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Abstract

Event-related potential (ERP) analysis associated with semantic priming is traditionally based on the
comparison between experimental conditions of the mean amplitude values, which are within the
range of the N400 component latency. In this study, we used a complete ERP dataset to examine
whether middle- and long-latency components are modulated by semantic priming in school-age
children. ERPs were recorded while normal children read pairs of words and decided whether the
second word of the pair belonged to the same semantic category as the first word. We used nonpa-
rametric multivariate permutation analysis to compare whole ERP amplitude values between related
and unrelated word pairs. We also obtained ERPs from a sample of children with poor reading skills
(reading disabled children) to evaluate the effect of semantic priming in a population with known
information retrieval failures. We found larger P200 amplitudes for responses to related word pairs
compared to unrelated word pairs and larger N400 amplitudes for responses to unrelated word pairs
compared to related word pairs in normal children. In contrast, children with reading disabilities
did not exhibit any significant differences regarding either of these components. Thus, changes in
the topographical distribution of ERP components over time might reflect the activation of several
brain structures. These results suggest that semantic priming is a process that is not only associated
with the N400 component.

Key words: Semantic priming, ERP, children, reading disability, nonparametric multivariate permu-
tation analysis.

Resumen

El andlisis de los potenciales relacionados con eventos (PRE) asociado con la instigacion semantica
tradicionalmente se basa en la comparacion entre condiciones experimentales de los valores me-
dios de amplitud que estan dentro del rango de la latencia del componente N400. En este estudio,
empleamos un grupo de datos completos de PRE para examinar si los componentes de latencias
medias y largas estaban modulados por la instigacion semdntica en nifios de edad escolar. Se regis-
traron los PRE de niflos normales mientras leian pares de palabras y decidian si la segunda palabra
del par pertenecia a la misma categoria semantica que la primera palabra. Empleamos un andlisis
multivariado no paramétrico de permutaciones para comparar los valores completos de amplitud
PRE entre pares de palabras relacionadas y no relacionadas. Se registraron los PRE de una muestra
de nifos con habilidades de lectura pobres (ninos con discapacidad de lectura) para evaluar el
efecto de la instigacion semantica en una poblacion con dificultades conocidas en la recuperacion
de informacién. Se encontraron amplitudes P200 mas grandes para las respuestas a los pares de
palabras relacionadas en comparacién con los pares de palabras no relacionadas, y amplitudes N400
mds mayores para respuestas a pares de palabras no relacionadas en comparacion con los pares de
palabras relacionadas en nifios normales. En contraste, los nifios con discapacidad en la lectura no
exhibieron diferencias significativas en relacion con esos componentes. De esta manera se concluye
que los cambios en las distribuciones topograficas de los componentes PRE a lo largo del tiempo,
pueden reflejar la activacion de diferentes estructuras cerebrales. Estos resultados sugieren que la
instigacion semantica es un proceso que no solamente esta asociado al componente N400.
Palabras clave: Instigacion semantica, potenciales relacionados con eventos, nifios, discapacidad de
lectura, analisis multivariado no paramétrico con permutaciones.

Introduction
Priming is a phenomenon that, under certaincir-  processing given the prior processing of a similar

cumstances, results in the facilitation of stimulus ~ stimulus. Although semantic priming evaluation
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frequently employs lexical decision tasks (Me-
yer & Schvaneveldt, 1971), priming can also be
evaluated with tasks in which the experimental
subject must decide whether two words are
semantically related. The magnitude of priming
in these tasks is behaviorally demonstrated by a
shorter reaction time (RT) and greater precision
when the word pairs are related compared to
when they are not (Neely, 1991; Silva-Pereyra,
Rivera-Gaxiola, Fernandez et al., 2003).

According to the spreading activation model of
semantic representation (Collins & Loftus, 1975),
concepts are represented as nodes within a net-
work, and the distance between one node and the
next is determined by the semantic relationship
between the two nodes. Priming occurs when
the related word pairs are presented because a
shared node network is activated (when a node
is activated, the neighboring nodes are also acti-
vated), while the unrelated word pairs reveal that
the activated networks for each word of the pair
are completely different (Neely, 1991).

