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Abstract—The aim of the present study was to investigate the reading mechanisms in adults (27 subjects;
mean age, 19.5 ± 0.8 [SD] years) with different levels of written text comprehension using fMRI. The main
objective was to analyze the basic brain mechanisms of verbal stimuli perception with and without semantic
component during reading discrimination tasks. The BOLD signal changes during WORD and
PSEUDOWORD reading comparing to GAZE FIXATION state were estimated using both analysis of whole
brain activation and ROIs (structures connected with the brain system providing reading) in two groups of
subjects, “good” and “poor” readers. It was revealed that activations were higher in “poor” readers in lingual
gyrus, SMG, STG compared to “good” readers during PSEUDOWORD reading. It was supposed, that the
strategies of words and pseudowords recognition differed in two groups of readers: “good” readers identified
words or pseudowords already at the stage of visual analysis of “word” structure and demonstrated attempts
to decode pseudowords (i.e., language lexical zones were not activated); “poor” readers, apparently, tried to
read pseudowords using the same strategy as for the words reading referring to the lexicon, and after failure
identified pseudowords as meaningless concepts. In that case, activations of both lexical “language” zones
and visual word form area (VWFA) were observed.
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The process of text comprehension during reading
has been the object of study of psychologists, linguists,
and, recently, neuroscientists for several decades. The
contemporary scientific data suggest that text analysis
during the reading represents a multi-level process [1–
3]. Birvish [4] distinguished the following levels: pho-
netic (i.e., lexical), syntactic, semantic, and contex-
tual. Multiple evidence suggest that the size of the
structural units of text available for comprehension
increases from the single words and short phrases to
the text consisting of several sentences in children,
which began to practice reading [5, 6]. What is behind
these concepts of levels relative to a mature reader
remains not quite clear: the stages of text processing
or different submodules of the functional system of
reading?

The level of individual’s word reading appears to be
the most studied one from all the levels of text process-
ing during reading from both psychological and phys-
iological aspects [7]. The contemporary models of
word reading with comprehension, i.e., lexical access,
which is usually called decoding, include several oper-
ations including designation of several letters, actual-

ization of several sounds relevant to the letters in
accordance with the rules of spelling, a subsequent
synthesis of the phonetic word and its lexical access
[8]. A direct association of the graphic word together
with its lexical value as a shorter way was also consid-
ered [9]. It is assumed that both types of operations
(the two route theory) are involved in the reading pro-
cess at different degrees [10–12]. However, according
to some data, another anticipation mechanism as a
probabilistic prognosis of an entire word by its first
one or two syllables is involved in decoding during the
word reading even outside the context. This mecha-
nism works only during the reading of words
(rather than pseudowords), since it is based on the
mental syllabary and motor images of the word forms
in memory [13].

The study of the cerebral mechanisms of word
reading using fMRI demonstrated that this process
was provided by highly organized cortical system
including the structures of the brain left hemisphere:
the dorsal (temporal parietal), ventral (occipital tem-
poral), and frontal subsystems focusing in inferior
frontal gyrus (IFG) [14]. The dorsal subsystem
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includes the angular and supramarginal gyrus, poste-
rior part of the superior temporal gyrus (Wernicke’s
area). These structures are involved in the association
of the visual image of letters with their phonemic ref-
erents and provide a connection between the phono-
logical structures and semantic categories [15]. The
ventral subsystem extends to the inferior and medial
temporal gyri and also includes left inferior part of the
occipital temporal region (fusiform gyrus) also known
as the area of the visual images of words, which usually
demonstrates higher activity to graphic images of
words rather than to pseudowords or subjective
images.

The frontal ventral (occipital temporal) subsystem
is considered to be involved in semantics-associated
reading [16, 17], while the posterior region selectively
and quickly responds to the printed text, especially in
“good” readers [14]. Frontal subsystem (IFG) inte-
grates two functionally different areas: frontal IFG is
mainly responsible for a decision in semantic task [18],
while caudally located part of this multifunctional
subsystem together with insula and opercular area [19,
20] and in accordance with literature data is more acti-
vated during pseudowords processing rather than
high-frequency words [16, 21].

