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Event-Related Potentials and Kanji Processing:
The Interaction Between Configuration and Meaning

Paul Langman and Takashi Morotomi
Iwate Medical University and Hokkaido University

INTRODUCTION

Investigations of linguistic vs. non-linguistic, verbal vs. nonverbal, concrete vs. abstract
stimuli abound in the literature; however, such a simple dichotomy is open to serious question.
In particular, Rosch and her colleagues (Rosch, 1975; Rosch & Mervis, 1975; Rosch, Mervis,
Gray, Johnson & Boyes-Braem, 1976) have shown that for natural language categories, the
classical notion of a digital “either or” membership is not the case. Rather, categories have
a graded structure. That is, the members of a category are structured around a core (“best
example”) with other members at various semantic distances from the core. For example,
the category Furniture would have “chair” at the center, while “lamp” would be a bit further
away, and “piano” and “clock” even further from the center. While there is some contro-
versy concerning whether or not all natural categories are structured in this way (see
Wierzbica, 1984 or Lakoff, 1987, for example), there is substantial behavioral evidence that
the relative strength of category membership (prototypicality) allows one to predict the time
it takes to decide if an item is a category member or not, with the more prototypical members
being identified faster than atypical members (e.g., McCloskey & Glucksberg, 1979).
Prototypicality also is related to ease of category learning, with less typical exemplars being
more difficult to learn than the more typical (Mervis & Pani, 1980; Rosch, Simpson, & Miller,
1976). Moreover, typicality has been useful in the analysis of the types of semantic deficits
observed in brain damage (Grossman, 1981; Grossman & Wilson, 1987; & Dennis, 1987).

In 1984, Langman and Saito, using categories consisting of the same Japanese charac-
ter (kanji) written in the five standard styles of calligraphy (see Fig.1 and Appendix I) so that
each category consisted of five distinct yet related configurations having identical meanings,
compared the ratings of prototypicality (p-ratings) by native Japanese (who, of course, knew
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KAISHO REISHO GYOSHO SOSHO TENSHO
(Block) (Scribe) (Semi-cursive) (Cursive) (Seal)

(REAL MEANING=CHILD)

FIGURE 1 (FROM LANGMAN & SAITO, 1984)
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the meanings of the kanji) and four

groups of naive Americans each given a
different type of information related to
the categories: No meaning, the Real
(Japanese) meaning, and Iconic and Non-

MEAN P-RATINGS

iconic meanings with reference to the
pictographic Tensho (seal)* style. The

authors hypothesized that category mem- KMISHO ﬁstlsao MI)SHQ soIs - TEleno

bership (indicated by a style’s p-rating) FIGURE 2 (FROM LANGMAN & SAITO, 1984)
for the American subjects would depend

on the degree of overlap between the graphemic {configurational) and semantic (meaning)
aspects for each kawnji style. In the No Meaning condition, overall visual similarity would
account for the p-ratings, while for the three meaning conditions, the p-ratings would depend
on the meaning-dependent semantic-graphemic (S-G) overlap. In particular, a strong iconic
effect was expected since an iconic meaning would be expected to maximize the S-G overlap
for the seal style making this style the prototype, the core of the category to which the other
styles would be compared. In contrast, the experiential familiarity (see Gernsbacher, 1984)
of the Japanese, rather than the S-G overlap, would be expected to account for their p-ratings.
That is, the special linguistic-cultural experience associated with each kanji style (see
Langman & Saito, 1984) would be more important than the iconicity.

The authors’ hypotheses were supported by the results (see Fig.2). There was a strong
iconic effect: American subjects, who were given iconic meanings for the kanji, rated the
pictographic seal style most prototypical. For the other three meaning conditions, overall
visual similarity seemed to account for the p-ratings. As for the Japanese subjects, experien-
tial familiarity accounted for their p-ratings. Indeed, in marked contrast to the American
subjects, they rated the seal style (the least familiar style) least prototypical while the most
familiar block style, Kaisho, was rated most prototypical. Moreover, in contrast to the
American subjects who rated the less cursive styles, block and Reisho (scribe’s style), almost
the same, the Japanese subjects rated these two styles differently and often remarked that the
rarely used scribe style was “strange” or “wrong.” On the other hand, in contrast to the
Americans who rated the Gyosho (semi-cursive) style far less prototypical than the block style,
the Japanese rated these two styles nearly the same, reflecting the underlying similarities in
the motor-graphemic? aspects of the kanji (i.e., they write block and semi-cursive, but never
scribe suggesting the motor similarities unavailable for the Americans played a part in their
p-ratings) (see Wang, 1981, p. 233; Freyd, 1987, pp. 428-29).

