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N400, an event-related brain potential (ERP) waveform elicited by meaningful stimuli, is normally reduced by
stimulus repetition (N400 repetition priming), and relatedness between the eliciting stimulus and preceding
ones (relatedness priming). Schizophrenia patients' N400 relatedness priming deficits suggest impairment in
using meaningful prime stimuli to facilitate processing of related concepts in semantic memory. To examine
whether this deficiency arises from difficulty activating the prime concept per se, as indexed by reduced N400
repetition priming; or from impaired functional connections among concepts in semantic memory, as reflected
by reduced relatedness priming but normal repetition priming; we recorded ERPs from 16 schizophrenia pa-
tients and 16 controls who viewed prime words each followed at 300- or 750-ms stimulus-onset asynchrony
(SOA) by an unrelated, related or repeated target word, or a nonword, in a lexical-decision task. In both groups,
N400s were largest (most negative) for unrelated, intermediate for related, and smallest for repeated targets.
Schizophrenia patients exhibited subnormal N400 relatedness priming at the 300-ms SOA, but normal repetition
priming at both SOAs, suggesting that their impairment in using primewords to activate related concepts results
from abnormal functional connections among concepts within semantic memory, rather than inability to acti-
vate the prime concept itself.

© 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Schizophrenia is associated with abnormalities in the neural pro-
cessing of relationships between meaningful concepts. According to
network models of semantic long-term memory (i.e., our store of
knowledge about the world), these concepts are represented as
nodes in a neural network with interconnections between related
concepts (Collins and Loftus, 1975). When a person encounters a
meaningful contextual stimulus such as a word or an object, the cor-
responding concept node undergoes heightened activation, which
then spreads to related concepts, falling off as a function of decreasing
relatedness. Activation of related concepts is reflected in facilitated
processing of the corresponding stimuli. This semantic priming can
be measured using the N400 waveform of scalp-recorded event-
related brain potentials (ERPs). N400 is a negative voltage deflection,
widely distributed over the scalp but maximal at medial centroparie-
tal sites, elicited by any potentially meaningful stimulus (e.g., a word
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or picture), occurring from approximately 300 to 500 ms and peaking
around 400 ms after stimulus onset in healthy young adults. N400
amplitude is reduced (i.e., becomes less negative or even positive)
by factors facilitating stimulus processing — such as repetition (Rugg,
1985; Kutas and Federmeier, 2000) or the frequency of a word's usage
in its language (Kutas and Federmeier, 2000). Its amplitude is also re-
duced by semantic relatedness between the eliciting stimulus and pre-
ceding contextual stimuli (Kutas and Hillyard, 1980; Holcomb and
Neville, 1990). Thus, for example, the target word MOUSE elicits a
smaller N400 following the related prime word CAT than following
the unrelated prime SUN. Such N400 relatedness priming effects (N400
amplitude reductions for related versus unrelated targets) have accord-
ingly been used to index the degree to which activation spreads among
related concepts in semanticmemory, with reduced amplitude taken to
reflect greater activation (all else held constant; Kutas and Federmeier,
2011).

Numerous N400 studies of schizophrenia patients have suggested
deficits in making use of meaningful context to facilitate the proces-
sing of related concepts. These studies have found larger than normal
(more negative) N400 amplitudes to contextually related targets
(Niznikiewicz et al., 1997; Strandburg et al., 1997; Kostova et al.,
2005; Ditman and Kuperberg, 2007; Kiang et al., 2008; Salisbury,
2008) and/or less than normal N400 relatedness priming effects (Ohta
et al., 1999; Kostova et al., 2005; Ditman and Kuperberg, 2007; Kiang
e for primary semantic memory functional organization deficits in
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Table 1
Demographic and clinical characteristics of the study sample (means±S.D. given
where applicable).

Schizophrenia patients (n=16) NCPs (n=16)

Age, years 41.9±7.6 35.6±11.0
Sex 14 male, 2 female 10 male, 6 female
Handedness 15 right, 1 left 14 right, 2 left
Parental SES 38.4±7.6 43.8±12.2
Years of educationa 12.9±1.8 15.2±2.3
SANS total 9.1±3.9
SAPS total 5.1±4.6
Negative factor 6.7±2.8
Psychotic factor 3.5±3.0
Disorganized factor 1.6±1.9

a Patients differed significantly from NCPs, P=0.003.
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et al., 2007; Condray et al., 2010) — consistent with deficits in the de-
gree to whichmeaningful stimuli (e.g., words or sentence contexts) ac-
tivate related concepts. Moreover, some of these studies have found
associations between these N400 abnormalities and disorganized
speech (Kostova et al., 2005; Ditman and Kuperberg, 2007) or delusions
(Kiang et al., 2007, 2008), in accord with the hypothesis that impaired
use of meaningful context to facilitate processing of related items may
contribute to these symptoms (Kuperberg et al., 1998; Cohen et al.,
1999; McCarley et al., 1999; Kiang et al., 2008).

