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Abstract. The retrieval of low frequency words is usually slower than that of high frequency words. Neuroimaging research
on the role of word frequency in linguistic tasks suggests candidate brain areas for the neural substrates of this effect. The only
previous fMRI study of word frequency in Russian (Malutina et al., 2012) used an action naming task and obtained data that
were highly inconsistent with results for other languages, findings which were mainly obtained using noun-retrieval tasks.
In order to verify whether the reasons for such inconsistency were methodological or cross-linguistic, we examined the fMRI
correlates of word frequency in Russian using a covert object naming task. We found that the retrieval of low frequency
and high frequency nouns activated the same general pattern of brain areas typical for object naming tasks in many languages.
Several brain regions were more activated in the low frequency but not the high frequency condition, including the areas
and structures usually associated with linguistic processing (the inferior frontal gyrus bilaterally, the left thalamus, the left
insula), visual perception (the fusiform gyrus, the inferior occipital gyrus, the middle occipital gyrus bilaterally) and cognitive
and motor control (the supplementary motor area and the right cingulate gyrus). The right cingulate gyrus was the only area
that responded only to the low frequency stimuli but not the high frequency items, when compared to the baseline. At the
same time, we found no brain areas that responded more to high versus low word frequency. These results are generally
consistent with previous fMRI studies in English, German and Chinese and therefore suggest that the inconsistency between
the previous research in Russian and other languages was due to the possible interaction of the part of speech (verb or noun)
and word frequency in brain mechanisms for word retrieval, rather than cross-linguistic differences.
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Introduction
One of the main linguistic characteristics of an individual
word is its frequency, or how often the word appears in a language. The effect of word frequency on response times has
been shown in many behavioral studies using object naming, lexical decision and reading tasks, indicating that low
frequency words are processed slower than high frequency
words in both speech perception and speech production.
This phenomenon is called “the word frequency effect”
(Oldfield & Wingfield, 1965; Gardner, Rothkopf, Lapan, &
Lafferty, 1987; Jescheniak & Levelt, 1994; Meschyan & Hernandez, 2002).
The question of which stages of speech processing may
be affected by the word frequency effect is debated in the
psycholinguistic literature. The evidence from behavioral
studies suggest that low word frequency may slow down the
stage of articulatory processing (Balota & Chumbley, 1985),
lemma retrieval from a mental lexicon (Gahl, 2008) or
access to the phonological word form (Jeschniak & Levelt,
1994).
Neuroimaging research may shed more light on the
mechanisms of the word frequency effect because it reveals
the topography of the neural sites that are associated with
different stages of linguistic processing. However, functional
magnetic resonance imaging (fMRI) and positron emission
tomography (PET) studies of word frequency are not
numerous because word frequency intrinsically correlates
with a number of lexical dimensions such as conceptual
familiarity, word length, and phoneme and grapheme
distribution. Options for disentangling these variables
are limited (Gardner et al., 1987), which makes neurolinguistic research on word frequency per se hardly possible.
Nonetheless, several neurolinguistic studies approached
the possible neural basis of the word frequency effect in
the English language by contrasting the activation evoked
by low frequency versus high frequency words (Fiez,
Balota, Raichle, & Petersen, 1999; Chee, Venkatraman,
Westphal, & Siong, 2003; Prabhakaran, Blumstein, Myers,
Hutchison, & Britton, 2006; Graves, Grabowski, Mehta,
& Gordon, 2007). Two findings were consistent across
these studies despite the varieties of imaging techniques
(PET or fMRI), tasks (lexical decision, reading, object
naming, or semantic association), modality of stimuli
(visual or auditory), modality of response (oral or motor),
data acquisition design (blocked or event-related) and
the baseline condition (fixation or perceptual control).
First, the activation was found only for the low frequency
words compared to the high frequency words, but not
vice versa. Second, all patterns of activation involved the
triangular and opercular parts of the left inferior frontal
gyrus (IFG). Other findings included different languagespecific brain areas (Price, 2012), namely the left posterior
superior temporal gyrus (pSTG; Fiez et al., 1999; Graves
et al., 2007) and the right IFG (Chee et al., 2003); the left
middle temporal gyrus (Prabhakaran et al., 2006), which
belongs to the neural substrates of semantic memory (Price,
2012; Binder, Desai, Graves, & Conant, 2009), and areas
associated with cognitive effort due to increased executive
control during task performance (Petersen & Posner, 2012):
the supplementary motor area (SMA; Fiez et al., 1999) and
the anterior cingulate cortex (Chee et al., 2003).
The Russian Journal of Cognitive Science
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However, the question of whether the pattern of
activation obtained for English can be generalized across
languages remains open to discussion. The authors are aware
of several attempts to find the neural correlates of word
frequency in other languages, including German (Fiebach,
Friederici, Muller, & von Cramon, 2002), Chinese (Kuo
et al., 2003; Lee et al., 2004) and Russian (Malutina et al.,
2012). The study by Fiebach et al. (2002) revealed a pattern
of results similar to the studies in English, with activation
for the low frequency compared to the high frequency
nouns in the left IFG and in the insula, the thalamus,
and the caudate nucleus bilaterally. The results of the two
studies of covert naming of the high and low frequency
Chinese characters were more complex. In both studies, the
low frequency characters evoked greater activation than the
high frequency characters in the IFG and insula bilaterally,
in the left precentral and middle frontal gyri, the SMA, and
the lingual gyri (Kuo et al., 2003; Lee et al., 2004). Each of
these studies also showed a different subset of the occipitotemporal and occipito-parietal areas activated for the same
contrast. In addition, Kuo et al. (2003) also found greater
activation for the high frequency versus low frequency
words in the left temporo-parietal region and precuneus.
The only fMRI study that explicitly tested the effect of
word frequency on the blood oxygenation level dependent
(BOLD) response in Russian (Malutina et al., 2012) showed
specific brain activation for both low frequency and high
frequency verbs. The study used low and high frequency
verb retrieval in an overt action-naming task based on
pictures of scenes. A perceptual control condition (distorted
images) was used as a baseline. The retrieval of low
frequency verbs was associated with increased activation in
the right IFG and middle frontal gyrus, the right superior
temporal gyrus, and bilaterally in the superior frontal and
medial frontal gyri, the SMA, the cingulate cortex and in the
right sensoriomotor cortex. The retrieval of high frequency
verbs in an action naming task was associated with bilateral
activation in the occipital areas, the superior parietal gyrus,
the right precuneus and cuneus, the right middle temporal
gyrus, and the right orbitofrontal area.
Therefore, according to the literature, the topography
of the brain correlates of word frequency in English and
Russian materials differs in terms of both brain regions
involved and the lateralization of the activation. In all
studies on word frequency in English, the activation
associated with low versus high word frequency was shown
in the left IFG, while in Russian it was found in the right
IFG. There was some overlap between the results for the
same contrast in Russian and individual studies on English
in the SMA (Graves et al., 2007), the left superior frontal
gyrus (Prabhakaran et al., 2006), and the anterior cingulate
(Chee et al., 2003). The contrast between high versus low
frequency words has shown no activation in any studies
using English materials, but there were multiple sites of
activation in the study by Malutina et al. (2012).
This inconsistency may be due either to crosslinguistic differences or to methodological variation. The
morphology of Russian is different from that of English.
However, an explanation in terms of cross-linguistic
differences does not seem plausible because the brain
correlates of word frequency in Chinese were similar to
those obtained for English, while Chinese is even less
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similar to English than Russian (Kuo et al., 2003; Lee et al.,
2004; Liu, Liao, Fang, Chu, & Tan, 2004). It is more likely
that the observed inconsistency may be due to differences
in the neural substrate for retrieval of nouns and verbs,
since Malyutina et al. (2012) used action naming which is
a verb-retrieval task, while the majority of previous fMRI
research on the word frequency effect has been conducted
using noun-retrieval tasks. The only study in Chinese that
revealed similar but less extended activation for the opposite
contrast between high versus low frequency words (Kuo et
al., 2003) used a mixture of nouns and verbs as stimuli in
a Chinese character-naming (reading) task. The aim of the
present study was therefore to examine the neural correlates
of word frequency in Russian using a noun-retrieval task.
We supposed that such an attempt would replicate the
previous results on neural correlates of the word frequency
effect found in other languages (Fiebach et al., 2002;
Graves et al., 2007; Lee et al., 2004); namely, that several
brain regions (both language-specific and associated with
executive control functions) would demonstrate greater
activation for low frequency nouns. We did not expect any
specific activation for high frequency nouns.

