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ABSTRACT

A model of P300 amplitude is proposed that reduces the many hypothetical constructs invoked
to explain variations in P300 amplitude to three dimensions: 1) Subjective Probability, 2) Stimulus
Meaning, and 3) Information Transmission. Evidence is presented to support the assertion that
variables on the subjective probability and stimulus meaning dimensions have independent and
additive contributions to overall P300 amplitude. The amplitude contributions of both of these
dimensions, however, are modulated by a multiplicative relation with the proportion of transmitted
stimulus information. Within each dimension, the fundamental experimental variables and their
interrelations are specified. An example is presented to show how, by using an additive factors
method, the respective amplitude effects of the probability and stimulus meaning dimensions can be
separated. Supporting data are presented to show that the proposed model provides a reasonable
and testable framework in which to conceptualize P300 results.

DESCRIPTORS: Event-related potentials, P300.

The prospect of having an electrophysiological
index of cognitive operations has led many re-
searchers to explore the nature of the P300 com-
ponent of the event-related brain potential (ERP).
Since its discovery by Sutton and his colleagues
(Sutton, Braren, Zubin, & John, 1965; Sutton, Tuet-
ing, Zubin, & John, 1967), studies have demon-
strated that P300 amplitude and latency can be used
as indices of the nature and timing of a subject’s
cognitive response to a stimulus.’ As a result of
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studying the P300 in a wide variety of behavioral
paradigms, a large number of hypothetical con-
structs have been suggested to account for the ob-
served variations in P300 amplitude (e.g., atten-
tiveness, orienting, decision making, uncertainty re-
duction, intentional engagement, processing de-
mand, salience, task relevance, equivocation, and
value). Although there are many similarities among
the proposed constructs, little effort has been made
to sort out the nature and interactions of the basic
factors that are reflected in P300 amplitude. The
desirability of developing such a taxonomy is three-
fold: First, a viable schema would be heuristically
useful and provide conceptual guidance for making
accurate a priori predictions about the results of
proposed experiments; second, it would systema-
tize the existing data base and thereby aid the de-
velopment of theories about the functional signif-
icance of P300; and third, it would provide a the-
oretical framework for interpreting amplitude var-
iations such as those in P300 studies of patient
groups.

Any theoretical account must begin with the rec-
ognition that many of the constructs used to explain
P300 amplitude are related to the delivery and sub-
sequent processing of relevant information. For ex-
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ample, the subjective probability construct refers to
the well-documented inverse relation between P300
amplitude and the probability of an event’s occur-
rence. Nevertheless, a major problem has been how
to account for the observation that P300 amplitude
varies as a function of the subject’s task even when
event probability is held constant.

To address this problem, two general accounts
of the factors that modulate P300 amplitude have
been advanced. In one, Donchin (1979) proposed
that P300 amplitude is a function of both the ob-
server’s subjective probability for the occurrence of
an event and its relevance to the assigned task. In
this context, the term “task relevance” has been
used to explain all changes in P300 amplitude that
cannot be attributed directly to variables affecting
subjective probability. Other investigators have
suggested that, in addition to these two factors, P300
amplitude also appears to depend on the specific
nature of the subject’s task (Courchesne, 1978, Pic-
ton, Campbell, Baribeau-Braun, & Proulx, 1978;
Tueting & Sutton, 1976). Even among these re-
searchers, however, there is no consensus on the
nature of this third factor.

In this paper, I will propose a testable model
that reduces the many variables known to affect the
amplitude of P300 to three categories or dimen-
sions. I will begin with an overview of the model
and then describe the rationale for this classification
scheme by reviewing the data from key studies that
reveal the nature and interactions of these three
dimensions.?

A MODEL OF P300 AMPLITUDE

The nature of the cognitive processes underlying
P300 amplitude can be clarified by considering the
different kinds of information conveyed by any dis-
crete event of the type that elicits a P300. It is rea-
sonable to propose that every event that influences
P300 triggers processing of two independent aspects
of an event: 1) its probability, and 2) its meaning.
Consider first the probabilistic aspect of informa-
tion. Probability information cannot be conveyed
by an isolated stimulus; the relative frequency of a
stimulus can be determined only in relation to the
stimuli that preceded it. In addition, the sequential
structure of the stimulus series serves to confirm or
disconfirm trial-to-trial expectancies. Together, rel-
ative frequency and sequential structure provide the
basis for formulating subjective probabilities. Con-
sider next the aspects of information related to the
significance or meaning of an event that must be
taken into account whenever a stimulus is associ-

For a more thorough review of P300 studies and their
relation to the model, see Johnson (in press).
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ated with a task. Information about meaning is con-
tained within a stimulus although the specifics of
its meaning depend on the nature of the situation
or task. Thus, the meaning conveyed by a particular
stimulus can vary widely across situations even
though stimulus probabilities and even the stimulus
itself remain constant. This distinction between ex-
ternally determined information and internally de-
termined information provides the basis for the
separation of the subjective probability and stim-
ulus meaning dimensions, respectively.

While P300 amplitude appears to depend on the
two general factors of subjective probability and
meaning, the extent to which these two factors op-
erate depends entirely on the extent to which the
information content of a stimulus is extracted. It is
therefore necessary to accommodate a third general
factor that describes the effectiveness with which
the stimulus information is transmitted to the ob-
server. This factor becomes important when, for
example, stimuli are difficult to discriminate and
information about their exact identities may not be
processed by the observer. Such situations are prob-
lematic since the appropriate formulation of sub-
jective probabilities and the complete processing of
stimulus meaning depend entirely on the observer’s
accuracy and certainty in perceiving the event.
Hence, any uncertainty about the precise nature of
the stimulus must necessarily affect the extraction
of both probability information and meaning from
the stimulus.

It is the thesis of this paper that all of the ex-
perimental variables that influence P300 amplitude
can be described by three categories or dimensions:
1) Subjective Probability, 2) Stimulus Meaning, and
3) Information Transmission. The nature of these
dimensions has been recognized previously in a
general way by others (Courchesne, 1978; Picton et
al., 1978; Ruchkin & Sutton, 1978; Tueting & Sut-
ton, 1976). In the present paper, however, I will
blend and recast these other formulations in two
ways. First, by showing that, through careful defi-
nition, the effects of these three dimensions can be
quantified more rigorously than has been the case
in the past, and second, by showing how the effects
of these dimensions interact to determine the over-
all amplitude of P300. It is my contention that the
subjective probability and stimulus meaning di-
mensions have independent and additive effects on
P300 amplitude and that the amplitude contribu-
tions of these two dimensions are dependent on the
proportion of transmitted stimulus information. The
relations between these three dimensions may
therefore be denoted as:

P300 Amplitude = f[T X (1/P + M)]
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where T represents the proportion of transmitted
information, P represents subjective probability, and
M represents stimulus meaning. The experimental
variables associated with each dimension will be
described in detail. In each case, these variables
have either been demonstrated, or logically appear,
to have effects on P300 amplitude that are inde-
pendent of those due to other variables on the same
dimension. As explained below, the terms in this
equation may be expanded to include the variables
specified for each dimension (e.g., a modified ver-
sion of the expectancy model proposed by K.
Squires, Wickens, Squires, & Donchin, 1976, may
be substituted for the 1/P term).