In contrast, however, some other studies of patients with schizo-
phrenia have reported smaller than normal N400 amplitudes to con-
textually related items, and increased N400 relatedness priming
effects (Mathalon et al., 2002; Kreher et al., 2008; Salisbury, 2008;
Kreher et al., 2009). Importantly, this pattern of results appears spe-
cific to short prime-target stimulus-onset asynchronies (SOAs) of
≤350 ms and patients with disorganized speech; and is hence
thought to reflect an excess of rapid, automatic spread of activation
in the semantic network in disorganized patients in particular
(Ditman and Kuperberg, 2007; Salisbury, 2008; Kreher et al., 2009).
Thus, this “hyperpriming” is not necessarily mutually exclusive with
semantic priming deficits in conditions favoring more controlled or
strategic processing (e.g., longer prime-target time intervals) in
schizophrenia patients more generally.

Consistent with this dichotomy, N400 studies which have sug-
gested decreased activation of contextually related concepts in
schizophrenia have typically employed SOAs of at least 300 ms, in-
cluding sentence contexts which build up over a more extended peri-
od (Strandburg et al., 1997; Ohta et al., 1999; Kostova et al., 2005;
Ditman and Kuperberg, 2007; Kiang et al., 2007, 2008; Salisbury,
2008; Condray et al., 2010). This dichotomy parallels that seen in
studies of behavioral (reaction time) semantic priming, reviewed,
e.g., by Minzenberg et al. (2002) who concluded that “with regard
to automatic processes, groups of schizophrenia participants may be
composed of individuals with enhanced spreading activation in se-
mantic memory networks,” whereas “changes in controlled proces-
sing in semantic memory appear more homogeneous,” with patients
showing “reduced semantic priming effects compared to controls
under a number of conditions.”

Schizophrenia patients' deficits in activating concepts related to a
meaningful prime stimulus could arise from abnormalities at different
loci in the information processing stream. For instance, schizophrenia
patients might be impaired in extracting orthographic and/or semantic
information from the prime stimulus itself. If so, this would prevent
normal activation in semantic memory of the prime concept and, in
turn, of related concepts. Alternatively, schizophrenia patients could be
normal in their ability tomake use of a prime stimulus to activate the cor-
responding concept in semanticmemory; this activation, however, might
then fail to extend to related concepts in a normal manner, due to abnor-
mal functional organization of concepts within semantic memory. Such
an abnormality could stem from aberrant connection strengths and/or
generalized noise within neural networks representing associated con-
cepts in semantic memory (Goldberg et al., 1998; Nestor et al., 2001).

In the present study, we used the N400 to seek evidence for each
of these two hypotheses. We recorded ERPs in schizophrenia patients
and nonpsychiatric control participants (NCPs) while they viewed
prime words followed by target words that were either semantically
related or unrelated to, or repetitions of, the prime. We expected
that, consistent with previous work (Rugg, 1985; Deacon et al.,
2004), in NCPs N400 amplitude would be largest (most negative) in
response to unrelated targets, smaller (less negative) to related tar-
gets, and smallest (most positive) to repeated targets. Furthermore,
we hypothesized that if schizophrenia patients have relatively lower-
level difficulties in extracting form and/or meaning information from
prime stimuli, impairing subsequent activation of the corresponding
concepts in semantic memory, then patients would exhibit smaller
than normal N400 amplitude reductions for repeated versus unrelated
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
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targets (i.e., smaller than normal N400 repetition priming effects) — in
line with the view that N400 repetition priming indexes ability to
make use of the prime stimulus to facilitate subsequent processing of
the corresponding concept in semantic memory (Holcomb and
Grainger, 2007, 2009; Kutas and Federmeier, 2011). Moreover, we hy-
pothesized that these N400 repetition priming deficits would correlate
with concomitant N400 relatedness priming deficits (smaller than nor-
mal N400 amplitude reductions for related versus unrelated targets),
whichwould reflect the ensuing subnormal activation of concepts related
to the prime concept in semantic memory.

In contrast, if schizophrenia patients are unimpaired in activating
concepts in semantic memory corresponding to prime stimuli, but are
then deficient in activating related concepts due to a primary abnor-
mality of semantic memory functional organization, then we would
expect these patients to exhibit N400 relatedness priming deficits
(i.e., smaller than normal N400 amplitude reductions for related ver-
sus unrelated targets) in the presence of normal N400 repetition
priming.

In addition, we presented prime-target word pairs at two different
SOAs, 300 and 750 ms, allowing us to compare the results with those
of a previous study in which we found decreased N400 relatedness
priming in schizophrenia over these same SOAs (Kiang et al., 2008).
Some previous studies have in fact found deficient word N400 repeti-
tion priming in schizophrenia patients, but at longer SOAs of 2200 to
3200 ms (Matsuoka et al., 1999; Matsumoto et al., 2001); therefore it
was not known whether this abnormality also would be present at
the shorter SOAs used in the present study.

2. Methods

2.1. Participants

Participants included 16 outpatients with schizophrenia (n=11) or schizoaffec-
tive disorder (n=5), and 16 NCPs matched for age, sex, and parental socioeconomic
status (SES). Patients were recruited in Hamilton, Ontario, Canada from two outpatient
clinics that specialize in care of persons with schizophrenia, and are affiliated with the
psychiatry department of an academic medical center. NCPs were recruited from the
community by advertising online and in local newspapers and on bulletin boards. Par-
ticipants were assessed for capacity to provide informed consent and, after receiving a
detailed description of the study, gave written consent. The protocol was approved by
the St. Joseph's Healthcare Hamilton Research Ethics Board. Participants received cash
compensation.

