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Abstract

It was just in the last two decades that the neuroscientists have broader insight in understanding the
relation between cognitive process and brain anatomy organization . Some researchers then begin to pay
attention to P300, which is a component of event-related potential (ERP), for which its psychological

correlation has been extensively studied.

The study was conducted to investigate the correlation between P300 and digit span. We administered an
auditory oddball ERP task to 38 healthy male students aged 20-22 years. P300 latency and amplitude was
recorded at Fz and Cz in steady state, speed maximizing task, and cunt and accuracy maximizing task. The
result showed P300 latencies ranged 268 to 502 mseconds, averaged 393.9 to 404.5 mseconds and 8.2-
12.5% coefficient of variation. P300 amplitude ranged 2.68-31.6 xV, averaged 9.5-15.4 4V and 41-56%
coefficient of variation. No correlation found between P300 latency and amplitude in steady state, speed
maximizing task, count and accuracy maximizing task, on Fz and Cz, except for count and accuracy
maximizing task in Fz location. No correlation found between P300 latency and digit span in steady state,
speed maximizing task, count and accuracy maximizing task, on Fz and Cz: neither between P300

amplitude and digit span,
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Introduction

Literature study showed that learning
process seems to be studied more by the
psychology and pedagogy experts. In the first
half of this century, neurobiologist thought that
higher mental functions, such as learning,
cognitive, thinking, and memory processes are
part of psychology and philosophy domain. But,
on the other hand, some psychometric
evaluations are considered lengthy and
monotonous. In addition, every school and
institution often use different system and criteria
in evaluation. It was just in the last two decades
that the neuroscientists have broader insight in
understanding the relation between cognitive
process and brain anatomy organization
(Goldman Rakic 1992)." In that period, they
started to develop the application of neurological
basics as diagnostic measurement to

differentiate, among others, individuals having
attention disorder and learning disabled compare
to normal population, as well as gifted children
among the normal population (Lubar et al. 1992,
Saletu 1994).>* In the studies of cognitive
process, efforts have been made to produce a
broad spectrum normative as well as patient
group data. One of the most recent one is based
on the endogenous electrophysiological
components typically elicited to certain types of
stimuli, the so called event-related potentials
(ERP). The ERP component consists of , among
others, N100, N4 and P300.

Some researchers then begin to pay
attention to P300, which is a component of
event-related potential (ERP), for which its
psychological correlation has been extensively
studied (Saletu et al. 1991, Bentin and Mc Carthy
1994).*° This P300 terminology was derived
from the wave polarity that showed positive
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deflection appeared around 300 mseconds after
stimuli  presentation, measured on several
location on the head midline, namely, parietal
(Pz), vertex (Cz), and frontal (Fz). The ERP
component P300 is considered a cognitive
neuroelectrical indicator of CNS activity (Regan
1989)°, involved with the processing of new
information when attention is engaged to update
memory representations (Pollich 1996)’. P300
latency referred as the time period beginning
from the onset of stimuli up to its peak. In a
simple auditory discriminative task, the latency is
about 300 mseconds, while in a complex
decision making process the latency may take
400-800 mseconds or even longer (Saletu 1994,
Guyton 1998).%8

P300 latency can be regarded as a
measure of the relative timing of the stimulus
evaluation process, indicating an upper limit on
categorization and stimulus evaluation time
(Coles et al. 1995)°, or the time taken to allocate
resources and engage memory updating. P300
latency is affected by stimuli discriminability
(McCarthy and Donchin 1981).%°

Whereas P300 amplitude is held to index
attentional resource allocation when memory
updating is engaged (Pollich 1996)". P300
amplitude appeared as a response to task relevant
stimuli and inversely proportional to the
probability of stimuli appearance. Afterward,
Hillyard  found that difficult auditory
discriminative task happened to produce higher
P300 amplitude. Pollich presumed that the P300
amplitude variation was due to the variation of
the number of nerve recruitment that was
required to undertake the certain task.
Furthermore, ERP  constitute the only
noninvasive method that resolves the dynamic
pattern in the human brain down to millisecond
range, and may define a valuable framework
within which behavioral or introspective data
may be interpreted (Brandels and Lehman
1986)."

