Neuroscience, Chai et al.
(2016) extend previous work to consider
whether pretraining RSFC may account for
individual differences in learning outcomes
of a second language trained in a naturalistic
environment over an extended timescale.

Chai et al. (2016) obtained resting-state
data from 15 English native speakers before
they began an intensive 12 week French im-
mersion program aimed at developing
communication and reading skills through
classroom instruction and interactions with
native speakers. Pretraining RSFC was then
related to improvements in French lexical
retrieval and reading ability measured be-
fore and after the training program. The au-
thors assessed lexical retrieval by counting
the number of words correctly produced by
participants when asked to speak in French
for 2 min. Reading ability was indexed by
calculating the number of words partici-
pants read per minute when instructed to
read short French paragraphs. Participants
improved on both measures upon complet-
ing the immersion program.

To estimate RSFC within the language
network, Chai et al. (2016) performed a
seed-to-voxel analysis on resting-state

data by computing temporal correlations
between brain activity fluctuations from
two a priori seeds, the left anterior insula/
frontal operculum (AI/FO) and the visual
word form area (VWFA), and every brain
voxel. Contributions of the left AI/FO and
VWFA to lexical retrieval and reading, re-
spectively, are suggested in both fMRI and
lesion studies (Price, 2012). The authors
found that participants with stronger pre-
training RSFC between the left AI/FO and
the left posterior superior temporal gyrus
(pSTG) as well as between the left AI/FO
and the dorsal anterior cingulate cortex
(dACC) showed greater improvements in
French lexical retrieval. Participants with
stronger RSFC between the VWFA and
the left mid-STG exhibited greater im-
provements in French reading ability. The
left pSTG and left mid-STG are putative
language processing areas; and although
the dACC is associated with domain-
general cognitive control processes, it is
a common locus for bilingual language
control. These results provide compelling
evidence for RSFC strength within the
language network reflecting individual
differences in second-language learning
ability. It should be noted, however, that
the study relies on a small sample size and
reports very high correlations calling for
caution in interpreting the results (Vul et
al., 2009). Robust correlation analyses to
deal with potential outliers, confirmation
of the test-retest reliability of the learning
and/or RSFC measures, and replications
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in independent samples would help cor-
roborate the findings.

Chai et al. (2016) suggest that greater
RSFC between the left AI/FO and the left
pSTG may facilitate phonological and se-
mantic processes supporting second-lan-
guage lexical retrieval. Although this
account is consistent with the established
role of these regions in spoken word pro-
duction, the authors do not explain how
these interactions may support improve-
ments in second-language lexical retrieval.
One possibility is that interactions between
the left AI/FO and the left pSTG support the
resolution of lexical competition. Recent
studies suggest that lexical retrieval in spo-
ken word production involves the activa-
tion of a set of phonologically/semantically
related candidate words in left superior and
middle temporal regions and competitive
selection of the intended word by inferior
frontal regions (Abel et al., 2009; Peramun-
age et al., 2011). Stronger RSFC between the
left AI/FO and the left pSTG may facilitate
managing the conflict arising when new
words in the second language integrate the
mental lexicon and compete with words in
the first language for selection. This pro-
posal could be substantiated by assessing
whether participants with greater pretrain-
ing RSFC between these regions also show
less disturbance under conditions of in-
creased phonological/semantic competition
both between and within language.

Chai et al. (2016) propose that greater
pretraining RSFC between the left AI/FO
and the dACC may reflect better domain-
general cognitive control processes contrib-
uting to improvements in second-language
lexical retrieval. These claims are supported
by recent longitudinal functional connectiv-
ity studies examining the role of cognitive
control in second-language lexical develop-
ment, which report stronger functional
connectivity within the cognitive control
network (including dACC) in the early
stages of learning (Ghazi Saidi et al., 2013;
Grant et al., 2015). These findings are con-
sistent with the convergence hypothesis of
bilingual processing (Green et al., 2006),
which posits that beginner second-language
learners rely on cognitive control processes
more than advanced learners to resolve
cross-linguistic competition. With in-
creased second-language proficiency, learn-
ers become less reliant on cognitive control
processes as the first language comes to re-
quire less inhibition. On this view, better
cognitive control processes are particularly
important in the early stages of second-
language learning. Better cognitive control
processes may also subtend internal speech
monitoring. A recent study reports involve-