Method
Participants
Sixteen native speakers of Russian (9 females and 7 males;
mean age 24.3 years (SD=4.17)) volunteered to participate
in the study. All of them were right-handed (Annett, 1970)
and none could be classified as an early bilingual. Participants were recruited in the Moscow area and were either
college students or had recently graduated from university.
All volunteers had normal or corrected-to-normal visual
acuity, passed an MRI safety screening, and none of them
reported a history of mental illness, neurological disorders
or cardiovascular disease. Informed written consent was
obtained from all volunteers prior to the study in agreement
with the Declaration of Helsinki.

Materials
Seventy low frequency and 70 high frequency concrete
nouns were selected from “The Word Frequency Vocabulary of the Modern Russian Language” (Lyashevskaya &
Sharov, 2009). Mean values and standard deviations for
word frequency and length are presented in Table 1. For
each concrete noun we found a realistic, colored pictorial
representation of the corresponding object, compiling a set
of stimuli for the two experimental conditions: 70 images
for the high frequency nouns and 70 images for the low frequency nouns. Another set of 140 images for the perceptual control condition (baseline) was created by distorting
the same pictures in a way that made the objects no longer
identifiable; the control images contained pixels of the same
brightness and color as the experimental images. Sample
pictorial stimuli are shown in Figure 1.
The depicted objects were presented against a white
background. True color JPEG images were projected from
the control room onto a screen in the magnet room by
means of an LCD projector. The presentation of stimuli
was controlled by a custom script programmed using
The Russian Journal of Cognitive Science
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Psychtoolbox III (Kleiner et al., 2007). Participants watched
the screen from the distance of 3 meters through a mirror
system mounted on the head coil, so that the screen
occupied 10.6 × 5.9 of visual angle. Objects were centered
on the screen and occupied 34% (SD = 21%) of the screen
area on average.
Syllables

LogFrequency:
log ( ipm +1)

High frequency

2.2 (SD = 0.7)

1.94 (SD = 0.37)

Low frequency

2.59 (SD = 0.8)

0.43 (SD = 0.22)

Table 1.

Means and standard deviations for length and
log frequency of words corresponding to object
pictures.