Semantic priming can also be studied with
event-related potentials (ERPs). ERPs are an in-
valuable tool for studying cognitive processes
because ERPs are sensitive to specific aspects of
information processing in real time (Rodriguez-
Camacho, Prieto, & Bernal, 2011). ERPs represent
electrical brain activity that is associated with
an event, whether it is a sensory stimulus or a
motor or cognitive process (Coles & Rugg, 1995;
Hillyard & Picton, 1987; Picton, Bentin, Berg,
Donchin, Hillyard, Johnson Jr, et al., 2000). Some
ERP waves are associated with a specific cognitive
process, which is demonstrated when the ERP
waves consistently occur with the same polarity,
latency, and topography in response to specific
tasks. These are known as ERP components.
For example, the N400 component is a negative
wave that appears at approximately 400 ms in
adults (Kutas & Hillyard, 1980), and it has been
associated with semantic processing.

If ERPs are evaluated with a semantic cate-
gorizing task, then semantic priming emerges
when semantically related pairs elicit smaller
amplitudes than unrelated pairs. Thus, the N400
amplitude has a strong negative correlation with
both the word frequency and the semantic context
(Kutas & Federmeier, 2011). The topographical
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distribution of N400 has been observed in the
central-parietal leads, and there has been a slight,
yet significant, tendency in the right hemisphere
(Silva-Pereyra, Harmony, Villanueva, Fernandez,
Rodriguez, Galan etal., 1999). Cortical recording
studies have shown that the anterior portion
of the superior temporal left gyrus exhibits the
greatest activity when the N400 component is
observed (Halgren, 1990; Nobre & McCarthy,
1995). Similar results have been reported in a
study that localized the electrical sources for
N400, in which bilateral activation of the ante-
rior portion of the temporal lobe was observed
(Silva-Pereyra, Rivera-Gaxiola, Aubert, Bosch,
Galan & Salazar, 2003).

Developmental semantic priming ERP studies
have shown remarkable reductions in the ampli-
tude and latency of N400 with age, which support
the hypothesis that linguistic abilities develop
over time, and thus, children are less dependent
on semantic context for language decoding as
they grow older (Holcomb, Coffey, & Neville,
1992). In addition, there is a left lateralization of
the N400 component during the first stage of
elementary school (Wang, Dong, Ren, & Yang,
2009). However, similar to adults, school-age
children displayed N400 lateralized to the right
hemisphere. These children also showed a de-
layed N400 (i.e., approximately 530 ms) that was
prolonged for several hundreds of milliseconds
(Silva-Pereyra et al., 2003), which contrasts with
the results observed in adults, where the maxi-
mum amplitude was around 400 ms.

There are several theories that attempt to explain
the cognitive and neurobiological basis of these
N400 effects, including the hypothesis that N400
is sensitive to lower-level factors (i.e., prelexical
factors); however, there are those who also believe
that only higher-level factors have an effect on
meaning processing. A recent theory proposed
by Kutas and Federmeier (2011) suggests that N400
is located at the junction where these processes
intersect (i.e., at the level of the semantic access
itself). Thus, N400 may be characterized as a
temporal interval in which the unimodal sensory
analysis produces multimodal associations in a
manner that makes use of long-term memory.
The N400 window provides a temporally delimi-
ted electrical snapshot of the intersection of a
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feed-forward flow of stimulus driven by activity
within a distributed, dynamically active neural
landscape known as semantic memory. Taken
together, this perspective suggests that N400 is
an electrical reflection of the binding that creates
a multimodal conceptual representation, which
most likely involves multiple cerebral regions
over time.

