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In four experiments, we explored constraints on priming in spatial memory. In Experiments
1 and 2, subjects who were familiar with the locations of buildings on the Vanderbilt campus
participated in a recognition test. The subjects' task was to decide whether or not named build
ings were on the campus. Foils in this recognition test were realistic but fictional names ofbuild
ings. In principle, the subjects could have performed this task without using spatial knowledge;
in fact, they must not have used spatial knowledge, because there was no evidence of priming
in recognition as a function ofthe spatial relations between buildings on the campus. This result
differs from those obtained in earlier experiments that have examined memory of spatial lay
outs learned in laboratory settings. In Experiment 3, the fictional foils were replaced by names
ofbuildings in an area ofthe campus separated geographically from the main campus. Evidently,
this change induced subjects to retrieve spatial knowledge, because the spatial priming effect
materialized. A fourth experiment replicated the abovefindings in a single experiment and demon
strated that spatial priming could be obtained when the configuration of buildings was learned
experimentally. These results are explained by appealing to the "decontextualization" that takes
place in memory over time.

In several studies, we have used priming in item recog
nition to investigate the structure and the content of
spatial memory (McNamara, 1986; McNamara, Hardy,
& Hirtle, 1989; McNamara & LeSueur, in press; Me
Namara, Ratcliff, & McKoon, 1984). In a typical experi
ment, subjects learn the locations of objects in a spatial
layout, and then participate in a recognition test. Object
names are displayed one at a time on a computer screen;
the subjects' task is to decide whether or not the named
object was in the layout. The variable of interest is prim
ing between sequential items in the recognition test as a
function of the spatial relations between corresponding
objects in the layout. In one study, for example, it has
been shown that locations in the same region of a spatial
layout prime each other more than do locations in differ
ent regions, even when Euclidean distance is held con
stant (McNamara, 1986). These and other fmdings (e.g.,
Hirtle & Jonides, 1985; McNamara et al., 1989; Stevens
& Coupe, 1978) suggest that spatial memory is organized
hierarchically.

Recognition priming is particularly useful for investigat
ing spatial memory because it is not influenced by retrieval
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strategies. Ratcliff and McKoon (1981) have shown that
priming in memory for text has a very fast onset and is
insensitive to the probability of related items. McNamara
et al. (1989) have demonstrated that inhibition does not
occur in spatial priming at brief (150-msec) stimulus on
set asynchronies (SOA). These qualities indicate that prim
ing is an automatic process (as defined by Posner &
Snyder, 1975a, 1975b). Consequently, priming in recog
nition should be informative about the structure and the
content of memory, but not about strategies and inferences
employed at the time of the test.

Although spatial priming has been an effective tool for
examining memory for experimentally learned environ
ments, there is evidence that spatial priming does not
occur in memory for naturally learned environments.
Merrill and Baird (1987) used a priming task to inves
tigate memory of a university campus. In two experiments
(Experiments 2 and 4), their subjects were shown pairs
of place names separated in time by a 350-msec SOA.
The subjects' task was to decide whether or not both
names were names of locations in Hanover, New Hamp
shire. On half of the trials, one name in a pair was a non
campus name. In Experiment 2, there seemed to be evi
dence of spatial priming, in that pairs of names that were
related spatially and functionally were classified faster
than pairs that were related only functionally. Responses
to the latter pairs were faster than responses to unrelated
pairs (by 63 rnsec), but the difference was not statistically
reliable. However, in Experiment 4, there seemed to be
very little evidence of spatial priming, in that pairs of
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names related spatially (but not functionally) were clas
sified faster than were unrelated pairs (by 27 msec), but
this difference did not approach significance. Overall, the
evidence for purely spatial priming was weak.

There are several features of Merrill and Baird's (1987)
experiments that might have contributed to their failure
to find clear evidence of spatial priming. First, these ex
periments did not test subjects' knowledge of the loca
tions of buildings on campus: If the subjects did not have
accurate knowledge about the locations of buildings, then
spatial priming should not have occurred.' Second, the
power of these experiments was only moderate: The num
bers of subjects were fairly small and the standard errors
of response times were quite large. Finally, Experiments
2 and 4 used different procedures (sorting vs. free associ
ation) to classify pairs as related and unrelated, so results
from these experiments may not be comparable.