Procedure
Each participant completed a 15-minute session of the
covert object-naming task in the scanner. Participants were
asked to silently name the picture presented on the screen
as soon as they saw a real world object, and to rest without
removing their eyes from the screen during the presentation of the distorted objects (“blobs”).
The object-naming task was chosen as a noun-retrieval
task that was otherwise similar to the action-naming task
used by Malutina et al. (2012). The object-naming task
was also previously employed in studies that used English
material (Graves et al., 2007). The covert naming task was
chosen to eliminate the task-correlated head motion that
accompanies overt speech production and may introduce
extra artifact activation at the contrast of interest (Gracco,
Tremblay, & Pike, 2005). Covert speech tasks have been
shown to preserve the major characteristics of brain
activity revealed by their overt counterparts (Palmer et al.,
2001; Bowyer et al., 2008), including activation in areas of
the pre-motor and motor cortex that control articulation,
although with a greater left lateralization (Price, 2012). For
this reason, silent speech tasks are often used as the method
of choice in functional neuroimaging studies of speech
production (Liljestrom et al., 2008). The sparse acquisition
protocol for overt naming is another reliable alternative, but
it dramatically reduces the statistical power and therefore
increases the duration of the experiment (Gracco, Tremblay,
& Pike, 2005). At the same time, the main caveat of the
covert naming task is a lack of control over participant
performance. Covert naming does not provide information
about the accuracy and timing of each individual response,
but this issue is compensated by having a block design in
the study. However, even highly compliant healthy adult
participants may misunderstand the task, miss some trials
or fall asleep in the scanner. For this reason, we controlled
for task comprehension by including an overt practice
session outside of the scanner, and for wakefulness and
compliance in a pre-debriefing interview and at the stage
of data analysis.
Before the main experimental session, each participant
completed a short practice session outside of the scanner
in order to become familiar with the procedure and the
appearance of real objects and distorted images. During
the practice session, the object-naming task was performed
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Figure 1. The schematic timeline of the block stimuli presentation during the experiment with the sample stimuli for the covert object naming
task and the baseline condition. Pictures of real objects correspond to either high frequency (e. g., tree) or low frequency (e. g., radish) nouns.

aloud, so that the experimenter could ensure that the
participant understood the task and was able to perform it
correctly. In order to obtain another indirect indicator of
task comprehension and compliance, the participants were
asked to share their experience of the scanning session after
the main session and before the debriefing, and to report
whether any pictures were hard for them to name.
For the object-naming task, images were displayed
for 3 seconds each without any interstimulus interval. The
baseline and experimental conditions were administered in
blocks, so that every seven successive images represented
the same condition. For technical reasons, blocks were
separated by colored checkerboards presented for 0.1
seconds. Blocks of high frequency and low frequency
stimuli alternated and were separated by blocks of the
baseline condition. There were 10 blocks of each of the
two experimental conditions and 21 blocks of the baseline
stimuli presentation. The very first and the very last block
in the session were baseline. No baselines other than the
perceptual control condition were implemented. The
order of stimulus presentation was the same for all participants. No order effect at the level of individual stimuli
were expected, because the effect of individual stimuli
is not distinguishable in fMRI block designs. The order
effects at the level of blocks were controlled with the ABAB
reversal design described above. The baseline periods were
introduced after each experimental block in order to allow
for the decay of the hemodynamic response after each
naming block and therefore minimize the BOLD signal
interference from successive blocks that belong to different
experimental conditions. The schematic timeline of the
procedure is shown in Figure 1.

fMRI Data Acquisition and Analysis
Structural T1-weighted (MPR sequence parameters: TR =
1900 ms, TE = 2.91 ms, FA = 15°; 176 sagittal slices, interslice interval 0.75 mm; voxel size 1 × 1 × 1 mm) and functional T2*-weighted volumes (EPI sequence parameters:
TR / TE / FA — 2350 ms / 50 ms / 90°; 28 slices oriented parallel to AC/PC plane, interslice interval 0.75 mm; voxel size
3.6 × 3.6 × 4 mm) were acquired using a Siemens 1.5 T MagThe Russian Journal of Cognitive Science

netom Avanto scanner located at the Federal Center of Medicine and Rehabilitation (Moscow, Russia). 372 functional
volumes per participant were collected (3 initial volumes to
achieve magnetization equilibrium and 41 blocks of 9 volumes each). Standard field map images with the same slice
prescription as the functional volumes were also acquired
in order to correct the distortions of the functional images
evoked by the magnetic field inhomogeneity.
Neuroimaging data were analyzed as a block design
with two experimental conditions (pictures for retrieving
low frequency and high frequency words) and one baseline
condition (distorted pictures). The data were processed
using SPM8 software (Wellcome Institute of Cognitive
Neurology, www.fil.ion.ucl.ac.uk). The first three volumes
of each session were discarded. Image preprocessing
included fieldmap-based realignment and unwarping
of the functional images, coregistration of structural and
functional images, segmentation of the structural images
and spatial normalization to the standard EPI MNI template
for both structural and functional images. For functional
images, spatial smoothing with an isotropic 8-mm Gaussian
kernel and a temporal high-pass filter (169-second cut off)
were also applied.
Data were modeled using the general linear model
(Friston et al., 1994). For each participant, one session
with two conditions (low frequency words, high frequency
words) was modeled using the canonical hemodynamic
response function. The baseline condition was not explicitly
modeled to avoid model redundancy. Images for one-sided
t-contrasts of the BOLD signal change over the mean value
for the session were obtained from each participant for
the following contrasts: low frequency words vs. baseline,
high frequency words vs. baseline, low frequency words vs.
high frequency words and high frequency words vs. low
frequency words. T-contrast images from individual participants were combined for a group random effect analysis.
The same four one-sided t-contrasts that were obtained for
the subject-level analysis were also computed at the group
level. Peak activation voxels from the group analysis were
reported in MNI coordinates with voxelwise uncorrected
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Figure 2. The sample time course of the raw signal within the IFG region of interest during the fMRI session in a single subject (shaded =
periods of rest condition; white = periods of naming condition).