Importantly, these semantic priming studies
have analyzed the average amplitude value of the
N400 component within a given time window,
which does not permit the assessment of changes
in amplitude throughout the entire potential in
relation to the experimental conditions. Conse-
quently, it is not possible to provide a detailed
evaluation of the topographical and amplitude
changes of N400 that are associated with semantic
priming over time. To the best of our knowledge,
previous semantic priming studies have only
explored the N400 component. Thus, the main
objective of this study was to evaluate the effect
of semantic priming on the amplitude of the en-
tire ERP during the execution of a semantic task
in healthy, school-age children. To analyze the
entire ERP and to evaluate all of the amplitude
values over time, a multivariate statistical method
based on permutations was used (Galan, Biscay,
Rodriguez, Pérez-Abalo, & Rodriguez, 1997). With
this method, we simultaneously evaluated the
amplitude differences for all of the time points
and avoided type | errors (Blair & Karniski, 1993;
Blair & Karniski, 1994; Raz, 1989). This method
showed that the N400 component is an electrical
reflex of a dynamic process in which different
areas of the brain are involved at different times.

To study the effects of semantic priming on
ERPs, we evaluated children with reading disabi-
lities whose limitations extended beyond word
decoding. Previous studies have demonstrated
smalleramplitudes and greater latencies of the N400
component in children with reading disabilities
while they read sentences (Brandeis, Vitacco, &
Steinhausen, 1994; Silva-Pereyra & Rivera-Gaxiola,
2005). In a study employing magnetoencepha-
lography (MEG), similar N400 patterns to those
reported by previous studies conducted in chil-
dren were observed in dyslexic adults (Helenius,
Salmelin, Service, & Connolly 1999). Smaller N400
amplitudes in the frontal regions of children with

62 Journal of Behavior, Health & Social Issues

reading disabilities compared to controls were
observed as the children read words (Stelmack,
Saxe, Noldy-Cullum, Campbell, & Armitage, 1988).
Arecent study that combined functional magnetic
resonance imaging (fMRI) and ERP (Schulz, Maurer,
van der Mark, Bucher, Brem, Martin et al., 2008)
reported that the N400 effect was reduced in dys-
lexic children compared to control children. In
contrast, Silva-Pereyra, Rivera-Gaxiola, Fernandez
et al. (2003) and Russeler, Probst, Johannes, and
Miinte (2003) did not observe any differences in
the N400 amplitude between subjects with and
without reading disabilities.

These conflicting findings regarding changes
in the N400 amplitude in subjects with reading
disabilities may be due to the manner in which the
data were analyzed. Thus, a secondary objective
of this study was to compare the responses to
semantic priming between a group of children
with reading disabilities and a group of normal,
age-matched children using the permutation
statistical analysis method. We hypothesized that
changes in the amplitude and topography in the
entire epoch would reveal differences between
the populations in other ERP components or in
a different N400 time window. We propose the
presence of topographical amplitude differences
for N400 in relation to time between children with
reading disabilities and normal readers because
of a deficiency in the retrieval of information
from semantic memory in the children with
reading disabilities, which may be a mechanism
that underlies this disorder (Schulz et al., 2008).

Method

Participants

Normal-reading children.

Twelve right-handed children (5 females) partici-
pated in the study. Their ages ranged from 7 to 12
years old (mean 9.45 standard deviation +1.10) and
had a total intelligence quotient that was within
the normal range or higher than average (Verbal
scale, 108.58 + 10.69; Performance scale, 107.42 +
16.53; Total 1QQ, 109.08 = 12.77; evaluated with the
Wechsler Intelligence Scale for Children-Revised
(Weschler, 2001). The Children’s Neuropsychological
Evaluation (Matute, Rosselli, Ardila, & Ostrosky-
Solis, 2008) was employed to assess the reading,
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writing, and arithmetic abilities compared to the
normative Mexican data. The children scored within
the normal limits in subtests of the Children’s
Neuropsychological Evaluation.

Children with reading disabilities.

