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A standard model of word reading postulates that the posterior
inferior temporal cortex is invalved in the processing of written
words. This processing probably occurs within 200 ms after
stimulus presentation. [n order to characterize this process
more pretisely, we conducted a MEG study during a reading
task in nine right-handed normal Japanese subjects. The subjects
were required to respond to a word pertaining to the human
body so that all stimuli would be subject to the same semantic
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processing. The trials for non-target conditions, such as kanji
words, meaningful kana words, kana pseudowords and symbols
were analysed to avoid possible P300 effect. The magnetic re-
sponse peak of around 200 ms for symbols was smaller than any
of the other three letter conditions. This result may suggest that
M200 reflects the word-specific process such as visual word form
recognition. NeuroReport 15:771-775 © 2004 Lippincott Williams
& Wilkins.

INTRODUCTION

The ability to read words is one of our most important skills.
Some lesion studies have revealed the importance of the
posterior inferior temporal cortex (PITC) for processing
visually presented words and letters [1]. The crucial role of
PITC in word recognition has been further supported by
studies using PET 2] and fMRI [3]. Further evidence for
word-specific processing in PITC has been obtained from
electric stimulation studies [4]. These imaging modalities
have recently become widely favored, and they are also
being used for detailed localization of the parts of the
human brain activated during such a process. However,
neither PET nor fMRI technique has the temporal resolution
necessary to uncover the time course of events within the
neuronal networks, since they measure the changes trig-
gered in blood flow.

In order to answer questions about the dynamics of brain
activity related to reading, the use of electrophysiological
methods such as EEG and MEG, which provide high
temporal resolution in the range of milliseconds, is highly
appropriate. Nobre {5] performed intracranial recordings in
the inferior temporal sulcus/fusiform gyrus and observed
that letter string-specific activation peaked 150-200 ms after
stimulus onset, followed 200ms later by semantically
sensitive activation in the medial temporal areas. Reading
printed words may target the posterior fusiform and lingual
gyri for visual processing in a proposed word recognition
model [6]. In recent studies using MEG, the magnetic
response peak at about 200ms (M200 component) to the

visual presentation of words has been found in PITC [7.8].
The M200 (M180 in [8]) component of the evoked magnetic
field was larger for the processing of words and false font
stimuli compared with nonverbal stimuli. In a PET study [2],
although the areas in the left medial extrastriate visual
cortex were activated by visually presented pseudowords
that obey English spelling rules as well as by actual words,
these areas were not activated by nonpronounceable strings
of letters or letter-like forms. Considering first the differ-
ences between pseudowords and nonsense letter strings, a
string of letters that follows the spelling rules of English
could be seen as a legitimate visual word form. Secondly, a
difference could also be due to the pronounceability of
particular letter strings. Pseudowords and real words are
proncunceable presentations, whereas false fonts and
illegitimate strings of letters are not. A third possible
explanation for the reduced activity of the PIT areas to
nonpronounceable stimuli is that there will be no subse-
quent semantic processing. If the third hypothesis is true,
M200 will depend on semantic processing. In other words,
semantic processing will be included in the component of
M200. The absence of activation in FITC for nonpronounce-
able strings of letters or letter-like forms [2] might be
explained in terms of the lack of semantic processing.
It is still not known whether lexical-semantic processing
already begins in the latency range of the M200 component.
To explore this issue further, we designed a MEG experi-
ment to compare the PIT activities after the visual presen-
tations of symbols, which have no visual word form or
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pronounceability but have semantics, kanji words and kana
words that are both pronounceable and have meanings, and
kana pseudowords that can be preonounced but have no
meaning. It was of great interest to us whether there would
be any difference in M20Q between symbols and words, and
between pseudowords and real words. Modern Japanese
sentences are written in kanji (morphograms) and kana
(syllabograms) combinations without spaces between
words. Kanji were brought from ancient Chira and each
kanji has semantic value as well as phonetic, whereas kana
were constructed later as simplifications of kanji but
represent only Japanese short syllables (mora). Kanji are
used for writing most nouns, stem of verbs, adverbs and
adjectives. In contrast, kana are usually used to write
inflectional endings, conjunctions, particles, foreign words
and onomatopoeic expressions. There are about 2000 kanji
characters and 71 kana characters in daily use. This mixed
usage of kanji and kana in the Japanese writing system has
brought a unique pathological condition in brain lesion
patients showing severe kana alexia with relatively well-
preserved kanji reading [9). However, a MEG study
reported that there was no difference between kanji and
kana processing [7]. The main goal of the present study was
to investigate whether symbols would elicit the M200
component in a similar way as words. The second aim
was to clarify the difference in processing between real
words and pseudowords and between kanji and kana. If the
M200 component reflects a part of the semantic processing,
it would emerge for symbols like for actual word and
pseudoword stimuli. However, if the M200 component
reflects some processing stage specific to language between
the morphological and semantic processing such as the
visual word form recognition, the M200 component to
symbols would be less than that to character stimuli.