Two of these three terms are quite similar to
those in formal information theory (Shannon &
Weaver, 1963). Subjective probability, for example,
differs from logical probability only in that it takes
the element of human judgment into account. Sim-
ilarly, as used here, the information transmission
dimension incorporates all of the tenets of the for-
mal concept of equivocation as well as acknowl-
edging the fact that humans do not attend to all
stimuli in their environment (see Sheridan & Fer-
rell, 1974). The stimulus meaning dimension, in
contrast, has no analog in information theory be-
cause this theory defines information exclusively in
terms of uncertainty reduction. Unlike machines,
however, humans extract meaning from events (see
Johnston, 1979, for a discussion on this point).

The mathematical expressions used in this for-
mulation require comment. The additive relation
between the subjective probability and stimulus
meaning dimensions signifies that the effects of these
two dimensions are independent of one another:
variations due to manipulations of either dimen-
sion will not affect the magnitude of the contribu-
tion to P300 amplitude made by the other dimen-
sion (i.e., in an ANOVA, the main effects of prob-
ability and meaning would be significant but their
interaction would not be significant). In contrast,
the multiplicative relation between information
transmission and the other two dimensions indi-
cates that the amplitude contributions made by sub-
jective probability and stimulus meaning variables
are both simultaneously increased or decreased in
equal proportions as a direct function of changes in
information transmission.

Subjective Probability and P300 Amplitude

Without question, the subjective probability di-
mension is the best established aspect of the pro-
posed model: P300 amplitude is directly related to
the amount of uncertainty reduced by a stimulus.
The experimental variables that have been found
to influence the magnitude of this dimension’s con-
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Figure 1. Grand-mean waveforms (N=7) from P, for
auditory stimuli in an oddball paradigm under RT in-
structions at five levels of a priori probability. In this and
subsequent figures, negative voltages are plotted as up-
ward deflections. Stimulus presentation is indicated by the
filled rectangle on the time scale.

tribution to the overall amplitude of P300 affect
either: 1) a priori probability, or 2) sequential ex-
pectancies.

P300 Amplitude and A Priori Probability

The data in Figure 1 show the widely reported
inverse relation between stimulus probability and
P300 amplitude.’ This inverse relation has been ob-
served in every type of task from simple counting
(e.g., Duncan-Johnson & Donchin, 1977; Fried-
man, Simson, Ritter, & Rapin, 1975; Johnson &
Donchin, 1980, 1982; Kutas, McCarthy, & Don-
chin, 1977; Picton & Hillyard, 1974) and reaction
time paradigms (Duncan-Johnson & Donchin, 1982;
Johnson & Kopell, 1980; Kutas et al., 1977), to
prediction (Friedman, Hakerem, Sutton, & Fleiss,
1973; Tueting, Sutton, & Zubin, 1970) and feedback
tasks (Campbell, Courchesne, Picton, & K. Squires,
1979). Furthermore, this relation has been found

*All of the data from the oddball task presented in
Figures 1, 2, 5, and 9 were coliected nsing the same stim-
ulus conditions and instructions. These data represent
grand means from 7 subjects (3 males; average age = 4l
yrs). The auditory stimuli were 50dB SL 1000 Hz and
1500 Hz tones presented binaurally through headphones
over a background of white noise. The visual stimuli con-
sisted of the letters “X” and “O” presented on a CRT.
All stimuli were presented in a Bernoulli series for 50 ms
with an interstimulus interval of 1705 ms. The EEG and
eye movements (EOG) were sampled every 5 ms for a
1150-ms epoch beginning | 50 ms prior to stimulus onset.
Trials contaminated by EOG artifacts were excluded from
the averages. During the Counting condition, the subjects
were told to count the low-pitched tones and the “O"s.
During the Reaction Time condition, the subjects were
instructed to press a different button for each stimulus as
quickly as possible.
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for virtually every kind of stimulus, including the
omission of an expected stimulus (Ruchkin, Sutton,
& Tueting, 1975). Moreover, when large numbers
of different stimuli are presented to the subject, P300
amplitude is related to the probability of the stim-
ulus categories rather than to the probabilities of
the individual stimuli (Courchesne, Hillyard, &
Courchesne, 1977, Johnson & Donchin, 1980;
Johnson, Pfefferbaum, & Kopell, 1985; Kutas et al.,
1977).

P300 Amplitude and Sequential Expectancies

In addition to assessing relative frequency, hu-
mans also develop expectancies based on perceived
sequential dependencies among stimuli in a series.
Consequently, the identical stimulus at a given level
of global probability will elicit P300s of different
amplitudes on different occasions depending upon
the specific sequence of preceding stimuli. K. Squires
et al. (1976) were the first to quantify the association
between changes in P300 amplitude and the se-
quential structure of the series. They showed that
repeated stimuli (i.e., AA) elicited smaller P300s
than non-repeated stimuli (i.e., BA). Overall, they
interpreted these findings as indicating that subjects
expect events to repeat and are therefore surprised
when their expectations are violated. This sequen-
tial expectancy effect has been replicated in vir-
tually every paradigm used to elicit a P300 (Dun-
can-Johnson & Donchin, 1977; Horst, Johnson, &
Donchin, 1980; Johnson, 1984; Johnson & Don-
chin, 1980, 1982; Johnson & Kopell, 1980; Mun-
son, Ruchkin, Ritter, Sutton, & N. Squires, 1984;
K. Squires, Petuchowski, Wickens, & Donchin,
1977; Tueting et al., 1970).

The magnitude of the variations in P300 am-
plitude due to sequential expectancies is remarka-
bly constant in all of these studies. Thus, when the
P300s elicited by the extreme repetition and non-
repetition sequences are compared (i.c., AAAAA
vs. BBBBA), the amplitude difference between them
is consistently found to be between 3 and 5 uV
despite large variations in overall P300 amplitude
(i.e., from 1 to 30 xV) in different paradigms. This
consistency strongly suggests that the generation of
sequential expectancies is independent of, and ad-
ditive to, all other variables that determine the am-
plitude of P300. This observation is hardly sur-
prising since sorting stimuli according to the pre-
ceding sequence of events is equivalent to control-
ling the precise context of the event’s occurrence.
Since the stimulus sequences are identical in dif-
ferent tasks, these effects on P300 amplitude would
be expected to be constant.
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Summary of the Subjective Probability Dimension

The subjective probability dimension describes
the observation that P300 amplitude is directly re-
lated to the unexpectedness of an event. Moreover,
the variations in P300 amplitude as a function of
the preceding sequence of events attest to the great
sensitivity of this measure to even graded changes
in expectancies. As demonstrated by K. Squires et
al. (1976), the 1/P term in the model can be replaced
by the independent sums of the following variables:
global probability, the preceding sequence of stim-
uli, an alternation sequence factor, and a factor for
the ratio of repetitions to non-repetitions at each
level of global probability.

Stimulus Meaning and P300 Amplitude

The second dimension of the proposed model is
that of stimulus meaning. Variables on this dimen-
sion account for the processing of stimulus infor-
mation not related to probability. The effects of this
dimension have been widely noted within the con-
text of observations that the magnitude of the P300
elicited by a particular stimulus at a given level of
probability varies as a function of the subject’s task.
Since probability is unrelated to the meaning or
significance of an event, the variables on this di-
mension must necessarily be independent of those
on the subjective probability dimension. The por-
tion of P300 amplitude sensitive to changes in
meaning is a function of three independently man-
ipulable variables: 1) task complexity, 2) stimulus
complexity, and 3) stimulus value.