While these significant differences in p-ratings are provocative, without more funda-
mental evidence in the form of behavioral or neurophysiological data, the validity of these
p-ratings and the analysis of the category structure underlying them remain open to question.
Therefore, as a first step, the authors attempted to demonstrate changes in the amount of
recovery of the generalization (Test) stimuli as a function of their similarity/dissimilarity to
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the habituation stimulus in terms of differences in the p-ratings. In other words, electro-
physiological evidence was sought to support the validity of psychological judgments. As
the stimuli, the authors chose one of the quasi-linguistic stimuli (i.e., “frog”) used in Saito and
Langman (1984). This kanji was selected to avoid the problems of familiarity, multiple
meanings and pronunciations. (See Appendix II). As for the electrophysiological evidence,
the authors used event-related potentials.

Event-related Potentials

Human event-related potentials consist of EEG activity which is time-locked to the
presentation of a stimulus. By presenting the stimulus a number of times (usually more than
10) and then averaging this time-locked EEG activity, the background random EEG activity
approaches zero revealing the event-related potentials. These potentials (waveforms) are
made up of a number of identifiable components based on the latencies and polarity (negative
or positive) of their peak amplitudes. As an index of cognitive processing (e.g., context
updating, orienting, task relevance, processing demand, etc.), P300 (that is, a positive compo-
nent peaking around 300 ms after the onset of the stimulus first discovered by Sutton and his
associates; Sutton, Braren, Zubin, & John, 1965) has been extensively investigated using a
variety of experimental paradigms. For example, ERP investigations of linguistic process-
ing have been many and varied from the early tests of semantic differences (Brown, Marsh,
& Smith, 1973, 1976; Megela & Teyler, 1977) to tests of the semantic differential (Chapman,
McCrary, Chapman, & Bragdon, 1978), and most recently the work by Kutas and Hillyard in
sentence processing (Kutas & Hillyard, 1980a, 1980b, 1980c, 1982, 1983, & 1984). Of course,
the experimental paradigms used in these studies have their own strengths and weaknesses.
For example, while we rapidly read sentences in multi-word chunks, in ERP studies of
sentence processing individual words are artificially presented one at a time on a screen. In
addition, in order to obtain a sufficient signal-to-noise ratio of the ERP to the background
EEG activity, the same stimulus sequences must be repeated at least 10 to 20 times. Finally,
it is difficult to control for all the various factors that may influence an ERP: word length,
word frequency, concreteness, abstractness, imagery, experiential familiarity, visual similar-
ity, phonetic similarity, polysemy, etc. Thus, the reason for using quasi-linguistic stimuli.

The Habituation Parvadigm

The habituation (dishabituation) paradigm (cf. Thompson & Spencer, 1966; Groves &
Thompson, 1970; Roemer, Shagass, & Teyler, 1984) consists of presenting an “expected”
(habituating or training) stimulus in a series followed by a randomly distributed “unexpected”
(generalization or test) stimulus which may then be followed by a re-presentation of the
training stimulus to test for dishabituation, recovery of the previously habituated response
after the presentation of a test stimulus. The repetition of the expected training stimulus
leads to a decrement (habituation) in the neurophysiological activity being measured: SCR
(skin conductance response) (Siddle, Kyriacou, Heron, & Mathews, 1979; Siddle, 1985;
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Verbaten, 1983; Woestenburg, Verbaten, & Slangen, 1983), spike activity (animal models)
(Teyler, Chiaia, & DiScenna, 1984) or ERP activity (Megela, Teyler & Hesse, 1977; Megela
& Teyler, 1979; Psatta, 1981) (but see Roemer ef al., 1984). In contrast, the unexpected test
stimulus produces a recovery {generalization or, more correctly, the lack of generalization to
the training stimulus) in the level of activity that depends on its similarity to the training
stimulus. The greater the similarity, the smaller the recovery; the smaller the similarity, the
greater the recovery. This has been demonstrated for the intensity of sound and flashes of
light (Megela & Teyler, 1979), frequency of sound (Sams, Alho, & Naidtinen, 1985), and
category membership (Polich, 1985). After this test stimulus, the training stimulus may be
presented again to test for dishabituation (recovery of the previously habituated response).
Dishabituation has been demonstrated for SCR (Siddle, Remington, Kuiack & Haines, 1983;
Siddle, 1985), but according to Roemer et al. (1984), dishabituation has yet to be demonstrated
for human ERPs.