MATERIALS AND METHODS

Subjects: Nine healthy native Japanese-speaking subjects
(three females and six males), aged between 20 and 52
(mean 29.2+8.4 years), participated in the current experi-
ment. They were all right-handed as confirmed by a
modified version of the Edinburgh Inventory [10], and
had normal, or corrected-to-normal, vision. The protocol
had been approved by the Ethical Commitiee of the
Graduate School of Tokyo Medical and Dental University.
Informed consent was obtained from all participants
after the nature and possible risks of the experiment were
explained.

Stimuli: Four non-target and two target conditions were
used (Table 1). Non-target conditions consisted of kanji
words, meaningful kana words, kana pseudowords and
symbols (136 stimuli or 23% expectations for each kind);
target conditions, which pertained to the human body,
comprised kanji words and meaningful kana words (24
times or 4% for each kind). A white semilucent screen
was placed at a distance about 30¢m from the eyes and
each stimulus was presented in the center of the screen
with a visual angle delimited to about 2° vertically and
either 2 or 4° horizontally under the contrel of a computer
(Valustar, NEC, Japan). The stimuli were black on a
white background. The kanji and meaningful kana word
lists consisted of the same words, although they appeared
in different character types, and the numbers of letters
also differed due to the nature of the different character
types. The symbols were recruited from the symbol
and wingdings font of Microsoft Word. The experiment
consisted of six sessions, with each session comprising
five blocks of trials. For each block, six types of stimuli

Tablel, Examples of kanji words (one character), kana words (two characters), kana pseudowords (two characters) and symbols.

Stimuli Examples 592 {100%)
Kanji m :I: H& :“:' 136 (23%)
words (dish) {soil) {clothes) (north)
Kana é 6 Ot? JS‘ < % 7‘:.__ 136 (23%)
words {dish) {soil) {clothes) {north)
Nontarget
Kana i H &) @ @ > 136 (23%)
pseudowords (meaningless) (meaningless} (meaningless) {meaningless)
& ¥
Symbaols '-)- ‘\ g 136 (23%)
(floppy disk) {alr plane) {bomb) (sandglass)
Hurr_lan body E _é- ﬁ Eﬁj
kanji words (foot) (neck) (shoulder) (chest) 24 (4%)
Target
Human body HL R = Teda
kana words (foot) (neck) {shoulder) (chest) 24 (4%)

Target stimuli are shown in the lower portion, The trials of these stimuli were excluded from the analysis.
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were arranged in a pseudo-randomized order for 12s
per word or symbol, but no more than 3 stimuli in the
same condition appeared consecutively. The intertrial
interval varied randomly from 0.3 to 0.5s. Ten-second
intervals were inserted after each block of 20 stimuli, and
blinking and swallowing, prohibited during the block of
stimuli to minimize artifacts, were permitted during these
intervals.

Procedure: The subjects were required to lie on a bed
in a dimly lit, sound-attenuated, magnetically shielded
room. They were asked in advance to click the castanets
whenever a word pertaining to the human body was
presented. By this task, all stimuli would be processed
semantically while the vigilance of the subjects was
monitored.