The question of scalp distribution effects
of P300 amplitude and latency of considerable
importance in addressing the question of which
specific neural generators may underline the
P300 component. It is reasonable to assume that
surface EEG predominantly reflects the activity
of cortical neurons close to the particular
electrode (Westbrook 2000). This does,
however, depend both on differences in the depth
and orientation of the neurons, as well as

individual ~ variability  in  craniocerebral
topography (Steinmetz et al. 1989)."* The exact
relationship between ERP measured at the scalp
and the corresponding process in the brain is not
yet fully understood (Paller et al. 1992).** Depth
electrode and magnetic field studies (Shinba
1999)™ suggest that the P300 component reflects
electrical events originating in the medial
temporal areas, most likely including the
hippocampal structure and the amygdale. The
component should thus be related to tasks with
high memory demands. The hippocampal
formation is located inside the medial temporal
lobe, and so it maybe difficult to measure
hippocampal activity at the scalp. Paller et al.
(1992) argue that neural generators not
dependent upon the medial temporal lobe are
responsible for most of the P300 obtained in
scalp recordings, but the same events that
activate these generators also instigate (bring
about, activate, initiate) medial temporal lobe
activity. The recommendation that P300 should
be measured at Pz (Picton et al. 2000).'® reflects
the fact that this component, at least in young
subjects is best observed parietally (Friedmann et
al. 1997, Pollich and Heine 1996).'"" In a young
sample auditory P300 amplitude and latency
were the most negatively correlated and tightly
coupled over the frontal-central and medial-
lateral recording areas. On the other hand,
Pollich (1991)"® found a negative correlation
between P300 latency and its amplitude amongst
Alzheimer patients but not in control subjects.
Relations between P300 measures and
cognitive neurophysiological measures have
been reported (e.g Egan et al. 1994, O’Donnel et
al. 1992; Pellosi et al. 1992; Reinvang
1999).19%02122 An interesting question regards to
which extent the relationship between activation
recorded from various scalp areas and
neurophysiological measures, and the strongest
correlations were generally found between
matrices, block design and digit span, in the
midline and left fronto-temporal electrodes (Fjell
and Walhovd 2001).? Pollich et al. (1983)*
found the correlation between digit span and
ERP measures. Some research showed that there
were some differences in P300 components
between groups of students having learning
difficulty and the groups of normal students.
Based on the above information, it would
be interesting to study the correlation of P300
and digit span amongst the college students. This
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research aims to collect base data on the
correlation of P300 latency and amplitude with
digit span amongst students on auditory task in
(a) steady state, (b) speed maximizing task, and
(c) count and accuracy maximizing task,
recorded at Fz and Cz locations.

Method

This work is considered as an
explorative analytical observational and study
because there is limited data available in
Indonesia regarding P300 latency and amplitude.
Samples were taken as a cluster to get quite
homogenous ones. The subjects for this study
were male students of the sixth semester from
one of the Medical Faculty in Jakarta. These
subjects were selected by considering that their
program in the higher education, directly or
indirectly, would motivate them to join this
research.

Inclusion criteria were: male; 19 to 22 years old;
in good health , proofed by routine physical
check-up; normal hearing condition as examined
with audiometry; have never experienced any
convulsion, including the family history;
willingness to join the research noted by signing
the Informed Consent

Exclusion criteria: subject who was under
medical treatment; subject who was not
examined completely and subject whose P300-
recording was unreadable
Procedure: The measured parameters in this
examinations were P300 latency and amplitude,
and digit span. P300 were examined in a
comfortable (air-conditioned) room. After the
examination, the subject were asked to fill in a
motivation form. Procedure of the examination
was a modification of Geisler’s (1992). P300
were measured in the morning (9 to 12 am), after
meal, by using Neuropack Four Mini Evoked
Potential Measuring System Nihon Kohden
MEB-5304K. Surface electrode Ag-AgCl model
NM-312S was used. Due to lack of facility, only
two active electrodes were installed, at the crown
of head (Cz) and at the frontal midline (Fz) with
10/20 system. Reference electrodes were placed
at both auricular lobes, connected. Ground
electrode was placed on the forehead (Fpz
location).