Participants were screened diagnostically with the Mini International Neuropsy-
chiatric Interview (MINI; Sheehan et al., 1998). Diagnostic and Statistical Manual of
Mental Disorders (4th Edition; DSM-IV) diagnoses were established using a best esti-
mate approach based on the MINI and information from medical records and clinician
reports. Participants were excluded if they met criteria for a current manic or depres-
sive episode, lifetime substance dependence, or substance abuse in the past six
months. NCPs were also excluded if they met criteria for any other Axis I diagnoses,
or were taking psychotropic medication. Other exclusion criteria for all participants in-
cluded: exposure to a language other than English before age five; and current or past
self-reported neurological disorder. All participants had normal or corrected-to-
normal vision. Handedness was assessed by the Edinburgh Inventory (Oldfield,
e for primary semantic memory functional organization deficits in
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Table 2
Percentage of correct lexical-decision responses, by participant group and target condition.

Patients (n=16) NCPs (n=16)

Mean S.D. Mean S.D.

Short SOA
Related 97.6 5.7 99.7 1.4
Unrelated 93.7 7.8 97.4 3.6
Repeated 96.7 6.3 98.6 1.5
Nonwords 97.3 4.8 99.2 0.9

Long SOA
Related 95.7 10.0 98.6 2.0
Unrelated 90.8 11.6 97.7 1.5
Repeated 97.2 6.9 99.1 1.7
Nonwords 97.0 4.4 99.2 1.0
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1971) and parental SES was computed (Blishen et al., 1987). Demographic characteris-
tics of the sample are shown in Table 1.

Eleven patients were prescribed second-generation antipsychotics, two were pre-
scribed first-generation antipsychotics, and three were prescribed a combination of
these. Eight patients were prescribed clozapine. Patients' mean daily antipsychotic
dose in chlorpromazine equivalents (Bezchlibnyk-Butler and Jeffries, 2007) was
454 mg (S.D.=229).

2.2. Symptom assessments

Patients were assessedwith the Scale for the Assessment of Negative Symptoms (SANS;
Andreasen, 1984a) and theScale for theAssessment of Positive Symptoms (SAPS; Andreasen,
1984b). From these ratings, we calculated scores for psychotic (hallucinations+delusions),
negative (affective flattening+avolition/apathy+anhedonia/asociality), and disorganized
symptom factors (positive formal thought disorder+bizarre behavior; Miller et al., 1993).
Patients' SAPS/SANS total and factor scores are shown in Table 1.

2.3. Stimuli

Stimuli included 72 related (e.g., METAL–STEEL), 72 unrelated (DONKEY–PURSE)
and 72 repeated (BREAD–BREAD) prime-target word pairs. For each related pair, the
target was among the words most commonly given as associates to the prime by par-
ticipants in the University of South Florida word-association norms (Nelson et al.,
1999); mean response probability of related targets (i.e., proportion of individuals pro-
ducing that word in response to the prime) was 0.42 (S.D.=0.23). For each unrelated
pair, prime and target were not associates in the norms. Across these three conditions,
targets were matched for mean length and log-transformed frequency (Francis and
Kucera, 1982). Across the conditions, primes were also matched for mean length and
log-transformed frequency. Stimuli also included 216 word-nonword prime-target
pairs (DRESS–ZORES), whose targets were pronounceable nonwords. No word occurred
more than once among the stimuli.

The 432-trial stimulus list included all prime-target pairs in a fixed randomized
order, in six blocks of 72 trials each. The list had two versions, each one administered
to half the participants, in which the order of prime-target SOAs across blocks was
counterbalanced. In version A, SOA was 300 ms in blocks 1, 2 and 3, and 750 ms in
blocks 4, 5, and 6; in version B, the order of SOAs was reversed.

2.4. Task

In an electrically shielded, sound-attenuated chamber, participants were seated
100 cm in front of a video monitor on which stimuli were visually presented, with
each letter subtending on average 0.36° of visual angle horizontally, and up to 0.55°
vertically. Words were displayed in yellow letters on a black background.

Each participant was presented with the stimulus list, with short rest breaks be-
tween blocks. Each trial consisted of: (a) a row of preparatory fixation crosses for
500 ms; (b) blank screen for 250 ms; (c) prime word for 175 ms; (d) blank screen
for 125 ms (in 300-ms SOA trials) or 575 ms (in 750-ms SOA trials); (e) target for
250 ms; (f) blank screen for 1250 ms; (g) the prompt Yes or No? until participants
responded via button-press; and (h) blank screen for 3000 ms until onset of the next
trial. All stimuli were centrally presented.

At the prompt, participants were required to press one of two buttons, positioned
under their right and left thumbs respectively. One button (labeled “Yes”) signaled that
the target was a word, while the other button (labeled “No”) signaled that it was a
nonword. Assignment of buttons was divided equally among participants, counterba-
lanced across the two stimulus list versions.