Recordings of event-related magnetic fields (ERFs) were
carried out in the using a Magnes 2500, 148-channel, whole-
head system manufactured by Biomagnetic Technologies
(5an Diego, CA, USA) with a band pass of 0.1-400Hz and
digitized at a rate of 1024 Hz for 1000 ms including a 100ms
pre-stimulus baseline before stimulus presentation. Epochs
containing a magnetic field in which the difference between
maximum and minimum potentials > 4000 fT were deemed
to have artifacts and were excluded from averaging. The
averaged waveforms were digitally filtered using a lowpass
filter of 30Hz. The ERF waveforms elicited by the target
stimuli are likely to be superimposed by large 300. Target
stimuli would also be affected by motion preparation
components. To avoid this, we excluded the target stimuli
from the following analysis. The number of responses
included in the averaging was >74 for each type of
presentation and for each subject. The root mean square
(RMS), ie, the sum of the square root of all 148 sensor
amplitudes mean averaged over the following time window
for the components, were used to evaluate the magnitude of
the magnetic field obtained. The average RMS for a 150-
250 ms period was adopted as the magnitude of M200. The
point during a 150-400ms period showing the maximum
RMS was adopted as the M200 peak, and the time from
the stimulus onset to that point as the M200 latency. If the
maximum was reached at 150 or 400ms, the point with
the highest amplitude nearest the 200 ms point was adopted
as the M200 peak. For each condition, a single signal
source was estimated from the 38-channel data for the
posterior half of each hemisphere. Source analyses based
on a single equivalent current dipole modeling (ECD)
were estimated using 38 sensors in the temporo-parieto-
occipital regions on each hemisphere. Only data meeting
the following five criteria were accepted: (1} a correlation
between the theoretical fields generated by the model
and the observed fields >0.90; (2) a goodness-of-fit (a
parameter used to determine how well the observed
measurements and the resulting dipole fit agree with the
model) > 90%; (3) a 95% confidence volume for the location
of the dipole <2.14cm® (corresponding to the volume
of an 8 mm radius globe); (4} ECDs located on the cortex in
MR images; (5) temporal stability of ECDs for >10ms
associated with the preceding four criteria. Criterion (4}
was checked by visual inspection. Statistical analyses
were carried out using repeated measure ANOVA. The
Greenhouse-Geisser correction procedure was used where
appropriate.

RESULTS

Behavioral data: Response accuracy (meants.d.) in the
kanji and kana conditions during recordings was 95.0+4.6
and 95.815.5%, respectively. Accuracy of all the subjects
was > 83% in each of the conditions, allowing all of them to
enter the succeeding analysis.

Event-related fields: Figure 1 shows grand-averaged MEG
waveforms for the four non-target conditions. Under each
of the four conditions, visual inspection revealed three com-
ponents: M150 peaking at 150 ms, M200 at 200 ms and M400
at 400ms after stimulus onset. For the amplitude of M200,
the symbol condition showed a smaller amplitude than the
kanji word, kana word and kana pseudoword conditions.
Figure 2 presents the grand-averaged RMS of 9 subjects for
the magnetically evoked fields of all 148 channels. No
difference among the four conditions was found for the
amplitude or latency of M150. However, RMS waveforms
began to differ between experimental conditions about
170ms after the stimulus onset. The waveforms for the
symbol condition appeared to begin later and persist longer.
ANOVAs revealed significant main effects of stimulus
condition for the M200 amplitude (F(324)=442, e=0.596,
p < 0.05) and latency (F(324)=2.73, e==0.728, p < 0.01) in the
left hemusphere, indicating that M200 was reduced and
delayed for symbols compared to any of the other conditions.
M200 did not differ between kanji words and kana words on
both hemispheres. Localization of M200 showed inter-
individual variability, due mainly to differences in cortical
anatomy, and therefore different distributions of neural
activity in MEG sensors. The sources of M200, which showed
satisfactory dipole solutions on the left hemisphere, were
localized in the vicinity of the fusiform gyrus (6 of 9 subjects
for kanji words, 5 for kana words, 5 for kana pseudowords
and 4 for symbols), inferior temporal gyrus (1 for kanji
words, 2 for kana words, 1 for kana psendowords and 1 for
symbols), angular gyrus (1 for kana words and 2 for kana
pseudowords) and lingual gyrus (1 for kanji words and 1 for
symbols). Figure 3 shows an example of the determination of
the source of the M200 electrical currents, located in the
vieinity of the fusiform gyrus. The location did not differ
significantly between any two of the four conditions.

T
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Fig. I. Grand-averaged (n=9) event-related field (ERF) waveforms eli-
cited by four non-target conditions {(kanji words, kana words, kana pseu-
dowords and symbols) during the semantic task recorded from 38sensors
in the temporo-parieto-occipital regions on each hemisphere. Three mag-
netic components can be detected (MI50, M200 and M400),
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Fig. 2. Grand-averaged root mean square (RMS} waveforms recorded
from the whole head are shown separately for the kanji word condition
(red), kana word condition (yellow), kana pseudoword condition (green)
and symbol (blue) condition. The M200 component in the symbol condi-
tion is smaller and later than in the other three conditions,

Fig. 3. White circle with a bar Indicates one representative equivalent
current dipole (ECD) source estimated during the M200 time window in
the kanji word conditicn from one subject superimpesed onto horizontal
and coronal MRI scans. There was no difference among the four conditions.