Because Merrill and Baird's (1987) results pointed to
important differences between experimental and natural
spatial memories but seemed inconclusive, we decided to
pursue the problem further. There are three significant
methodological differences between the experiments re
ported here and those conducted by Merrill and Baird.
First, we used a recognition test rather than Merrill and
Baird's classification task. Priming in recognition had al
ways appeared in our studies of experimental spatial
memories, so it seemed wise to use the same task in these
investigations of natural spatial memories. Second, we
tested individual subjects on their knowledge of the
campus in all of the present experiments. Third, we re
stricted our investigation to purely spatial relations so as
not to complicate the design unnecessarily (but see
McNamara & LeSueur, in press).

EXPERIMENT 1

The first experiment was modeled after our earlier
studies of spatial memory, but instead of having subjects
learn a novel spatial layout, we recruited subjects (juniors
and seniors at Vanderbilt) who were likely to be familiar
with the locations of buildings on campus. The subjects
were given a recognition test in which their task was to
decide whether or not a named building was on the
campus. The foils in this experiment were analogous to
the foils used in previous research: realistic but fictional
names of campus buildings. In principle, the subjects
could perform this task without consulting spatial
memory. The same observation holds for all of our earlier
work, however, and yet we have never failed to find spa
tial priming in recognition.

Method
Subjects. The subjects were 18 juniors and seniors at Vander

bilt University. Advanced students were selected in an attempt to
increase the likelihood that the subjects' knowledge of the campus
would be well developed and reasonably accurate. The subjects were
compensated for their participation in the experiment with course
credit.
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Materials. Thirty-eight locations on the Vanderbilt University
campus were selected to be used as stimuli: 12 served as "targets,"
18 served as "primes," and 8 served as "fillers" in the recogni
tion test. Primes preceded targets in the recognition test (see proce
dures below). Fillers were not used in the experimental conditions.
In addition, 16 names of fictional places were generated and used
as foils in the recognition test. A map of the relative locations of
campus buildings (including buildings used in Experiments 3 and
4) can be found in Figure I.

Each target could be paired with two primes, one of which was
a building close to the target and the other of which was a building
far from the target. For example, the target Neely had as its close
prime Alumni Hall and as its far prime Wesley. The average dis
tance between targets and their close primes was 339±47 ft and
the average distance between targets and their far primes was
I ,518± 72 ft (distances were measured between the centers of build
ings). Each of the 12 target buildings had a unique close prime,
but each target shared its far prime with one other target building.
That is, there were six far primes, one for each of two target build
ings. Far primes were shared in this manner to reduce the number
of buildings required for the design. The targets Neely and Rand,
for example, shared the far prime Wesley. A list of targets, primes,
fillers, and foils can be found in Appendix A.

Primes were selected so that they shared a minimum of functional
and semantic properties with targets. For example, administration
buildings did not prime administration buildings, office buildings
did not prime office buildings, dormitories did not prime dormito
ries, and libraries did not prime libraries. For the most part, build
ings used for classes did not prime other buildings used for classes.
In the five cases in which this rule was violated (out of a total of
24 prime-target pairs), the prime and the target buildings did not
contain classes from the same department. Moreover, in two of these
cases (Law School and Divinity School), the buildings contained
graduate but not undergraduate courses (only undergraduates were
used as subjects). Overall, functional and semantic relations be
tween primes and targets were very weak, if they existed at all.

Two recognition-test lists were constructed. On one list, a target
(e.g., Neely) was preceded by its close prime (Alumni Hall) and
on the other list, the target was preceded by its far prime (Wes
ley). Hence, these test lists contained exactly the same target build
ings and half of the same primes: Close primes on one list did not
appear on the other list, but far primes appeared on both lists,
although paired with different targets. Foils and fillers were iden
tical on the two lists. The lists were constructed so that (I) names
appeared only once on a list, (2) no target appeared earlier than
the fourth test position, and (3) targets in the same condition were
separated by at least three trials. Each list contained six targets
preceded by close primes and six targets preceded by far primes.
In addition, there were 16 foils and 8 fillers, producing 48 recog
nition trials in all. The two lists were assigned to subjects in a fixed
rotation determined by the order in which the subjects participated
in the experiment. Each list was seen by 9 subjects.