2.5. Electroencephalographic data collection and analysis

During the experimental task, the electroencephalogram (EEG) was recorded
using an ActiveTwo system (BioSemi BV, Amsterdam), from 32 sites approximately
equally spaced across the scalp, positioned according to a modified International
10–20 System (Fp1-Fp2-AF3-AF4-F7-F3-Fz-F4-F8-FC5-FC1-FC2-FC6-T7-T8-C3-Cz-C4-
CP5-CP1-CP2-CP6-P7-P3-Pz-P4-P8-PO3-PO4-O1-Oz-O2). The EEG was referenced to a
left parietal Common Mode Sense (CMS) active electrode and a right parietal Driven
Right Leg (DRL) passive electrode, which form a feedback loop driving the average
potential across the montage as close as possible to the amplifier zero. The EEG was
continuously digitized at 512 Hz and low-pass filtered at 128 Hz. Blinks and eye move-
ments were monitored via electrodes on the supraorbital and infraorbital ridges and on
the outer canthi of both eyes. Offline, the EEG was re-referenced to the algebraic mean
of the mastoids, and bandpassed at 0.01–100 Hz. Continuous data were algorithmically
corrected for eyeblink artifact (Jung et al., 2000). ERPs were computed for epochs from
100 ms pre-stimulus to 900 ms post-stimulus. Individual trials containing artifacts due
to eye movement, excessive muscle activity or amplifier blocking were rejected off-line
by visual inspection before time-domain averaging; mean percentage of trials lost to
such artifacts was 14% for patients and 13% for controls.

For each participant, separate ERP averages were obtained for trials with related,
unrelated and repeated target words. N400 amplitude was defined as the mean voltage
from 300 to 500 ms post-stimulus.

Difference waveforms were obtained by subtracting the ERP average for related
targets from the average for unrelated targets (relatedness priming effect), and by
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
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subtracting the average for repeated targets from the average for unrelated targets
(repetition priming effect). Peak latencies of the N400 relatedness and repetition prim-
ing effects were defined as the interval between target onset and the largest negative
peak from 200 to 600 ms post-stimulus. Mean amplitude of N400 relatedness and rep-
etition priming effects were defined as mean voltage from 300 to 500 ms post-stimulus
(this window was chosen because it was centered approximately around the peak la-
tency of these effects).

2.6. Statistical analysis

P-values in analyses of variance (ANOVAs) with within-subject factors are reported
after Greenhouse–Geisser Epsilon correction. Pairwise comparisons of factor-level means
were made with Tukey simultaneous comparisons, with a family confidence coefficient of
0.95. All P-values are two-tailed.

Percentage of correct responses was analyzed by repeated-measures ANOVA, with
Group (schizophrenia vs. NCP) as between-subject variable, and SOA (300-ms vs. 750-
ms) and Target (related vs. unrelated vs. repeated vs. nonword) as within-subject
variables.

N400 amplitude was analyzed in an omnibus repeated-measures ANOVA with
Group (schizophrenia vs. NCP) as between-subject variable; and SOA (300-ms vs.
750-ms), Target (related vs. unrelated vs. repeated) and Electrode (nine levels, corre-
sponding to a contiguous array of medial posterior sites where differences in N400 ef-
fects were most prominent: Cz, P7, P3, Pz, P4, P8, PO3, PO4 and Oz) as within-subject
variables.

For N400 relatedness and repetition priming effects, peak latency was analyzed in
a repeated-measures ANOVA with Group (schizophrenia vs. NCP) as between-subject
variable, and SOA (300-ms vs. 750-ms) and Electrode (nine levels, corresponding to
the sites described above) as within-subject variables.

To test for between-group differences in N400 relatedness and repetition priming
effects, for each SOA the amplitude of each of these effects was analyzed in a repeated-
measures ANOVA with Group (schizophrenia vs. NCP) as between-subject variable,
and Electrode (nine levels, corresponding to the sites described above) as within-
subject variable.

3. Results

3.1. Behavioral data

The high correct-response rates for schizophrenia patients and
NCPs (Table 2) and the absence of a Group effect (F1,30=3.01,
P=0.09) on correct-response rates indicate that, overall, participants
were attending to the stimuli. There was a Target effect (F3,90=15.62,
pb0.0001), with slightly lower accuracy for unrelated targets than for
related, repeated or nonword targets. There was no SOA effect
(F1,30=2.29, P=0.14). There was, however, a Group×Target interac-
tion (F3,90=4.10, P=0.02) — patients were less accurate in the unre-
lated condition than in the related, repeated or nonword conditions,
whereas NCPs' accuracy did not differ significantly across conditions.

3.2. Grand average ERPs

Grand average ERPs are shown for all electrodes, for schizophrenia
and NCP groups, for the 300-ms SOA in Fig. 1 and the 750-ms SOA in
Fig. 2. Across the two groups and the nine medial posterior electrodes
e for primary semantic memory functional organization deficits in
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selected for analysis, mean N400 amplitude was largest (most rela-
tively negative) for unrelated target words (0.24 μV), intermediate
for related target words (1.42 μV), and smallest for repeated target
words (3.36 μV) which elicited a relative positivity in the N400
time-window (Target main effect: F2,60=27.70, pb0.0001). There
were no Group (F1,30=0.71, P=0.41), SOA (F1,30=2.58, P=0.12),
Group×SOA (F1,30=0.01, P=0.91), or Group×Target (F2,60=1.43,
P=0.25) effects.

3.3. N400 priming effects

Semantic relatedness priming effects are shown for midline elec-
trodes, for schizophrenia and NCP groups, for the 300-ms SOA in
Fig. 3A and for the 750-ms SOA in Fig. 3B. Repetition priming effects
are shown for midline electrodes, for schizophrenia and NCP groups,
for the 300-ms SOA in Fig. 4A and for the 750-ms SOA in Fig. 4B.

