Ann.Bull.RILP(1987)No.21, 93-100

BRAIN ELECTROPHYSIOLOGICAL CONCOMITANT OF COGNITIVE CONTEXT
A REAPPRAISAL OF P300%
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Abstract

To examine a possible brain-electrophysiological concomitant
of the two-way process in cognition, event-related potentials
were recorded during a specifically devised two-tone semantic
differentiation task. Physically identical but semantically
multifaceted stimuli in this task produced differential
effects on the late positive components, implying that the
late positive components, particularly P300, are useful
indices of psychological processes in terms of brain-electro-
physiological processes.

In human cognition, physically identical stimuli may freque-
ntly be recognized differently, indicating an absence of a one-
to-one correspondence between stimulus and response. This pheno-
menon is often explained in terms of a two-way process in cogni-
tion, that is, a data-driven (bottom-up) process and a conceptua-
lly-driven (top-down) process, which mutually interact in percei-
ving and recognizing stimuli (1). In other words, on the basis
of the perceiver's expectancy or cognitive context, that has been
established by previous experiences, selected stimulus informa-
tion is consciously processed in the central channel with limited
processing resources (2), a process termed focal attention (3).
However, this psychological explanation is relatively undocumen-
ted with evidence from neurophysiclogical experimental data (4).

In this study, we conducted a verification of this psycholo-
gical explanation through Event-Related Brain- Potential (ERP)
recordings during auditory cognitive tasks. ERPs have been uti-
lized as electrophysiological measures that reflect cerebral
processes underlying human perceptual and cognitive activities.
One specific component of ERPs, P300, has been considered a
cognitive potential that varies according to a perceiver's expec-
tancy. Donchin et al. have reported that P300 reflects the
maintaining or updating of the working memory, or ‘"context-
updating" (5).

In our experiment, a series of two tone-bursts (A and B)
with equal a priori probabilities, ... BABAABBA ... , were
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Fig. 1. A schematic representation of a tonal series

employed in this experiment. Tonal stimuli
can be categorized into four groups, abbre-
viated as follows: "AA," target A tone;

"BA," non-target A tone; "AB," non-target B
tone following "BA" tone; "BB," non-target B
tone following B or "AA" tone.

presented as stimuli (Fig. 1). Subjects were required to respond
upon detection of two consecutive A tones in a tonal series (6).
Thus, physically identical A tones, that is ... A A ... and ...
BA ..., might produce different interpretations accordlng to the
ant1c1patory context established by the preceding tones. Diffe-
rences in ERPs to ...A A... and ...B A..., if any, would
indicate an existence of the top-down process in neurophyiologi-
cal terms.

Ten young male volunteers (mean age 24,9 years) were tested.
Two tones (1 kHz and 2 kHz bursts) with durations of 200 msec
were presented binaurally through headphones at 60 dBSL, with
inter-stimulus intervals varying randomly between 1500 and 1700
msec. The assignment of these two tones as the A or B tone was
alternated among sessions. A series of tones, containing 100
occurences of each tone, were presented pseudo-randomly. A tones
after A ("AA;" see the legend of Fig. 1 for detailed explanations
of abbreviations) required mental counting (MC) in one task:; and,
in another task, "AA" required button-pressing (BP) with the
middle finger of the right hand, while tones other than "AA"
required pressing another button with the right index finger.
Prior to these tasks, subjects performed two other tasks: first,
they 1listened to the tones with no task requirements (NT); se-
cond, they were asked to discriminate between the two different
tones (TD) by pressing two designated buttons (7).
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a: ERP waveforms of 10 subjects are super-
imposed separately for the 4 conditions (NT,
no task condition; TD, tone discrimination
condition; BP, button pressing condition,
and MC, mental counting condition) and
stimulus categories ("AA," "BA," "AB," and
"BB") . b: Grand average ERP waveforms
across 10 subjects for the 4 stimulus cate-
gories ("AA," solid line; "BA," dotted line;
"AB," small dashed line and "BB," large
dashed line) are superimposed separately for
each condition.



In Fig. 2, the averaged ERP waveforms at Cz for each indi-
vidual and the grand average waveforms are displayed (8). 1In the
MC tasks, P300s were elicited by the targets "AA" and non-targets
"AB"; although "BA" and "BB" had physically identical characteri-
stics to "AA" and "AB," respectively, they did not elicit P300s
at all similar to the NT conditions. Also, in the BP tasks, "AA"
and "AB" produced larger P300s, while "BA" and "BB" produced
smaller P300s [F(3,33)=9.12, p<.001](9) similar to small P300s
for both A and B tones in the TD tasks. These small P300s seem
to have been elicited by the required motor responses. To be more
precise, in the BP tasks, the P300 amplitudes for "AA" were
significantly larger than for "BA" [t(16)=2.99, p <01](10), while
those for "AB" were significantly larger than for "BB"
{t(17)=4.01, p «<001] (11). Thus, physically identical A (B) tones
produced different neural responses in terms of P300.