Procedure. The experimenter pretested each subject on his or
her knowledge of the locations of buildings on the Vanderbilt
campus. The experimenter pointed to unlabeled locations on a map
of the campus; the subject's task was to provide the name of the
building at that location. In order to participate in the experiment,
a subject had to name 27 out of 30 locations correctly. These 30
locations were the locations of primes and targets used in the recog
nition test. All 18 subjects passed the knowledge test.

In a separate session and on a different day from the pretest, the
subjects were given a recognition test for campus locations. Names
of locations were presented one at at time on a computer screen;
the subjects' task was to decide whether or not the named location
was on the campus. The subjects pressed the "rn" key to respond
"yes" and the "z" key to respond "no." Both speed and accuracy
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Figure 1. A map of the relative locations of buildings on the Vanderbilt University campus. This map includes only the locations used
in our experimental materials.

were emphasized. There was a response-stimulus interval of
150 msec. The recognition test was preceded by a practice test, in
which the subjects distinguished names of U.S. states from names
of foreign countries. The procedures in the practice test were the
same as those in the experimental recognition test. An experimen
tal session (excluding the pretest) required about 15 min.

Results
Mean correct response latencies and mean error rates

for the targets in each of the two conditions were ana
lyzed. Only correct responses preceded by correct
responses were included in analyses of latencies. In ad
dition, latencies exceeding 2.0 sec were excluded from
analyses of response latencies. Out of213 responses that
met the first condition (correct responses preceded by cor
rect responses), 3 were classified as outliers.

The mean latency for targets primed by a close build
ing was 777 msec, and the mean latency for targets primed
by a far building was 781 msec ["t(17) = 0.21, SED =
19.2 msecl.? There was only one error across subjects
and items, and it occurred on a target primed by a neigh
boring building. In short, there was no evidence of prim-

ing in the recognition test as a function of the physical
distance between buildings on campus.

Mean correct response latencies and mean error rates
were 870±23 msec and 0.9±0.7% for primes, 972±
28 msec and 2.8±1.0% for foils, and 1,029±50 msec
and 25.7 ± 3.7 % for fillers. The mean latency for errors
was 1,155±112 msec (excluding a single latency of
11 sec).

Discussion
The results of Experiment 1 replicated Merrill and

Baird's (1987) fmdings, but they differed from the results
obtained in our previous investigations of experimental
spatial memories (McNamara, 1986; McNamara et al.,
1989; McNamara & LeSueur, in press; McNamara et al.,
1984). Before exploring the causes of these contradictory
results, we thought it best to attempt to replicate the results
of Experiment 1 with slightly modified procedures. Sev
eral subjects in Experiment 1 reported that they began the
recognition test expecting to see names of buildings on
which they were tested in the pretest. It is possible that



at least some subjects were using their memories of the
pretest to aid their recognition decisions. If the subjects
were not using spatial memory in the recognition test, then
spatial priming effects should not have appeared.

EXPERIMENT 2

The purpose of Experiment 2 was to replicate Experi
ment 1 using the same materials. The only difference be
tween these experiments was that in Experiment I, the
building-location test was given before the experimental
recognition test, whereas in Experiment 2, the building
location test was given after the experimental recognition
test (and in a more systematic manner).

Method
Subjects. The subjects were 30 juniors and seniors at Vander

bilt University. The subjects were compensated for their participa
tion in the experiment with course credit.

Materials. The materials were the same as those used in Ex
periment 1.