Among the many available paradigms, this is one of the simplest in that no overt
responding (i.e., button pushing, counting, oral reading, etc.) is required (see Sams et al., 1985,
for example). In this respect, the event-related potential correlates of habituation, generali-
zation, and dishabituation are expected to reflect the more basic processes of stimulus
evaluation and categorization rather than response selection and execution (Donchin, 1981).
In effect, the paradigm is a kind of psychophysiological titration where the habituating
stimulus serves as the titrant (a stable “ground”) and the unexpected or Test stimulus as the
titrand (the “figure”) with the amount of recovery (ERP component amplitude) serving as the
indicator.

ERP Studies of Habituation

While there have been a number of studies involving habituation of the human cortical
ERP, according to Roemer et al. (1984), no study to date has successfully demonstrated or
examined all nine of Groves and Thompson’s (1970) parametric features of habituation (see
Note 5). A common failing has been an interstimulus interval (ISI) which is too short (less
than 3 sec) confounding habituation with recovery effects. Other problems involve the
substantial time requirements to test varying ISI’s (Parameter 4) and the difficulty unentan-
gling rate of presentation effects and the effects of dishabituation. For example, if one uses
an ISI of 2 sec and attempts to show dishabituation (recovery of the habituated response),
there is the problem of the interval of 4 sec (plus the stimulus durations) between the pretest
stimulus and the posttest stimulus during which time recovery of the response occurs
naturally, and this natural recovery confounds the clear demonstration of dishabituation.

Despite the deficiencies mentioned above, there have been many studies utilizing a
variety of stimulus-change paradigms, paradigms which may be considered special cases of
the classical habituation paradigm. For example, one stimulus (the frequent or expected
stimulus) is presented a number of times followed by another rare or unexpected stimulus,
and changes in the ERP activity (usually P300) are measured and analyzed: - However, as
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there had been no studies using quasi-linguistic® stimuli, the authors had no firm expectations
concerning the outcomes. Yet, decrements in stimulus-related ERP activity with repeated
presentations and graded recovery to different stimuli had been demonstrated by Megela and
Teyler (1979) for non-linguistic stimuli and for words having similar and dissimilar meanings
presented in a AAAAAAABB sequence. Thus, the authors expected that there might be
changes in the amplitude and latency of the endogenous (Donchin, Ritter, & McCallum, 1978)
P300 component as a function of the similarity/dissimilarity (p-ratings) between the habitua-
tion (same) stimulus and the test (different) stimuli. That is, the authors sought to demon-
strate parametric changes as evidence by the differential recovery after habituation in the
amplitudes and latencies of the event-related potentials (P300) primarily as a function of the
p-ratings (i.e., the semantic-graphemic overlap associated with each style).

Method

Subjects: The subjects were 8 native Japanese university students who were all right-handed
(5 males and 3 females) and ranged in age from 19 to 22 years. They received no remunera-

tion or credit for their participation.

Stimuli: The stimuli, the five standard styles of calligraphy for the category “frog” (Figure 3),
were taken from Saito and Langman (1984), and 35 mm slides of these kanji were backpro-
jected onto a screen in a sound-attenuated room so they appeared as white on a semi-

illuminated field.