Several studies testified that the level of develop-
ment of reading skills affected the structural organiza-
tion of the cerebral word reading. An improvement of
the behavioral parameters of reading might be accom-
panied by a decreased activity in left inferior frontal
and supramarginal gyri, supplementary locomotor
region and the cerebellum using fMRI [22]. Subjects
with a low level of word reading demonstrated a
reduced activity of the left parietal-temporal and pari-
etal-occipital regions [23, 24]; however, an increased
activity in the posterior regions of the right hemi-
sphere and bilaterally in the frontal regions was
observed [25, 26].

The present study aimed to analyze the mecha-
nisms of comprehension during reading in subjects
differing in the levels of scientific texts comprehen-
sion.

METHODS
The fMRI analysis involved 27 healthy subjects

(7 men and 20 women) aged 19–23 years (mean age,
19.5 ± 0.8[SD]) with a normal or corrected to normal
vision studying at one of St. Petersburg universities. In
accordance with [27], 25 of them were right-handed
and two were left-handed. All subjects reported Rus-
sian was the native language. The study was performed
in accordance with the Helsinki Declaration and its
subsequent additions. An informed consent for partic-
ipation in the study was obtained from the enrolled
subjects.

According to preliminary testing by the level of sci-
entific teхts comprehension, subjects were divided
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into two groups: relatively “good” (N = 14, five men)
and “poor” (N = 13, two men) readers. An estimate of
comprehension and analysis of text information was
conducted using the methodology of Understanding
Scientific Texts (UST) [28], which included the read-
ing of three scientific texts (250–300 words) followed
by answering on questions. A group of relatively
“good” readers consisted of subjects resulted at the
level of 85–100 percentile, while a group of relatively
“poor” readers included subjects resulted at the level
of 1–15 percentile according to UST.

Tasks. The present study examines the level of
reading of words out of context and pseudowords.
WORDS task included individual’s reading the word
and determination whether it belonged to a living or
non-living object. In PSEUDOWORDS task subjects
had to read a set of letters and to decide whether it is a
word from the Russian language. PSEUDOWORDS
task also included a randomized presentation of the
words in 2.5% of cases. It oriented subjects to perform
a stimuli discrimination task, maintained their level of
attention during the testing; however, it slightly
affected homogeneity of the used linguistic material.
When making decisions, subjects pressed the joystick
button with their thumb on the right or left hand
(depending on a decision). A change of stimulus
occurred when the button was pressed (self-paced
mode), in the case of exceeding the response time in
1500 ms stimulus change was conducted automati-
cally.

The fMRI study was conducted using magnetic
resonance imaging (Philips Ingenia, Netherlands)
with a magnetic field intensity of 1.5 T. The study was
carried out using 8-channel neurological coil, an indi-
vidual was placed in MRI chamber in the reclining
position, the subject’s head in the magnetic head-
phones to protect hearing and communicate with staff
was fixed by sealing modules.

For stimuli presentation a special InVivo SensaVue
30′ monitor included in the InVivo ESys fMRI com-
plex for conducting fMRI studies. The image from the
monitor was projected to individual via a system of
built-in mirrors. The presentation of stimuli was car-
ried out based on e-Prime 1.1 software package.
Before the study subjects performed training tasks
(with distinct sets of stimuli) without turning the MR
scanner on.

The examination of each task was designed accord-
ing to the block paradigm and consisted of four alter-
nating periods of rest (the task of gaze fixation on the
image of a fixed black cross in the center of the screen)
and periods of tasks performance (4 + 4) for 30 s each.
In the GAZE FIXATION task individual was asked to
press the joystick button in the free mode to compen-
sate the activation of the motor cortex compared to the
reading tasks.

Prior the functional study 6-s scanning without
registration of BOLD (hemodynamic response) signal
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(dummy scans) was conducted for the formation of
MR signal. The total duration of one reading task was
4 minutes 6 s. The fMRI study protocol included the
obtainment of T2, T1, Flair images to estimate the
brain anatomy to exclude a severe organic pathology.
The structural T1-WI (weighted image) were obtained
in the 3D mode as thin slices, which made it possible
to obtain high-resolution brain images in three
orthogonal projections.