Procedure. The subjects first participated in a practice test, in
which they distinguished names of U.S. states from names of for
eign countries. The subjects then participated in the experimental
recognition test. The procedures were identical to those of Experi
ment 1. Following this recognition test, the subjects were tested
on their knowledge of the locations of buildings on the Vanderbilt
campus. The subjects received a map of the campus that contained
30 buildings circled. The names ofthese buildings were not present
on the map. The subjects' task was to number each circled build
ing and then to write the number and the name of each building
on a separate sheet of paper. An experimental session lasted about
30 min.

Results
Mean correct response latencies and mean error rates

for the targets in each of the two conditions were ana
lyzed. Only correct responses preceded by correct re
sponses were included in these means. Latencies exceed
ing 2.0 sec were excluded from the means. Out of 327
responses that met the first condition, 2 were classified
as outliers.

The mean latency for targets primed by a close build
ing was 765 msec, and the mean latency for targets primed
by a far building was 757 msec (SED = 19.9 msec). Er
ror rates were 3.3% and 3.9%, respectively [t(29) = 0.29,
SED = 2.0%]. As in Experiment 1, there was no evi
dence of spatial priming either in latencies or in error rates
(indeed, the effect on latencies was in the wrong
direction) .

On the average, the subjects knew the correct locations
and names of 82.9 ± 3.4 % of the 30 buildings on which
they were tesed in the posttest. We tried conditionalizing
latencies on the knowledge-test results (by excluding sub
jects whose knowledge of the campus was poor or by ex
cluding target buildings on which subjects made errors
in the knowledge test), but the results were the same. In
other words, the absence of a spatial priming effect was
not caused by incomplete knowledge of the campus.
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An examination of the distance effect on the two recog
nition lists (employed for counterbalancing) revealed an
interaction between distance and list. Mean latencies for
the close and the far conditions were 763 and 811 msec,
respectively, on List I but 766 and 703 msec, respec
tively, on List 2 [F(1,28) = 10.04, p < .005]. This in
teraction was probably caused by an inadvertent confound
ing of familiarity of the targets with the distance condition.
An average of 93 % of the subjects knew the correct lo
cations of the six targets in the close condition on List I,
but an average of only 79 % of the subjects knew the cor
rect locations of the six targets in the far condition on
List 1. The assignment of targets to distance conditions
was reversed on List 2: The familiar targets appeared in
the far condition and the unfamiliar targets appeared in
the close condition. The pattern of this interaction (+48
msec distance effect on List I and -63-msec distance ef
fect on List 2) indicates that there was no effect of spa
tial priming in this experiment, not even a small one ob
scured by familiarity.

Mean correct response latencies and mean error rates
were 777 ± 19 msec and 5.8 ± 1.2 %, respectively, for
primes, 946±24 msec and 8.8±1.3%, respectively, for
foils, and 820±26 msec and 21.7±2.7%, respectively,
for fillers. The mean latency for errors was 1,017
±49 msec.

Discussion
Experiments 1 and 2 demonstrated that the subjects were

able to retrieve the names of buildings on the campus with
out retrieving, or activating, knowledge about the loca
tions of those buildings. This result is consistent with that
of Merrill and Baird's (1987) fourth experiment, which
also found no evidence of purely spatial priming. Although
these findings may not seem surprising given the varied
contexts in which campus buildings are experienced (many
of which, such as planning course schedules, are nonspa
tial), they contrast sharply with our previous work on
memory for experimentally learned environments.

Our previous research on spatial memory can be recon
ciled with the results of Experiments I and 2 (as well as
with those of Experiment 4 of Merrill & Baird, 1987) if
the nature of the learning situation is examined carefully.
When environments are learned in an experimental set
ting' the identities (names or appearances) and the loca
tions of objects are experienced in the same, restricted
context. The decision about whether or not an object is
in an environment must be based on these highly contex
tualized and necessarily spatial experiences. In contrast,
when environments (e.g., campuses) are learned natu
rally, the identities and the locations of objects are ex
perienced in many different contexts. As a consequence,
recognition decisions can be based on sources of familiar
ity that are not spatial and, therefore, spatial priming does
not occur. This analysis suggests that spatial priming will
not appear in natural spatial memory unless the task re
quires subjects to retrieve spatial information.
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EXPERIMENT 3

The goal of Experiment 3 was to change the recogni
tion test in such a way that the subjects would be more
likely to retrieve spatial informationas part of the deci
sion process. An obvious way to accomplish this goal
would be to have subjectsjudge the absoluteor the rela
tive locationsof buildings(see, e.g., Clayton & Chattin,
1989). We decided not to pursue these options for two
reasons: first, we wantedto use a task that was as similar
as possible to the recognition taskusedinour earlierwork;
and second, we wanted the task to have minimal spatial
demands.