Although the term “stimulus meaning” is a con-
venient label for the dimension that subsumes these
three variables, it is, admittedly, a compromise for
want of a better term. The lack of a more suitable
term reflects our current lack of knowledge about
how subjects react to this aspect of stimuli, and this
lack of knowledge affects attempts to quantify pre-
cisely the variables on this dimension. Whereas
some variables on this dimension, such as stimulus
complexity and stimulus value, may be readily
quantified, the methods for measuring task com-
plexity are less precise. The three variables on this
dimension do appear to be related to the concept
of task demand: increased complexity requires more
extensive processing of a stimulus in order to ex-
tract its full content. This observation seems to be
the basis for many of the hypothetical constructs
proposed to account for the non-probabilistic
changes in P300 amplitude: for example, stimulus
meaning (Johnson, 1979; Picton et al., 1978; Sutton
& Ruchkin, 1984), task difficulty (Courchesne,
1978), task demand (Rosler, 1983; Tueting & Sut-
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ton, 1976), intentional engagement (Campbell et al.,
1979), and resource allocation (Kramer, Wickens,
& Donchin, 1983) are all related concepts that refer
to the fact that stimuli are processed to a greater or
lesser extent depending on the complexity of the
situation in which they are presented.

At the present time, however, only a limited set
of methodologies exists for quantifying the relative
information processing demands of different tasks.
Other than reaction time techniques, the existing
methods, for the most part, establish the processing
demands of a particular task by measuring the ex-
tent of performance decrements that result when
another, primary, task is performed concurrently
(cf. Sheridan & Ferrell, 1974). A drawback of this
dual-task procedure is its sensitivity to extraneous
factors such as changes in the subject’s level of
arousal or motivation. An aiternative approach is
to use paradigms borrowed from experimental psy-
chology: there are many such paradigms in which
a variety of variables have been studied systemat-
ically, thereby providing a framework in which to
place individual results.

P300 Amplitude and Task Complexity

A major difficulty in illustrating the relation be-
tween P300 amplitude and task complexity is the
scarcity of data from experiments in which one
group of subjects performed more than one task
using the same stimulus conditions. Nevertheless,
the results from a large number of different studies
generally replicate one another quite well whenever
similar paradigms are used. Together, they provide
a reasonable data base from which to conclude that
P300 amplitude increases directly with the degree
of task complexity.

The effect of task complexity on P300 amplitude
is shown in Figure 2. These data were collected
from the same subjects during the performance of
three different tasks using the same stimuli (p=.50).
The ERPs elicited in an oddball paradigm run un-
der two different task conditions (i.e., Counting and
Reaction Time) are superimposed on the ERP from
a task in which the same stimuli delivered feedback.
These data reveal that P300 amplitude increased
from Counting to Reaction Time, with a still larger
P300 in the feedback paradigm.* While the relative
task demands of these three paradigms have not

‘Another noteworthy result illustrated by this figure is
that changes in the subject’s task may be accompanied by
changes in the scalp distribution of P300. In this case,
although P300 amplitude is maximal at P, in the oddball
task, the largest P300s are found at C, when the same
stimuli deliver feedback.
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Figure 2. Grand-mean waveforms (N=7) from F,, C,,
and P, from three different tasks. The ERPs elicited in
an oddball paradigm run under two different task con-
ditions, Counting (solid line) and Reaction Time (dashed
line), are superimposed on the ERP elicited when the same
stimulus signified correct performance in a feedback par-
adigm (dotted line). The waveforms were all elicited by
a 1000 Hz, 50dB SL tone (p=.50).

been assessed, it is plausible to suggest that the pro-
cessing demands associated with these tasks would
follow the same order as shown by P300 amplitude.
Variations in P300 amplitude as a function of
the subject’s task have been documented exten-
sively. Chesney and Donchin (1979), for example,
reported that much larger P300s were elicited when
the stimuli in a random series had to be predicted
than when the same stimuli were counted. Simi-
larly, stimuli conveying feedback in a time esti-
mation task (Johnson & Donchin, 1978) or a paired-
associate learning task (Horst et al., 1980) elicited
larger P300s than when the same stimuli were
counted. In addition, Donchin, Kubovy, Kutas,
Johnson, and Herning (1973) reported that smaller
P300s were elicited when subjects had to predict
stimulus outcomes than when they made a RT re-
sponse to the same stimuli. Finally, Eason, Harter,
and White (1969) and Wilkinson and Morlock
(1967) demonstrated that stimuli in RT tasks elic-
ited larger P300s than stimuli in counting tasks. In
combination, these results suggest that a hierarchy
of tasks can be created for predicting P300 ampli-
tude: Reaction Time > Prediction > Counting.
Another method for assessing the effects of task
complexity on P300 amplitude is to create para-
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digms in which the processing demands of different
events in a series are varied. This was the strategy
behind an unpublished experiment of mine in which
subjects performed a prediction task. The letters
“A” and “B” were presented randomly with equal
probabilities and structure was imposed on the se-
ries by informing the subject that every third oc-
currence of the letter “A” (i.¢., the “Signal A”) would
always be followed by an extra “A” (i.e., the “Sig-
nalled A”). The subjects were instructed to count
both the “A” and the “B” stimuli and to reset their
respective counts after the third occurrence of each
letter. On each trial, along with their prediction,
subjects gave their counts so that their knowledge
about their exact position in the series could be
verified. The event structure in this task is shown
in Figure 3.

The imposition of this structure on the event
series permitted experimental control over the ef-
fects of task complexity on P300 amplitude. For
example, the first and second “A” stimuli and all
“B” stimuli delivered feedback concerning the pre-
dicted trial outcome and were counted. The Signal
stimulus was the most complex because, in addition
to providing feedback and being counted, it also
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indicated the identity of the following event. The
Signalled “A” stimulus, in contrast, was the least
complex since it neither delivered feedback nor was
counted. It is possible to conceptualize task com-
plexity in this paradigm in terms of the number of
“messages” conveyed by each stimulus. It is clear,
however, that different amounts of resources would
be required to process each of the different “mes-
sages” and that a “quantum” theory of messages
will have to be developed to determine the ele-
mental size of a “message” unit.

The waveforms for the three kinds of “A” stim-
uli in this task are displayed in Figure 4. These
averages show that the Signal “A” elicited a larger
P300 than either the first or the second “A” stim-
ulus which, in turn, elicited a larger P300 than the
Signalled “A.” As expected, no difference in P300
amplitude was found between any of the “B” stim-
uli or between the first and second “A”s and “B”’s.
The results for the counted “A”s and “B”’s cannot
be explained in terms of probability since each of
these events occurred equally often. Probability was
a factor for the Signalled “A”; since it had a prob-
ability of 1.0, it did not deliver any feedback. These
results were therefore consistent with the hypoth-

Task 1: EVERY THIRD “A” SIGNALS ANOTHER “A”

ACount 0O 0O 11
BCount 1 2 3 0 1 1 1t 1 1 1 2

“A”(1and 2) [1  signal “A” |
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Signalled “A" _l__ “B"(land2) [} "B (3) 74

Figure 3. Diagram of a task in which structure was imposed on the events in a random series. The five different
types of stimuli are indicated along with the subject’s counts for the different categories of events.
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showing the P300s elicited at C, by the
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(dashed line), and Signalled stimulus
(dotted line) are superimposed to show
the relation between task complexity and
P300 amplitude.
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Figure 5. Grand-mean waveforms (N=7) from P, elicited in an oddball
paradigm under Counting and Reaction Time conditions at two levels of
a priori probability and two sensory modalities. The averages for the au-
ditory stimuli (solid line) are superimposed on those for the visual stimuli
(dashed line).
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esis that the P300 amplitude is a monotonically
increasing function of task complexity. Similar re-
sults have been reported in other experiments in
which task complexity was varied on a trial-to-trial
basis (e.g., Johnson & Donchin, 1982; Rosler, 1983,
Stuss & Picton, 1978; Stuss, Toga, Hutchison, &
Picton, 1980).