Across the schizophrenia and NCP groups, and across the nine me-
dial posterior electrodes selected for analysis, mean peak latency for
Oz

O1
PO3

PzP3P7

CP1CP5

CzC3T7

FC1FC5

FzF3F7

Fp2Fp1

AF3

Unrelated
Related
Repeated

A

Fig. 1. Grand average ERPs to target words at the 300-ms prime-target SOA, at all electrode sit
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the N400 relatedness priming effect was 399 ms. Peak latency did
not vary reliably by Group (schizophrenia: 396 ms, NCPs: 403 ms;
F1,30=0.10, P=0.75). There was a trend for peak latency to be longer
at the short SOA than at the long SOA (421 ms vs. 378 ms, F1,30=3.41,
P=0.07). There was also a trend for a Group×SOA interaction
(F1,30=3.44, P=0.07), such that patients exhibited shorter peak la-
tency than NCPs at the short SOA (396 ms vs. 446 ms), whereas
NCPs exhibited shorter peak latency than patients at the long SOA
(359 ms vs. 396 ms).

Across the two groups, and across the nine electrodes described
above, mean peak latency for the N400 repetition priming effect
was 421 ms. Peak latency was longer for the short SOA than for the
long SOA (438 ms vs. 403 ms; F1,30=8.83, P=0.006). Peak latency
did not vary reliably by Group (F1,30=1.25, P=0.27). There was no
Group×SOA interaction (F1,30=1.45, P=0.24).

Amplitudes of N400 relatedness and repetition priming effects for
patients and NCPs at both SOAs are shown in Fig. 5. For the short SOA,
the N400 relatedness priming effect was smaller for patients than for
PO4
O2

P8P4

CP6CP2

T8C4

FC6FC2

F8F4

AF4

0 500

0

5

ms

−5
µV

N400

es, for: (A) schizophrenia patients and (B) NCPs. Negative amplitudes are plotted upward.
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Fig. 1 (continued).
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NCPs (0.10 μV vs. −1.95 μV, respectively; Group effect: F1,30=4.35,
P=0.046). For the long SOA, the N400 relatedness priming effect
did not differ significantly between patients and NCPs (−1.05 μV
vs. −1.82 μV, respectively; Group effect: F1,30=0.39, P=0.54).
Additionally, N400 repetition priming effects did not differ signifi-
cantly between groups at either the short SOA (patients: −2.54 μV,
NCPs: −2.85 μV; Group effect: F1,30=0.06, P=0.81) or the long
SOA (patients: −3.21 μV, NCPs: −3.89 μV; Group effect: F1,30=
0.55, P=0.47).

In NCPs, N400 repetition priming effects were significantly corre-
lated with N400 relatedness priming effects at the short SOA (r=
0.51, P=0.045) but not at the long SOA (r=0.40, P=0.13); N400
repetition and relatedness priming effects were not correlated in
schizophrenia patients at either SOA (short SOA: r=0.40, P=0.13;
long SOA: r=0.28, P=0.30). Among patients, N400 repetition and
relatedness priming effects were not correlated with antipsychotic
dose in chlorpromazine equivalents, at either SOA (all r values
b0.15, all P values >0.60).
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
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3.4. Correlations between N400 relatedness priming effects and symptom
ratings

Because schizophrenia patients exhibited N400 relatedness priming
deficits at the short SOA,we tested for a relationship between these def-
icits and symptom severity by examining, across patients, Pearson's cor-
relations r between N400 relatedness priming effects at the short SOA
and SAPS/SANS symptom factor scores. However, none of these correla-
tions was statistically significant (all r values b0.30, all P values >0.30).

4. Discussion

We aimed to examine whether schizophrenia patients' previously
observed deficits in using meaningful stimuli to facilitate neural pro-
cessing of related stimuli, as indexed by the N400 ERP, result from
(a) difficulty in activating the concept corresponding to the initial
stimulus in long-term semantic memory; or (b) deficient functional
connections among related concepts within semantic memory. To
e for primary semantic memory functional organization deficits in
26

http://dx.doi.org/10.1016/j.psychres.2012.02.026


6 M. Kiang et al. / Psychiatry Research xxx (2012) xxx–xxx
this end, we presented schizophrenia patients and NCPs with prime
words, each followed at either a shorter (300 ms) or a longer
(750 ms) SOA by a target word that was either semantically related
or unrelated to, or was a repetition of, the prime word. As expected,
NCPs exhibited N400 amplitudes that were largest (most negative)
in response to unrelated targets, smaller (less negative) to related tar-
gets (indicating more facilitated processing), and smallest (least neg-
ative) to repeated targets. Schizophrenia patients also exhibited this
general pattern but, consistent with some previous results in general
schizophrenia samples (as opposed to subgroups with elevated dis-
organization), they exhibited smaller than normal N400 amplitude
reductions for related versus unrelated targets – i.e., subnormal
N400 semantic relatedness priming effects – at the shorter, 300-
ms, SOA. Critically, however, patients exhibited normal N400 ampli-
tude reductions for repeated versus unrelated targets – i.e., normal
N400 repetition priming effects – at both SOAs. Thus, patients, like
controls, exhibited smaller N400s to target words when these were
repetitions of an immediately preceding prime word, than when
Oz
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Fig. 2. Grand average ERPs to target words at the 750-ms prime-target SOA, at all electrode sit
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the target was unrelated to the prime. These normal N400 repetition
priming effects at both the 300- and 750-ms SOAs are consistent
with unimpaired activation, following a meaningful stimulus, of
the corresponding concept within semantic memory (at least over
a 750-ms interval). However, the patients' smaller than normal N400
amplitude reductions in response to related versus unrelated targets
at the 300-ms SOA suggests that activation failed to extend normally
to related concepts within semantic memory, at least during the
300 ms following the prime stimulus.