statistical threshold p = .001 after topological FDR correction
for multiple comparisons at the cluster level (Chumbley &
Friston, 2009), q = .05.
Since we were unable to match low frequency and
high frequency words on length (low frequency words
were slightly longer than high frequency words), the effect
of word length in number of syllables was assessed using a
separate parametric design. The individual and group level
one-sided t-contrast images were computed and statistically thresholded in the same way as the main contrasts of
interest mentioned above.
The group activation maps were overlayed on the
average of the individual structural images normalized
to MNI space. The correspondence between the clusters
of activated voxels in the group data and the anatomical
structures was established by means of the Peak_nii
software v.7 (http://www.nitrc.org/projects/peak_nii) on
the basis of the Harvard-Oxford probabilistic brain atlas
(Desikan et al., 2006).
Additional control for the task performance at the
stage of data analysis was performed according to the line
of reasoning suggested by Owen et al. (2006) and Monti
et al. (2010) for motor and visual mental imagery tasks
in unresponsive patients. For a long block-designed fMRI
session with blocks lasting for 20 – 30 seconds and without
any external stimuli other than oral instructions between
the blocks, it is highly improbable that the time-course of
the BOLD signal in a priori defined task-related functional
regions of interest would systematically vary with the
block onset and offset without the participant performing
the imagary task. For the covert naming task, the same
methodology may be applied for the region of interest
that demonstrates a high percent signal change for speech
production but is not activated during the passive viewing
of stimuli. According to these criteria, the opercular and
triangular parts of the left IFG (Ullman, 2006) was chosen
as a region of interest since in the speech task the IFG often
demonstrates BOLD signal change noticeable even with
a visual inspection of the MR signal plot, and the activation
The Russian Journal of Cognitive Science

of this region is not triggered by a mere presence of the
visual stimuli. The ROI was defined with a template from
the WFU Pickatlas (Maldjian, Laurienti, Kraft, & Burdette,
2003), and the time courses from the ROI were extracted
with the Marsbar toolbox (Brett, Anton, Valabregue, &
Poline, 2002). A sample time course of the raw MR signal
in this ROI after the preprocessing of the functional images
in a single participant is shown in Figure 2. Even when
contaminated by the linear trend and fluctuations, there is
systematic variation with the delays of the hemodynamic
response and the higher signal for the naming task blocks
compared to the baseline blocks.

Results
No data were discarded due to a lack of wakefulness or compliance in the participants, according to the pre-debriefing
interview and analysis of the BOLD signal within the ROI
comprised by triangular and opercular parts of the left
IFG. The contrast of the naming task (aggregated across
both high and low frequency blocks) against the baseline
in the whole-brain analysis showed activation in the IFG
in every participant at the uncorrected statistical threshold
of p < .001 and in 14 out of 16 participants at the voxelwise
FWE-corrected statistical threshold of p < .05, ensuring that
the participants properly performed the covert naming task
in the scanner.
With respect to the baseline, retrieval of both low
frequency and high frequency nouns evoked bilateral
activation in the fusiform gyrus, the inferior occipital gyrus
and the middle occipital gyrus, the SMA, the precentral
gyrus, the IFG and the left postcentral and supramarginal
gyri (see Figures 3 and 4, Appendix Tables A1 and A2).
Several brain regions were more activated for the
retrieval of low frequency words in comparison with high
frequency words. This increase was found bilaterally in
the fusiform gyrus, the inferior occipital gyrus, the middle
occipital gyrus, the SMA and the IFG; it also appeared
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Figure 3. Activation maps for the contrast of high frequency words vs. baseline. Maps are thresholded at p < .001 (uncorrected at the voxel
level) and FDR-corrected at the cluster level with q = .05 (FDRC = 36). Activation maps are overlayed over the average of the spatially normalized
structural image of all participants. Coordinates (z) are given in MNI space.

Figure 4. Activation maps for the contrast of low frequency words vs. baseline. Maps are thresholded at p < .001 (uncorrected at the voxel
level) and FDR-corrected at the cluster level with q = .05 (FDRC = 420). Activation maps are overlayed over the average of the spatially
normalized structural image of all participants. Coordinates (z) are given in MNI space.
The Russian Journal of Cognitive Science
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Figure 5. Activation maps for the contrast of high frequency words vs. low frequency words. Maps are thresholded at p < .001 (uncorrected at
the voxel level) and FDR-corrected at the cluster level with q = .05 (FDRC = 36). Activation maps are overlayed over the average of the spatially
normalized structural image of all participants. Coordinates (z) are given in MNI space.

Figure 6. Effect of the parametric modulator showing areas associated with the word length. Maps are thresholded at p < .001 (uncorrected at
the voxel level) and FDR-corrected at the cluster level with q = .05 (FDRC = 21). Activation maps are overlayed over the average of the spatially
normalized structural image of all participants. Coordinates (z) are given in MNI space.
The Russian Journal of Cognitive Science
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Peak MNI coordinates

Brain structures within the cluster

T statistics

K (cluster size)

–6

9.73

666

– 98

0

7.91

– 42

– 80

6

7.29

L. Temporal Occipital Fusiform Cortex

– 38

– 48

– 18

6.24

L. Occipital Fusiform Gyrus

– 42

– 64

– 18

4.94

L. Frontal Operculum Cortex

– 34

24

10

6.34

L. Insular Cortex

– 34

24

2

6.25

L. Temporal Pole

– 38

8

– 18

5.56

L. Frontal Orbital Cortex

– 30

24

– 10

5.22

L. Inferior Frontal Gyrus, pars opercularis

– 42

16

22

4.51

R. Occipital Pole

22

– 96

6

8.30

R. Occipital Fusiform Gyrus

26

– 72

–6

8.15

R. Temporal Occipital Fusiform Cortex

42

– 48

– 14

7.09

R. Lateral Occipital Cortex, superior division

46

– 80

14

6.62

R. Lateral Occipital Cortex, inferior division

46

– 76

2

6.43

L. Thalamus

– 14

– 20

6

6.50

L. Insula

– 26

– 20

18

4.22

L. Paracingulate Gyrus (the supplementary motor area)*

–6

12

46

5.06

R. Paracingulate Gyrus (the anterior cingulate cortex)*

10

20

38

4.34

x

y

z

L. Temporal Occipital Fusiform Cortex

– 30

– 60

L. Occipital Pole

– 20

L. Lateral Occipital Cortex, inferior division

Table 2.