In summary, the data from experiments that have
systematically manipulated the degree of task com-
plexity either within or across tasks provide con-
vincing evidence that P300 amplitude is directly
related to the extent to which a stimulus must be
processed. Moreover, the results show that P300
amplitude is quite sensitive to even temporary fluc-
tuations in task complexity.

P300 Amplitude and Stimulus Complexity

Stimulus complexity, or perceptual demand, is
the second variable on the stimulus meaning di-
mension. It is obvious that some stimuli have more
relevant features than others and thus require more
processing for identification and categorization.
These differences may be quantified by using in-
formation theory or traditional measures of diffi-
culty such as RT.

Figure 5 presents ERP waveforms that were elic-
ited by auditory and visual stimuli in an oddball
paradigm under two different task conditions. At
both probability levels, the patterned visual stimuli
(i.e., “X”s and “O”s) elicited larger P300s than au-
ditory stimuli (i.e., 1000 Hz and 1500 Hz tones).
Moreover, in both modalities, larger P300s were
elicited during the RT condition than during the
Counting condition. Since the visual stimuli were
associated with later P300 latencies and longer RTs
(RTs were 438 ms and 366 ms for the visual and
auditory stimuli, respectively), it is reasonable to
expect that P300s of equal amplitude would have
been elicited had the stimuli from both modalities
been equated for difficulty (e.g., by using simpler
stimuli such as blank flashes). The data addressing
this point are, however, mixed with one study sup-
porting this position (N. Squires, Donchin, Squires,
& Grossberg, 1977) and one contradicting it (Syn-
der, Hillyard, & Galambos, 1980).

Data from experiments in which perceptual dif-
ficulty is varied within a single modality are easier
to obtain. Verbaten (1983) used patterned visuai
stimuli at two levels of complexity and found that
larger P300s were elicited by the stimulus with the
more intricate pattern. In contrast, there is only
indirect evidence that linguistic stimuli elicit larger
P300s than blank flashes because the data were not
collected in the same subjects. For example, Kutas
et al. (1977) had subjects count the occurrences of
male names in a set of stimuli containing a mixture
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of 20 different male and female names. These, and
other experimenters (e.g., Johnson & Kopell, 1980;
Johnson et al., 1985), have found that word stimuli
elicit substantially larger P300s with longer RTs than
those reported previously for more simple visual
stimuli (e.g., N. Squires et al., 1977). This amplitude
increase may be interpreted as reflecting the in-
creased processing that must be performed before
linguistic stimuli can be properly categorized. Kutas
et al. (1977) also demonstrated that the effects of
stimulus complexity add to the effects of task com-
plexity since they found that P300 amplitude was
at least 25% greater when a speedy response was
required compared to when the same stimuli were
counted.

In summary, although the data are not extensive,
they are consistent with the interpretation that P300
amplitude is directly related to stimuius complex-
ity, independent of the level of task complexity.

P300 Amplitude and Stimulus Value

The third category of variables on the stimulus
meaning dimension is stimulus value or signifi-
cance. Since the significance (e.g., monetary re-
wards) of events can be varied in all task and stim-
ulus situations, it seems clear that these variables
are independent of either task complexity or stim-
ulus complexity. When monetary payoffs have been
manipulated, larger P300s were elicited by high-
value stimuli than by low-value stimuli (Begleiter,
Porjesz, Chou, & Aunon, 1983; Johnston, 1979,
Steinhauer, 1981; Tueting & Sutton, 1976; Wil-
kinson & Morlock, 1967). Moreover, Steinhauer
(1981) reported a high positive correlation between
the amount of money associated with a particular
stimulus outcome and P300 amplitude.

Presumably there are many instances in which
the significance of events is determined by experi-
ence. Thus we have all learned that some sounds,
such as a car horn, are high-value stimuli. Similar
examples exist for the other sensory modalities (e.g.,
flashing lights, intense heat, noxious smells). Since
intensity is a stimulus attribute that is frequently
used to gain attention, this association may explain
why P300 amplitude has been observed to increase
as a direct function of loudness (Johnson & Don-
chin, 1978). This relation was confirmed by Roth,
Blowers, Doyle, and Kopell (1982) who showed that
very loud (115dB) stimuli elicited large P300s even
when subjects were instructed to ignore the stimuli.

Summary of the Stimulus Meaning Dimension

This dimension of the model describes the find-
ings that P300 amplitude is sensitive to expeni-
mental variables that are independent of those af-
fecting the formulation of subjective probability.
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Although sometimes difficult to quantify precisely,
the stimulus meaning dimension is comprised of
three variables: task complexity, stimulus com-
plexity, and stimulus value. While there are few
data to confirm the nature of the interrelations
among these variables, they do not appear, at least
on logical grounds, to overlap, and thus each ap-
pears to have an independent and additive contri-
bution to P300 amplitude. Moreover, P300 ampli-
tude has been demonstrated to be sensitive enough
to index trial-to-trial graded changes in variables
on this dimension. Finally, since peak amplitude is
inversely related to the amount of latency varia-
bility, increases in task complexity and stimulus
complexity could lead to the mistaken conclusion
that P300 amplitude decreases in these situations.
Therefore, great care must be taken in determining
both the amplitude and latency of the P300 in any
experiment in which a large amount of latency var-
iability is expected, or when mean RT exceeds 500
ms.

Information Transmission and P300 Amplitude

The third dimension of the proposed model is
that of information transmission. The term infor-
mation transmission, as used here, is defined as the
proportion (i.e., it will have a value between 0 and
1) of stimulus information received by a person
relative to the total amount of information origi-
nally contained in the stimulus. Because the loss of
stimulus information can affect every paradigm used
to elicit a P300, variables on this dimension are
especially significant since they modulate the am-
plitude contributions of the other two dimensions.
The two categories of experimental variables on this
dimension are: 1) those creating equivocation, and
2) those affecting the allocation of attention.

Because this dimension covers situations in
which information is lost, an important conse-
quence of manipulating these variables is that the
subject’s level of task performance must be altered
measurably. Thus, changes in P300 amplitude that
are accompanied by changes in the subject’s level
of performance are, by definition, due to changes
in the amount of transmitted information. This re-
lation provides the basis for quantifying the effects
of variables on this dimension.

P300 Amplitude and Equivocation

Ruchkin and Sutton (1978) originally proposed
that P300 amplitude is modulated by the subject’s
degree of equivocation. Equivocation, a term from
classical information theory (Shannon & Weaver,
1963), describes the amount of information loss that
occurs during the presentation of a stimulus as a
result of the subject’s a posteriori uncertainty about
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Figure 6. Diagramatic representation of the events in

the Time Estimation paradigm used by Johnson and Don-
chin (1978).

156 sec

having correctly perceived an event. The comple-
ment of equivocation is, of course, the proportion
of transmitted information.

The seed for this model came from a study on
the effects of stimulus discriminability on P300
(Johnson & Donchin, 1978). Our finding that P300
amplitude and task performance were inextricably
linked to stimulus discriminability revealed the na-
ture and overriding importance of the information
transmission dimension. In this experiment, sub-
Jects estimated the passage of one second while two
equally probable tones provided feedback about
whether the estimate was “‘correct” or “incorrect”
(see Figure 6). Stimulus discriminability was ma-
nipulated by varying the intensity difference be-
tween the two feedback tones in different series. The
data revealed that both P300 amplitude and task
performance were positively correlated with dis-
criminability (Figure 7A and B). In a second ex-
periment, the same stimuli were presented in an
identical manner except that the subjects were in-
structed to count one of the tones. In contrast to
the results of Experiment 1, P300 amplitude and
counting accuracy were constant across all levels of
discriminability as evident in panels C and D of
Figure 7.