Before the examination, the subject was
laid-down for 20 minutes. The subject was

calmly lay-down, closed his eyes, and made
minimum movement to avoid interferences
during the recording. Auditory stimuli were sent
through earphone, in the form of repetitive two
specific tones with 60 dB SPL intensity, 100
mseconds plateau, and 10 mseconds rise-fall.
Frequent 500 Hz stimuli were sent with 2
second interstimuli interval and randomly
intermitted by 1500 Hz rare stimuli, with a ratio
of 4:1 until 20 rare-stimuli. Recording was done
from 100 mseconds prestimuli until 900
mseconds post-stimuli with a sensitivity of 12.5
pV per division. Artefact rejection was set at + 3
divisions. The subject was given 3 blocks of
stimuli, each contained 20 rare stimuli. Between
each block, the subject was rested for 2-3
minutes. Before giving the first block, the
subject was informed and asked to concentrate in
recognizing the given stimuli without doing any
tasks (steady state). At the second block, the
subject was instructed to push a button with his
right thumb as soon as he heard the rare stimuli
and the left thumb as he heard the frequent
stimuli (speed maximizing task). At the third
block, the subject was asked to push a button (as
in the second block) as soon as he heard every
stimulus while avoiding any error to the
minimum and counting by-heart the rare stimuli
(count and accuracy maximizing task).

P300 latency will be calculated from the
onset of stimuli until the highest positive
deflection during 200 to 500 mseconds. The
amplitude was measured as potential difference
between the highest positive deflection and the
previous negative crest.

Digit span was examined by giving sets
of forward digit and backward digit. Examiner
read one digit per second, begin with 3 digits,
and the examinee repeat the spelled digit.
Forward score was noted as the highest total
digits repeated correctly before 2 consecutive
faults. Backward score was noted as the highest
total digits repeated backward correctly before 2
consecutive faults. Digit span score consists of
the total of forward and backward score.

Result and Analysis

The subject age ranged from 19-20 years
with the average of 19 years. In this homogenous
samples one could expect a relatively high
accuracy of relationship between the P300
latency and cognitive process. So as to say that
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the shorter latency correspond with faster
cognitive process. The students in this research
were all taken from sixth semester medical
students. Whereas the samples taken in other
countries were generally laboratory and hospital
workers, general community and employees.
Based on the motivation scores, examined just
after the P300 measuring, as high as 65% of the
participants stated that this research was
interesting, showing that the motivation of the
subjects in doing the research was relatively
high. This is important because the motivation is
fundamental to the majority of aware behavior.
The subject with good motivation can be
expected to do his task optimally so that lessen
the possible bias.

Results of examinations on P300 latency
at Fz and Cz locations are tabulated in Table 1. It
ranged from 268 to 502 mseconds, averaged
3939 to 4045 mseconds and 8.2-12.5%
coefficient of variation. Considering the subjects
measured, one could then expect shorter latencies
in medical students (Jakarta research) compared
to laboratory and hospital workers or general
community and employees (other countries
research). But on the contrary the P300 latency
resulted from this research ranged from 268 to
502 mseconds (Table 1). It is quite longer from
the result of Goodin et al. (1978), Synduko et al.
(1982), Brown et al. (1983), Picton et al. (1984)
and Pollich et al. (1985) as cited by Pollich
(1986) ** which was ranged 250-350 mseconds'.
The scores obtained from motivation forms
indicated that the motivation was relatively high
65%), therefore, the length of P300 latency
logically did not correspond to the lack of
attention. The possibility of attention deficit
disorder could also be low, or even eliminated,
considering that all subjects have already passed
their high school level. Another possibility is the
environment and internal factor which is
apparently different when the samples of the
other countries research is compared to the
samples in this study. It is quite possible that
genetic factor, the involved neuron population or
even enzymes and neurotransmitter, as noted by
Geisler (1992)%, affect the student P300 latency.

The research from other countries did
not specify the interindividual variation amongst
the individuals. However, in this study the
coefficient of variation was relatively small (8-
13%), indicating relatively small interindividual
variation of time needed for stimuli evaluation

process was. Again, genetic factor might play the
role.