Ten children with reading disabilities were se-
lected (2 females) with an average age of 9.88 +
0.82 years and an intelligence quotient (Weschler,
2001) greater than 70, such that cases of mental
retardation were excluded (Verbal scale, 95 +
21.26; Performance scale 98.9 + 22; Total 1Q, 96.8
+ 22). These children were referred by a social
worker because they had academic performan-
ce issues and ranked below the 11th percentile
on the Children’s Neuropsychological Evalua-
tion (Matute et al., 2008) reading subtest, which
permitted the diagnosis of a reading disability.
The children also had disabilities in performing
calculations and with written expression.

None of the children had any neurological
or psychiatric disturbances. To ensure that this
was the case, the children were evaluated by a
neuropediatrician, and the Conners’ scale was
applied to parents and teachers to exclude chil-
dren with attention deficit disorder or attention
deficit/hyperactive disorder. Semi-structured
interviews also indicated that the children did
not suffer from severe emotional problems.
The children did not have any noticeable socio-
cultural handicaps (the mother had at least an
elementary school education and a per capita
income that was greater than 50 percent of the
minimum wage).

The study protocol complied with the Declara-
tion of Helsinki (2008) regarding human subjects,
and the Ethics Committee from the Institute of
Neurobiology, Universidad Nacional Autébnoma
de México, approved the experimental protocol.
Written informed consents were obtained from
both the children and their parents prior to en-
rolment in the study.

Materials

The task consisted of 120 word pairs, of which 60
were related (e.g., perro—gato [dog —cat]) and 60
were not (guitarra—caballo [guitar —horse]). A pair
of words was considered related if they belonged
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to the same semantic category. Unrelated pairs
of words did not belong to the same semantic
category, and the second word did not begin or
end with the same phoneme as the first word.
Several semantic categories were used: animals,
toys, furniture, food, clothing, body parts, musical
instruments, professions, places, and tools. All of
the words were singular subjects written in Spanish,
had no more than three syllables, did not contain
any accents, were obtained from children’s biblio-
graphic sources (Ahumada & Montenegro, 1990,
2007; Mondada, 1992a,b,c,d,e; Pestum, 1996) and
had a single meaning (according to the Dictionary
from the Royal Spanish Language Academy, Real
Academia de la Lengua Espaiiola).

A pilot study was performed of the stimuli
in 12 adults, followed by a second sample that
consisted of eight elementary school-aged chil-
dren. This pilot study helped to determine the
presentation time for each word, which was 2200
ms, so that both groups (normal-reading and
reading-disabled subjects) could read the word.

Procedure

The Mind Tracer program (Neuronic S.A.) was
used to deliver the stimuli. Each child was ins-
tructed to press one button on the computer
mouse if the words were related and another
button if they were not related. Given that
the subjects naturally held the mouse with
both hands and used their thumbs to press
the buttons, the use of the mouse button was
counterbalanced among the subjects. Thus,
the likelihood that the execution was related
to hand use was excluded.

Each word pair included the presentation of a
warning signal (a cross) on the computer mo-
nitor for 300 ms to indicate that the stimulus
was about to be presented, and 500 ms later,
the first word of the word pair was presented
for 2200 ms. The second word of the pair was
presented 500 ms later for a duration of 2200 ms
and, finally, 500 ms after the second word was
presented, a closing signal (a question mark)
was shown for 800 ms. Once this signal appea-
red, the child had to use the mouse to respond
within 2 s. If the child took longer than 2 s, the
response was considered to be an omitted res-
ponse, and the presentation of a new sequence
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was automatically initiated. Figure 1 shows the
stimuli presentation sequence.

(CAT) (DOG)

* GATO PERRO ? *
300 ms 2200 ms 2200 ms 800 ms 300 ms
1T LT LT | S

500 ms 500 ms 500 ms

Figure 1. The stimuli presentation sequence

Prior to the start of the experimental task, the
subject performed a brief test to verify that he
or she understood the task and had become
familiarized with the activity. The subject was
comfortably seated 50 cm in front of the stimu-
lation computer monitor, which was located
in a soundproof chamber with dim lighting.
At the established viewing distance, a large
sized stimulus was subtended at a visual an-
gle of approximately 4.584° X 0.573°. The task
was divided into four blocks, and each block
consisted of 30 pairs of words and had an
approximate duration of 4 minutes. Between
blocks, the child was given a brief period of
rest if he or she desired.