The only difference between these two experi-
ments was that the subjects had an alternative source
of information in the time estimation task. That is,
as their uncertainty increased about which stimulus
was presented, the subjects could supplement the
external feedback provided by the tones with in-
ternal feedback from having practiced the task. This
interpretation was supported by the data from the
series in which both feedback tones were of equal
intensity when, despite a reduction in accuracy,
subjects continued to make estimates. The subjects
could not, however, correctly count the stimuli
without completely processing the tones. Although
the stimuli in both experiments were meant to con-
vey equivalent amounts of information, this did not
obtain. Rather, it appeared that the subjects, at their
option (cf. Sutton, 1969), determined the extent to
which they used the information contained in the
feedback stimuli according to the difficulty of the
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Figure 7. A) Grand-mean (over 14 subjects and two types of feedback) P300 areas at six levels of stimulus discrim-
inability. B) Performance data, in terms of the mean time estimate, accompanying the P300 data in A. C) Grand-
mean (over 10 subjects) P300 areas for the counted stimulus at seven levels of stimulus discriminability. D) Counting
performance for the data in C. P300 areas were measured at the electrode where amplitude was maximal: C; for the
Time Estimation task and P, for the Counting task. The areas were obtained by integrating the activity in the interval
between 280 and 360 ms poststimulus after subtracting the mean activity in the 280-ms baseline (see Johnson &
Donchin, 1978, for further details). Note that the scales on the ordinate in B and D are inverted and that lower values

are indicative of better performance.

discrimination. As shown in Figure 7, these strategy
differences were accompanied by concomitant
changes in both P300 amplitude and task perfor-
mance.

It could be argued that the amplitude changes
in this experiment have little or nothing to do with
variations in the proportion of transmitted infor-
mation. In fact, Rosler (1980) suggested that sub-
jects process only those stimuli of whose category
they are certain. If Rosler were correct, the pro-
portion of trials with a P300 response would vary
directly with discriminability. This fact, coupled
with the nature of the averaging process, would pro-
duce P300 amplitude results identical to those re-
ported by Johnson and Donchin (1978). This all-
or-none hypothesis was tested recently by analyzing
the P300 activity in the single trials. This analysis
revealed that P300s were elicited on a constant per-
centage of trials at all levels of stimulus discrimin-

ability in the time estimation experiment (Johnson
& Donchin, 1985). These results therefore confirm
that subjects did indeed process each stimulus and
that the effects of information transmission oper-
ated on the ERP responses to individual events by
modulating their amplitudes. Other experimental
manipulations that affect equivocation are signal
detection paradigms and memory paradigms.

P300 Amplitude and Attention

The preceding definition of equivocation does
not cover instances in which stimulus information
is lost due to inattention and thus these cases form
the second category of variables on this dimension.

In general, “task relevance” is the term most
frequently used to explain the results of experi-
ments using “attend” vs. “‘ignore” instructions. By
instructing the subject about which stimuli are rel-
evant and which are irrelevant, the experimenter
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directs the subject’s attention and thereby defines
which stimuli do and do not transmit information.
A testament to the arbitrary nature of such instruc-
tions, at least as far as the subject is concerned, is
the observation that P300s can be elicited by *“ir-
relevant” (i.e., unattended) stimuli (e.g., Roth, Ford,
Lewis, & Kopell, 1976; Vaughan, & Ritter, 1970).
In such studies, however, P300s were present when
the subjects had no other task to perform. The data
from these “passive-ignore” conditions conflict with
those showing an absence of P300 activity when
subjects are forced to ignore stimuli (i.e., “active-
ignore” conditions) by requiring them to perform
another task (e.g., Duncan-Johnson & Donchin,
1977).

Given the relation between information trans-
mission and task performance, the model would
predict that performance in passive- and active-ig-
nore conditions would be quite different. For ex-
ample, had the subjects been debriefed, it is likely
that more accurate estimates of the event proba-
bilities would have been obtained following a pas-
sive-ignore series than following an active-ignore
series. Moreover, it is reasonable to expect that P300
amplitude would have been modulated by the pre-
ceding sequence of stimuli during passive-ignore
conditions but not in active-ignore conditions. While
neither of these hypotheses has been evaluated ex-
perimentally, positive results would support the as-
sertion that information is indeed being transmitted
and processed during passive-ignore series. The di-
rect relation between attention and P300 amplitude
and task performance is also evident in the data
from studies using signal detection and dual-task
paradigms.

Summary of the Information Transmission
Dimension

The information transmission dimension de-
scribes the effects on P300 amplitude when subjects
do not receive all of the information contained in
a stimulus. Because information is lost, the ampli-
tude contributions of the subjective probability and
stimulus meaning dimensions are modulated by
variables on the information transmission dimen-
sion. Moreover, since task performance is linked
directly to the proportion of transmitted stimulus
information, changes in P300 amplitude associated
with this dimension will be accompanied by changes
in task performance.

The two variables on this dimension, equivo-
cation and attention, each affect the perception of
the stimulus. To date, only the multiplicative re-
lation between equivocation and the variables on
the other two dimensions has been confirmed
(Johnson, 1984). However, it seems reasonable to
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assume that attentional variables will operate on
P300 amplitude in the same fashion as those that
affect equivocation. Similarly, equivocation and at-
tentional variables appear to be independent of one
another since, whereas equivocation is determined
by external conditions, attention is determined by
internal conditions. Given this independence, it fol-
lows that these two categories of variables will have
multiplicative effects on one another. Finally, as
with the other two dimensions, equivocation has
been demonstrated to affect the P300s elicited by
individual stimuli.

APPLYING THE MODEL

Having presented the basic tenets of the model,
the question of how the respective amplitude effects
of the three dimensions can be separated needs to
be addressed. The data suggest that this problem
can be solved with an additive factors approach.
For exampie, the P300s elicited by the uncounted
stimuli in an oddball task appear to provide the
clearest approximation of the effects of global prob-
ability on P300 amplitude since there is no task
attached to these events (i.e., they are not counted).’
Moreover, for uncounted stimuli with probabilities
greater than or equal to .50, the data reviewed above
reveal that the effect of global probability is so min-
imal that it can be ignored (Duncan-Johnson &
Donchin, 1977; K. Squires et al., 1977). Even at
these probabilities, however, sequential expectan-
cies still influence P300 amplitude. Thus, when
stimuli are equally probable and there is no infor-
mation loss (i.€., no performance decrement), the
respective effects of the stimulus meaning and sub-
jective probability dimensions can be determined
simply by performing a sequential analysis on the
data. This analysis accomplishes two things. First,
the amplitude difference between the repetition (i.e.,
AA, AAA, etc.) and non-repetition (i.e., BA, BBA,
etc.) stimulus sequences represents the amount of
P300 activity due to subjective probability. Second,
because the effects of subjective probability are ef-
fectively eliminated in the averages of stimulus rep-
etitions, the amplitude remaining in the repetition
averages represents the contribution made by var-
iables on the stimulus meaning dimension. Since
probability is a factor at values less than .50, the
effect of stimulus meaning variables is defined as

5The subject must, of course, attend to and identify
both stimuli. However, once the decision is made to count
or not to count, processing of the uncounted stimulus
ceases. In contrast, processing of the target stimulus con-
tinues until the subject’s count has been incremented. This
continued processing is presumably responsible for the
“target effect”: the observation that counted stimuli al-
ways elicit larger P300s than uncounted stimuli.
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the amplitude difference between the P300s elicited
in two different tasks at the same level of proba-
bility. When information transmission is varied, the
amplitude contributions of both the subjective
probability and stimulus meaning dimensions are
altered by the proportion of information that is lost.