What are the implications of these large P300s, which were
elicited by both the targets "AA" and non-targets "AB," and were
not dependent either on the physical characteristics of the
stimuli (tone A or B) or on teh simple sequential effects of the
stimuli (match or mismatch with the immediately preceding stimu-
lus)? "AA" and "AB" are similar in that both are preceded by
"BA." The task requirement of respondlng to "AA" encouraged
subjects to develop a frame of reference in which an anticipation
of the forthcoming stimulus tended to elicit preparation for a
second A tone. This preparation for a possible second A tone
(target-location effect) seems to be related to the production of
the large P300s. If stimuli were processed solely through the
bottom-up process with no subjective expectation or cognitive
context, then whenever B tones were initially recognized as B and
judged as non-targets we would expect to find no differences
between ERPs for "BB" and "AB". On the contrary, these results
suggest a difference between the cerebral processes for the
perception of "BB" and "AB". 1In other words, the specific elici-
tation of P300s by “AA" and "AB" was an electrophysiological
reflection of a worklng subjective strategy that led to a
selective processing, with the initial A serving as an effective
indicator in preparation for the detection of designated targets.
This result distinctly indicates that, along with the bottom-up
process, the top-down process was at work while the subjects were
performing the BP and MC tasks. These results are in accordance
with the psychological hypothesis that perception is a two-way
process including bottom-up and top-down processes. Thus, senso-
ry input is processed most economically through (top-down) focal
attention contingent upon the perceiver's present cognitive con-
text.

While the two tones following A were similar in that they
were potential targets, "AA" and "AB" should be represented
differentially in cerebral processes due to their semantic diffe-
rences. When comparing ERPs at the Fz, Cz, and Pz regions eli-
cited by the target "AA" and non-target "AB", it was found that
P300s were maximum at the Pz reglon for “AA“, while a predominan-
ce was found at the Fz and Cz rsgions for "AB" in both the MC and
BP conditions (Fig. 3)(12). Similar results have been cited
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P300s for "AA" and "AB" derived from the Fz,
Cz and Pz regions 1in the MC and BP condi-
tions. a: Grand average P300s for "AA" and
"AB" at Fz (solid line), Cz (dotted line)
and Pz (dashed line). b: Mean P300 ampli-
tudes and latencies across 10 subjects cor-
responding to the waveforms shown in the
above figure (a). Mean reaction times for
the BP condition are also plotted.



concerning the differential distribution patterns of P300s for
"Go" and "No-Go" stimuli, "Go" stimuli producing posterior P300s
and "No-Go" anterior P300s (13). However, the results obtained
in the present study are clearly different from those previously
reported, in that "AA" and "AB" are both "Go" stimuli in the BP
condition and both require motor responses. The only semantic
difference between "AA" and "AB" in this study was their designa-
tion as targets or as non-targets, the required motor responses
remaining the same. Therefore, the variance in P300s for "AA"
and "AB" must be related to differences in central task-relevant
processing (14). Specifically, this variance is probably related
to the match or mismatch between the actual input and the schema
for expected stimuli 1in the subject's working memory and is
probably differentially represented in the neural processes. The
posterior P300s elicited by the targets "AA" represent "yes"
responses of the brain, with the anterior P300s for non-targets
"AB" representing "no" responses, while indicates that different
neural circuits are involved in "yes" and "no" responses.

Furthermore, as can be seen in Fig. 3, in the BP condition
reaction times for "AA" and "AB" were shorter than, or nearly
equal to, the P300 latencies (15). This result lends support to
the notion that P300s reflect specific unconscious cerebral pro-
cesses in memory and learning that are differentiated from, yet
parallel to, the conscious processes of stimulus evaluation and
response execution (16).

The possibility that P300s may be manifestations of an
orienting reflex (OR) is yet to be resolved (17). ORs have been
defined as originating from mismatches between input stimuli and

neural models generated by preceding stimuli(18). Recently, the
concept of ORs has become more generalized in definition as
"calls for processing resources":; that is, an initiation of a
transition from the preattentive process (automatic process) to
the process of focal attention (controlled process) (19). In

this study, P300s were not elicited by "BA," although "BA", as
the preceding tone of any potential target tone, must certainly
have "called" up central processing. On the other hand, P300s
were clearly elicited by both "AA" and "AB," which were the
objects of the central processing initiated by "BA" due to its
contextual configuration. P300 distribution patterns differed
for target and non-target stimuli. These results indicate that
P300s are related to the "answer" to the "call", rather than to
the "call" itself. This strongly suggests that P300s are not a
manifestation of the OR.

In summary, this study has provided a successful demonstra-
tion of the psychological two-way model of cognition by means of
cerebral electrical processes, adding further evidence that P300s
reflect a subjects' cognitive context.
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