Directly functional scans were performed in EPI
(echo-planar impulse sequence) mode under the fol-
lowing parameters: TR/TE – 3000 ms /50 ms, recon-
struction matrix 64 × 64, FOV (field of view) 230 ×
230 × 136 mm. Slice thickness was 4 mm, voxel size
after reconstruction was 3.59 mm. The performance of
one task was accompanied by 80 dynamic scans
(10 scans in each 30-s block). The primary estimate of
individual’s answers correctness based on the results
of pressing the joystick buttons was conducted during
the scan and the presence of coarse motion artifacts
was evaluated visually.

The experiments output were recorded in the inter-
national standard format DICOM followed by trans-
formation into Nifti format using specific MRiCon-
vert software for post-processing of fMRI data using
the SPM8 software package (http://www.fil.ion.ucl.
ac.uk/spm/software/spm8/). Statistical analysis was
performed using the general linear model (GLM).

Preliminary processing of individual data. The first
stage included the collection of anatomical and func-
tional data for each individual. Functional data were
adjusted for motion-associated artifacts, the compari-
son of functional data with the structural images, nor-
malization to a standardized anatomical space, and
spatial smoothing using a filter 8 × 8 × 8 mm (FWHM)
were carried out. Subsequently, first-level analysis
included a composition of design matrix for the indi-
vidual functional data. 80 scans per one task block
were used, which comprised 40 scans (images) of
WORD or PSEUDOWORD reading in each block
and 40 scans (images) of GAZE FIXATION task in
each block. A comparison of each task with GAZE
FIXATION state was carried out.

Group statistical analysis (second-level analysis).
Statistical analysis of changes in BOLD signal in the
whole brain was conducted in the groups of “good”
and “poor” readers via T-test. The results were
obtained for direct (comparison of tasks with GAZE
FIXATION state) and reverse t-contrasts. The results
of statistical maps design were considered (at clusters
level, clusters exceeding 100 voxels were considered)
with a threshold of p < 0.001 and a threshold of p <
0.05 under FWE [29] correction at peak level. Coordi-
nates topography of the maximums of the regions dif-
ferences after MNI coordinates transformation into
the coordinates of the Atlas of Talairach were deter-
mined using the Talairach Client freeware (http://
www.talairach.org/client.html).
Intergroup comparisons. The analysis of changes in
BOLD signal in the regions of interest (ROI) selected
on the basis of published findings [7, 30, 31] based on
the brain reading system and considering the selection
of regions non-overlapping with detected activations
during the analysis of the whole brain was performed.
The structures appeared to be the regions of interest
comprising the regions involved in the process of word
reading were the following: lingual, fusiform, supram-
arginal, superior, middle and inferior temporal gyri,
frontal cortical gyrus (triangular and operculum
areas). The anatomical mask in the mentioned struc-
tures for selected ROI was designed in accordance
with reported coordinates [7, 30, 31] using freely
accessed Marsbar (http://marsbar.sourceforge.net).
Subsequently, the differences in the level of BOLD sig-
nals between the groups of readers during the compar-
ison of tasks (WORDS reading, PSEUDOWORDS
reading and GAZE FIXATION) were estimated for
each ROI via one-way analysis of variance (ANOVA).
The effect of variables GROUP (“good”/”poor”
readers) and TASK and their interaction were consid-
ered. A sphere with a center in the mentioned local
maximum and 5 mm radius was used as ROI.

RESULTS
The results of the analysis of behavioral data. The

fMRI was based on the paradigm of individual-con-
trolled stimuli change (self-paced). The average values
of reaction times in the WORDS reading were 624 ±
94 ms [SD] in the group of “good” readers and 693 ±
139 ms [SD] in a group of “poor” readers. The number
of correct answers was 96.5 ± 1.8% [SD] and 95 ±
2.5% [SD], respectively. A task of PSEUDOWORDS
reading was characterized by a time of reading and
stimuli discrimination equal to 637 ± 109 ms [SD] in
the group of “good” readers and 763 ± 171 ms [SD] in
the group of “poor” readers. The analysis of behav-
ioral data using non-parametric Mann−Whitney test
revealed no statistically significant differences
between the groups in the number of correct answers
during reading and differentiation of living/non-living
objects in WORDS (z = 1.6; p < 0.1) and
PSEUDOWORDS task (z = 1.02; p < 0.3). The differ-
ences in the speed of response to WORDS (z = 1.18;
p < 0.23) and PSEUDOWORDS task (z = 1.7; p <
0.07) between the groups also remained under the
level of significance.