In the next two sections, evidence supporting the
additive and multiplicative relations in the model
is presented. One difficulty in demonstrating the
accuracy of the proposed relations is that the am-
plitude measurements necessary to separate the re-
spective contributions of the subjective probability
and stimulus meaning dimensions are rarely made.
Rather, P300 amplitude has been treated as a sim-
ple entity for which an overall measure of ampli-
tude (or area) is sufficient. Thus, while there have
been studies in which the same subjects have per-
formed in different tasks, the statistics necessary to
demonstrate additivity have not been reported. That
is, to show that the amplitude contributions of these
two dimensions are independent and additive re-
quires an ANOVA with significant main effects of
subjective probability and task along with a non-
significant interaction between the two. Since non-
significant effects are rarely, if ever, noted, such a
combination of results has not, to the best of my
knowledge, been reported.

The Evidence for Additivity in P300 Amplitude

Despite the lack of statistical evidence, obser-
vations on the data from a variety of studies sup-
port the assertion that variables on the subjective
probability and stimulus meaning dimensions make
independent and additive contributions to overall
P300 amplitude. The data from paradigms in which
task complexity was varied within a series were dis-
cussed above. Further examples can be found in
experiments in which conditional probability was
varied and those in which the same subjects per-
formed different tasks over a range of event prob-
abilities.

Manipulations of conditional probability serve
to change the randomness of events by altering the
subject’s uncertainty about the identity of the fol-
lowing event. Experiments have demonstrated that
sequential expectancies are developed only when
events occur randomly: when an explicit source of
information about the events in a series is availabie,
it will be used as the principal datum for generating
expectancies (Kornblum, 1973). Therefore, P300
amplitude should decrease as the amount of avail-
able sequential information increases. The data in
Figure 8 reveal that P300 amplitude indeed varies
inversely as a function of conditional probability
in a prediction task (Tueting et al., 1970). In this
experiment, P300 amplitude decreased as condi-
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tional probability increased whether the subjects
knew (Certain condition) or did not know (Uncer-
tain condition) the identity of the next event. A
sequential analysis on these data revealed that P300
amplitude decreased for non-repetitions in both
conditions as conditional probability increased, al-
though there was no clear relation for stimulus rep-
etitions. The small P300s elicited in the Certain
condition at low conditional probabilities were ap-
proximately equal in magnitude (i.e., 3-5 uV) to
those observed to be due to the processing of se-
quential expectancies. Thus, although the stimuli
in the Certain condition conveyed no feedback, the
fact that sequence effects were present at all levels
of conditional probability confirms that the subjects
continued to process the probability content of these
events. These data demonstrate that experimental
manipulations known to reduce the magnitude of
stimulus sequence effects (see Kornblum, 1973) also
result in reductions in P300, thereby demonstrating
the additivity of subjective probability effects on
P300 amplitude.

A second point illustrated by the Tueting et al.
data is that the effects of conditional probability
operate equally on the P300s elicited in both con-
ditions. The constant amplitude difference between
the Certain and Uncertain conditions presumably
reflects the increased task complexity when the
stimuli delivered feedback. Although not reported,
it would be surprising, given the nature of these
data, if the interaction of conditional probability
with task were significant. Another example of the
additive effect of task complexity variables is shown
in Figure 9. These amplitude data are from an odd-
ball paradigm in which subjects either counted the
number of low-pitched tones or made a choice RT
response to both stimuli (see Figure 1 for the ERP
waveforms from this condition). The usual inverse
relation between P300 amplitude and event prob-
ability is clearly evident in both cases although the
curve for the RT task is displaced upwards from
that for the Counting task. An ANOVA revealed
significant main effects of both Task (F(1/6)=9.3,
p<<.05) and Probability (F(4/24)=63.5, p<<.001)
with a non-significant interaction of Task X Prob-
ability (F(4/24)=1.3, p=.30). Similar results were
reported by Duncan-Johnson and Donchin (1977)
in comparisons of the P300s elicited by counted and
uncounted stimuli at probabilities from .10 to .90.
They found significant main effects for both Task
(counted vs. uncounted) and Probability, although
the Task X Probability interaction was not signif-
icant (Connie C. Duncan, personal communica-
tion, August, 1985).

In summary, the data from these studies support
the hypothesis that it is possible to vary either the
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Tueting et al. (1970) show-
ing P300 amplitude as a
function of conditional
probability in a prediction
task in which subjects
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of the stimulus they were
predicting. Data used with
permission,
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structions as a function of a priori prob-
ability.
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Figure 10. Grand-mean (over 10 sub-
jects and two types of feedback) values
of P300 area at P, for the repetition (low-
er curve) and non-repetition (upper curve)
stimulus sequences as a function of stim-
ulus discriminability. The amplitude
contributions for the subjective proba-
bility and stimulus meaning dimensions
are represented by the cross-hatched and
filled areas, respectively. Data from
Johnson (1984).

subjective probability or stimulus meaning por-
tions of P300 amplitude independently of one an-
other. Moreover, such manipulations can result in
either a loss of P300 amplitude, as in the case of
conditional probability manipulations, or in a gain
of P300 amplitude, as with the manipulation of task
complexity. Such results strongly support the as-
sertion that these two dimensions have additive ef-
fects on overall P300 amplitude.

The Evidence for a Multiplicative Relation

While the subjective probability and stimulus
meaning dimensions have independent and addi-
tive effects, the amplitude contributions of both these
dimensions depend on the proportion of transmit-
ted information. This is a logical consequence of
the fact that lost information about the identity of
an event must affect any processing that is depen-
dent on the accuracy of stimulus identification, such
as the evaluation of expectancies and meaning.
Consequently, changes in the proportion of trans-
mitted information must result in proportional (i.e.,
multiplicative) changes in the amplitude contri-
butions of the other two dimensions.

Evidence for the multiplicative relation can be
found in the data from the experiment mentioned
earlier in which P300 amplitude was directly related

to the discriminability of the feedback tones (John-
son & Donchin, 1978). The results of the sequential
analysis performed on these data (Johnson, 1984)
are shown in Figure 10 where the amplitudes (mea-
sured here in terms of area) of the P300s elicited
by stimulus repetitions (lower curve) and non-rep-
etitions (upper curve) are graphed. Since these stim-
uli were equally probable, the cross-hatched area
between the two curves represents the contribution
of subjective probability to P300 amplitude while
the filled area under the repetition curve represents
the portion of the P300 associated with stimulus
meaning variables.