The electroencephalogram was registered
through a MEDICID-4 (Neuronic S.A.) system
that consisted of 19 tin electrodes for the 10-20
International System (Fp1, Fp2, F3, F4, C3, C4,
P3, P4, O1, O2, F7, F8, T3, T4, T5, Té6, Fz, Cz, and
Pz) within a standard electro-cap (Electro-Cap
International Inc.), which was referenced to the
short-circuited earlobes (A1-A2). Blinking and
eye movements were monitored via a bipolar
recording of two electrodes placed on the ex-
ternal edge of the right eye, in addition to one
electrode placed above and one below the eye.
The impedance of the electrodes was maintained
at less than 10 kOhms. The bandwidth of the re-
cording ranged from 0.5-30 Hz, and the sampling
rate was 5 ms. EEG segments with artifacts due
to eye movements, excessive muscle activity, or
amplifier blockade were eliminated offline prior
to averaging. On average, the group of normal
children produced 24.50 + 5.12 useable respon-
ses for related words and 24.33 + 5.17 useable
responses for unrelated words. Moreover, the
group of children with reading disabilities pro-
duced 25.20 + 6.19 useable responses for related
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words and 26.00 + 8.69 useable responses for
unrelated words.

We selected 1000 ms segments from the elec-
troencephalogram that had 100 ms of pre-stimulus
time and were free of artifacts and synchronized
with the second word of the pair. Furthermore, at
least 17 segments were required for each of the
experimental conditions (related and unrelated
words). The EEG segments were subjected to a
baseline correction and were selected only when
the answer was correct. To obtain the ERP, the
segments from each condition were separately
averaged in approximately equal numbers.

Statistical analysis

The ERP data are multivariate in nature, and the
sample size is not sufficiently large to expect a
normal distribution. Picton et al. (2000) suggested
that despite advantages in employing parametric
statistics, the use of nonparametric techniques,
such as permutation statistics (Blair & Karnis-
ki, 1993; Galan et al., 1997) or bootstrapping
(Wasserman & Bockenholt, 1989) may be more
appropriate because these techniques do not
make assumptions regarding data distribution.
Given the size of the sample and the comparisons
made between the two experimental conditions
(related and unrelated pairs) throughout the
entire ERP analysis window, we performed a
multivariate nonparametric permutation analy-
sis (Galan et al., 1997). This method considers a
global hypothesis that evaluates the presence
of any differences between the brain responses
to related words and unrelated words, with the
understanding that the brain response is a non-
specific phenomenon of all of the derivations.
It also considers as many marginal hypotheses
as there are electrode sites, and the difference
between the responses of a specific electrode
was analyzed for each electrode site. This allowed
the determination of not only the presence of
differences between the electrodes but also
those time points at which such differences
were significant.

A permutation test is a type of statistical
significance non-parametric test in which the
distribution of the test statistic under the null
hypothesis is obtained by calculating all of
the potential values of the test statistic under
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rearrangements of labels that represent the
observed data points. If the labels are exchan-
geable under the null hypothesis, then the
resulting tests yielded exact significance levels.
Depending on the previously fixed significance
level, the null hypothesis will be accepted or
rejected, precluding that no differences or di-
fferences existed between the compared data.
For example, consider two groups with their
respective sample means and a null hypothesis
positing that these two groups have an identical
probability distribution:

1. The difference of the means between the two
samples is calculated, and an observed value
is obtained for the original groups.

2. The differences of the sample means are
calculated and recorded for every possible
way of dividing these values into two groups.
The set of these calculated differences is the
exact distribution of the possible differences
under the null hypothesis that group label
does not matter.