Comparison of BOLD signals during WORDS and
PSEUDOWORDS reading compared to GAZE FIXA-
TION in the group of “good” readers. The comparison
of BOLD signals during the execution of tasks and
GAZE FIXATION revealed the clusters of activation
in the group of “good” readers during WORDS read-
ing in the left occipital and insular regions, right pari-
etal and limbic cortex and during PSEUDOWORDS
reading—only in the occipital areas bilaterally
(Table 1).
HUMAN PHYSIOLOGY  Vol. 44  No. 2  2018
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Table 1. Differences in the levels of BOLD signals during WORD and PSEUDOWORD reading compared to GAZE
FIXATION in a group of “good” readers

Data including cluster size, location of their maximum and statistically significant changes in BOLD signal at the cluster level are presented
(p < 0.001(uncorr)); L, left hemisphere; R, right hemisphere; BA, Brodmann area.

Location BA, 
hemisphere

Cluster 
size

p(unc) 
cluster

Value at the maximal level
(peak level)

Maximum coordinates

p(FWE-corr) p(FDR-corr) T Z x y z

WORD READING > GAZE FIXATION

Middle occipital gyrus,
Lingual gyrus
Fusiform gyrus

18L,
17L,
19L

11544 0.000 0.000 0.006 14.44 5.98 –30 –98 8

Insula 13L 1724 0.000 0.017 0.019 10.07 5.23 –36 22 6

Angular gyrus 39R 364 0.000 0.022 0.020 9.85 5.19 32 –62 36

Cingulate gyrus 32R 1132 0.000 0.047 0.032 9.15 5.03 10 20 44

PSEUDOWORD READING > GAZE FIXATION

Inferior/middle 
occipital gyrus/Cuneus 19L 5404 0.000 0.000 0.001 16.84 6.29 –38 –82 –6

Cuneus/inferior/
Middle occipital gyrus 18R 3568 0.000 0.004 0.006 11.38 5.49 24 –100 –4

Table 2. Differences in the levels of BOLD signals during WORD and PSEUDOWORD reading compared to GAZE
FIXATION in a group of “poor” readers

Designations are the same as in Table 1.

Location BA, 
hemisphere

Cluster 
size

p(unc) 
cluster

Value at the maximal level
(peak level) Maximum coordinates

p(FWE-corr) p(FDR-corr) T Z x y z

WORD READING > GAZE FIXATION

Inferior occipital gyrus,
Fusiform gyrus,
Middle occipital gyrus

19L,
37L,
18L

3849 0.000 0.002 0.020 13.04 5.62 –44 –74 –6

Inferior/middle 
frontal gyrus

9/46L 1458 0.000 0.008 0.022 11.40 5.36 –54 22 26

PSEUDOWORD READING > GAZE FIXATION

Fusiform gyrus
Inferior occipital gyrus

37L
19L

10551 0.000 0.000 0.002 22.68 6.42 –42 –64 –14

Middle frontal gyrus 46R 817 0.000 0.014 0.040 11.75 5.26 48 38 22
Comparison of BOLD signals during WORDS
and PSEUDOWORDS reading compared to GAZE
FIXATION in the group of “poor” readers. Both “poor”
and “good” readers groups demonstrated significantly
higher level of BOLD signal during WORDS and
PSEUDOWORDS reading compared to GAZE
FIXATION: in the left occipital temporal and frontal
regions during WORDS reading and in the left occip-
ital temporal regions and right frontal regions during
PSEUDOWORDS reading (Table 2).
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The reverse contrasts of comparison in GAZE
FIXATION task during WORDS and
PSEUDOWORDS reading revealed no significant
clusters of activation in both groups of subjects.