The simplest change, it seemed to us, was to change
the foils. In particular, we soughtto replacethe foilswith
names of buildings in the Vanderbiltarea, so that decid
ing whether or not a building was on the campus would
require somespatial information. The Vanderbiltcampus
is organized ideally for this kind of experiment. Vander
bilt University and GeorgePeabody Collegefor Teachers
mergedin 1979. Thesecampuses are separated by a major
thoroughfare and offset on the north-south axis (see
Figure 1). (WesleyHall is an exception; it is part of the
Vanderbilt campus but is on the same side of the street
as the Peabodycampus.) Although only a minorityof stu
dents (educationmajors)have regularclasseson the Pea
body campus, severaldormitories are locatedthere. Con
sequently, advanced students would befamiliar withmany
of the buildings on the Peabody campus. In Experiment 3,
we replaced the fictionalbuildingnames used as foils in
Experiments 1 and 2 with namesof buildingson the Pea
body campus. The subjects' task was to decide whether
a building was on the main Vanderbiltcampus or on the
Peabody campus. We hoped that this change would in
ject a spatial element into the decision process, thereby
forcing the subjects to retrieve at least some knowledge
about the spatial properties of these environments.

Method
Subjects. The subjects were 26 juniors and seniors at Vander

bilt University. The subjectswere compensated for their participa
tion in the experiment with course credit.

Materials. The 12 targets and 8 fillers used in Experiments 1
and 2 were also used in Experiment 3. One of the 18primes, West
SideRow, was replacedby a newbuilding, Tolman,becausefewer
than 60% of the subjects in Experiment 2 knewthe location of West
Side Row. With this change, the average distancebetween targets
and their close primes was 350±45 ft (distancesbetween targets
and their far primes did not change). In addition, thenamesof two
primes were shortened: Owen GraduateSchoolbecameOwen and
Stevenson Center became Stevenson. The full-length names were
used in Experiments 1 and 2 because we wanted the test items to
be as specific as possible. However, responses on the building
location test used in Experiment 2 indicatedthat studentsnaturally
referred to these buildings with the shorter names.

Two targets (Rand and Branscomb) were moved from the close
conditionto the far condition of List 1, and twoother targets(Neely
and Garland) were moved from the far conditionto the close con
ditionof List I (corresponding changes weremadein List 2). These

changeswere made to better equate the familiarity of targets in the
close and far conditionswithin a list (familiarity was equated per
fectlyacross lists becauseeach target appeared in each experimen
tal condition). Based on the knowledge-test resultsof Experiment 2,
85% of the subjects, on the average, knew the locationsof the tar
get buildings in the close conditionof List 1 and 88% of the sub
jects, on the average, knew thelocationsof the target buildings in
the far conditionof List 1 (these buildingsappeared in the far and
in the close conditions, respectively, on List 2). A list of the
materials can be found in AppendixB.

Procedure. The subjects first participatedin the practice recog
nition test, in which they discriminatednamesof U.S. states from
names of foreign countries. The subjects were then given the ex
perimentalrecognitiontest. The subjectswere told that they would
see names of buildings appearing one at a time on the computer
screen; their task was to decide, as quickly and as accurately as
possible, whether the buildingwas on the main Vanderbiltcampus
or on the Peabody campus. The subjectspressed the "m" key for
Vanderbilt buildings and the "z" key for Peabody buildings. Af
ter the recognition test, the subjects weregiventhe building-location
knowledgetest used in Experiment 2. The subjects' knowledgeof
buildingson the Peabodycampuswas not tested. An experimental
session lasted about 30 min.