137

542

67

36

Brain regions demonstrating significant activation in one-sided whole-brain t-contrast between the experimental
conditions (retrieval of the low vs. high frequency words). Note. Cluster extent is given as voxel count after spatial
normalization to MNI space with each voxel dimensions of 4 × 4 × 4 mm. Statistical significance: p < .001 uncorrected
at voxel level, FDR-corrected at cluster level (q = .05, FDRC= 36).
* The more precise anatomical labels are given in the brackets on the basis of the MNI coordinates of single activation
peaks according to the SPM anatomy toolbox.

in the left thalamus, the left insula, and the right cingulate
gyrus (see Figure 5, Table 2). We found no brain areas that
responded more to high frequency words in comparison with
low frequency words.
The neural correlates of word length in the object
naming task, assessed by a separate parametric design
that introduced word length in syllables as a parametric
modulator for the object naming condition (without
further division into low and high frequency word retrieval)
included only the bilateral activation in the posterior brain
regions, namely the calcarine sulcus, the lingual gyrus, and
the inferior occipital gyrus (Figure 6).
The Russian Journal of Cognitive Science

Discussion
Our study presents an attempt to replicate, with Russian language materials, the pattern of the neural correlates of word
frequency earlier reported in the literature for the English
language. The only previous study in Russian, by Malutina
et al. (2012), showed substantial discrepancies with the literature on English and German, which we consider to be
due to methodological rather than cross-linguistic issues.
However, so far no proper cross-linguistic study has been
conducted that implements exactly the same methodology
on the material of two or more different languages. More-
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over, all existing research substantially varies by methodology, and no single neurolinguistic study of the word frequency effect exactly replicates the methodology of any
other study.

Neural Substrates of the Object-Naming Task
We found that the retrieval of low frequency and high frequency words activated generally the same brain areas
when compared to the baseline. The greatest volume of
activation was found in the IFG, the SMA, the fusiform
gyrus, the inferior occipital gyrus, and the middle occipital gyrus bilaterally. This pattern of activation is typical for
object naming tasks, both overt and covert (Liljestrom et al.,
2008; Kan & Thompson-Schill, 2004). The individual brain
regions comprising this pattern are often associated with
cognitive processes involved in object-naming tasks such as
the recognition of a visual stimulus, access to word meanings (to the main semantic features of a concept), access
to phonological word forms, and motor control, including
programming and the planning of articulation (DeLeon
et al., 2007). The activation elicited by the object naming
task therefore encompasses brain areas involved in the storage of the visual object and word representations at different levels (lexical-semantic representation in the temporal
lobes and visual representations of an object and its corresponding word in the occipito-temporal regions), as well
as execution of word retrieval in the IFG (Kan & Thompson-Schill, 2004) and the SMA (Alario, Chainay, Lihericy, &
Cohen, 2006; DeLeon, 2007).

Effect of Word Frequency on Brain Activation
The extra time required to retrieve low frequency words, as
reflected by the word frequency effect, may be associated
with neural processes within the same set of brain areas that
are involved in the processing of high frequency words (Liu
et al., 2004). Alternatively, extra response time may reflect
the recruitment of an additional set of brain areas associated with cognitive control. Our results support the idea
that these two options are not mutually exclusive.
As expected, we found specific activation patterns for
the retrieval of low frequency words in comparison with
high frequency words, and no specific activation for high
frequency words in comparison with low frequency words.
The retrieval of low frequency words in comparison
to high frequency words elicits greater cortical activation
in both language-specific brain areas (the IFG) and regions
associated with visual perception (the fusiform gyrus, the
middle occipital gyrus, the inferior occipital gyrus) or
executive control (the SMA and the cingulate gyrus). The
cingulate gyrus was the only brain region in this list that
responded to the low but not the high frequency items when
compared to the baseline. The greater overall activation
evoked by the low frequency words can be explained by the
increasing cognitive demands required for low frequency
word retrieval.
Higher mental effort is usually coupled with greater
brain activation in fMRI research. Two potential reasons
for the correlation include the longer neural processes for
the difficult trials within the same brain areas that underlie
the performance of the easy trials (which is reflected in
both the greater reaction time and more durable BOLD
response (Grinband, Wager, Lindquist, Ferrera, & Hirsch,
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2008; Yarkoni, Barch, Gray, Conturo & Braver, 2009)) and
recruitment of more general, non-specific cognitive control
processes when the task is difficult. An effect of increased
brain activation in the task-specific regions due to higher
task difficulty was shown in different modalities. For
example, such an effect can be seen in the primary motor
area as a response to higher tapping rates (Liu et al., 2004;
Khushu et al., 2001) or in brain regions associated with
speech comprehension as a response to higher syntactic
and lexical complexity (Keller, Carpenter, & Just, 2001).
In the context of the object naming task, the left IFG
cannot be unambiguously classified as either “linguistic”
or “cognitive control” nodes even though it contains
Broca’s area which is a classical candidate for the dedicated
language processing module in the brain (Falk, 2007).
First, Broca’s area has shown to be involved in a range
of higher mental functions including working memory,
calculation and the perception and production of music
(Fadiga, Craighero, & D’Ausilio, 2009). Second, even with
respect to its linguistic functions, the IFG is involved in the
retrieval of information from the semantic memory (Kan &
Thompson-Schill, 2004), which is a type of control process.
Considering the correlation between the IFG activation
and word frequency, Chee et al. (2002) proposed that the
IFG activation correlates with the mental effort required by
the voluntary retrieval of semantic information, since they
observed the word frequency effect on the IFG activation
only in an active semantic judgment task, but not in a
relatively passive reading condition.
The involvement of the left thalamus and the left
insula in the retrieval of low frequency nouns can also
be explained on the basis of previous research showing
that these structures are involved in the phonological and
semantic aspects of word processing. Several neuropsychological and neuroimaging studies have shown that lesions
in the left thalamus result in difficulties in the retrieval of
words from semantic memory (Mori, Yamadori, & Mitani,
1986; Segal, Williams, Kraut, & Hart, 2003), and the atrophy
of grey matter in the left insula leads to word-finding
failures and increased phonological retrieval deficits, or
tip-of-the-tongue states (Shafto, Bruke, Stamatakis, Tam, &
Tyler, 2007).
The functional role of the right cingulate cortex
is shaped by its connections with the left frontal cortex
(Chang, Lee, Lui, & Lai, 2007). The cingulate cortex
takes part in the initialization and execution of the word
retrieval process (Chang et al., 2007; Crosson et al., 1999),
so the activation of the cingulate cortex in picture naming
may reflect the proportion of controlled versus automatic
processing. So, greater activation in the cingulate cortex
during the retrieval of low frequency compared to high
frequency words reflects the increase of cognitive control
associated with processing low frequency words (Petersen
& Posner, 2012). Remarkably, no activation in the cingulate
cortex was found in the contrast of high frequency word
retrieval versus the baseline, which illustrates the idea of
recruitment of the extra neural substrate with the increase
of cognitive control and mental effort.
While the ventral occipitotemporal regions are intrinsically involved in the object-naming task since it requires
visual perception of a corresponding object, the differential
activation of this region for the low and high frequency word
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conditions is surprising. However, the response of the visual
areas may be affected by the overall attractiveness of the
depicted objects or the associated mental effort (infrequent
words may correspond to less frequently encountered
visual objects, which are more interesting for the participants or require more attention to identify the object and
perform the naming task), or by distribution of visual
categories (animals, tools, food, etc.) and corresponding
high-level visual features within groups of objects depicting
low and high frequency words. Interestingly, the differential activation in the occipital cortex and the fusiform
gyrus for the different word frequency items was not found
in the object naming study by Graves et al. (2007), which
restricted the object set to only categories of animals and
tools in both high and low word frequency conditions and
therefore provided control for the visual semantics.