ment of the dACC, bilateral insula and infe-
rior frontal regions in error detection during
speech production (Gauvin et al., 2016). A
tenable suggestion is that stronger RSFC be-
tween the left AI/FO and the dACC may fa-
cilitate error monitoring, which may be
particularly important in the early stages of
second-language learning where lexical re-
trieval is more demanding and error prone.
Therefore, an analysis of the errors pro-
duced by participants in the Chai et al.
(2016) study and how they relate to these
RSFC patterns could prove informative.

Stronger pretraining RSFC between the
VWFA and the left mid-STG in participants
whose second-language reading ability im-
proved is interpreted by Chai et al. (2016) as
reflecting the potentially more efficient
mapping of visual input from written words
to phonological and semantic representa-
tions. This account implies bottom-up
processing of orthographic information ac-
tivating phonological and semantic repre-
sentations. An alternative account put
forward by interactive activation models
(e.g., Price and Devlin, 2011) suggests the
VWFA integrates bottom-up orthographic
information with top-down predictions
from phonological and semantic language
areas. These top-down predictions play a
particularly important role in the early
stages of learning because they generate pre-
diction errors, which iteratively work to im-
prove predictions. In addition, evidence for
reduced RSFC between left posterior tem-
poral areas (including VWFA) and other re-
gions within the language network in
developmental dyslexia has been inter-
preted as a difficulty in integrating bot-
tom-up sensory inputs with top-down
predictions (Schurz et al., 2015). One possi-
bility is that stronger interactions between
the VWFA and the left mid-STG may facil-
itate access to top-down predictions and
support second-language reading. An inte-
grative view of the VWFA also raises ques-
tions as to whether similarities between the
first and the second language may mediate
the relationship between these RSFC pat-
terns and second-language reading ability.
Better access to top-down predictions may
benefit reading in a second language that has
strong orthographic overlap with the first
language (as French with English) but may
not be as helpful for an orthographically dis-
tant language for which orthographic infor-
mation cannot elicit top-down predictions.

RSFC’s promise in furthering our un-
derstanding of individual differences in sec-
ond-language learning is not restricted to
seed-to-voxel analyses as used by Chai et al.
(2016). Further investigations are likely to
take advantage of data-driven graph-theo-

retical analyses that provide measures of
network topology without relying on select-
ing seeds a priori (Bullmore and Sporns,
2009). Graph theoretical measures allow ex-
amining large-scale network-level altera-
tions across the whole brain and provide
information regarding network hubs, global
and local efficiency, as well as node cluster-
ing. Using a graph-theoretical analysis,
a recent study investigating individual dif-
ferences in second-language word-to-
sound learning in adults found that the
degree and local efficiency of the left STG
were positively correlated with learning out-
comes (Deng et al., 2016). These results sug-
gest that RSFC can account for individual
differences in second-language learning
success in the absence of a priori hypotheses
guiding the analysis. As such, these types of
analyses may provide a more objective alter-
native to investigating how RSFC relates to
individual differences in second-language
learning ability.

In conclusion, Chai et al. (2016) provide
evidence for pretraining RSFC strength ac-
counting for individual differences in sec-
ond-language learning outcomes in lexical
retrieval and reading ability. The authors
augment previous findings by considering a
second language trained in an intensive,
naturalistic environment. Further examina-
tion and characterization of RSFC interac-
tions within the language network and how
they relate to learning outcomes in a range
of linguistic domains will hopefully lead to a
more thorough understanding of the mech-
anisms subtending individual differences in
second-language learning. The Chai et al.
(2016) findings thus constitute a promising
first step in an exciting research endeavor,
which will likely capitalize on developments
in RSFC analysis techniques.
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