Although we found these N400 relatedness priming deficits in the
schizophrenia group at the 300-ms prime-target SOA, they were not
reliably present at the 750-ms SOA. This dissociation was seemingly
inconsistent with previous reports of such deficits in schizophrenia
patients at SOAs similar to the latter (Strandburg et al., 1997; Kiang
et al., 2008; Condray et al., 2010). A possible explanation for this ap-
parent discrepancy is that, unlike those previous studies, we included
repeated word pairs along with related and unrelated pairs. Previously,
Rugg (1985) noted, in a study employing related, unrelated, and
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repeated words (and SOAs of several seconds), that N400 relatedness
priming effects appeared smaller than in another study which had not
included repeated pairs. The addition of repeated word pairs, with
their relative salience, may decrease N400 relatedness priming effects
at relatively long SOAs, by diverting individuals' processing resources
toward recognition of word repetitions, and away from detecting rela-
tionships between pairs of words. If such a phenomenon attenuated
N400 relatedness priming in NCPs in the present study, this may have
reduced the difference in this effect between patients and NCPs.

Our results did not provide evidence that, following a meaningful
prime stimulus, schizophrenia patients experience impaired activa-
tion of the corresponding concept within semantic memory. Patients
exhibited normal N400 repetition priming effects — i.e., N400 ampli-
tude was less negative to targets that were repetitions of their prime,
as compared to targets that were unrelated to their prime, consistent
with normally facilitated semantic processing of the corresponding
concept (Holcomb and Grainger, 2007; Kutas and Federmeier, 2011).
In contrast, unlike controls, patients did not exhibit N400 relatedness
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
schizophrenia, Psychiatry Res. (2012), doi:10.1016/j.psychres.2012.02.0
priming effects at the 300-ms SOA, suggesting that the prime stimulus
did not facilitate activation of related concepts, compared to unrelated
ones, in semantic memory over this time interval. This deficit could
result from various, not necessarily mutually exclusive, functional
abnormalities of semantic-memory neural networks — including
slowed activation of related concepts; failure of inhibition leading to
overactivation of unrelated concepts (McCarley et al., 1999); aberrant
connection weights, e.g., a relative predominance of weak or idiosyn-
cratic connections (Goldberg et al., 1998; McCarley et al., 1999;
Vinogradov et al., 2003); and/or failure to develop functional neural
connections between normatively related concepts (Sumiyoshi et al.,
2009).

In this study, schizophrenia patients' N400 relatedness priming
deficits were not significantly correlated with any SAPS/SANS symp-
tom factor ratings. This contrasted with previous studies in which
N400 relatedness priming deficits correlated with more severe disor-
ganized or psychotic symptoms (Kostova et al., 2005; Ditman and
Kuperberg, 2007; Kiang et al., 2007, 2008). This apparent discrepancy
e for primary semantic memory functional organization deficits in
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Fig. 4. Grand average repetition priming effects (formed by subtracting ERPs for repeated
targets from ERPs for unrelated targets), at midline electrode sites, for schizophrenia
patients and NCPs, for: (A) the 300-ms SOAand (B) the 750-ms SOA.Negative amplitudes
are plotted upward.

Fig. 3. Grand average relatedness priming effects (formed by subtracting ERPs for related
targets from ERPs for unrelated targets), at midline electrode sites, for schizophrenia
patients and NCPs, for: (A) the 300-ms SOA and (B) the 750-ms SOA.Negative amplitudes
are plotted upward.
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may have been due to insufficient statistical power in the current
study to detect such correlations. Alternatively, with regard to disor-
ganized symptoms, this discrepancy may also have resulted from
their relatively low level in our sample. With regard to psychotic
symptoms, the contrasting results may be due to differences across
studies in the underlying causes of these symptoms. Across schizo-
phrenia patients, psychotic symptoms have been hypothesized to
develop via a number of heterogeneous etiologic pathways, each as-
sociated with a different profile of neuropsychological deficits
(Kirkpatrick et al., 2001; Sprong et al., 2008). If this is the case, then
perhaps only some of these patient subgroups, and not others, exhibit
N400 semantic priming deficits. Thus, different distributions of these
subgroups across studies could result in associations of N400 seman-
tic priming deficits with psychotic symptoms in some studies but not
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
schizophrenia, Psychiatry Res. (2012), doi:10.1016/j.psychres.2012.02.0
others. Accordingly, further research could investigate whether these
N400 deficits, in conjunction with other neurophysiological and ge-
netic tests, are a useful biological marker for helping to differentiate
these subgroups.
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Fig. 5. Amplitudes of N400 relatedness and repetition priming effects (averaged across nine medial posterior sites: Cz, P7, P3, Pz, P4, P8, PO3, PO4 and Oz) for patients and NCPs.
Error bars indicate standard deviations.

9M. Kiang et al. / Psychiatry Research xxx (2012) xxx–xxx
References

Andreasen, N.C., 1984a. Scale for the Assessment of Negative Symptoms. University of
Iowa, Iowa City, Iowa.