3. The one-sided p-value of the test is calculated
as the proportion of the sampled permuta-
tions where the difference in the means is
greater than or equal to the observed value
for the original groups. If we select a 5% sig-
nificance level (p=0.05), then we can sort out
the recorded differences and then observe
if the observed value for the original groups
is contained within the middle 95%. If the
answer is yes, the null hypothesis is accepted;
if the answer is no, then we reject the null

Table 1.

hypothesis, and the conclusion is that the
groups are different.

This analysis was applied to the entire potential,
i.e., every 5 ms, from a latency of -100 ms up to
900 ms, where zero is the time at which the sti-
mulus was presented. The analysis began at-100
ms because it was important to verify at the pre-
stimulus period that there were no differences
between the conditions.

Results

Behavioral results
A nonparametric multivariate permutation analysis
was used to evaluate the RT and the percentage
of correct responses. Normal readers did not
exhibit any significant differences in the RT or
in their answer precision between related and
unrelated words.

Table 1 shows the mean and standard devia-
tion values for the behavioral variables in both
groups. In children with reading disabilities,
the RT for the related words was significantly
shorter than the RT for the unrelated words
(p<0.001). We observed that the number of in-
correct responses (omissions and false alarms)
was significantly greater in children with reading
disabilities than in normal readers, with the most
striking difference observed in the number of
omissions (p=0.01) rather than the number of
false alarms (p=0.03). There were no significant
differences between the two groups in terms of
RT for either condition.

Behavioral Results. Mean and Standard deviations (SD) of both groups of children.

Percentage of incorrect responses

Related words

Unrelated words

Reaction Times

Related words Unrelated words

Normal children 5.9 (5.1)

Children with reading

disabilities 123 5.5)

16.6 (15.5)

4.5 (4) 486.7 (255.2) 512.1 (290)

568.5 (205.3) 660 (211.6)
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Electrophysiological results
When we compared the point-to-point amplitude
(every 5 ms) of the entire potential for related
and unrelated words among these conditions,
we observed a significant global difference in
normal readers (p=0.02). The ERPs were signifi-

Table 2.

cantly distinct at different time windows, which
may be associated with different components.
The time intervals and the electrode under which
these significant differences were recorded are
shown in Table 2.

Ditferences between conditions (Unrelated word versus related word pairs) in normal readers regarding

electrode position and time windows.

Electrode position

Time intervals in which significant differences were noted

(level of significance) (p<0.05)

Fp1 (p =.01) 165-255 ms

Fp2 (p = .003) 160-280 ms

F3 (p =.04) 215-260 ms

F4 (p =.02) 215-280 ms, 320-375 ms, 470-555 ms

P3 (p=.01) 175-255 ms, 535-570 ms

F8 (p =.02) 240-295 ms, 315-390 ms

Fz (p =.005) 195-290 ms, 340-365 ms, 510-585 ms, 630-675 ms
Cz (p=.02) 220-260 ms, 540-555 ms

Pz (p =.04) 200-245 ms, 535-565 ms

There was a positive wave that was more pro-
nounced in the latency amplitude (160-280 ms),
which was earlier in the Fp1, Fp2, and P3 deri-
vations (160-255 ms) than those in the F3, F4, F8,
Fz, Cz, and Pz (195-295 ms) for related words.
On the basis of their latency and topographical
distribution, we considered this positive wave
to be the P200 component. The ERPs for both
the experimental conditions and amplitude
maps corresponding to the latencies, where a
significant difference was found, are shown in
Figure 2. Between 315 and 390 ms, we observed
a greater amplitude potential in the unrelated
words under electrodes F4, F8, and Fz. We also
observed this difference in F4 and Fz; however,
it occurred between 470 and 585 ms. In the 535-
570 ms latency range, we observed the same
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effect in the P3, Cz and Pz derivations. At a later
point, under the Fz electrode and between 630
and 675 ms, we observed significant differences
that corresponded to the N400 effect.