Results
Mean correct response latencies and mean error rates

for the targets in each of the two conditions were ana
lyzed. Only correct responses preceded by correct re
sponseswere includedin these means. Latenciesexceed
ing 3.5 sec were excluded as well (thiscutoffis consistent
with the longer response latencies in the experiment). Out
of281 responsesthat met the first condition,2 were clas
sified as outliers.

The mean latency for targets primed by a close build
ing was 1,066 msec, and the mean latency for targets
primed by a far building was 1,177 msec [1(25) = 1.80,
SED = 61.6 msec, p = .043].3 Error rates were 0.6%
and 2.6%, respectively [t(25) = 1.81, SED = 1.l%,p =
.041]. Thus, the spatial priming effect appeared both in
latencies and in errors in Experiment 3. Mean latencies
were longer in thisexperimentthan in Experiments 1 and
2, which is to be expected, given that the task was more
difficult.

On the average, the subjects knewthe correct locations
and names of 89.4 ± 1.7% of the 30 buildings on which
they were tested in the posttest. The spatial priming ef
fect was still reliablewhenanalyses oflatencies were con
ditionalized on performance on the building-location test.
There was some indicationof an interactionbetween the
distance effect and recognition-test list (+84 msec on
List 1 and +136 rnsec on List 2), but unlike in Experi
ment 2, this interaction was ordinal and not statistically
reliable (F < 1).

Mean correct response latencies and mean error rates
were 1,173±42 msec and 8.3 ± 1.6%, respectively, for
primes; 1,381±54 msec and 21.6±2.0%, respectively,
for foils(i.e., names of buildings on the Peabody campus);
and 1,196±56 rnsec and 21.6±2.9%, respectively, for
fillers. The meanlatencyfor errors was 1,486±67 msec.



Discussion
The major result from Experiment 3 was that the sub

jects recognized that a building was on the Vanderbilt
campus faster and more accurately when that item was
preceded immediately by a nearby campus building ~an

when it was preceded immediately by a far campus build
ing. Although the materials used in Experiment 3 required
the subjects to use some spatial information, namely,
whether a building was on the main Vanderbilt campus
or on the Peabody campus, these materials did not require
the subjects to use their knowledge of the spatial relations
between buildings on these campuses (cf. Clayton & Chat
tin, 1989). Yet the distance effect in priming indicates that
the subjects' decisions were influenced by these "irrele
vant" spatial interrelations.

A problem with Experiments 1-3 was that differences
between conditions were confounded with irrelevant
differences between experiments. Experiment 4 was
designed to remedy this problem.

EXPERIMENT 4

Three groups were used in Experiment 4. In the
Campus/Fictional-foil (Campus/F) group,.th~ subjec~ r~

ceived a recognition test for Vanderbilt buildings. Foils m
this test were the fictional building names used in Experi
ments 1 and 2. In the Campus/Peabody-foil (Campus/P)
group, the subjects also receiv~d a recognition test .for
Vanderbilt buildings, but the foils were names of build
ings on the Peabody campus. Finally, ~n the Map group,
the subjects first learned a map of a fictional campus. Un
beknownst to subjects, the locations on this map cor
responded to locations of buildings on the Vanderbilt
campus. In other words, the fictional map was obtai~ed

from a real map of the Vanderbilt campus by replacmg
real building names with fake ones (e.g., Underwood was
replaced by Woodruff). After learning the map, the sub
jects received a recognition test in which the targets were
the names of buildings on the map and the foils were the
fictional names used in Experiments I and 2 and the
Campus/F group.

The first two groups replicated Experiments 1- 3 in a
single experiment. The Map group was included because
we wanted to demonstrate that a spatial priming effect
would appear in recognition if the configuration of build
ings was learned experimentally.4

Method
Subjects. The subjects were 120 Vanderbilt undergradu.ates, 40

in each of three groups. The subjects were randomly assigned to
the three groups and received course credit for their participation
in the experiment.

Materials. For the Campus/F group, test lists were obtained from
the lists used in Experiment 3; however, West Side Row replaced
Tolman (see Note 3) and the Peabody names were replaced by the
fictional foils used in Experiments I and 2. Hence, these lists were
very similar to the lists used in Experiments I and 2.