Table 2 shows the P300 amplitude
ranged 2.68-31.6 uV, averaged 9.5-15.4 uV and
41-56% coefficient of variation. The research in
other countries did not described sufficient data
about P300 amplitude. However, result of this
study was not in accordance to the Smith’s, as
cited by Pritchard (1981)%, that was 15-18 uV
without mentioning the coefficient of variation.
On the other hand, this research showed
relatively high variation in P300 amplitude,
ranged from 3.33-30.7 uV with 41-56%
coefficient of variation. It showed that the
individual variation was sufficiently high in
P300 amplitude. This result could mean a great
variation of difficulty experienced by the
students, and it could also mean a great variation
of nerve recruitment that was required to
undertake the certain task. The situation might be
caused by, among others, high variation in
genetic, environmental factors, included the
socio-economic condition of the subjects, as well
as the relatively different experiences factor
before entering the university. Their different
experiences would result different memory
storage, different memory retrieving, and
different information processing method and
strategy. Furthermore, it was possible that for
implementing the same task could result different
neural recruitment for different individuals. The
effect of socio-economic, experience, and
environmental factors on P300 amplitude need
further study.

Data on normality test shows normal
distribution on digit span, whereas P300 latencies
and amplitudes show abnormal distribution.
Normality test on logarithmic transformed data
shows a normal distribution on P300 latencies
and amplitudes. Therefore, the analysis was
further elaborated on logarithmic transformed
data, except for digit span, using SPSS software.
As for P300 latency and amplitude, there is no
correlation in all tasks (steady state, speed
maximizing, count and accuracy maximizing), on
both recording locations (Fz and Cz), except for
count and accuracy maximizing task on forehead
electrode (Fz) with r=-0.345 and o=0.034. It is in
line with Pollich (1991)*® who found no
correlation in control (normal) subjects.

Digit span score ranged 9-14, averaged 11 and 11
% coefficient of variation. The study showed no
correlation between P300 latency and digit span
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in all tasks (steady state, speed maximizing,
count and accuracy maximizing), on both
recording locations (Fz and Cz). Neither between
P 300 amplitude and digit span. The result was
not in line with Pollich’s (1983).* Since there
are differences between P300 latencies and
amplitudes obtained in this study compared to
other countries’, it is quite possible that genetic,
as well as environmental factor, play some roles.

Conclusion

a) There are differences in P300 latencies
and amplitudes obtained in this study
compared to other countries’

b) No correlations between P300 latency
and amplitudes in steady state, speed

f)

maximizing task, count and accuracy
maximizing task, on Fz and Cz

There is a correlation (r=0.345, a=0.034)
between P300 latency and amplitude in
count and accuracy maximizing task on
Fz

There is no correlation between P300
latency and amplitude in count and
accuracy maximizing task on Cz
between P300 latency and digit span in
all tasks (steady state, speed maximizing,
count and accuracy maximizing), on
both recording locations (Fz and Cz)
There is no correlation between P300
latency and digit span in steady state,
speed maximizing task, count and
accuracy maximizing task on Fz and Cz,
neirher with P300 amplitude
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Table 1. P300 latency (and Logaritmic transformation)

No

© 0 N O U~ wWwN

WWWWWowWOWwOoWwwWNNNRNRNRNONNNNNDERRRR B B B B
X O N WONRPL,OO®ODNOAEWNRERO®OOWDWNOOO_WNIERO

SD
Covar

MLA3 log MLA4  log MLB3  log MLB4
(msec) MLA3 (msec) MLA4 (msec) MLB3 (msec)
502 2.70 500 2.70 432 2.64 426
430 2.63 426 2.63 350 2.54 350
362 2.56 362 2.56 358 2.55 358
398 2.60 410 2.61 348 2.54 372
346 2.54 346 2.54 400 2.60 404
406 2.61 422 2.63 396 2.60 398
368 2.57 368 2.57 354 2.55 352
328 2.52 328 2.52 436 2.64 438
458 2.66 456 2.66 388 2.59 390
402 2.60 408 2.61 382 2.58 378
404 2.61 410 2.61 388 2.59 390
416 2.62 418 2.62 382 2.58 380
416 2.62 416 2.62 390 2.59 388
442 2.65 436 2.64 454 2.66 456
362 2.56 360 2.56 382 2.58 386
450 2.65 458 2.66 456 2.66 454
434 2.64 442 2.65 406 2.61 404
410 2.61 430 2.63 416 2.62 456
382 2.58 378 2.58 402 2.60 402
378 2.58 378 2.58 476 2.68 478
448 2.65 440 2.64 328 2.52 334
304 2.48 304 2.48 368 2.57 370
298 2.47 294 2.47 404 2.61 402
304 2.48 304 2.48 380 2.58 376
396 2.60 396 2.60 390 2.59 392
316 2.50 318 2.50 268 243 294
472 2.67 446 2.65 376 2.58 368
406 2.61 410 2.61 376 2.58 344
426 2.63 430 2.63 398 2.60 398
442 2.65 442 2.65 428 2.63 428
420 2.62 420 2.62 392 2.59 390
376 2.58 376 2.58 350 2.54 360
454 2.66 452 2.66 436 2.64 428
386 2.59 386 2.59 380 2.58 376
456 2.66 458 2.66 430 2.63 430
400 2.60 418 2.62 458 2.66 458
354 2.55 356 2.55 392 2.59 392
324 251 324 251 420 2.62 410
396.7 2.6 398.1 2.6 393.9 2.6 395.0
49.8 0.1 49.6 0.1 39.3 0.0 38.0