Word Length Effect
The distribution of words and objects across semantic categories is only one example of potential confounds that
highly correlate with word frequency. The most obvious
psycholinguistic variable that is associated with word frequency is word length. The neurolinguistic model of speech
production proposed by Graves et al. (2007) implies that
word frequency per se should influence only the lexical
phonological stage of linguistic processing which is associated with the activation in the posterior STG, while word
length should influence activation in the articulationrelated areas such as the precentral gyri. However, we found
no evidence for the modulation of activity of the motor, premotor or prefrontal cortex by word length. The only brain
regions that were influenced by word length in the covert
object-naming task were found in the visual cortex. A similar lack of evidence for fMRI correlates of word length in
brain regions associated with language processing and cognitive or motor control was previously reported by Tyler et
al. (2004). Thus, our main results on the correlates of word
frequency were not contaminated by word length.

Correspondence with Data
from Other Languages
Our results did not replicate the findings by Malutina et al.
(2012) on Russian, and were more consistent with the previous data on English and German. Unlike Malutina et al.
(2012) but in accordance with Fiez et al. (1999), Fiebach et
al. (2002), Chee et al. (2002), Chee et al. (2003), Liu et al.
(2004), Prabhakaran et al. (2006) and Graves et al. (2007),
we found greater activation in the left IFG for the contrast
between the retrieval of low versus high frequency words,
and no specific activation anywhere in the brain for the
opposite contrast. Consistent with all the previous studies,
including the aforementioned studies in English, German
and Russian and two studies in Chinese (Kuo et al., 2003;
Lee at al., 2004), we found extra activation in the SMA for
the retrieval of low frequency words compared to high frequency words. Most other parts of the activation pattern
revealed in our study for the retrieval of low versus high
frequency words were also described before in several studies and languages: the right IFG (in English, Chee et al.
(2003); in Chinese, Lee et al. (2004); in Russian, Malutina et
al. (2012)), the insula (in English, Fiez et al., (1999); in German, Fiebach et al. (2002); in Chinese, Kuo et al. (2003) and
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Lee et al. (2004)), the anterior cingulate cortex (in Englsih,
Chee et al. (2003); in Chinese, Lee et al. (2004); in Russian,
Malutina et al. (2012)), and the thalamus (in German, Fiebach et al. (2002); in Chinese, Lee et al. (2004)). Remarkably, the excessive activation in the occipitotemporal region
for the retrieval of the low frequency words was reported
before only in studies on Chinese (Kuo et al., 2003; Lee et
al., 2004). However, these two studies were the only previous investigations of the word frequency effect implementing covert speech tasks. Finally, contrary to the substantial
body of earlier research (Fiez et al., 1999; Lee et al., 2004;
Prabhakaran et al., 2006; Graves et al., 2007; Malutina et
al., 2012), but in correspondence with some other evidence
(Fiebach et al., 2002; Chee et al., 2003; Kuo et al., 2003) we
did not find greater activation for the retrieval of low frequency words in the superior or middle temporal cortex,
which is considered to be an important neural substrate of
semantic memory (Price, 2012). This controversy and the
contribution of the temporal cortex to the word frequency
effect might be clarified by using methods with better spatial and temporal resolution than fMRI can provide, such
as electrocorticography (Kang, 2012).
Our results suggest that the discrepancy between the
neural correlates of word frequency found by Malutina
et al. (2012) and those from the earlier literature can be
explained in terms of methodology, rather than crosslinguistic differences (Russian versus English, German and
Chinese). Unlike the previous research and the present
study, Malutina et al. (2012) used a verb retrieval (action
naming) task. Notably, the only other study that found a
specific pattern of activation for the high frequency against
the low frequency word retrieval was the study by Kuo et al.
(2003), which involved covert naming of Chinese characters
representing both nouns and verbs.
The differences between object and action naming tasks
were clearly shown by Liljestrom et al. (2008). According
to their results, action naming and object naming shared
such cortical substrates as the left IFG and bilateral occipitotemporal and parietal regions. Nevertheless, pictures
of actions evoked more activation than object images in
another set of regions, including the left superior medial
frontal gyrus, left precentral gyrus, right insula, left temporoparietal junction, and the posterior middle temporal cortex
bilaterally. The authors attributed these differences to the
processing of action knowledge associated with the action
naming task. However, it is still unknown whether word
frequency effects would recruit different neural substrates
for nouns and verbs.
Therefore, in the context of previous research, our
results also indicate a possible role for part-of-speech and
possible interactions between part-of-speech and word
frequency in the brain mechanisms for word retrieval.