For the Campus/P group, test lists were identical to those used
in Experiment 3, except that West Side Row replaced Tolman.
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For the Map group, a map of the Vanderbilt campus (not includ
ing the Peabody campus) was constructed. A replica of this map
can be found in Figure 2. Each location on this map corresponded
to the location of a real building on the Vanderbilt campus. For
example, the buildings McGugin and Hemingway in Figure I c.or
respond to Sherman and Kline in Figure 2. The names of the build
ings on this map were fictional and had no obvious relation to names
of real buildings on the campus. The subjects learned the locations
of these fictional buildings in the first phase of the experiment.

After learning the map, the subjects received an item-recognition
test. The test lists correspondedto those used in the Campus/F group,
except that the real building names (e.g., Buttrick) were re~laced

by their corresponding fictional names on the map (e.g., Wilson).
Procedure. The procedures used in the Campus/F and the

Campus/P groups were the same as those used in Experiments 2
and 3, respectively.

The subjects in the Map group first had to learn the locations
of buildings on the map. The subjects were allowed to study the
map for 2 min. At that point, the subjects were given a test map
that contained locations of buildings, but not their names, and a
list of the building names. The subjects were asked to place all of
the building names on their correct locations. The subjects placed
as many names as possible and then had their work checked by the
experimenter. This sequence was repeated until the subjects could
place all of the names correctly twice. None of the subjects recog
nized that the map actually depicted the relative locations of build
ings on the Vanderbilt campus. After learning the map, the sub
jects received a recognition test for buildings o~ the ~p. The
procedures for this test were the same as those used m ~xperunent 2.
The subjects in the Map group were not tested on their knowledge
of the Vanderbilt campus.

Results and Discussion
Mean response latencies for targets in each of the two

conditions were analyzed." The groups were analyzed
separately because of substantial differences in within
group variances. Response latencies exceeding the upper,
outer fence (Tukey, 1977) for each condition were clas
sified as outliers and were excluded from analyses oflaten
cies." An average of3.0% of the latencies were excluded
across the three groups. Mean latencies for each group
and each condition can be found in Table 1.

The effect of distance was not reliable in the Campus/F
group [t(39) = 1.15, SED = 12.9]. This result r~plicates
the results of Experiments 1 and 2. However, this effect
was reliable in the Campus/P group [t(39) = 3.50, SED
= 22.0, p < .001], which replicates the results of Ex
periment 3. Finally, the distance effect was reliable in the
Map group [t(39) = 2.18, SED = 12.6, p < .018].

For the Campus/F group, mean response latencies and
error rates were 693 ± 12 msec and 10.6 ± 1.4 %, re
spectively, for primes; 783 ± 11 msec and 12.7 ± 1.3 %,
respectively, for foils; and 719±27 msec and
23.8±2.4%, respectively, for fillers. The mean latency
for errors was 840±23 msec. For the Campus/P group,
mean latencies (including errors; see Note 5) were
937±20 msec for primes, 1,028± 19 msec for foils (i.e.,
Peabody buildings), and 961 ±28 msec for fillers. Finally,
for the Map group, mean response latencies and error
rates were 668±12 msec and 2.3±0.7%, respectively,
for primes; nO±9 msec and 5.3±0.9%, respectively,



450 McNAMARA, ALTARRIBA, BENDELE, JOHNSON, AND CLAYTON

TAYLOR KLINE

• •
HAMILTON

• •IN GALLS

GRANT

•

CARROL

•HANSFORD
MAYWOOD •

•
REMINGTON

• •LYONS

WOODRUFF

•
PEARSON

•

•WILSON

DAMEN LIBRARY

PETERSON. • AN~LEY

•FISHER

LANE

•
APPLEBY •

LlNBROOK

•
•HURLEY

•MURPHY

• •BECK FULLER

• RILEY

•DOBBS
•
SIMMONS

WARREN HALL •
• WILMONT

•SHERMAN

•CORBY

•MIDDLETON

ASHLAND

•

•NICHOLSON

GAVETT

•

•FRANCIS

•SEABURY

•
COFFMAN

Figure 2. A replica of the map learned by subjects in the Map group of Experiment 4. "Sher
man" and "Kline" in Figure 2 correspond to "McGugin" and "Hemingway" in Figure 1.

for foils; and 745 ±20 rnsec and 4.1 ± 1.1%,respectively,
for fillers. The mean latency for errors was 753±42 msec.