Andreasen, N.C., 1984b. Scale for the Assessment of Positive Symptoms. University of
Iowa, Iowa City, Iowa.

Bezchlibnyk-Butler, K.Z., Jeffries, J.J., 2007. Clinical Handbook of Psychotropic Drugs,
17th ed. Hogrefe & Huber.

Blishen, B.R., Carroll, W.K., Moore, C., 1987. The 1981 socioeconomic index for occupations
in Canada. The Canadian Review of Sociology and Anthropology 24, 465–488.

Cohen, J.D., Barch, D.M., Carter, C., Servan-Schreiber, D., 1999. Context-processing deficits
in schizophrenia: converging evidence from three theoretically motivated cognitive
tasks. Journal of Abnormal Psychology 108, 120–133.

Collins, A.M., Loftus, E.F., 1975. A spreading-activation theory of semantic processing.
Psychological Review 82, 407–428.

Condray, R., Siegle, G.J., Keshavan, M.S., Steinhauer, S.R., 2010. Effects of word frequency
on semantic memory in schizophrenia: electrophysiological evidence for a deficit
in linguistic access. International Journal of Psychophysiology 75, 141–156.

Deacon, D., Dynowska, A., Ritter, W., Grose-Fifer, J., 2004. Repetition and semantic
priming of nonwords: implications for theories of N400 and word recognition.
Psychophysiology 41, 60–74.

Ditman, T., Kuperberg, G.R., 2007. The time course of building discourse coherence in
schizophrenia: an ERP investigation. Psychophysiology 44, 991–1001.

Francis, W.N., Kucera, H., 1982. Frequency of Analysis of English Usage. HoughtonMifflin,
Boston.

Goldberg, T.E., Aloia, M.S., Gourovitch, M.L., Missar, D., Pickar, D., Weinberger, D.R., 1998.
Cognitive substrates of thought disorder, I: the semantic system. The American Journal
of Psychiatry 155, 1671–1676.

Holcomb, P.J., Grainger, J., 2007. Exploring the temporal dynamics of visual word recognition
in the masked repetition priming paradigm using event-related potentials. Brain
Research 1180, 39–58.

Holcomb, P.J., Grainger, J., 2009. ERP effects of short interval masked associative and
repetition priming. Journal of Neurolinguistics 22, 301–312.

Holcomb, P.J., Neville, H.J., 1990. Auditory and visual semantic priming in lexical decision:
a comparison using event-related brain potentials. Language & Cognitive Processes 5,
281–312.

Jung, T.P., Makeig, S., Humphries, C., Lee, T.W., McKeown, M.J., Iragui, V., Sejnowski, T.J.,
2000. Removing electroencephalographic artifacts by blind source separation.
Psychophysiology 37, 163–178.

Kiang, M., Kutas, M., Light, G.A., Braff, D.L., 2007. Electrophysiological insights into conceptual
disorganization in schizophrenia. Schizophrenia Research 92, 225–236.

Kiang, M., Kutas, M., Light, G.A., Braff, D.L., 2008. An event-related brain potential study
of direct and indirect semantic priming in schizophrenia. The American Journal of
Psychiatry 165, 74–81.

Kirkpatrick, B., Buchanan, R.W., Ross, D.E., Carpenter Jr., W.T., 2001. A separate disease
within the syndrome of schizophrenia. Archives of General Psychiatry 58, 165–171.

Kostova, M., Passerieux, C., Laurent, J.P., Hardy-Bayle, M.C., 2005. N400 anomalies in
schizophrenia are correlated with the severity of formal thought disorder.
Schizophrenia Research 78, 285–291.

Kreher, D.A., Holcomb, P.J., Goff, D., Kuperberg, G.R., 2008. Neural evidence for faster
and further automatic spreading activation in schizophrenic thought disorder.
Schizophrenia Bulletin 34, 473–482.

Kreher, D.A., Goff, D., Kuperberg, G.R., 2009. Why all the confusion? Experimental task
explains discrepant semantic priming effects in schizophrenia under “automatic”
conditions: evidence from event-related potentials. Schizophrenia Research 111,
174–181.
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
schizophrenia, Psychiatry Res. (2012), doi:10.1016/j.psychres.2012.02.0
Kuperberg, G.R., McGuire, P.K., David, A.S., 1998. Reduced sensitivity to linguistic con-
text in schizophrenic thought disorder: evidence from on-line monitoring for
words in linguistically anomalous sentences. Journal of Abnormal Psychology
107, 423–434.

Kutas, M., Federmeier, K.D., 2000. Electrophysiology reveals semantic memory use in
language comprehension. Trends in Cognitive Science 4, 463–470.

Kutas, M., Federmeier, K.D., 2011. Thirty years and counting: finding meaning in the
N400 component of the event-related brain potential (ERP). Annual Review of
Psychology 62, 621–647.

Kutas,M., Hillyard, S.A., 1980. Reading senseless sentences: brainpotentials reflect semantic
incongruity. Science 207, 203–205.

Mathalon, D.H., Faustman,W.O., Ford, J.M., 2002. N400 and automatic semantic processing
abnormalities in patients with schizophrenia. Archives of General Psychiatry 59,
641–648.