Procedure: After having established that the subjects were right-handed by a suitable questi-
onnaire (Hatta and Nakatsuka, 1975), they were introduced to the five stimuli and told that
they all had the same meaning despite their different styles. This meaning was “frog” and
was reinforced by showing them several line drawings of different kinds of frogs in different
orientations. This was done to make the experience of the meaning of the kanji the same
for all the subjects. They were then given a brief oral description of the experiment, while
the electrodes (Pz, C3, C4, EOG referenced to A1) were being applied. While a formal signed
informed consent form was not the practice in Japan at the time of this study —all
subsequent studies by the authors, however, have employed them — each subject knew that
he could terminate his participation in the experiment at any time without penalty. There
was a microphone in the sound-attenuated room so that the subject could communicate with
the experimenter at any time. In addition, every six trials there was a 2-minute rest period
during which the experimenter talked with the subject to inquire as to his/her condition and
to give him feedback concerning the quality of the signals (e.g., “Please don’t move your eyes
so much,” or “You are doing fine.”). At the end of a block, the subject was given a 3-5
minute break, and cold water or other refreshments were offered to combat fatigue.
Figure 3 shows the experimental protocol. Trains of 9 stimuli were presented with a
stimulus duration of 500 ms, a fixed intersimulus interval (ISI) of 3 seconds and a random
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EXPERIMENTAL PARADIGM:

Trial 1 Habituation Genexjahzatlon Trial 2
Stimulus
KAISHO, ------ Kyroooemees s Kymemeemee O K-~ Komreroee] Ky-mmmes Kgmmmmpmeenneees Kioe»
3 sec 4-7 sec
Stimulus Duration =500 ms, ISI =3 sec, REISHO, Re Re
GYOSHO, Gy Gy
One block=30 Trials, Three blocks=1 Experiment SOSHO; S S,
TENSHO, Ts T,

Stimuli are obsolete Chinese Kanji written in

the five standard styles of calligraphy, in this

experiment only one Kanji was used with the meaning of “FROG,” this meaning was chosen to be iconic
with reference to TENSHO, the five stimuli are listed below.

ole 117 L
ge. 3oz
}JLZ_) ~ A K/
KAISHO REISHO GYOSHO SOSHO TENSHO

P-RATINGS- 41 3.4 4.0 5.1 1.7

The EEG was recorded from the locations indicated on the following diagram.

BoNT

FIGURE 3 (AFTER LANGMAN & MOROTOMI, 1986)

intertrial interval (ITI) of 5-7 seconds. A total of 90 trials were presented in three 30-trial
blocks (which were randomized across subjects) with a 2-minute rest of 15 trials and a 3-5
minute rest between blocks (used to check the quality of the ERP signals). The first 5
stimuli always consisted of the Kaisho style and served as the habituation stimuli (Hab-
stimuli (K-1): H-1 to H-5). The last Hab-stimulus directly preceding the four test stimuli
(Test-stimuli: Reisho, Gyosho, Sosho, and Tensho) was designated the pretest stimulus
(Pretest stimulus) (cf. Megela and Teyler, 1979) and was the standard to which these
Test-stimuli were compared. This Pretest stimulus consisted of a random average of Kaisho
at positions 6, 7, 8 (Hab-6, -7, -8). The four Test-stimuli were pseudorandomly presented in
7, 8, and 9, so that within a block of 30 trials there were six presentations of each of the four
Test-stimuli. Thus, there were a total of 18 presentations for averaging (6 trials x 3 blocks).
Due to excessive EOG, only twelve artifact-free trials could be obtained for each subject, and
one subject’s data contained too much artifact and had to be deleted. In addition, due to
excessive noise in the data, a further two subjects’ data had to be deleted. Therefore, the

following results and conclusions are based on only five subjects and 12-trial averages.
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Results
Figure 4 shows the superimposed averaged waveforms (12 trials per average) for the
five subjects for the first presentation of the habituation stimulus (Hab-1), the Pretest

A B
+10uv T'Pz +lOu\F—-Pz
II-1 KAISHO

I\ e 2N/ASE
AV R = A T aogfggg:iz”ci\\rxﬂ iﬁlg?
+lOuV”‘PZ +10uv

P-s1in KALSHO-078

vv[*\_ni&kﬂm
300 400 500

3
z

+10uV-
RETSHO

300 400 500

+10uvy -

+10uV-- P

z
GYOSHO

P4

7|
0 400 500

30

TENSIIO
P3>

300 4005
(MS)

