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Evaluating the Approach

The variety of animal species in which P3-like responses have been recorded
suggests that the underlying processes may be a universal feature of mamma­
lian brains. The available evidence is consistent with the notion that many

1. The choice of species for these studies was in man~,: cases pragmatic
rather than reasoned. Initially, arguments for preferring some species
over others can be made. Neuroanatomical similarities to humans and
the ease with which behavioral tasks can be performed, for example, are
important considerations. Also, close waveform similarities between
species can give additional weight to the argument that parallel processes
are being indexed.

2. A shortcoming of many studies was the lack of parallel results from
humans. Studies should include human ERPs from comparable para­
digms, when possible, to guarantee that the parameters used are ap­
propriate for eliciting P3. This was particularly problematic for the
conditioning paradigms because they have seldom been used with human
subjects. ..

3. Much effort has been spent to assure that the ERPs recorded were not
contaminated by artifacts, particularly those produced by eye move­
ments. Such steps are crucial because artifacts can 'masquerade as P3-like
responses under certain circumstances.

4. In order to study the functional properties of P3-like ERPs, it is often
useful to compare ERPs from different stimulus conditions. In particular,
it can be helpful to show that P3-like ERPs are not elicited by frequent
stimuli in an oddball paradigm, which requires an appropriately short
lSI (e.g., 1sec) and stimuli that are suitable for the animal under study.

5. Caution is required in interpreting results from conditioning paradigms
because of the possibility that the behavioral measures used are in­
sufficient to verify that subjects are attending to the stimuli. In addition,
evidence was cited suggesting that P3-like ERPs in conditiohing para­
digms as well as in passive paradigms tend to habituate, which poses
problems for the use of longitudinal experimental manipulations such
as in lesion and drug studies. Further, task manipulations in categoriza-

animals, not just humans, exhibit P3 responses, although the criteria by
which these responses could be evaluated are far from exhausted. Further
work will be needed to show that the neural characteristics of these potentials
are indeed the same across species.

Given the goals of using ERPs to study the neural basis of cognition,
it follows that waveform criteria are less important than functional criteria
for validating P3-like ERPs. The most convincing support for an animal
model of P3 would be evidence that homologous neural elements are
activated during the very same circumstances. However, at present there is
a high level of ignorance about the functional and neural properties of P3,
compared to what may ultimately be learned. Studies of the functional and
neural properties of P3 should thus progress in parallel with the development
of animal models of P3.

Methodological concerns playa prominent role in this work, among
them the following five issues.

Figure 9. ERPs elicited in a passive
condition in a dolphin. Rare auditory
stimuli elicited a P3-like P550 deflec­
tion. Reprinted with permission of
Lawrence Erlbaum Associates, Inc.,
from Woods DL, Ridgway SH, Carder
DA, Bullock TH (1986): Middle- and
long-latency auditory event-related
potentials in dolphins. In: Dolphin Cog­
nition and Behavior: A Comparative
Approach, Schusterman RJ, Thomas JA,
Wood FG, eds. Hillsdale, NewJersey:
Lawrence Erlbaum Associates, Inc.

at a lA-sec lSI meant that they were highly predictable and unlikely to elicit
P3 waves.

Diffuse flash stimuli, however, were used in more appropriate and
inventive ways in experiments with elasmobranch and teleost fish (Bullock
et al., 1990) and pond turtles (Prechtl and Bullock, 1990, 1992). ERPs
recorded in the retina, optic tectum, and cortex were studied as a function
of changes in flash intensity and duration. In particular, ERPs were elicited
by stimulus omissions that occurred after a long train of flashes. These ERPs
began 50-100 msec after an omitted flash, were apparent in single trials, and
lasted for as long as 1 sec. The ERPs were responsive to small changes in
lSI, as if animals were developing expectations in some sense, The authors
concluded that the ERPs reflected a rebound disinhibition and were not
homologous to P3 in mammals, thus providing a cautionary note that
paradigms designed to elicit cognitive ERPs may also elicit reflexlike re­
sponses because of slowly decaying neuronal activity that is unrelated to
cognition (See Bullock, Karamiirsal, and Achimowicz, 1993).
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tion paradigms, such as comparisons as a function of whether the
subjects are attending to the stimuli, are critical for demonstrating the
relationship between P3-like ERPs and cognition.

The primary usefulness of the animal models will arise from the
application of techniques for exploring the neural basis of P3, and from
building connections between our conceptions of the neural events under­
lying P3 and neural events that can be studied using the full repertoire of
available neurophysiological techniques. This approach may still be in its
infancy, but much relevant evidence has already been obtained. Intracranial
recordings have shown that many brain areas are active at the time that P3
is produced. The hippocampus has held a prominent role in these studies
for several reasons. Extremely high-amplitude potentials are produced there,
perhaps because of synchronous activity in large numbers of hippocampal
cells that are spatially aligned. The hippocampus has also been related to
P3 because it receives input from all modalities, it plays an important role
in memory functions (as has been suggested for P3), and it can be affected
by diseases known to be associated with abnormal P3 potentials. Neverthe­
less, ample evidence implies that the integrity of the hippocampus is not
required for normal P3 waves to be produced at the scalp (e.g., Onofrj et aI.,
1991, 1992; Paller et aI., 1988; Potter et aI., 1993) even though P3-like
potentials can be elicited in the hippocampus (Halgren et aI., 1980; McCarthy
et aI., 1989; Paller et aI., 1992). This state of affairs leads naturally to the
hypothesis that P3 arises from diffuse systems that innervate both the
hippocampus and widespread neocortical areas. The norepinephrine system
of the locus coeruleus and the acetylcholine system of the basal forebrain,
in particular, have been investigated using animal models of P3. In squirrel
monkeys, lesion and drug studies have accrued evidence that the locus
coeruleus may be important for P3 (Pineda, Foote, and Neville, 1989; Swick,
Pineda, and Foote, 1991). Several lines of evidence from studies in cats (e.g.,
Harrison and Buchwald, 1987) have provided very convincing support for
the notion that acetylcholine systems of the basal forebrain are instrumental
in the generation of P3. Converging evidence implicating particular neuro­
chemical systems in human subjects can be obtained via drug studies. For
example, some results suggest that P3 is disrupted by clonidine, which
suppresses locus coeruleus firing (Duncan and Kaye, 1987), as well as by
scopolamine, which is a cholinergic antagonist (Meador et aI., 1987, 1989;
Potter et aI., 1992; Rugg et aI., 1989). The finding that some drug effects
occurred for stimuli presented in the auditory modality but not the visual
modality is not well understood, but it underscores the need to study P3-like
ERPs in both modalities. More work is needed to clarify how the different
mechanisms that are activated in the two modalities relate to P3, and studies
in both humans and nonhuman animals may prove useful in this regard.

In conclusion, the clinical and experimental use of P3 is limited by the
fact that alterations in P3 cannot be rigorously associated with specific neural

processes. An enhanced understanding of the neural bases of P3 may thus
have widespread clinical application, as well as important implications for
basic research on P3. One particularly vexing problem in P3 research has
been the difficulty of identifying P3 across different experimental tasks. This
component identification problem may be solved only after neural character­
istics of P3 can supplement the waveform characteristics that have proven
so ambiguous. Although the past three decades of study have accumulated
a large literature on P3, basic questions about its neural and functional
underpinnings are still enigmatic. The question "what is P3?" cannot be
answered in any profound way without a better understanding of its neural
basis. Further study of the comparative psychophysiology of P3, however,
holds much promise for solving this mystery by clarifying the significance
of the neural mechanisms that are put into play whenever P3 is produced.
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