DISCUSSION

The present experiment assessed the response of PITC
during semantic judgment of kanji words, kana words, kana
pseudowords and symbols, and compared the magnitude of
activations between words and symbols. The MEG data
revealed that M200 for symbols was smaller than for any
other condition. One possible explanation is that the
processing of words may activate the neural substrates that
subserve visual word form recognition. Consistent with this
perspective, the present study revealed greater activation in
PIT during the processing of real words and pseudowords
relative to symbols. An alternative explanation would be
that at least a part of M200 is involved in phonological
processing and that, in the case of symbels, little phonolo-
gical processing occurs. However, recent studies using fMRI
[11,12] have revealed that the left inferior prefrontal cortex
plays a critical role in phonological processing, inconsistent
with lesion deficit studies with neurological patients [13].
Therefore the plausibility of the second interpretation seems
very slight. The third explanation that no semantic proces-
sing following early visual processing can result in the
absence of M200 must be abandoned, because symbols have
meaning and are subject to semantic processing in spite of
the fact that they cannot be pronounced.

In the current study there was no effect of lexicality on
M200 localized in PITC. This result is in line with studies
using fMRI [14] and PET [2] that failed to find reliable
activation differences between actual words and pronounce-
able nonwords in these areas. However, a PET study of
word-naming [15] demonstrated less activation for real
words than pseudowords. In contrast, a recent study using
event-related fMRI of lexical decision [16] reported the
reverse result, namely, stronger activation for real words
than pseudowords was cbtained in bilateral occipito-
temporal brain areas. PET and fMRI studies have produced
conflicting findings probably as a result of design and task
differences. Brain activations in a block design may have
been influenced by strategic effects on task performance like
a stereotypic response, whereas they were elicited by
individual events in an event-related design. When subjects
were required to articulate the stimuli, different (although
likely overlapping) and more extensive populations of
neurons would be engaged compared to a lexical decision
task. In contrast to PET and fMRI studies, the fact that there
is no difference in the component peaking around 200 ms
between actual words and pseudoword was consistently
shown in a cortical surface ERP study [5] and MEG studies
(1M in [17]). Based on the present result, it seems that
pseudowords may be processed in a similar way to real
words in the vicinity of PITC when participants are not
required to give any overt response and when an event-
related design is used.

The results that the M200 responses for kanji and kana
were similar in shape and consequently the locations of
ECDs to kanji and kana did not differ are in accord with
the previous findings [7], suggesting that kanji and kana
may be processed similarly. In our previous MEG study {18]
the source of M200 was localized in the vicinity of the
fusiform gyrus for both kanji and kana nouns, although the
amplitude of the component for kanji was larger than that
for kana nouns. Coupled with the lesion study [19]
indicating that there was no neurocanatomical relationship
between impairments of certain high cortical functions, such
as the reading of morphograms and syllabogarms, and
lesion sites, our results provide converging evidence that
kanji words and kana words may be processed in the same
anatomical regions. Koyama [7] interpreted the kanji-kana
dissociation in reading as reflecting the greater graphic
complexity of some kanji. A limitation of this study that
should be noted was the use of the ECD modeling. The
fundamental principle of localizing the putative source
depends on the basic assumption that it is reasonable to
consider a single discrete source for the phenomena in
question that can be appropriately mathematically modeled
{20). Many early (latency up to ~ 100 ms poststimulus) fields
such as sensory evoked fields have a high goodness of fit to
a single ECD model. When such sources are mapped onto
the corresponding MRI, the Ilocations are found to fall
within the appropriate sensory cortex. This model provides
validity to the source localization of such phenomena. This
is less likely to be true for later (longer latency) evoked
fields components that likely involve widely distributed
cognitive processing that cannot be reasonably modeled
with a single or simple set of sources. M200 response most
probably represents the summed activity from multiple
intracranial generators. Although most of the localizations
during M200 period were estimated in the vicinity of the
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PITC, a few subjects showed activations in the angular
gyrus. We previously reported that the ECDs for the
particles (Joshi in Japanese), which are always written in
kana, were mainly located in the supramarginal and angular
gyri, while those for nouns (both in kanji and kana) tended
to be located in the posterior-inferior-temporal areas [18]. It
remains unclear whether spatially distinct sources may
reflect a different aspect of the encoding process that leads
to word recognition.