The multiplicative effect of information trans-
mission can be seen in the relative amplitude changes
for the two dimensions as stimulus discriminability
was varied. It is clear that, whereas the amplitude
contributions of both dimensions varied directly
with discriminability, the portion of P300 ampli-
tude attributed to stimulus meaning is much greater
than that due to subjective probability in every se-
ries. Since the magnitude of the subjective proba-
bility portion of P300 is rather small, changes on
this dimension accounted for only a small part of
the overall changes in P300 area at each level of
discriminability. In contrast, changes in the portion
of P300 area due to stimulus meaning are much
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larger from one level of discriminability to the next
except when both tones were of equal intensity. The
apparent disparity between the changes in P300 area
for these two dimensions is eliminated when these
amplitude changes are expressed in terms of pro-
portions. For example, between the —20dB and
—10dB levels of discriminability, the changes in
P300 area for the subjective probability and stim-
ulus meaning dimensions are 18% and 24%, re-
spectively. Thus, the amplitude decrements for both
dimensions were consistent with their relative con-
tributions to overall amplitude. As discussed earlier
(see Figure 7), these changes in P300 amplitude were
paralleled by changes in the subjects’ task perfor-
mance. The nature of the multiplicative relation
between subjective probability and equivocation has
been replicated recently by Ruchkin, Sutton, and
Mabhaffey (1986). In summary, these data demon-
strate that manipulations of information transmis-
sion do indeed cause proportional changes in the
amount of information processing activity on the
subjective probability and stimulus meaning di-
mensions.

ADDITIONAL CONSIDERATIONS

P300 Latency and the Proposed Model

Since the initial report by Ritter, Simson, and
Vaughan (1972), much evidence has accumulated
to show that P300 latency provides an accurate in-
dex of the time required to evaluate and categorize
an event (e.g., Donchin, 1979; Duncan-Johnson,
198l; Ford, Roth, Mohs, Hopkins, & Kopell, 1979;
Johnson et al., 1985; Kutas et al., 1977). Since ex-
periments on P300 latency also frequently reveal
amplitude variations, the relation between these two
measures merits a brief discussion. On the subjec-
tive probability dimension, any experimental ma-
nipulation that increases the likelihood of a partic-
ular event also appears to result in a decrease in
P300 latency (cf. Figure 1). In contrast, manipula-
tions that decrease the proportion of transmitted
information always seem to be accompanied by in-
creases in P300 latency (e.g., Johnson & Donchin,
1985). Similarly, on the stimulus meaning dimen-
sion, increases in stimulus complexity result in la-
tency increases (e.g., McCarthy & Donchin, 1981;
Ritter, Simson, & Vaughan, 1983). In fact, the only
variables that change P300 amplitude but do not
appear to consistently affect latency are those that
increase task complexity (cf. Figure 4) and stimulus
value. This seemingly paradoxical situation sug-
gests that these variables are fundamentally differ-
ent from all others that influence P300 amplitude.
Although the nature of this difference remains to
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be determined, it is notable that these two variables
are the only ones in the model that cannot be linked
to information theory.

Automatic vs. Controlled Processing

In recent years, much emphasis has been placed
on determining which cognitive operations are per-
formed automatically and which require effortful
activity. The distinction between automatic and
controlled processing was proposed by Shiffrin and
Schneider (1977; Schneider & Shiffrin, 1977). They
defined these two qualitatively different kinds of
cognitive processes as follows: 1) Automatic pro-
cesses are those that function continuously and at
optimal levels independently of intention, and 2)
Controlled processes, which depend on the subject’s
intent, are easily monitored by introspection and,
since they can vary in the amount of capacity they
require, they interfere with other simultaneous con-
trolled processing. Some investigators, however,
have argued that even automatic processes require
that the subject attend to the stimulus (e.g., Hasher
& Zacks, 1984).

Rosler (1980, 1983) argued that the P300 is elic-
ited only when subjects must perform “controlled”
processing and that P300 amplitude therefore in-
dexes the amount of controlled processing per-
formed by the subject. Contrary to this position,
the definitions of automatic and controlled pro-
cessing appear intuitively to fit the subjective prob-
ability and stimulus meaning dimensions, respec-
tively. In fact, there is ample evidence to support
this assertion. Hasher and Zacks (1984) presented
a wealth of data showing that frequency of occur-
rence is encoded automatically for virtually every
type of experimental and naturally occurring event.
Similarly, the substantial body of findings dem-
onstrating a relation between P300 amplitude and
subjective probability is consistent with all five of
Hasher and Zacks’ criteria for automatic encoding.

It seems equally clear that the variables on the
stimulus meaning dimension belong to the category
of controlled processing. The fact that P300 am-
plitude varies directly with variables on the stim-
ulus meaning dimension fits well with the definition
of controlled processing. Thus, it appears reason-
able to suggest that the probability and stimulus
meaning dimensions, respectively, provide func-
tional indices of the amounts of automatic and con-
trolied processing that subjects perform in response
to a stimulus.

Potential Problems

There are a few experimental manipulations that
have yielded results that are not readily explained



380

by the proposed model. In each case, these manip-
ulations could be considered to be at the limits of
a particular variable. For example, Roth et al. (1982)
reported that very loud, 115dB stimuli elicit large
P300s under any circumstances. Similarly, extreme-
ly rare stimuli, such as the novel stimuli used by
Courchesne, Hillyard, and Galambos (1975), also
elicit larger P300s than would be expected on the
basis of the relation between probability and P300
amplitude. In each of these examples, it could be
argued that the effect of these particular experi-
mental manipulations is to create a situation in
which the stimuli become biologically relevant. This
would result in their being endowed with additional
value just as when monetary rewards are substan-
tial. This interpretation, if correct, also suggests that,
in the case of extremely rare stimuli, the indepen-
dence of the subjective probability and stimulus
meaning dimensions may fail to hold. These prob-
lems at extreme values do not, however, detract
from the model’s ability to account for variations
in P300 amplitude under more customary experi-
mental conditions. Moreover, it should be pointed
out that, even in extreme cases, the model would
provide for instances in which past experience re-
sults in value becoming associated with a stimulus.
That is, when, as a result of learning, value is at-
tached to a rare event (e.g., a fire alarm), a larger
P300 will be elicited than for rare events for which
there is no associated value. This principle would
apply for a wide variety of stimuli and stimulus
attributes (e.g., loudness, directionaiity).

SUMMARY OF THE PROPOSED MODEL

The data reviewed above are consistent with the
idea that P300 reflects endogenous, cognitive pro-
cesses. This substantial body of research is sufficient
to begin to construct models that will both predict
and explain the amplitude results of P300 studies.
I have proposed a testable model that reduces the
large number of variables known to influence P300
to only taree dimensions: subjective probability,
stimulus meaning, and information transmission.
For the subjective probability dimension, the un-
expectedness of the stimulus appears to be the pri-
mary determinant of P300 amplitude: unexpected
events elicit larger P300s than expected events. On
the stimulus meaning dimension, P300 amplitude
increases directly with stimulus and task complex-
ity and stimulus value. Lastly, P300 amplitude is
directly proportional to the extent to which the full
amount of stimulus information is transmitted to
the subject. Evidence has been presented to support
the contention that, whereas the first two dimen-
sions have independent and additive effects on P300

Johnson

Vol. 23, No. 4

amplitude, their contributions to P300 are modu-
lated by variables on the information transmission
dimension. The respective amplitude contributions
due to variables on the subjective probability and
stimulus meaning dimensions in any given task can
be assessed with an additive factors approach. The
available data further show that the effects of var-
iables on all three dimensions affect P300 ampli-
tude not only in averages, but also in the responses
to individual events. Finally, it follows from the
independence of the subjective probability and
stimulus meaning dimensions that, in all likeli-
hood, each is the product of an anatomically sep-
arate neural generator (see Johnson, in press, for a
more thorough discussion on this point). The re-
lations among these three dimensions are sum-
marized in Figure 11.