Conclusions
Compared to the retrieval of high frequency words, the
retrieval of low frequency words takes more time (the word
frequency effect) and elicits higher activation in a number
of brain areas. Despite variation in methodologies, earlier
research with speakers of English, German and Chinese
has consistently shown higher activation in the left IFG for
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low versus high frequency word retrieval, and no specific
activation for the opposite contrast. The present study replicates these two main findings for the Russian language.
Our data are therefore inconsistent with a previous attempt
to find the neural correlates of word frequency in Russian
by Malutina et al. (2012), which showed a different pattern of results. We suggest that the inconsistency between
the previous research in Russian and the other languages
may be due to the effect of part-of-speech (verb versus
noun) on the neural correlates of word frequency, rather
than being a result of language differences. Other brain
regions activated by the retrieval of the low versus high frequency words in an object naming task that were found in
the present study were also reported in previous neuroimaging research on the effects of word frequency in at least
one language. These regions include areas associated with
linguistic processing (the right IFG, the insula bilaterally, the right thalamus), cognitive and motor control (the
SMA, the right anterior cingulate cortex) and visual perception (the occipito-temporal region). At the same time,
contrary to several previous studies in English and Chinese
(Fiez et al., 1999; Lee et al., 2004; Prabhakaran et al., 2006;
Graves et al., 2007), we found no effects of word frequency
in the superior and middle temporal gyri, which are usually
considered to be the neural substrates of semantic memory. Overall, our results indicate that the pattern of effects
of word frequency on brain activation in word-retrieval
tasks may be shaped by both research methodology and
potential cross-linguistic differences.
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–6

6.24

L. Occipital Fusiform
Gyrus

– 38

– 64

– 10

11.12

L. Hippocampus

– 30

– 12

– 14

7.49

L. Postcentral Gyrus

– 62

– 12

26

5.06

R. Hippocampus

34

– 16

– 14

5.59

L. Precentral Gyrus

– 42

0

54

9.96

R. Inferior Frontal Gyrus,
pars opercularis

42

12

22

8.14

L. Middle Temporal Gyrus,
temporooccipital part

– 46

– 56

2

8.56

R. Inferior Frontal Gyrus,
pars triangularis

58

32

14

7.47

L. Parahippocampal
Gyrus, anterior division

– 26

–4

– 18

4.33

R. Postcentral Gyrus

50

– 12

58

5.48

L. Supramarginal Gyrus,
anterior division

– 46

– 40

46

6.38

R. Frontal Operculum
Cortex

46

16

6

5.08

L. Temporal Fusiform
Cortex, posterior division

– 38

– 20

– 22

4.59

R. Middle Frontal Gyrus

54

12

42

4.89

L. Temporal Occipital
Fusiform Cortex

– 34

– 56

– 14

12.24

R. Frontal Pole

54

36

–2

4.55

L. Inferior Temporal Gyrus,
temporooccipital part

– 50

– 56

– 10

16.35

–2

0

62

8.17

R. Intracalcarine Cortex

10

– 72

10

5.19

L. Juxtapositional
Lobule Cortex (formerly
Supplementary Motor
Cortex)

R. Lateral Occipital
Cortex, inferior division

42

– 76

– 14

10.48

R. Paracingulate Gyrus

10

12

46

5.49

R. Lateral Occipital
Cortex, superior division

34

– 84

26

7.45

R. Putamen

22

8

6

5.91

L. Lingual Gyrus

Table A1.

K (cluster size)

Appendix

361

128

36

Brain regions demonstrating significant activation in one-sided whole-brain t-contrast between the retrieval of the high
frequency words and the perceptual control condition. Note: Cluster extent is given as voxel count after spatial normalization to MNI space with each voxel dimensions of 4 × 4 × 4 mm. Statistical significance: p < .001 uncorrected at voxel
level, FDR-corrected at cluster level (q = .05, FDRC = 36).
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K (cluster size)