FIGURE 4
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FIGURE 6 CONTINUED

stimulus (average of Hab-6, -7-, -8), and the four Test stimuli (average of Test-7, -8-, -9)
obtained at the Pz electrode; the corresponding grand averages are also shown. Figure5
shows the grand average waveforms for the C3 and C4 electrodes for the same stimuli. Due
to the difficulty in interpreting the waveforms based on only 12 trials per average and a
central-parietal topography, a sixth subject was run using three midline electrodes (Fz, Cz,
and Pz) and a different rest schedule (i.e., a 1I-minute rest every six trials). This resulted in
a significant decrease in the EOG artifact which permitted the generation of ERP waveforms
based on 18-trial averages which appeared to yield more detail (See Figure 6). For the Test
stimuli, the Hab-1 waveform has been superimposed on the respective Test stimuli wave-
forms to aid in comparisons.

In the three figures (Figs. 4, 5, and 6), one notices that there appear to be distinct
patterns for each of the stimulus types. Especially interesting is the similarity between the
waveforms for the sixth subject and the grand average waveforms indicating the re-
producibility of the data.

The following analyses will be primarily non-statistical due to the small number of
subjects (n==5}, but some statistically significant findings were obtained.
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FIGURE 6

Habituation

The first major finding was a clear and statistically significant decrement in the P300
amplitude from the Hab-1 to the Pretest stimulus at Pz F(4,1)=45.4, » <0.003, and at C3 and
C4, F(4,1)=45.2, p<0.003 (see Figures7, 8, and 9). In these and all subsequent analyses,
normalized data (9% increase or decrease with respect to the Hab-1 P300 amplitude, taken to
be 100%) instead of the absolute amplitude in £V was used (cf. Megela and Teyler, 1979).
The amount of decrement at Pz and Cz was nearly the same for both the sixth subject and
the other five subjects represented by the grand average waveforms. As for the P300



48 BERCE F618
P300 Amplitude Recovery (%) P300 Amplitude Habituation/Recovery (%)
120 120 o 100
1o 1110 B C3 - Grand Average
¢ : Cz — Grand Average 90 + !:: C4 — Grand Average 190
100 b ® : Cz ~ Sixth Subject - 100
v : Pz — Grand Average 80 - 80
90 + v : Pz — Sixth Subject 490
L ]
80 I 480 70 70
70 } 170 - 60 o
A A
7 60 | 460 7 /o 150
50 150 440
40+ - 40
{30
30} {30
20 b BIP 420
10+ 110 10
O i ] ] i 1] AL O O
Hab~1 Pretest Reisho Gyosho Sosho Tensho Pretest Reisho Gyosho Sosho  Tensho
FIGURE 7 FIGURE 8
3 litude Habituation\R v
15.0 P300 Amplitude Habituation\Recovery {(uV) 150 P300 Amplitude Latency (ms)
w : Fz — 8th Subject 500 500
& : Cz — 6th Subject
12.
25 A : Pz ~ 6th Subject 12:5 475 o Cz ~ Grand Average 475
450 - ® : Cz - Sixth Subject 4 450
10.0 - - 10.0 v : Pz — Grand Average
425 v : Pz — Sixth Subject 4425
7.5 ¢ 7.5 400 | - 400
wv jiYy s 37 375
L N ms
5.0 5.0 350 - 4 350
254 2.5 325 325
300 - 4 300
0.0 4 00 275 1278
250 |
~25% ~25 - 250
225 {225
~5.0 s : L ' ! * ~5.0 200 : ' s ' I 200
Hab~1 Pretest Reisho Gyosho Sosho Tensho Hab~1 Pretest Reisho Gyosho Sosho Tensho
FIGURE 9 FIGURE 10
latencies, the grand average waveforms at
P300 Amplitude Latency (ms) . .
<00 500 C3 and C4 are shown in Figure 10, and
475 o : Fz - 6th Subject 475 those for the sixth subject at Fz, Cz, and Pz
450 - + Cz — 6th Subject 450 are in Figurell. The grand average
425 : Pz — 8th Subject laps .
. latencies for Hab-1 and Pretest are essen-
400 b 400
375 575 tially the same as those for the Test stimuli
ms ms .
350 L . 350 (Gyosho, Sosho, and Tensho), while that for
325 ¢ 325 Reisho appears to be slightly longer.
300 F v 300
275 | 1275 L
250 b 250 Generalization
205 1225 As a significant stimulus decrement
200 bl L : e 200 consistent with a classic habituation was