Comparison of BOLD signals during WORDS and
PSEUDOWORDS reading in GAZE FIXATION state
between “poor” and “good” readers. Analysis of the
regions of interest. Significant effects (p < 0.05) of
GROUP × TASK interaction were revealed in the fol-
lowing ROI: left lingual gyrus [MNI coordinates of the
center of ROI sphere: –22, –47, –1]: F(2,44) = 5.62,
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Fig. 1. Intergroup differences in BOLD signals and the difference among the tasks in explored ROI in “good” (shown in black)
and “poor” readers (shown in gray). I, Lingual gyrus (L); II, supramarginal gyrus (L); III, superior temporal gyrus (L). Tasks:
(a) word reading; (b) pseudoword reading; (c) gaze fixation on a cross. # Differences between the tasks in a group of “good” read-
ers; d differences between the tasks in a group of “poor” readers; * differences in ROI between the groups of “good” and “poor”
readers.
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e(G–G) = 0.78, p < 0.02; left supramarginal gyrus
[MNI: –60, –41, 25]: F(2,44) = 5.1, e(G–G) = 0.81,
p < 0.02; left superior temporal gyrus [MNI: –53, –13,
0]: F(2,44) = 2.69, e(G–G) = 0.79, p < 0.05 (Fig. 1).

The following results of post-hoc analysis were
revealed: BOLD signal was significantly higher in the
left lingual gyrus during WORDS reading compared to
GAZE FIXATION and PSEUDOWORDS reading in
the group of “good” readers. Oppositely, in the group
of “poor” readers the BOLD signal was significantly
higher during PSEUDOWORDS reading compared
to WORDS reading. BOLD signal appeared to be
higher in the supramarginal gyrus in a group of “poor”
readers during PSEUDOWORD reading compared to
GAZE FIXATION and WORDS reading. No statisti-
cally significant differences in this ROI were observed
in a group of “good” readers. A significant increase in
the level of BOLD signal was observed in the left supe-
rior temporal gyrus during WORDS reading compared
to GAZE FIXATION in a group of “good” readers.
PSEUDOWORDS reading was accompanied by sig-
nificant intergroup differences in all ROI: the level of
activation in mentioned ROI was increased in a group
of “poor” readers compared to “good” ones.

DISCUSSION
Differences in BOLD signal during WORDS and

PSEUDOWORDS reading compared to GAZE
FIXATION states in the groups of readers differing in
written text comprehension. Activation of occipital and
posterior temporal regions of the cerebral cortex (fusi-
form, lingual gyri; inferior and middle occipital gyri)
was detected in the groups of “poor” and “good”
readers (differing in the level of scientific texts com-
prehension) during WORDS/PSEUDOWORDS
reading compared to GAZE FIXATION state. The
obtained data correspond to other findings of the brain
processes providing reading and activation of the
structures responsible for the perception of written
text, which, in addition to the mentioned regions, also
include superior and middle temporal gyrus, angular
gyrus, inferior and middle frontal gyrus [7, 32].
According to some authors, words and pseudowords
reading might be accompanied by the activations of
the similar brain regions [33–36], which were also
observed in the present study in the temporal – occip-
ital regions of the cortex. The group of “poor” readers
demonstrated activation in fusiform and inferior
occipital gyri as a result of both WORDS and
PSEUDOWORDS reading; while the left middle
occipital gyrus was the common activation region
during both WORDS and PSEUDOWORDS reading
in the group of “good” readers. Activation of occipi-
tal-temporal regions is characteristic for the tasks
requiring silence-associated reading of demonstrated
stimuli [7, 30, 31]. The contemporary reading models
[25, 30, 37] assume that the transfer of visual language
information includes the left ventral occipital tempo-
ral region in a close proximity to the occipital temporal
sulcus. This region is considered to be the one rather
specific to reading [38, 39], since activation of these
regions is higher during words perception compared to
visually similar stimuli such as false fonts or letter
sequences [39, 40]. The injury of the occipital tempo-
ral regions results in selective reading disorders with-
out affecting of speech [41–44].