Matsumoto, K., Matsuoka, H., Yamazaki, H., Sakai, H., Kato, T., Miura, N., Nakamura, M.,
Osakabe, K., Saito, H., Ueno, T., Sato, M., 2001. Impairment of an event-related po-
tential correlate of memory in schizophrenia: effects of immediate and delayed
word repetition. Clinical Neurophysiology 112, 662–673.

Matsuoka, H., Matsumoto, K., Yamazaki, H., Sakai, H., Miwa, S., Yoshida, S., Numachi, Y.,
Saito, H., Ueno, T., Sato, M., 1999. Lack of repetition priming effect on visual event-
related potentials in schizophrenia. Biological Psychiatry 46, 137–140.

McCarley, R.W., Niznikiewicz, M.A., Salisbury, D.F., Nestor, P.G., O'Donnell, B.F.,
Hirayasu, Y., Grunze, H., Greene, R.W., Shenton, M.E., 1999. Cognitive dysfunction
in schizophrenia: unifying basic research and clinical aspects. European Archives
of Psychiatry and Clinical Neuroscience 249 (Suppl. 4), 69–82.

Miller, D.D., Arndt, S., Andreasen, N.C., 1993. Alogia, attentional impairment, and inappropri-
ate affect: their status in the dimensions of schizophrenia. Comprehensive Psychiatry
34, 221–226.

Minzenberg, M.J., Ober, B.A., Vinogradov, S., 2002. Semantic priming in schizophrenia:
a review and synthesis. Journal of the International Neuropsychological Society 8,
699–720.

Nelson, D.L., McEvoy, C.L., Schreiber, T.A., 1999. The University of South Florida Word
Association Norms. w3.usf.edu/FreeAssociation/.

Nestor, P.G., Han, S.D., Niznikiewicz, M., Salisbury, D., Spencer, K., Shenton, M.E.,
McCarley, R.W., 2001. Semantic disturbance in schizophrenia and its relationship
to the cognitive neuroscience of attention. Biological Psychology 57, 23–46.

Niznikiewicz, M.A., O'Donnell, B.F., Nestor, P.G., Smith, L., Law, S., Karapelou, M.,
Shenton, M.E., McCarley, R.W., 1997. ERP assessment of visual and auditory language
processing in schizophrenia. Journal of Abnormal Psychology 106, 85–94.

Ohta, K., Uchiyama, M., Matsushima, E., Toru, M., 1999. An event-related potential
study in schizophrenia using Japanese sentences. Schizophrenia Research 40,
159–170.

Oldfield, R.C., 1971. The assessment and analysis of handedness: the Edinburgh inventory.
Neuropsychologia 9, 97–113.

Rugg, M.D., 1985. The effects of semantic priming and word repetition on event-related
potentials. Psychophysiology 22, 642–647.

Salisbury, D.F., 2008. Semantic activation and verbal working memory maintenance in
schizophrenic thought disorder: insights from electrophysiology and lexical ambiguity.
Clinical EEG and Neuroscience 39, 103–107.

Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., Hergueta,
T., Baker, R., Dunbar, G.C., 1998. The Mini-International Neuropsychiatric Interview
(M.I.N.I.): the development and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. The Journal of Clinical Psychiatry 59 (Suppl. 20),
22–33.

Sprong, M., Becker, H.E., Schothorst, P.F., Swaab, H., Ziermans, T.B., Dingemans, P.M.,
Linszen, D., van Engeland, H., 2008. Pathways to psychosis: a comparison of the
e for primary semantic memory functional organization deficits in
26

http://w3.usf.edu/FreeAssociation/
http://dx.doi.org/10.1016/j.psychres.2012.02.026


10 M. Kiang et al. / Psychiatry Research xxx (2012) xxx–xxx
pervasive developmental disorder subtypeMultiple Complex Developmental Disorder
and the “At Risk Mental State”. Schizophrenia Research 99, 38–47.

Strandburg, R.J., Marsh, J.T., Brown, W.S., Asarnow, R.F., Guthrie, D., Harper, R., Yee, C.M.,
Nuechterlein, K.H., 1997. Event-related potential correlates of linguistic information
processing in schizophrenics. Biological Psychiatry 42, 596–608.

Sumiyoshi, C., Ertugrul, A., Anil Yagcioglu, A.E., Sumiyoshi, T., 2009. Semantic memory
deficits based on category fluency performance in schizophrenia: similar impairment
Please cite this article as: Kiang, M., et al., Electrophysiological evidenc
schizophrenia, Psychiatry Res. (2012), doi:10.1016/j.psychres.2012.02.0
patterns of semantic organization across Turkish and Japanese patients. Psychiatry
Research 167, 47–57.

Vinogradov, S., Kirkland, J., Poole, J.H., Drexler, M., Ober, B.A., Shenaut, G.K., 2003. Both
processing speed and semantic memory organization predict verbal fluency in
schizophrenia. Schizophrenia Research 59, 269–275.
e for primary semantic memory functional organization deficits in
26

http://dx.doi.org/10.1016/j.psychres.2012.02.026

	Electrophysiological evidence for primary semantic memory functional organization deficits in schizophrenia
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Symptom assessments
	2.3. Stimuli
	2.4. Task
	2.5. Electroencephalographic data collection and analysis
	2.6. Statistical analysis

	3. Results
	3.1. Behavioral data
	3.2. Grand average ERPs
	3.3. N400 priming effects
	3.4. Correlations between N400 relatedness priming effects and symptom ratings

	4. Discussion
	Acknowledgments
	References