12.5% 2.2% 12.5% 2.2% 10.0% 1.7% 9.6%

log
MLB4
2.63
2.54
2.55
2.57
2.61
2.60
2.55
2.64
2.59
2.58
2.59
2.58
2.59
2.66
2.59
2.66
2.61
2.66
2.60
2.68
2.52
2.57
2.60
2.58
2.59
247
2.57
2.54
2.60
2.63
2.59
2.56
2.63
2.58
2.63
2.66
2.59
2.61
2.6
0.0
1.6%

MLC3
(msec)
428
446
382
398
426
406
392
394
430
416
376
396
430
422
418
456
428
408
492
416
438
390
390
366
386
328
452
356
380
440
374
352
378
382
420
426
348
394
404.2
33.2
8.2%

log
MLC3
2.63
2.65
2.58
2.60
2.63
2.61
2.59
2.60
2.63
2.62
2.58
2.60
2.63
2.63
2.62
2.66
2.63
2.61
2.69
2.62
2.64
2.59
2.59
2.56
2.59
2.52
2.66
2.55
2.58
2.64
2.57
2.55
2.58
2.58
2.62
2.63
2.54
2.60
2.6
0.0
1.4%

MLC4
(msec)
434
446
388
398
430
408
388
392
428
416
378
412
436
422
414
452
422
410
498
416
424
390
398
366
386
314
452
354
380
438
376
352
378
378
420
426
354
398
404.5
33.9
8.4%

log
MLC4
2.64
2.65
2.59
2.60
2.63
2.61
2.59
2.59
2.63
2.62
2.58
2.61
2.64
2.63
2.62
2.66
2.63
2.61
2.70
2.62
2.63
2.59
2.60
2.56
2.59
2.50
2.66
2.55
2.58
2.64
2.58
2.55
2.58
2.58
2.62
2.63
2.55
2.60
2.6
0.0
1.4%

MLA3 = P300 latency in steady state, on Fz location

MLA4 = P300 latency in steady state, on Cz location

MLB3 = P300 latency in speed maximizing task, on Fz location

MLB4 = P300 latency in speed maximizing task, on Cz location

MLC3 = P300 latency in count and accuracy maximizing task, on Fz location

MLC4 = P300 latency in count and accuracy maximizing task, on Cz location
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Table 2: P300 Amplitude (and logarithmic transformation)

No AA3 log AA4 log AB3 log AB4 log AC3 log AC4 log
uv) AA3 uv) AA4 uv) AB3 uv) AB4 (uv) AC3 uv) AC4

1 11.00 1.04 12.10 1.08 19.10 1.28 19.60 1.29 3.57 0.55 5.68 0.75
2 7.24 0.86 11.70 1.07 12.10 1.08 15.70 1.20 10.00 1.00 9.17 0.96
3 5.05 0.70 4.24 0.63 9.77 0.99 9.01 0.95 7.42 0.87 6.74 0.83
4 15.70 1.20 15.90 1.20 9.01 0.95 12.80 111 11.60 1.06 12.50 1.10
5 11.70 1.07 16.90 1.23 9.84 0.99 15.00 1.18 15.60 1.19 22.60 1.35
6 10.70 1.03 14.50 1.16 21.30 1.33 25.10 1.40 25.30 1.40 30.70 1.49
7 6.74 0.83 6.67 0.82 2.68 0.43 591 0.77 7.58 0.88 7.58 0.88
8 5.81 0.76 7.06 0.85 10.80 1.03 8.33 0.92 7.42 0.87 4.74 0.68
9 12.40 1.09 17.70 1.25 5.08 0.71 8.93 0.95 9.24 0.97 15.70 1.20