CONCLUSION

The present study demonstrated that M200 for symbols was
smaller than any other letter condition, but there were no
differences between actual words and pseudowords or
between kanji and kana. These results provide evidence that
M200 may reflect the prelexical process such as visual word
form recognition.
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This study compared the effects of facial affective stimuli on visual event-related potentials (ERP)
in schizophrenic patients and healthy subjects using photographs of babies depicting sadness (cry-
ing face), neutrality (neutral face), and pleasure (smiling face). Visual ERP were recorded using an
oddball paradigm in 32 schizophrenic patients (16 paranoid type and 16 non-paranoid patients)
and 32 age-matched healthy subjects. The P300 amplitude, latency, and the subject’s reaction time
were recorded. The P300 amplitude when viewing a photograph of a smiling baby was the smallest
registered of three photographs for healthy subjects and paranoid type patients with successively
greater amplitudes for neutrality and sadness. However, the P300 amplitude was the smallest while
viewing crying photographs and was the largest while viewing a smiling photograph for non-para-
noid patients. These results suggest that the P300 amplitude is influenced by viewing emotionally
moving facial expressions and that the effect is different for different subtypes of schizophrenia.
These differences may reflect differences in information processing resulted from emotional infiu-
ences caused by visual-affective stimuli,

event-related potentials, facial affect recognition, P300, schizophrenia, subtype.

INTRODUCTION

Event-related potentials (ERP) have been used as a
tool to investigate biological correlates of information
processing in the human central nervous system.”” So
far, few studies on the effect of emotion have been
reported, and little is known about the effect of facial
affect on ERP in healthy subjects.*® Yee et al. reported
that the magnitude of P300 amplitudes is greater in
response to unpleasant pictures than to pleasant ones,
and suggested that the difference may reflect the emo-
tional intensity of stimuli rather than valence.’ Using a
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Received 1 August 2003; revised 16 April 2004; accepted 25 April
2004,

—173-

visual oddball paradigm, Lang et al. also reported that
the P30 amplitude increases particularly in response
to angry expressions.® These authors suggest that sub-
jects are more engaged by an angry expression than by
a happy one, or that the angry face evokes greater
emotional intensity than the happy face. The hypothe-
sis was predicated on the theory that subjects’ cognitive
engagement would vary depending on the emotional
content of the attended stimulus, and that this variation
would be discernible in some aspect of the P300
component,

Schizophrenic patients have been shown to manifest
a significant deficit in the ability to correctly identify
the emotions associated with facial expressions.”*
Such patients have a distinctive deficit in emotional
appropriateness, and an impaired ability to correctly
identify facial affect might contribute to this deficit.
Interestingly, Kline efal. examined the relationship
between diagnostic subtypes and facial affect recogni-
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tion and found that patients with paranoid schizophre-
nia are more able to recognize facial expressions than
non-paranoid patients.” It has also been demonstrated
that patients with paranoid type schizophrenia may be
more adept at facial recognition than non-paranoid
patients.!! However, no study has looked at the effects
of facial affect recognition on ERP in subtypes of
schizophrenic patients, The visual P300 provides objec-
tive data that can be used to identify subtypes of
schizophrenia. Thus, the patterns of effects of facial
affect may help us improve our understanding of the
mechanism of schizophrenia, especially the difference
between subtypes. The present study was conducted
to determine how facial affect expression influences
visual ERP in schizophrenic patients and to identify
what differences, if any, exist between paranoid type
and non-paranoid patients compared with healthy sub-
jects. We recorded visually evoked ERP while subjects
viewed three different photographs of babies showing
different facial affects.

METHODS AND MATERIALS
Subjects

Subjects included 32 healthy volunteers (16 men and
16 women) ranging in age from 21 to 38 years (mean,
26.0+ 3.8 SD) and 32 patients with schizophrenia (16
paranoid type and 16 non-paranoid patients) diag-
nosed according to the 4th edition of the Diagnostic
and Statistical Manual by two psychiatrists. Patients
were aged 16-34 years (26.5+4.7, overall; 27.8£3.5,
paranoid type {eight men, eight women]; and
24.5 % 6.0, non-paranoid patients [10 men, six women;
disorganized type, 10; catatonic type, 2; undifferenti-
ated type, 4]). There were no significant differences in
ages among the three groups (healthy subjects, para-
noid type patients, non-paranoid patients). All patients
were receiving psychiatric medication. No patients or
healthy subjects had visual disabilities and all recog-
nized the present photographs. Time of onset, the dura-
tion of illness, the duration of hospitalization, and time
of admission are shown in Table 1. The ethics commit-
tee of Kurume University approved the present study.
Written informed consent was obtained from all sub-
jects prior to their inclusion in the study.