Hab~-1

Pretest

Reisho Gyosho Sesho

FIGURE 11

found for the P300 amplitude, an analysis
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of this ERP component was performed in order to demonstrate changes in its amplitude or
latency as a function of the p-ratings of the four different Test stimuli. Figures 7, 8, and 9
contain a summary of the differential recovery for the four Test stimuli. There is a clear
recovery compared to the Pretest level for all four of the Test stimuli which does seem
different at Pz. At Cz (the average of C3 and C4), the mean values (n=5) are Hab-1=249%;,
Reisho =62.5%, Gyosho=70%, Sosho =609, and Tensho=65.5%. As for the P300 latencies,
in Figure 10 at Pz, the latencies appear to about the same with the latency for Reisho slightly
longer.

The results for P4, likewise, displayed a clear recovery with respect to Pretest
(Kaisho-678). Moreover, there appeared to be a wider difference in the amount of recovery
in comparison with the results for P300 (cf. Figure 5, Reisho vs. Sosho vs. Tensho).

Discussion

Despite the relatively modest amount of data gathered, several significant findings
were obtained. First there was a clear decrement in the P300 amplitude from Hab-1 to the
Pretest stimulus consistent with a process of habituation (Groves & Thompson, 1970, Roemer
et al., 1984). Moreover, since the ISI was 3 seconds, this lessens the possibility that this
decrement was due to the effects of a recovery cycle (cf. Roemer ef al., 1984). Similar
findings were obtained in the first author’s dissertation (Langman, 1991) at four midline
electrodes (Fz, Cz, Pz, Oz) and two lateral electrodes corresponding to Wernicke’s area and
its right hemisphere homologue.

Second, there was substantial recovery of the P300 amplitude for all the Test stimuli
at all the electrode sites which seemed uniform rather than stimulus dependent. Again, this
agrees with the first author’s dissertation (1991). A significant difference, however, was the
presence of a P400 at around 400-450 ms post stimulus onset. This P400 appeared to index
differences in the semantic-graphemic overlap of the kanji. In particular, the strongly iconic
Tensho displayed the shortest latency at about 450 ms (and an N400-like depression at 350
ms) while also displaying the most recovery. In contrast, Reisho displayed the least amount
of recovery while having the longest latency at about 510 ms (and no observable negative
deflection). If we may use the difference in the p-ratings between the habituation stimulus
(Kaisho-4.1) and the four Test stimuli as a gross indicator of their similarity, we then obtain
the following order of similarity: Gyosho (.1)> Reisho (.6)> Sosho (1.0)> Tensho (2.4) which is
similar to the order of recovery of P400 (i.e., Reisho < Gyosho < Sosho < Tensho). Of course,
given the limitations of the experiment, these preliminary findings permit only tantalizing
speculations. However, the strength of the paradigm was indicated and then confirmed in
the first author’s dissertation and subsequent studies (Langman and Yaguchi, in progress).

Epilogue
This little study seen against the background of the virtual revolution in computer-
aided electrophysiology appears quite crude. There were only a few number of electrodes
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(3), only six stimulus types (Hab-1, Pretest, and 4 Test stimuli) out of a possible 20 (i.e., Hab-
1 to Hab-9, Pretest (ave. of Hab-567), ave. of Hab-678, ave. of Hab-789, the 4 Test stimuli,
the 4 corresponding dishabituation stimuli), no probe stimulus (stimulus type number 21) to
control for attentional effects, and only 6 subjects. Despite these weaknesses, this study
represented the first step for the first author in his quest to carry out his dissertation research
in Japan, completely separated from his dissertation committee at Kent State University,
Kent, Ohio, U.S.A. Based upon these preliminary findings, a dissertation proposal was sent
to the committee and the university who granted their unprecedented approval after the
proposal was modified to incorporate some refinements. These refinements were made
possible by a grant awarded to the second author which was used to upgrade his lab.
Subsequently, the dissertation study was completed and the Ph.D. degree was awarded to the
first author in August 1991, approximately 5 years after this study was completed. That
study was the logical extension of this study and incorporated 6 recording electrodes, and
measurements for Hab-1, Pretest (Hab-567), Test-1, 2, 3, 4, Dishab-1, 2, 3, 4, and a Probe
stimulus, making possible not only a demonstration of habituation and generalization (recov-
ery), but, more importantly, the demonstration of dishabituation. That is, evidence for the
differential influence of the intervening Test stimulus on the following re-presentation of the
habituation stimulus was obtained. As before, the second author was instrumental in
providing not only free access to his laboratory, but also provided subjects and incidental
supplies such as special recording tape for the 28-channel FM tape recorder. Moreover, he
assisted the first author in learning how to use the new signal acquisition and analysis system.
In short, the second author served as the first author’s ad hoc dissertation advisor.