10 7.81 0.89 10.60 1.03 13.00 111 16.90 1.23 17.80 1.25 19.60 1.29
11 10.80 1.03 12.10 1.08 19.80 1.30 22.80 1.36 20.40 131 24.10 1.38
12 7.06 0.85 10.50 1.02 7.24 0.86 8.65 0.94 8.49 0.93 9.84 0.99
13 9.14 0.96 12.70 1.10 13.20 112 14.90 1.17 27.60 1.44 31.60 1.50
14 30.70 1.49 24.20 1.38 9.51 0.98 16.20 121 9.40 0.97 13.60 1.13
15 7.34 0.87 8.23 0.92 11.80 1.07 22.70 1.36 14.50 1.16 21.40 1.33
16 451 0.65 5.05 0.70 10.20 1.01 11.10 1.05 10.00 1.00 10.10 1.00
17 3.33 0.52 3.93 0.59 8.07 0.91 8.49 0.93 11.70 1.07 10.20 1.01
18 8.65 0.94 9.32 0.97 13.20 112 14.10 1.15 21.30 1.33 20.80 1.32
19 15.90 1.20 14.60 1.16 18.40 1.26 14.80 117 20.70 1.32 23.00 1.36
20 4.74 0.68 5.55 0.74 3.75 0.57 4.01 0.60 13.40 1.13 19.50 1.29
21 5.08 0.71 5.31 0.73 10.40 1.02 11.30 1.05 13.20 112 14.60 1.16
22 5.42 0.73 6.09 0.78 6.59 0.82 8.26 0.92 8.93 0.95 9.82 0.99
23 13.50 1.13 15.90 1.20 14.50 1.16 17.10 1.23 10.20 1.01 11.50 1.06
24 6.56 0.82 11.30 1.05 4.82 0.68 6.30 0.80 6.98 0.84 8.49 0.93
25 7.89 0.90 9.32 0.97 8.41 0.92 16.30 121 9.40 0.97 15.40 1.19
26 5.83 0.77 10.30 1.01 24.20 1.38 28.90 1.46 13.70 1.14 13.60 1.13
27 7.32 0.86 7.58 0.88 13.80 114 20.40 131 15.20 1.18 20.40 131
28 7.97 0.90 6.67 0.82 6.43 0.81 7.24 0.86 7.76 0.89 14.80 117
29 10.70 1.03 17.90 1.25 14.60 1.16 19.10 1.28 11.90 1.08 16.20 1.21
30 6.90 0.84 10.00 1.00 10.80 1.03 12.10 1.08 19.10 1.28 26.10 1.42
31 6.41 0.81 11.60 1.06 12.40 1.09 15.40 1.19 8.31 0.92 12.50 1.10
32 9.06 0.96 10.30 1.01 11.20 1.05 13.20 1.12 19.20 1.28 20.20 131
33 9.38 0.97 8.23 0.92 15.60 1.19 18.20 1.26 9.92 1.00 6.74 0.83
34 25.70 141 28.20 1.45 28.80 1.46 28.80 1.46 7.73 0.89 13.80 1.14
35 15.20 1.18 18.60 1.27 20.30 131 16.60 1.22 25.40 1.40 26.70 1.43
36 8.72 0.94 13.00 111 16.30 1.21 22.30 1.35 12.50 1.10 16.60 1.22
37 7.40 0.87 11.50 1.06 3.67 0.56 8.91 0.95 3.07 0.49 6.74 0.83
38 6.90 0.84 10.40 1.02 16.30 1.21 18.20 1.26 10.80 1.03 11.80 1.07
X 9.53 0.93 11.47 1.02 12.29 1.04 14.83 1.13 12.80 1.06 15.40 114
SD 5.39 0.20 5.22 0.20 5.79 0.23 6.13 0.20 591 0.21 6.93 0.21
Covar  56.5% 21.1%  45.5% 194%  471%  222%  41.3% 17.5%  46.2% 19.7%  45.0% 18.2%