Electroencephalogram recording

ERP were recorded from Ag/AgCl electrodes at the
Fz, Cz, Pz, Oz, T; and T, positions according to the
International 10-20 System with reference electrodes
connected to the mastoids. A forehead electrode
served as the ground. Electrodes were affixed above
and lateral to the left eye to monitor horizontal and

T. Ueno et al.

Tzble 1. Summarized time of onset, duration of illness, time
of admission, and duration of hospitalization. Significant dif-
ferences between paranoid type patients and non-paranoid
patients are seen in the time of onset

Non-paranoid Paranoid type
patients patients

16.8+1.9
6.2+59

267146
2116

P <0001
P <0.05

Onset (years)
Duration of
illness (years)
Duration of
admission
(years)
Times of
admission
(times)
Ages of
recording
(years)
Duration of
education
{years)
Positive
symptom
scores
Negative
symptom
scores
Dose of
medicine

(mg/day)

0.81+£0.72 0.37+0.52 ns

1.7+1.1 082+080 P<005

245160 27.8+35 P <0.05

103+20 13.0x1.7 P<0.01

266138 240+37 ns

235237 20137 P <005

334211736 360611541 ns

vertical eye movements. All impedance was kept below
5 KQ and the band pass filter was 1-100 Hz. Probabil-
ity of the presentation of target stimuli was 20% (baby
facial photographs: smiling, crying and neutrality) and
the probability was 80% for non-target stimuli (flow-
ers), which did not include facial expression. Stimulus
duration was 250 ms. Photographs were presented in a
random sequence at a mean rate of 0.7 Hz. Emotions
depicted included pleasure (smiling), sadness (crying)
and no emotion (neutrality), each type of photograph
presented in an equal probability. Each subject sat in a
sound attenuated, electrically shielded room and was
asked to relax with eyes open. All subjects were asked
to gaze at the baby’s face on a TV monitor positioned
0.5 m away (Visual angle: £5° horizontally, £3° verti-
cally). All participants were asked to count and push a
button with their dominant hand in response to target
stimuli. Subjects were requested to refrain from blink-
ing during the test. Sampling was initiated 100 ms prior
to the stimulus onset and continued for 1s. An aver-
aged waveform was obtained from 20 artifact-free indi-
vidual target stimuli for each type of picture for each
block.>'*!* Trials that exceed +50uV were automati-
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cally rejected from the averaging process. The aver-
aged value prior to the stimulus (100 ms) was used as a
baseline. Three blocks {smiling and flower, crying and
flower, neutrality and flower) presented to each subject
constituted for one session. The order of presentation
was the smiling or ¢rying photograph at first block, the
neutral photograph at second block, and the crying or
smiling photograph at third block. The smiling and the
crying photographs were counterbalanced. The aver-
aged waveform taken from three target photographs
(smiling, neutrality and crying) were evaluated as data.
The P300 latency was estimated from the latency of the
largest positive peak within the time range of 250 and
600 ms. The P300 amplitude was calculated from the
baseline to the peak of the positive waveform within a
time window of 250-600 ms. The N200 amplitude was
calculated from the baseline to the peak of the negative
wave form between N100 and P300 wave forms. All
waveform were constructed after smoothing treatment
(Nihonkoden).

Protocol for recording event-related potentials
and evaluating facial expression

Sessions included the presentation of the three photo-
graphs {smiling, crying and neutrality) during a double-
task performance to sustain attention and arousal lev-
els (counting and pressing a button upon seeing the tar-
get photographs). After completing a session, subjects
were asked to look closely at each of the three photo-
graphs (smiling, crying and neutrality) to evaluate the
affective facial expression. All healthy subjects and
patients responded correctly for the two photographs:
the smiling photograph caused a pleasurable feeling
and the crying photograph caused a sad feeling. In
total, 25% of healthy subjects and 16% of patients felt
pleasure when viewing the neutral photograph and
others felt no emotion. There were no significant dif-
ferences in recognizing facial expressions between
paranoid type patients and non-paranoid patients.

Clinical evaluation and medication

The clinical state of all patients was assessed using the
Positive and Negative Symptom Scale' administered
by two psychiatrists within a week from the P300
recording, Higher scores of the Positive and Negative
Symptom Scale from two psychiatrists were taken into
the present analysis as data. All patients were treated
with neuroleptics, the mean daily dose (mg/day) of
chlorpromazine equivalent being 360 + 154.1 for para-
noid type patients and 334+ 173.6 for non-paranoid
patients. There were no significant differences in neu-
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roleptic dosages between paranocid type patients and
non-paranoid patients.