Robert A. Heinlein, the famous American science fiction writer, who unselfishly helped
many of his fellow writers, said that those he helped didn’t need to pay him back. Rather,
they should pay “forward” to the next generation. In this regard, it is fitting that the first
author is now a part-time visiting researcher in Dr. Kiyoshi Yaguchi’s laboratory at Akita
University. And he now is serving as a co-director for the graduation theses of two of Dr.
Yaguchi’s 4th-year students. Again, their studies are extensions of this study and the
dissertation and involve the habituation paradigm and letters of the alphabet and faces.
However, the equipment that they have access to now makes possible the utilization of 31
electrodes, the analysis of more than 1000 stimulus types, topographic mapping, principal
components analysis, and even dipole localization. Compared to the authors’ equipment 10
years ago, it is like moving from a Model-T Ford to a Formula-1 racing car. Still, the basic
paradigm remains unchanged, and the newly collected data only reinforces our past findings.
And the students marvel as the analyses begin to dissect out the habituation, generalization,
and dishabituation.

Watching these students, the first author remembers fondly his first excitement as the
data appeared on the green CRT after being extracted from the slowly turning reels of tape.
And he considers himself lucky to have worked with the second author who trained under
Prof. Kitajima. Therefore, it is quite fitting that these words appear in this Festschrift
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written in his honor by his students, for his influence lives on as it is appropriately passed

APPENDIX | The Eight Japanese Categories and Their Associated Meanings. (Used in
Experiments 1 and 2)

Meaning Style of’Calligraphy*
Real Iconic Non-iconic K R G S T
(Iz;!;?;l) » - similar rifle ;ﬁé : = 2 ,%\ %
kodomo/child a flower to sell % = % % %
movri/forest family a knife > %'J o F{Z % ﬁ
kokoro /heart nose year " H% {% ‘L%) W};é a&@%
nagai [long (adj.) growth honest ﬁnF P ﬂi{ % ﬁq
akai/red above promise E E @ “é @
 rokulsix comws e 1B R E X OT
shiroi/white a bucket to remember g J{; Y ‘>< )§ ﬁ

*K=Kaisho (Block Style), R==Reisho (Scribe’s Style), G=Gyosho (Semi-cursive Style),
S=Sosho (Cursive Style), and T =Tensho (The Seal Style). (From Langman & Saito, 1984)

APPENDIX Il The Eight Chinese Categories and Their Associated Meanings. (From Saito &
Langman, 1984)

Meaning Style of Calligraphy*

Real Iconic Non-iconic K R G S T
eki/to pile up flyilg birds to think 37 P Ik v”i ;(f ﬁg
hi/rustic to lay an egg Thursday 3‘ '% z- ‘Q ?
7i/bison frog distinct 475\ *”;:\ 'é\ %\ m
s.ho/ fence abowand arrow  to apologize AN = (N e c'e
g)tl{to doa favor a cat and mouse frequently ’& % ’(’?;< é ﬁ
someone :
kafu/asmoll box a train coupler angry 7‘5’. = ;ﬁ\ f - ?}l{}
shitsu/abig koto ribs (bones) towake up - o< A 2 TF
yoku/to catch a a pair of scissors a jacket é) =] (? (@ é

bird with string

*K=Kaisho (Block Style), R=Reisho (Scribe’s Style), G=Gyosho (Semi-cursive Style),

S=Sosho (Cursive Style), and T=Tensho (The Seal Style).