In contrast to the statistical results of normal
readers, the group of children with reading disabi-
lities did not show any significant ERP differences
between the two experimental conditions. To
compare the ERP data of children with reading
disabilities and that of normal readers, a difference
wave was calculated between the experimental
conditions (i.e., ERPs to the unrelated minus the
ERPs to the related pair of words). Significantly
smaller amplitudes over the frontal lead:s (i.e., Fp1,
Fz and Fp2) in the range of the P200 were found
in children with reading disabilities compared
with normal readers (p < 0.001).
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Figure 2. The average potential of normal-reading children in some derivations (F3, Fz, F4, C3, Cz,
C4, P3, Pz, P4). The P200 and N400 components, which were significantly different between the ex-
perimental conditions (related and unrelated words), are indicated by the arrows. The lower panel
shows the amplitude maps for each experimental condition and the difference wave between the
conditions through the different time windows that were determined to be significant. Please note
the temporal changes in the topographical distribution of the N400 effect. This indicates a frontal
distribution that begins in the right hemisphere and spreads bilaterally.
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Discussion

There were no semantic priming effects in normal
readers in terms of the RT and the percentage of
correct responses. It is likely that there were no
effects on the behavioral results due to the task
characteristics, i.e., the children’s answers were
delayed in time. To balance the answer time bet-
ween the normal readers and the children with
reading disabilities, a question mark was added so
that the children knew when to press the button
and, thus, make their semantic judgment some
time before the appearance of the question mark.
The wait time likely masked the priming effect.
However, normal readers exhibited effects
on the amplitude within different temporal
windows that corresponded to the different
ERP components (i.e., P200 and N400). Given
the analysis made in this study, the brain res-
ponse associated with semantic priming was
not limited to the N400 component. There was
also a significant effect in the time range of the
P200. This effect was more pronounced in the
frontal part of the left hemisphere as described
in previous studies (Silva-Pereyra et al., 2003).
The anterior distributed P200 has been asso-
ciated with attention demands (Johnson, 1989)
and with stimuli evaluation (Luck & Hillyard,
1994). Furthermore, the amplitude decreases
with age (Taylor & Khan, 2000), but increases
with task difficulty (Stelmack et al., 1988; Taylor
& Khan, 2000). Moreover, the P200 left/right as-
ymmetries have been related to reading skills
(Segalowitz, Wagner, & Menna, 1992). However,
recent studies have associated this component
with semantic processing and modulation of
the N400 effect (Federmeier, Mai, & Kutas, 2005;
Huang, Lee, & Federmeier, 2010; Wlotko & Fe-
dermeier, 2007). In these studies, frontal P200
to stimuli presented in the right visual field are
larger in more constraining contexts and have
been linked to left hemisphere mechanisms that
prepare the language processing system for the
apprehension of predictable words (Kandhadai
& Federmeier, 2010). The pattern of P200 was
similar to that observed of N400. Thus, with
central visual presentation of stimuli, it can be
difficult to differentiate between P200 effects and
those results obtained from the onset of N400,
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particularly when there is substantial overlap of
the scalp distributions of the two components.
However, other ERP studies have shown an am-
plitude modulation of P200 during semantic tasks
(Landi & Perfetti, 2007; Silva-Pereyra, et al., 2003).
In summary, strong context-based expectations
for upcoming words appear to change how the
perceptual processing system allocates attention
and analyzes subsequent stimuli (Federmeier,
Mai, & Kutas, 2005; Huang, Lee, & Federmeier,
2010; Wlotko & Federmeier, 2007).