As asserted above, each dimension of the model
consists of a relatively small number of fundamen-
tal experimental variables. For the information
transmission dimension, there are two categories of
experimental variables, equivocation (EQ) and at-
tention (AT), whose effects are linked by a multi-
plicative relation. Thus:

Information Transmission (T) =
f(1—EQ X AT) (1)

The subjective probability dimension is also com-
prised of two experimental variables: those that af-
fect global probability (GP) and those that affect
sequential expectancies (SE). These variables are
linked by an additive relation. Thus:

EVENT

|

INFORMATION TRANSMISSION
Proportion of Information Lost During Transmission Due To
1. Equivocation
2. Inattention

AUTOMATIC
PROCESSING

CONTROLLED
PROCESSING

SUBJECTIVE PROBABILITY
1. Global Probability
2. Sequential Expectancies

STIMULUS MEANING
1. Task Complexity

2. Stimulus Complexity
3. Stimulus Value

P300 AMPLITUDE
Figure 11. Summary of the three dimensions and

their interactions in the proposed model of P300 amp-
litude.
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Subjective Probability (P) = f(GP + SE) (2)

As described by Squires et al. (1976), sequential
expectancies are influenced by three factors: 1) the
subject’s memory for the preceding sequence of
events, 2) an alternation factor for a particular sub-
set of stimulus sequences, and 3) the ratio of stim-
ulus repetitions to non-repetitions at each level of
global probability (note: this last factor was not a
part of the Squires et al. formulation).

Finally, the stimulus meaning dimension in-
cludes three experimental variables, i.e., task com-
plexity (TC), stimulus complexity (SC), and stim-
ulus value (SV), which are linked by additive re-
lations. Thus:

Stimulus Meaning (M) = f(TC + SC + SV) (3)

Therefore, when the simplified description of the
factors affecting P300 amplitude presented in the
beginning of the paper:

P300 Amplitude = f[T X (1/P + M)] (4)

is expanded to include equations (1), (2), and (3),
the final result is:

P300 Amplitude = f((1—EQ X AT) X
[(GP + SE) + (TC + SC + SV)))

With this equation, the outcomes of particular ex-
perimental manipulations can be more readily pre-
dicted in advance.

CONCLUSIONS

In the preceding review, I have endeavored to
summarize the current state of our knowledge of
the factors that determine the occurrence and mag-
nitude of the P300 component of the ERP. A key
attribute of this model is that it provides a basis
for understanding the nature of amplitude varia-
tions in a wide variety of situations. While no mod-
el can account for all of the experimental variance,
1t is my contention that the proposed formulation
will account for a very substantial portion of P300
amplitude results. Nevertheless, a number of as-
pects of the stimulus meaning and information
transmission dimensions still require experimental
verification—particularly in regard to methods of
quantification and the interactions among varia-
bles. As a result, the proposed model is merely de-
scriptive rather than quantitative: except for the
probability term, it is still too early to attach weights
to any of the other terms. Yet, this model extends
previous conceptualizations of the factors affecting
P300 amplitude, and the mathematical relations
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among the variables on each dimension provide
fertile ground for experimentation.

Whether or not the present formulation is cor-
rect in whole or in part, increased efforts must be
made to understand the factors underlying P300
amplitude. Testing the accuracy of this formulation
means that ERP researchers will have to modify
their experimental procedures. For example, it is
particularly important that P300 amplitude not be
viewed as a single entity. This will require that the
amplitude contributions of the subjective proba-
bility and stimulus meaning dimensions be assessed
separately or that the significance level of the in-
teraction of these two factors in an ANOVA be re-
ported. Also, the importance of collecting data from
subjects in more than one paradigm cannot be ov-
erstated. Such designs provide a much more de-
tailed context in which to place the results of any
single paradigm and could, presumably, provide a
variety of new and valuable insights into the rela-
tion between P300 amplitude and variables on the
stimulus meaning dimension. )

There is also a pressing need for more parametric
studies of P300 amplitude in order tc achieve a
more thorough understanding of how different var-
iables influence P300 amplitude. Many ERP ex-
periments consist of relatively few manipulations
of a single experimental variable. Such studies at
best provide a relatively limited picture of the be-
havior of P300 and, at worst, can mask the true
nature of the relation between P300 and the ex-
perimental variables. For example, most studies of
the oddball paradigm use only two complementary
probabilities which masks the differences in pro-
cessing between the counted and uncounted stim-
uli. Moreover, such limited experimental manip-
ulations are too restricted to obtain an accurate es-
timate of their relation to P300 amplitude.

The precise specification of how different vari-
ables influence P300 amplitude is becoming in-
creasingly important as this component of the ERP
is used as an index of normal and abnormal cog-
nitive processing. The need for an increased un-
derstanding of the variations in P300 amplitude is
best illustrated by the fact that the vast majority of
clinical studies have used the oddball paradigm to
elicit a P300. Although there are undoubtedly many
instances in which other paradigms might provide
more useful information, this task has been used
most frequently presumably because the effects of
probability on P300 amplitude are by far the most
clearly understood. As our knowledge of the effects
of the other variables is extended, the diagnostic
utility of measures of P300 amplitude should be
greatly enhanced. For example, by sorting out the
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respective amplitude contributions made by each
of the three dimensions, the proposed model should
provide additional information on the source of the
amplitude reductions frequently observed in stud-
ies of patient groups.

In conclusion, the P300 component of the ERP
appears to manifest an important cognitive oper-
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ation. The data reviewed in this paper attest to the
richness of the information that may be gleaned
from the measurement of its amplitude. The pro-
posed model provides a reasonable and testable
framework in which to conceptualize P300 results
and should add to the utility of the P300 as a tool
in the study of cognition.
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Announcements

Staff Psychophysiologist

The Washington University Behavior Research Lab is presently recruiting a staff psycho-
physiologist with skills in computer programming (VAX 750, PDP 11/23) and experimental
design. Current laboratory focus is on issues of cognitive psychophysiology, “work-load,” and
fatigue assessment. Position available June 1986.

Contact: Dr. I.A. Stern, Washington University Behavior Research Lab at Malcolm Bliss
Mental Health Center, 1420 Grattan Street, St. Louis, Missouri 63104 (telephone (314) 621-

4211).

Nominations for Editor-in-Chief of Psychophysiology

With the impending expiration of David Shapiro’s extended term as Editor-in-Chief of
Psychophysiology, the Board of Directors of the Society seeks nominations for the next Editor
of the journal. A decision on the editorship will be taken by the Board at its meeting in October.
Nominations of suitably qualified individuals should be sent to: Jasper Brener, Department of
Psychology, The University, Hull HU6 7RX, England.

Psychophysiology-Research Assistant Professor

The Psychology Department of the State University of New York at Stony Brook is recruiting
a new faculty member for a non-tenure track three-year appointment to do full-time research
and development in a new psychophysiology laboratory to be directed by Edward S. Katkin.
Salary is competitive depending on qualifications. Experience using hardware and software in
psychophysiological research is essential. Send resume and have three letters of recommendation
sent to Ruth Sheppard, Assistant to Chair, Psychology Department, SUNY Stony Brook, Stony
Brook, New York 11794. SUNY Stony Brook is an affirmative action/equal opportunity edu-

cator and employer.

Science Report Requests Film Footage
of Psychophysiological Research

The Society for Psychophysiological Research has received a request from Science Report,
to publish an announcement asking individuals who have 16mm film footage or videotape
illustrating psychophysiological research, to contact their editors regarding possible use of this

material in their science news program.

Individuals who have film or videotape, or would be interested in pursuing the possibility
of producing a film or videotape for this purpose, should contact: Norman Kagan, Ph.D., Science
Report, 408 East 64th Street, New York, New York 10021.
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