Statistical analysis

ERP data were examined using two-way repeated mea-
sures ANOva to evaluate epsilon factors and revised
using G-G corrections whenever the epsilon level
exceeded 1.0. Three-way aNova {groups x emotions x
electrodes) was performed to assess the main group
effect. Next, two-way anova (emotion x electrodes)
was evaluated in each group (paranoid type, non-para-
noid patients, and healthy subjects). Furthermore, two-
way anova (order x electrodes) was evaluated in each
group (paranoid type, non-paranoid patients, and
healthy subjects) to evaluate the order effect. Fisher's
protected least significant differences, determined as
post-hoc, was used to test for significant differences
between the three pictures. A probability lower than
5% was considered to indicate statistical significance.
Correlation between P300 measurements and symptom
scores was expressed as Pearson’s product-moment
correlation coefficient {(r). Bracelet’s t-test was used to
evaluate statistical significance. Values are presented as
the mean + standard deviation (SD) in the text.

RESULTS
P300 peak amplitude

A group main effect was seen using the three-way
aNova {group x photograph x electrode; for group,
F [2,1116] =132.9, P < 0.0001). The P300 peak ampli-
tude of healthy subjects was significantly larger than
those in the other groups (Fig.1). The order of
amplitude was: healthy subjects > paranoid type
patients > non-paranoid patients. A significant interac-
tion was noted between group x photograph and group
x electrode. In healthy subjects, the amplitude while
viewing the photograph of the crying face was the larg-
est and the amplitude obtained while viewing the pho-
tograph of the smiling face was the smallest (F
[2576] =51.4, P <0.0001). The order of amplitude lev-
els for healthy subjects was crying face > neutrality >
smiling face (Fig.2). The amplitudes were similar for
the three photographs among all schizophrenic
patients. However, patients with paranoid type had the
largest amplitude while viewing the photograph of the
crying face and smallest while viewing the photograph
of the smiling face (F [2270] =3.9. P <0.05). Thus. the
order of amplitude (crving face > neutrality > smiling
face) was the same as for healthy subjects (Fig. 3).
However, in non-paranoid patients. the amplitude
while viewing the photograph of the crving face was
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Figure 1. Event-related potentials
in schizophrenic patients and healthy
controls.  Left, Grand-averaged
waveforms in normal subjects (solid
lines) and schizophrenic patients

Fz Cz Pz 0z T3 T4

(dotted lines). Right, Mean ampli-
tude of P300 in normal subjects {O)
and schizophrenic patients {@). Bars
indicate standard errors,

Figure 2. Effects of facial-affect
stimuli on visual P300 amplitude in
healthy subjects. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (@),

smallest and the amplitude obtained while viewing the
photograph of the smiling face was largest (F
[2270] = 6.8, P < 0.01}. The order of the amplitude lev-
els was, thus, reversed as compared with the other two
groups (Fig. 4). There was no significant difference in
the order effect on the P300 amplitude in each group.
The amplitude at the first block (smiling plus crying
photographs) was not significantly different from those
at the second (neutral photograph} and the third (smil-
ing plus crying photographs) blocks in the three
groups.

Fz Cz Pz Or T3 Ti

when viewing neutral baby photo-
graph ([0}, and when viewing smiling
baby photograph (C). Bars indicate
standard errors.

P300 latency

The P300 latency in healthy subjects was significantly
shorter than that in schizophrenic patients overall (F
[1,1116] =6.7, P < 0.05). A group main effect was seen
using three-way anova (for group, F [2,1116] =18.1,
P <0.0001). The P300 latency in healthy subjects was
not significantly different from that in paranoid type
patients but was significantly shorter than that in non-
paranoid patients (P <0.0001). The P300 latency in
paranoid type patients was also significantly shorter
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Facial expression and visual P300

Figure 3. Effects of facial-affect
stimuli on P300 amplitude in para-
noid type patients. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (®),
when viewing neutral baby photo-
graph ([}, and when viewing smiling
baby photograph (O). Bars indicate
standard errors.

Figure 4. Effects of facial-affect
stimuli on P300 amplitude in non-
parancid patients. Left, Grand-aver-
aged waveforms when viewing crying
baby photograph (solid lines) and
when viewing crying baby photo-
graph (dotted lines). Right, Mean
amplitude of P300 amplitude when
viewing crying baby photograph (@),
when viewing neutral baby photo-
graph (), and when viewing smiling
baby photograph (). Bars indicate
standard errors.

than that in non-paranoid patients (< 0.0001). The
latency was similar for the three photographs in the
three groups.No significant difference was observed in
the order effect on the P300 latency in each group. The
latency at the first block (smiling plus crying photo-
graphs) was not significantly different from those at the
second (neutral photograph) and the third (smiling
plus crying photographs) blocks in the three groups.