L. Central Opercular
Cortex

– 46

–4

18

5.00

5879

L. Frontal Orbital Cortex

– 34

28

– 10

L. Frontal Pole

– 30

40

L. Inferior Frontal Gyrus,
pars triangularis

– 34

L. Insular Cortex

Brain structures within
the cluster

x

y

z

Peak MNI
coordinates
Brain structures within
the cluster

x

y

z

T statistics

T statistics

Peak MNI
coordinates

Brain Correlates of Word Frequency in Russian

R. Lingual Gyrus

2

– 72

– 10

6.80

8.48

R. Occipital Pole

28

– 90

4

12.48

14

4.35

R. Supracalcarine Cortex

2

– 88

6

8.01

24

14

8.51

R. Postcentral Gyrus

50

– 12

58

5.21

– 26

24

–2

9.57

R. Precentral Gyrus

58

–8

46

7.71

L. Intracalcarine Cortex

– 14

– 72

6

5.87

30

– 52

50

6.29

L. Lateral Occipital
Cortex, inferior division

R. Superior Parietal
Lobule

– 26

– 88

6

10.58

38

– 48

– 14

15.53

L. Lateral Occipital
Cortex, superior division

R. Temporal Occipital
Fusiform Cortex

– 26

– 68

34

7.73

R. Planum Polare

46

4

– 14

5.02

L. Lingual Gyrus

–6

– 60

2

5.15

R. Temporal Pole

54

12

–6

5.02

L. Occipital Pole

– 18

– 96

10

11.42
L. Hippocampus

– 26

– 32

–2

7.79

L. Postcentral Gyrus

– 58

– 20

42

6.13
L. Putamen

– 22

16

6

9.73

L. Precentral Gyrus

– 46

–4

54

10.76

L. Superior Parietal
Lobule

L. Thalamus

– 14

– 12

6

6.48

– 28

– 50

52

7.74

L. Supramarginal Gyrus,
anterior division

R. Hippocampus

30

–8

– 14

9.68

– 38

– 36

38

7.22

L. Temporal Fusiform
Cortex, posterior division

R. Putamen

26

12

2

8.00

– 38

– 20

– 18

5.47

L. Temporal Occipital
Fusiform Cortex

– 34

– 56

– 14

15.40

R. Caudate Nucleus

22

20

10

7.61

R. Central Opercular
Cortex

38

–4

22

6.13

R. Thalamus

18

– 12

6

7.08

R. Cingulate Gyrus,
posterior division

18

– 48

2

4.02

L. Cingulate Gyrus,
anterior division

–6

8

26

6.42

R. Inferior Frontal Gyrus,
pars opercularis

46

16

26

8.36

–6

4

62

10.83

R. Inferior Frontal Gyrus,
pars triangularis

58

32

14

8.40

L. Juxtapositional
Lobule Cortex (formerly
Supplementary Motor
Cortex)

R. Insular Cortex

30

0

14

5.90

L. Paracingulate Gyrus

–6

12

46

8.54

R. Middle Frontal Gyrus

54

32

26

5.44

L. Superior Frontal Gyrus

–2

24

62

7.02

R. Intracalcarine Cortex

14

– 72

10

5.81

R. Cingulate Gyrus,
anterior division

6

4

30

6.93

R. Lateral Occipital
Cortex, inferior division

42

– 80

2

8.54

R. Paracingulate Gyrus

14

16

38

5.69

R. Lateral Occipital
Cortex, superior division

38

– 80

22

9.02

R. Superior Frontal
Gyrus

10

12

70

4.89

Table A2.

K (cluster size)

Rosa M. Vlasova, Valentin E. Sinitsyn, & Ekaterina V. Pechenkova

420

Brain regions demonstrating significant activation in one-sided whole-brain t-contrast between the retrieval of the low
frequency words and the perceptual control condition. Note: Cluster extent is given as voxel count after spatial normalization to MNI space with each voxel dimensions of 4 × 4 × 4 mm. Statistical significance: p < .001 uncorrected at voxel
level, FDR-corrected at cluster level (q = .05, FDRC = 36).

The Russian Journal of Cognitive Science

Vol. 2, Issue 1, March 2015

www.cogjournal.org

37

38

Российский журнал когнитивной науки, 2015, том 2 (1), стр. 24 – 40
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Мозговые корреляты
частотности слов при назывании
объектов по картинкам
на материале русского языка
Роза Власова

Лаборатория нейролингвистики филологического факультета Высшей школы экономики;
Лечебно-реабилитационный центр Минздрава Российской Федерации, Москва, Россия

Валентин Синицын

Лечебно-реабилитационный центр Минздрава Российской Федерации, Москва, Россия

Екатерина Печенкова

Институт практической психологии и психоанализа;
Лечебно-реабилитационный центр Минздрава Российской Федерации, Москва, Россия
Аннотация. Как правило, актуализация низкочастотных слов происходит медленнее, чем высокочастотных. Нейролингвистические исследования выявили ряд структур головного мозга, активация которых коррелирует с частотностью слова при его актуализации. На материале русского языка до сих пор было выполнено только одно фМРТисследование частотности слова (Малютина и др., 2012), результаты которого в значительной степени не согласуются
с данными, полученными на материале других языков. Однако в работе на материале русского языка использовалась
задача называния вслух действий, изображенных на рисунке (то есть актуализация глаголов), а для других языков
использовались задания, направленные на актуализацию существительных. Для того чтобы выявить, какую природу имеют причины такой несогласованности результатов: методическую или кросс-лингвистическую, мы провели фМРТ-исследование мозговых коррелятов частотности слова на материале русского языка, использовав задачу
называния про себя предметов, изображенных на картинках. Мы обнаружили существенным образом сходный паттерн активации головного мозга при актуализации как низкочастотных, так и высокочастотных слов. Данный паттерн типичен для задачи называния предметов по рисункам и был ранее получен на многих языках. Более активными
при актуализации низкочастотных слов по сравнению с высокочастотными оказались структуры мозга, связанные
с речевыми процессами (нижняя лобная извилина билатерально, таламус и инсула в левом полушарии), зрительным
восприятием (веретеновидная извилина, нижняя и средняя затылочные извилины билатерально) и когнитивным
и моторным контролем (дополнительная моторная кора и поясная извилина в правом полушарии). Поясная извилина правого полушария оказалась единственной структурой, в которой по сравнению с контрольным условием
наблюдалась активация при актуализации низкочастотных, но не высокочастотных слов. В то же время мы не обнаружили зон мозга, активировавшихся в большей степени при актуализации высокочастотных слов по сравнению
с низкочастотными. Полученные результаты в целом хорошо согласуются с данными нейролингвистической литературы по английскому, немецкому и китайскому языкам, в связи с этим можно предположить, что отличия предыдущих данных, полученных на материале русского языка, связаны скорее со взаимодействием таких факторов,
как часть речи (глагол или существительное), и частотность слова в мозговых механизмах актуализации слова, чем
с кросс-лингвистическими различиями.
Контактная информация: Р. М. Власова, rosavlas@gmail.com; 105066 Москва, Старая Басманная улица 21/4,
Лаборатория нейролингвистики НИУ ВШЭ.
Ключевые слова: частотность слова, эффект частотности слов, длина слова, называние объектов, функциональная
магнитно-резонансная томография, фМРТ, русский язык, часть речи, глагол, существительное
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