The results of the present study also show
that the N400 effect is a process that temporally
changes its pattern of cerebral region activation
(i.e., three significant windows within the N400
wave where the unrelated words elicited greater
amplitudes than the related word pairs). Diffe-
rences in the amplitude and topography over
the course of time show that different cognitive
components may be utilized in semantic proces-
sing as suggested by Holcomb and McPherson
(1994). That is, different cerebral structures are
activated at different moments during the retrie-
val of semantic information (Newman, lkuta, &
Burns, 2010). Several studies have further made
the distinction between several different peaks
within the N400 component time window, which
are thought to differentiate between cognitive
processes; however, they followed the procedure
of averaging the amplitudes in the latency spectra
(Coch, Maron, Wolf, & Holcomb, 2002; Dykman,
Ackerman, Loizou, & Casey, 2000). According to
the spreading activation model (Collins & Loftus,
1975), once a node is activated by the firstword in
the pair, recognition of the second word is more
rapid. However, if the second word of the pair
was not previously activated as a neighboring
word of the first, then this is reflected by a greater
N400 amplitude. The N400 arises in a time period
where the stimulus-driven activity enters into
temporal synchrony with a broad, multimodal
neural network, whose current states have been
shaped by recentand long-term experience of a
wide range of types (e.g., on the basis of world
experience, long-standing and recent linguistic
and nonlinguistic inputs, attentional states, and
affect/mood) (Kutas & Federmeier, 2011).
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The N400 activity can be modulated by factors
that affect either the input or the configuration
of activity in semantic memory. For example,
manipulations of attention may affect either or
both of these levels. Enhanced P200 responses,
which may reflect a preparatory attentional res-
ponse elicited by language contexts that induce
a strong expectation for particular upcoming
stimuli (Federmeier et al., 2005; Wlotko & Feder-
meier, 2007). This may be the role of cognitive
processes as reflected by P200 in the semantic
priming equation.

A limitation of this study is that the analysis
of topographical changes in the amplitude over
time does not differentiate between concomi-
tantly modulated ERP components. Thus, it is
possible that the P200 component reflects at-
tentional processes that are evoked during the
complex semantic priming process at the same
rate at which the processes underlying the N400
component are reflected.

Regarding children with reading disabilities,
there was a significant priming effect observed
in their behavioral data. These results were con-
sistent with previous studies (Silva-Pereyra et al.,
2003), which demonstrated a greater number of
errors (omissions and false alarms) in the group
of children with reading disabilities than normal
readers. In contrast to these behavioral results,
there were no semantic priming effects on any
of the ERP components (i.e., P200 and N400) in
these children. These children equally respon-
ded electrophysiologically to both the related
and unrelated pair of words, which is reflected
in the lack of the N400 effect (Brandeis et al.,
1994; Holcomb, Ackerman, & Dykman, 1985).
Some studies have shown that children with
reading disabilities make errors in the retrieval of
semantic information from memory (Jednorog,
Marchewka, Tacikowski, & Grabowska, 2010) and
display P200 amplitude differences compared to
controls in semantic processing tasks (Landi &
Perfetti, 2007).

A potential explanation for these ERP results
may be that these children have deficiencies in
pre-activated information in semantic memory
by rendering some information as more impor-
tant (this may be reflected by the lack of a P200
amplitude effect; that is, greater P200 amplitudes
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for related with respect to unrelated word pairs)
with consequences for the state of semantic me-
mory, which is then encountered by subsequent
stimuli (N400 that is equal to both related and
unrelated word pair conditions and the lack of
the N400 effect). Other studies have provided
evidence that show that children with reading
disabilities have no P200 amplitude effects du-
ring a visual semantic categorization task (Silva-
Pereyra et al., 2003). The relationship between
reading disabilities and the P200 component
has been observed as a minor activation of the
right superior parietal region (Silva-Pereyra, Ber-
nal, Rodriguez-Camacho, Yafiez, Prieto-Corona,
Marosi et al., 2010).

Conclusion

In conclusion, the method employed to eva-
luate ERPs over a broad window of time, which
encompasses the entire second following the
stimulus presentation, demonstrates that the
N400 component is more than a fixed response
of specific brain regions. However, it appears
that there are different activation patterns for
multiple brain regions that vary across time and
whose maximum amplitude is approximately 400
ms. Nevertheless, future studies will be neces-
sary to clarify the relationship between cognitive
processes associated with P200 and N400.
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