In the present study activation of the left occipital-
temporal regions correlated with the processing of
visual images of words was observed during WORDS
and PSEUDOWORDS reading in the group of
“poor” readers, and activation cluster by the number
of included voxels was higher during
PSEUDOWORDS reading. This is consistent with
meta-analysis data [45]. Activation of occipital tem-
poral regions during words reading in a group of
“good” readers was detected only in the left hemi-
sphere (in middle occipital, lingual and fusiform gyri),
HUMAN PHYSIOLOGY  Vol. 44  No. 2  2018
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while during pseudowords reading, in both hemi-
spheres (in inferior/middle occipital gyri). Previously
[46] an increased activation of the occipital regions in
the left and right hemispheres was reported during
reading in groups of children (aged 10−14 years) with
the normal reading skills compared to children with
specific comprehension impairment. Benjamin et al.
[47] demonstrated that an enhanced reading speed was
accompanied by an increased activity in the temporal
occipital region of the left hemisphere (fusiform
gyrus) among all brain regions involved in reading. In
the study the activation of occipital temporal regions
of the right hemisphere in the group of “good” readers
during PSEUDOWORDS reading might be related to
the comprehension of the graphic structure of
pseudoword as alien in our language, i.e. as no word,
based on the minimal orthographic signs.

The results obtained during the reading tasks in the
group of “poor” readers together with activation of
occipital temporal cortical regions point to the differ-
ences in the level of BOLD signal during WORDS
reading in the middle and inferior cortical gyri of the
left hemisphere BA46/BA9, while during
PSEUDOWORDS reading, in symmetrical BA46
region of the right hemisphere. Activation of these
regions was associated with semantic memory [48],
working memory and attention control [49, 50], with
speech understanding and formation [51, 52] in verbal
fluency tasks [19]. Activation in the symmetrical
regions in the right hemisphere (BA46) was identified
during PSEUDOWORDS reading in a group of
“poor” readers, which might correspond to increased
load on the working memory during the recognition of
meaningless set of letters comprising a pseudoword. In
addition, activation of prefrontal cortex in “poor”
readers during the reading of both WORDS and
PSEUDOWORDS in stimuli discrimination tasks was
congruent to published findings reported an enhanced
activation in the frontal cortical regions in subjects
with a lower level of reading skills [25, 26] during the
performance of corresponding tasks.

WORDS reading compared to GAZE FIXATION
task was characterized by activation of both visual
regions in the left hemisphere and insular region
(insula, BA13L), parietal (angular gyrus, BA39R),
and limbic cortex (cingulate gyrus, BA32R).

The activation of insula was detected in several
studies [16]. Presumably, this area is also involved in
phonological processes [53] including low-frequent
syllables [54] during reading. Insula activation in the
group of “good” readers during word reading might be
associated with phonological processes. The study
[55] demonstrated the effect of task complexity (read-
ing of frequent and rare words) on activation of this
structure depending on the formation of reading skill.
Activation of the insular cortex in the group of adoles-
cents without reading impairments depended on the
task complexity and remained unmodified depending
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on the task complexity in the group of adolescents with
impaired reading skills.

The involvement of the angular gyrus was shown in
a wide range of cognitive operations [56], and is con-
sidered to be the center of crossmodal integration
including the comparison of information obtained
from different sensory systems: via formation of event
occurrence, creation of mental images, redirection of
attention to relevant information. However, right
BA39 comprises associative cortex closely related to
the processes of memory retrieval, conflict selec-
tion/differentiation of information [56], and verbal
activity [57]. Considering activation in BA39 together
with activation in the right BA32 [58] in the anterior
cingulate gyrus, it could be assumed that stimuli dis-
crimination task (living/non-living objects) was
actively realized during word reading in a group of
“good” readers.

Therefore, different pattern of activation was
observed during WORDS and PSEUDOWORDS
reading in comparison with GAZE FIXATION task in
a groups of “good” and “poor” readers depending on
the task and the level of reading comprehension.
PSEUDOWORDS reading was accompanied by acti-
vation of visual cortical regions in both hemispheres in
a group of “good” readers, while activation of the tem-
poral occipital cortex was predominant in the left
hemisphere in a group of “poor” readers.
PSEUDOWORDS discrimination by “good” readers
was provided by activation of occipital temporal corti-
cal regions thus suggesting a high level of effective rec-
ognition of pseudowords by the minimal graphic
parameters and their discrimination from the words.
Together with activation of occipital temporal regions
in the left hemisphere a group of “poor” readers in this
task demonstrated activation in the right inferior fron-
tal gyrus, which is probably caused by a stronger
involvement in the processes of discrimination of
words and pseudowords—working memory and cog-
nitive control in this group of subjects.