AA3 = P300 amplitude in steady state, Fz location

AA4 = P300 amplitude in steady state, Cz location

AB3 = P300 amplitude in speed maximizing, Fz location

AB4 = P300 amplitude in speed maximizing, Cz location

AC3 = P300 amplitude in count and accuracy maximizing, Fz location
AC4 = P300 amplitude in count and accuracy maximizing, Cz location
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Table 3: Digit span score Table 3: Digit span score

Subject forward  backward score Subject forward  backward score
1 7 6 13 21 5 11
2 8 6 14 22 7 3 10
3 8 4 12 23 7 5 12
4 5 4 9 24 6 5 11
5 8 5 13 25 7 6 13
6 7 4 11 26 6 4 10
7 6 4 10 27 8 4 12
8 8 5 13 28 6 5 11
9 6 4 10 29 7 3 10

10 6 5 11 30 9 3 12
11 7 3 10 31 6 4 10
12 6 5 11 32 7 3 10
13 7 3 10 33 7 5 12
14 6 4 10 34 6 4 10
15 6 5 11 35 6 5 11
16 6 4 10 36 7 5 12
17 6 5 11 37 8 4 12
18 6 5 11 38 7 3 10
19 6 4 10 X 6.7 4.3 11.0
20 6 4 10 SD 0.86 0.87 116

Covar 13% 20% 11%

Table 4. correlations of P300 latency, P300 amplitude, and digit span

Electrode Latency vs Latency vs Amplitude vs
Task Location Latency Amplitude amplitude digit span digit span
r o r o r o

Steady state Fz MLA3 AA3 0.158 0.343 0.058 0.729 -0.160 0.339

Cz MLA4 AA4 0.057 0.733 0.049 0.768 -0.110 0.510
Speed Fz MLB3 AB3 -0.031 0.855 0.145 0.374 0.047  0.779
maximizing Cz MLB4 AB4 -0.074 0.661 0.085 0.617 0.070 0.676
Count and Fz MLC3 AC3 0.345(*) 0.034 0.157 0.318 0.157 0.318
accuracy Cz MLC4 AC4 0.267 0.105 0.162 0.331 0.162 0.331

maximizing
*correlation is significant at the 0.05 level (2-tailed)

References 2. Lubar JF, Mann CA, Gross DM, Shively MS.
Differences in Semantic Event-Related
. : Potentials in Learning-Disabled, Normal and

1. Goldman-Rakic PS. Working Memory and the . . . ! i
Mind Scientiflic Americanl 1%92. &Q¥73_79 Gifted Chidren. Biofeedback and Self-Regulation

1992; 17 (1): 41-57.


http://www.ukrida.ac.id/

10.

11.

12.

13.

14,

15.

Saletu B. EEG/EP Mapping in
Neurodegenerative and Cognitive Disorders. Int
Acad Biomed drug Res 1994; 7: 24-30.
Saletu B, et al. EEG Brain Mapping in Diagnostic
and Therapeutic Assessment of De- mentia.
Alzheimer Disease and Associated Disorders
1991; 5 Suppl.1: S57-S75.

Bentin S, McCarthy G. The Effects of Immediate
Stimulus Repetition on Reaction Time and
Event-Related Potentials in Tasks of Different
Complexity. Journal of Experimental
Psychology: Learning, Memory, and Cognition
1994: 20, No.1, 130-149.

Regan, D. Human brain electrophysiology.
Evoked potentials and evoked magnetic fields in
science and medicine. New York: Elsevier, 1989
Pollich, J. and Heine, M.R. P3 topography and
modality effects from a single-stimulus paradigm.
Psychophysiology, 1996, 33: 747-752

Guyton A. Textbook of Medical Physiology. 7th
edition. Philadelphia: Igaku-Shoin/ Saunders
International Edition, 1986.

Coles, M.G.H., Smid, H.G.0.M., Scheffers, M.K.
and Otten, L.J. Mental chronometry and the study
of human information processing. In: M.D. Rugg
and M.G.H. Coles (Eds), Electrophysiology of
mind. New York, Oxford University Press, 1995:
86-131.