N200 amplitude

A group main effect was seen using three-way anova
{group x photograph x electrode; for group, F
[2,1116] =45.1, P < 0.0001). The N200 peak amplitude
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of healthy subjects was significantly smaller than those
in non-paranoid patients but significantly larger than
those in paranoid type patients. A significant interac-
tion was noted between group x photograph. In both
healthy subjects and paranoid type patients, there were
no significant differences observed among the three
facial stimuli. However, non-paranoid patients had the
largest amplitude while viewing the photograph of
the crying face and the smallest while viewing the
photograph of the smiling face (F [2270]=11.9,
P <0.0001).There was no significant difference in the
order effect on the N20{ amplitude in each group. The
amplitude at the first block (smiling plus crying photo-
graphs) was not significantly different from those at the
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Table 2. The relationship between negative symptom scores and P300 amplitude for each affective stimulus in paranoid type

patients (upper) and in non-parancid patients (lower).

Tz Cz Pz Oz T3 T4

Paranoid type patients :

Sadness —0.71** ~0.73** —0.57%* —0.60** -0.46* -0.27

Neutrality —0.54%% ~0.62%* -0.51* -0.41 -0.36 -0.38

Pleasure —0.68%* ~0.65%* -0.53* -0.45* -0.44 —0.46*
Non-paranoid patients

Sadness -0.43 -0.45* -0.41 —0.53* -0.51* -0.40

Neutrality —0.52*% 044 -0.51*% —0.55%* ~0.58*+* -0.38

Pleasure -0.38 -0.33 -0.35 -0.43 -0.42 -0.26

*P <005, **P<0.01.

second (neutral photograph) and the third (smiling
plus crying photographs) blocks in the three groups.

Accuracy of counting and button pressing

Both counting and button pressing accuracy exceeded
80% for all subjects for each photograph. In healthy
subjects, both counting and button pressing accuracy
did not differ between the three emotional stimuli
{counting, 97.6+£3.4%; button, 98.7+£2.1%). Both
counting and button pressing accuracies in healthy sub-
jects were higher than both of those in two groups
of schizophrenic patients. The two groups of schizo-
phrenic patients had similar button pressing accuracies
during exposure to the three photographs (95.6 £ 5.3%
for paranoid type patients, 95.0£4.5% for non-
paranoid patients). However, counting accuracies in
paranoid type patients tended to be higher than that
in non-paranoid patients (P =0.055; 95.1£6.0% for
paranoid type patients, 93.0 £7.0% for non-paranoid
patients).

Reaction time

Differences in reaction time were obtained using
two-way ANova (photograph x group, F [2,172] =4.5;
P <0.05). Reaction time in non-paranoid patients was
significantly slower than that in healthy subjects and in
paranoid type patients. There was no difference in
reaction time between healthy subjects and paranoid
type patients. Reaction times for each photograph
were similar in the three groups.

Symptom scores and medications

The positive symptom scores were 24.0 + 3.7 for para-
noid type patients and 26.6+3.8 for non-paranoid
patients. The negative symptom scores were 20.1£3.7
for paranocid type patients and 23.5+3.7 for non-
paraneid patients. The positive scores of non-paranoid

patients were not significantly different from those of
paranoid type patients. However, the negative scores
of non-parancid patients were significantly higher
than those of paranoid type patients (F [1,26] =5.65,
p <0.05). The P300 amplitude correlated negatively
with the negative symptom scores (crying, r=-0.57,
P <0.001; neutral, r = -0.51, P < 0.001; smiling, r = -0.39,
P<0.01) (Table 2). However, neither the positive
symptom score nor the dose of medication correlated
with the P300 amplitude in each affective stimulus.

DISCUSSION

The present findings show that the visual P300 ampli-
tude is affected by exposure to affectivity-charged pho-
tographs. Polich suggested that the P300 might be a
good indicator for determining the effect of attention
resource diversion both in healthy subjects and
patients with mental disorders.” In the present study,
the amplitude of the P300 was largest when sadness
(crying face) was evoked and smallest when happiness
{smiling face) was evoked in healthy subjects. All
subjects reported that the crying photograph made
them feel uncomfortable while the smiling photograph
evoked comfortable feelings. Assuming that the mag-
nitude of the P300 amplitude reflects the emotional
impact of seeing the facial expression, attention
resources devoted to evoking the visual P300 appear to
be diverted by exposure to external stimuli. The P300
amplitude to the angry and happy faces may depend on
allocation of attention. It has been reported that the
angry expression may elicit more focused attention,
and possibly more arousal, from subjects than happy
expressicm,6 thus, the attention resources diversion
theory can explain the present findings in healthy
subjects.

Another explanation is that an unpleasant face or
picture induced greater emotional intepsity than a
pleasant face or picture in studies using a visual oddball
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