Intergroup differences based on the data analysis in
the regions of interest. Based on the results of BOLD
signals assessment in the regions of interest relevant to
the brain system of word and pseudoword reading,
intergroup differences among “poor” and “good”
readers were identified presented in lingual, supram-
arginal, and superior temporal gyri. The level of acti-
vation during PSEUDOWORDS reading was signifi-
cantly higher in the group of “poor” readers compared
to the group of “good” readers.

Interestingly, different ratio of BOLD signals in the
groups of “poor” and “good” readers during WORDS
and PSEUDOWORDS reading was detected in the
left lingual gyrus. Activation of this ROI was higher in
WORDS task compared to PSEUDOWORDS read-
ing in a group of “good” readers, while an opposite
observation was detected in a group of “poor” readers.
The study [59] described activation of the lingual gyrus
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as a result of perception of orthographically correct
words and pseudowords and the absence of activation
during the perception of sequence of consonants and
pseudofonts. In the study [60] activation of this region
was higher during word reading compared to
pseudowords (among adults). The data suggest that
recognition of words and pseudowords in the groups of
“poor” and “good” readers differed by the organiza-
tion of processes: probably, “good” readers could
make a decision without reference to the lexicon or
lexical analysis, based on several lingual statistical
characteristics of pseudowords differentiating them
from the spelling of the Russian language. At the same
time, “poor” readers demonstrated a weak heuristic
analysis by the minimal information supports. It might
be indirectly confirmed by the results of eyes move-
ment during reading of various types of texts in the
analysis of oculomotor behavior in these subjects.
According to the present study, “poor” readers were
unable to adaptive changes in the reading strategy
depending on a type of represented text compared to
“good” readers [28].

The supramarginal gyrus (parietal region of the left
hemisphere) was characterized by an increased activa-
tion level during PSEUDOWORDS reading in a
group of “poor” readers compared to WORDS read-
ing and compared to PSEUDOWORDS reading in a
group of “good” readers. This brain region is involved
in graphic-phonological decoding of visually pre-
sented stimuli [30], which, obviously, was significant
during PSEUDOWORDS reading in a group of
“poor” readers. PSEUDOWORDS reading in “poor”
readers was accompanied by an increased activation
also observed in superior temporal gyrus in the left
hemisphere—a region known to be activated only
during phonological analysis [61]. Accordingly,
PSEUDOWORDS reading in a group of “poor” read-
ers was characterized by a strong activation of the
regions associated with graphic-phonological trans-
formation of words during reading.

CONCLUSIONS
Obtained findings confirm an assumption that

neurophysiological organization of the reading pro-
cess in the readers differing in the skill of scientific
texts analysis becomes different even at the level of
reading of individual words and verbal stimuli without
semantic component (pseudowords). Significant dif-
ferences in the group of “strong” readers were identi-
fied during word reading and concepts discrimination
(by living/non-living object) compared to the gaze fix-
ation state in the insular cortex and left parietal and
occipital cortical areas, right angular and cingulate
gyrus. At the same time, pseudowords reading was
characterized by the differences only in secondary and
tertiary areas of left visual cortex, which may indicate
the adoption of a categorical decision
(word/pseudoword) even at the level of orthographic
analysis of the graphic word. Reading and discrimina-
tion of the words and pseudowords compared to the
gaze fixation state involved both visual areas in the left
and frontal cortex in the group of “poor” readers. In
the first of these comparisons (word reading > gaze
fixation) the differences were observed in the prefron-
tal cortex of the left hemisphere; while in the second –
in the frontal cortex of the right hemisphere. It could
be suggested that the involvement of symmetrical
regions of the prefrontal cortex in the left and right
hemispheres (BA46) during reading of words and
pseudowords, respectively, in the group of “poor”
readers evidence in the differences in stimuli process-
ing in subjects with a low reader competence. An
increased level of activation of the prefrontal cortex in
subjects with a lower level of reading corresponds to
several published data [25, 26].

Intergroup differences in activations of the lingual,
supramarginal and superior temporal gyrus in the left
hemisphere identified during the pseudowords recog-
nition, obviously, evidence in the use of different strat-
egies for pseudowords comprehension by “poor” and
“good” readers.
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