McCarthy G, Donchin E. A Metric for Thought:
A Comparisan of P300 Latency and
Reaction Time. Science 1981; Jan: 77-80.
Brandels and Lehman, D. Event-related potentials
of the brain and cognitive processes: approaches
and application. Neuropsychologia, 1986, 24:
151-168

Westbrook, G.L. Seizures and epilepsy. In E.R.
Kandel, J.H. Schwartz and T.M. Jessell (Eds).
Principal of neural science (4™ edition). London:
Mc Graw Hill, 2000

Steinmetz, H., Furst, G., and Meyer, B.U.
Craniocerebral topography within the internal 10-
20 system. Electroenceph. Clin. Neurophysiol.,
1989, 72: 499-506.

Paller, K.A., McCarthy, G., Roessler, E., Allison,
T. and Wood, C.C. Potentials evoked in human
and monkey medial temporal lobe during
auditoryand  visual oddball paradigms.
Electroenceph. Clin, Neurophysiol., 1992, 84:
269-279.

Shinba, T. Neuronal firing activity in the dorsal
hippocampus during the auditory discrimination
oddball task in awakerats: relation to event-
related potential generation. Cog. Brain Res.,
1999, 8:241-250.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Picton, T.W., Bentin, S., Berg, P., Donchin, E.,
Hilyard, S.A., Johnson, R., Miller, G.A., Rittwr,
W., Ruchkin, D.S., Rugg, M.D. and Taylor, M.J.
Guidelines for using human event-related
potentials to study cognition: recording standards
and publication criteria. Psychophysiology, 2000,
37: 127-152.

Friedmann, D., Kazmerski, V. and Fabiani, M.
An overview of age-related changes in the scalp
distribution of P3b. Electroencep  Clin
Neurophysiology., 1997, 104: 498-513.

Polich J. P300 in the evaluation of aging and
dementia. Event-related Brain Research
(EEG Supplement 42) 1991; 304-23

Egan, V., Chiswick, A., Santosh, C., Naidu K.,
Rimmington, J.E. and Best , JJ. Size isn’t
everything: A study of brain volume, intelligence,
and auditory evoked potentials. Pers. Ind. Diff.,
1994, 17: 357-367.

O’Donnel, B.F.., Friedman, S., Swearer, J.M. and
Drachman, D.A. Active and passive P3 latency
and psychometric performance: influence of age
and individual differences. Int. J. Psychophysiol.
1992, 12: 187-195.

Pelosi, L., Holly, M., Slade, T., Hayward, M.,
Barrett, G., and Blungardt, L.D. Wave form
variations in auditory event-related potentials
evoked bt a memory-scanning task and their
relationship tests of intellectual function.
Electroenceph. Clin. Neurophysiol., 1992, 84:
344-352.

Reinvang, I. Cognitive event-related potentials in

neuropschological assessment. Neuropschol
review, 1999, 9:231-248.
Fjell, A.M, Walhovd, K.B. P300 and

neuropsychological tests as measures of aging:
Scalp topography and cognitive changes. Brain
topography. New York: Fall 2001, 14: 25
(assessed via internet on March 5, 2005).

Pollich, J., Howard, L. and Starr, . P300 latency
correlates with digit span. Psychophysiology,
1983, 20:665-669.

Polich J. Attention, Probability, and task
Demands as Determinants of P300 Latency
from Auditory Stimuli. Electroencephalography
and Clinical Neurophysiology 1986; 63: 251-259.
Geisler MW, Polich J. P300 and Individual
Differences: Morning/Evening Activity
Preference, Food, and Time-of-Day.
Psychophysiology 1992; 29, Jan (1): 86-94.
Pritchard  W. Psychophysiology of P300.
Psychological Bulletin 1981; 89 No 3: 506-540.



http://www.ukrida.ac.id/

	Procedure: The measured parameters in this examinations were P300 latency  and  amplitude, and digit span. P300 were examined in a comfortable (air-conditioned) room. After the examination, the subject were asked to fill in a motivation form. Procedure of the examination was a modification of Geisler’s (1992). P300 were measured in the morning (9 to 12 am), after meal, by using Neuropack Four Mini Evoked Potential Measuring System Nihon Kohden MEB-5304K. Surface electrode Ag-AgCl model NM-312S was used. Due to lack of facility, only two active electrodes were installed, at the crown of head (Cz) and at the frontal midline (Fz) with 10/20 system. Reference electrodes were placed at both auricular lobes, connected. Ground electrode was placed on the forehead (Fpz location).      
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