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The following five papers discuss hippocampal cellu­
lar activity in freely behaving rats as it relates to spatial 
cognitive processing. They were presented at a workshop 
at the 1988 Meeting of the Society for Neuroscience in 
Toronto (Best & Ranck 1988). 

The hippocampus is an area of the brain that has 
received a great deal of attention recently because of its 
obvious involvement in higher cognitive processes. Some 
of the memory disturbances and disorientation seen in 
senile dementia of the Alzheimer's type seem to be due, 
in part, to damage to the hippocampus and its connec­
tions (Solomon, Pomerleau, Bennett, James, & Morse, 
in press). Similar memory and information-processing dis­
turbances are seen in other patients with damage to the 
hippocampus and/or its connections with the rest of the 
brain (Zola-Morgan, Squire, & Amaral, 1986). 

Many recent animal studies on the role of the hip­
pocampus in cognition have focused on the role of this 
brain structure in the processing of spatial information. 
Higher animals navigate effectively about their environ­
ment by keeping track of where they are relative to im­
portant places in their environment. As they move toward 
or away from one particular place in the environment, 
they have the ability to register how that movement modi­
fies the directions and locations of other important places. 
This registration of allocentric space is not a trivial 
problem. It requires complex cognitive processing. Le­
sions of the hippocampus or its major connections dis­
rupt this ability, and, more surprisingly, certain neurons 
in the hippocampus-the pyramidal cells-show evidence 
that they are involved in the processing of this infor­
mation. 

The first suggestion that the hippocampus may be in­
volved in processing information about the location of an 
organism in its environment came from a study by 
O'Keefe and Dostrovsky (1971), who reported that the 
activity of individual hippocampal neurons was related 
to the location or "place" of the animal in the environ­
ment. These cells frred selectively in one location or place 
in the test environment. John O'Keefe was not oniy the 
first to recognize the relationship between the cell' s ac­
tivity and the animal's location in space, but he and Lynn 
Nadel provided a theoretical framework with which to 
study "place-cell behavior" and the behavioral effects of 
Iesions of the hippocampus and its connections, in their 

now classic book, "The Hippocampus as a Cognitive 
Map" (O'Keefe & Nadel, 1978). 

Although many of us found the observation and the the­
oretical model interesting, our original reaction ranged 
from healthy skepticism to sarcastic cynicism. The incor­
poration by O'Keefe and Nadel (1978) ofthe many studies 
of the behavioral effects of hippocampal lesions into the 
cognitive map theory gained credibility and acceptance 
prior to the belief in place-cell activity. Most notably, Abe 
Black joined the "spatial" camp (see Black, Nadel, & 
o 'Keefe , 1977), and those who were not ready to accept 
the cognitive map theory were at least not ignoring it. 
However, none of us who were recording from hippocam­
pal neurons even bothered to attempt to replicate O'Keefe 
and Dostrovsky's (1971) results. Other labs were examin­
ing the relationship between hippocampal cellular activity 
and leaming and memory (Berger, Clark, & Thomp­
son, 1980; Best & Best, 1976), sleep and arousal (Mays 
& Best, 1975; Olmstead, Best, & Mays, 1973), or vari­
ous behaviors (Ranck, 1973). 

In 1973, Ranck reported that the activity of individual 
hippocampal neurons was related to very specific aspects 
of the animal' s behavior. For example, one particular cell 
would fire as the animal approached a food cup and started 
drinking, and another might fire when the animal termi­
nated a specific behavior. However, Ranck's extensive 
study revealed no tight relationship between cellular ac­
tivity and the animal 's location or place in the environ­
ment. One important contribution of Ranck's paper was 
the observation that there are two distinct classes of cel­
lular activity in the hippocampus; the complex spike cells, 
which have been demonstrated to be the pyramidal cells 
(the main output cells of the hippocampus) and the theta 
cells, which are now known to be interneurons (see also 
Fox & Ranck, 1975, 1981). 

It was not until some of us inadvertently encountered 
place fields, or more accurately, were hit over the head 
with our own data, that we began to believe in the 
phenomenon and were willing to take the cognitive map 
theory seriously (Best & Ranck, 1975, 1982; Olton, 
Branch, & Best, 1978). Thus, in 1977 we organized a 
symposium at the Society for Neuroscience Meeting in 
Anaheim, Califomia on "The Hippocampus as a Spatial 
Analyzer." The meeting was chaired by Abraham Black, 
and the participants were John o 'Keefe , Lynn Nadel, 
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James Ranck, David OIton, and myself. The main thrust 
of that conference was the demonstration that place-cell 
activity was indeed a reliable and replicable phenomenon. 

Another conference was organized by Paul Solomon 
and John Moore at Williams College in July 1979, which 
included more than 30 participants investigating the hip­
pocampus from a wide variety of theoretical and methodo­
logical perspectives. Tbe conference was dedicated to the 
memory of Abe Black, who had died tragically in 1978. 
The conference dealt with a wide variety of theoretical 
interpretations of the effects of hippocampal lesions and 
the relationship of hippocampal cellular activity to a wide 
variety of behavioral constructs; however, it was clear 
that the effects of hippocampallesions on spatial behavior, 
and the place-field activity ofhippocampal neurons, were 
real phenomena that would have to be addressed by fu­
ture attempts at comprehensive theories of hippocampal 
function (Moore & Solomon, 1980). 

Tbe purpose of the current workshop is to report the 
progress in the examination of place-field activity. As will 
be obvious in the following papers, investigators are no 
longer merely attempting to demonstrate that place-field 
activity exists but, rather, they are attempting to charac­
tenze the phenomenon and to determine its limits. What 
information determines the extent of place fields? Can they 
be modified by experience? If so, how? Do these cells show 
characteristics that go beyond the cognitive map hypothe­
sis? How do they interact with other regions of the brain? 

Tbe following papers discuss different aspects of place­
cell activity. Best and Tbompson discuss the ability of the 
cells to respond to different environmental cues at differ­
ent times and the stability of place fields over long dura­
tions. Deadwyler, Breese, and Hampson demonstrate that 
the location of the place fields of individual cells is not 
strictly dependent on the spatial features of the test ap­
paratus, but can be changed by altering the significance 
or relevance of particular locations. Eichenbaum and 
Wiener demonstrate that the same cells can have both 
place properties and a nonspatial relationship to behavior. 
Olton, Wible, Pang, and Sakurai present the argument 
that the spatial correlates of hippocampal neurons do not 
preclude a mnemonie function for the hippocampus, or 
vice versa. McNaughton, Leonard, and Chen examine the 
relationship between the hippocampus and other areas of 
the brain in spatial cognitive processing. 
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