ARROW HEADS=STIMULI USED IN SORTING PORTION OF EXPERIMENTS 1 AND 2.



52

HEERLE BTE

“forward” from his students to their students and to their students’ students...

Notes

1. The Tensho style is the oldest calligraphic style which for the majority of kanji in use has no
clear pictographic association. Thus, the kanji in this study represent specially selected
kanji which do have a very pictographic association for the Teunsho style.

2. All kanji have a fixed stroke order, and it is very common for a Japanese to trace a character
on his palm in attempting to recall the “spelling” which can include up to 30+ individual
strokes. Thus, each kanji may have a stored tactile-kinesthestic image can affect a native
speaker’s (writer’s) psychological judgments of similarity.

3. Quasi-linguistic refers to the case in which a symbols with no meaning is nonlinguistic, but
as the amount of semantic-graphemic overlap is varied by providing various kinds of

meanings (i.e., iconic, non-iconic, abstract, etc.), the amount of linguisticness is also varied.
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FIGURE LEGENDS

Quasi-linguistic category consisting of the five styles of calligraphy, (from Langman and
Saito, 1984). The block style is the most common style and is used for books and most
printed matter. The semi-cursive style is used for writing letters and notes. The
cursive style is used for fast writing and poetry. The scribe style is rather rare and is
used only on money and sometimes for advertising and special newspaper headlines, It
is not written by the ordinary Japanese. The seal style is the rarest and is only used
for the names of shops, in advertising, or for one’s personal stamp (one’s legal “signa-
ture” in Japan) without which one cannot buy a car or a house, for example. Seal
characters are written only by skilled calligraphers.

Mean prototypicality ratings (p-ratings) for the 5 kanji categories as a function of the
kind of meaning provided. Note the significant effect of iconicity for the American
subjects who rated the Tensho-seal style most prototypica!l in contrast to the Japanese
subjects who rated it least prototypical. (From Langman and Saito, 1984).

Experimental protocol. The habituating (Hab-stim) or training stimulus was presented
5, 6, or 7 times consecutively in a pseudo-random order followed by the presentation of
one of 5 generalization or test stimuli again in a pseudo-random order. The duration of
the stimuli was 500 ms with a constant interstimulus interval (ISl) of 3 seconds. The
intertrial interval randomly varied from 5-7 seconds. There were a total of 90 trials
distributed over 3 blocks with interblock intervals of 2-3 minutes.

A. Grand average waveforms {(n=5 x 12 trials=60 trials per grand average) for the
stimuli at Pz. Thick dark line indicates the Pretest baseline (i.e., the average of H-678
or Kaisho-678). Crosshatching indicates the amount of recovery for the test stimuli.
B. Superimposed individual waveforms for the 5 subjects.

Grand average waveforms for the 5 subjects for C3 and C4. Thin line is H-1, dotted line
is the test stimulus, and the thick line is the Pretest baseline. Crosshatching indicates
recovery compared to baseline.

Waveforms (average=18 trials) for the 6th subject at Fz, Cz, and Pz. Dotted line
indicates baseline. P300 appears to be maximum at Pz (P3b), while it is markedly
decreased at all three electrode sites for Reisho in contrast to Gyosho. There is a
distinct recovery at all sites which is maximum at Pz.

Percent habituation/recovery for the grand average waveforms vs. the that for the 6th
subject at Cz (average of C3 and C4) and Pz. There is a distinct habituation and the
pattern of recovery is similar.

Habituation and recovery of P300 amplitude (% of H-1) for C3 and C4. No apparent
left/right differences are present.

Recovery of P300 amplitude (1V) for Fz, Cz, Pz. Fz appears to have clearly lower
amplitudes (especially Reisho) except for Gyosho.

Figure 10. P300 latencies for the grand average waveforms and 6th subject. There is a clear

decrease from H-1 to Pretest (H-678), while there is an increase for Reisho. For
Tensho, there appears to be a slight difference for Cz (300 ms) and Pz (260 ms) for
both the grand average and 6th subject.
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Figure 11. P300 latencies for the 6th subject at Fz, Cz, and Pz. There appear to be only
differences for Reisho and Tensho with the shortest latencies at Fz and the longest at
Pz.