GENERAL DISCUSSION

The results from these experiments indicate that spa
tial priming does not occur when subjects' memories are
probed for the presence or absence of buildings on their
campus, unless the task requires the subjects to use their
knowledge of the locations of buildings. This finding prob
ably explains why Merrill and Baird (1987) did not fmd
clear evidence of purely spatial priming in their experi
ments: The task used by Merrill and Baird did not require
subjects to use spatial knowledge. This dependency of spa
tial priming on the items used as foils parallels, in cer-

Table 1
Mean Response Latencies (in msec) and

Error Rates (%) in Experiment 4

Close Far

~ ER ~ ER

Campus/Fictional-Foil 650 5.4 665 5.8
Campus/Peabody-Foil 808 885
Map 621 1.7 649 2.1

Note-e-Rl. = response latency. ER = error rate. Error rates were not
available for the Campus/Peabody-foil group (see Note 5).

tain respects, the dependency of priming in lexical deci
sions on the nonwords used as distractors (e.g., Davelaar,
Coltheart, Besner, & Jonasson, 1978; McNamara &
Healy, 1988; Shulman & Davison, 1977; Shulman, Hor
nak, & Sanders, 1978).

The findings reported here are surprising in the con
text of research on memory for experimentally learned
environments, which has demonstrated repeatedly that
spatial priming occurs even when the task does not re
quire subjects to use their knowledge of spatial relations.
As noted earlier, this paradox can be resolved by examin
ing differences between experimental and natural spatial
learning. When people learn a spatial layout or a map in
an experiment, the initial memory representation is a
highly contextualized, unitary representation of object
identities (e.g., name codes or interpreted images) and
locations. Consequently, subjects cannot retrieve the name
of an object without also retrieving the location of that
object. One result of these interdependencies is that ob
jects close to each other in a spatial layout and, conse
quently, "close" to each other in memory, prime each
other in recognition tests, even though the recognition task
does not require subjects to retrieve knowledge about these
spatial interrelations. However, when spatial environ
ments are learned over long periods of time and objects
in those environments are experienced in different con-



texts (Evans & Pezdek, 1980), the identities and the lo
cations of objects become dissociated, possibly leading
to multiple internal representations. A consequence of
multiple sources of familiarity, or multiple internal
representations, is that names of buildings can be retrieved
from memory without activating spatial knowledge.

The interdependence of item and location information
in memory has been investigated quite extensively (e.g.,
Mandler, Seegmiller, & Day, 1977; Park & Mason, 1982;
Pezdek, Roman, & Sobolik, 1986; Rothkopf, 1971; Salt
house, 1974; Schulman, 1973). This research has ex
amined whether or not locations of objects are encoded
automatically in tasks that require memory for object iden
tity. In a prototypical experiment, subjects are asked to
remember the identities of objects in a spatial array, but
are later tested on their memory for the objects' locations.
This research indicates that locations of real objects are
encoded automatically, but that locations of words and
text mayor may not be so encoded, depending on the sit
uation (Pezdek et al., 1986).

These results seem to contradict those of the present
experiments. In the present study, subjects retrieved item
and location information independently from their
memories of a campus, but they could not retrieve this
information independently from their memories of a map.
This tension may be more apparent than real. First, all
of our research has examined intentionally learned spa
tiallayouts; even the learning of a campus is intentional,
although it may take place over a relatively long period
of time. We suspect that under intentional learning con
ditions, subjects always encode item and location infor
mation together, regardless of whether the items are ob
jects or words (e.g., McNamara, 1986). As stated above,
the difference between naturally acquired and experimen
tally acquired spatial memories exists in the "decontex
tualization" that takes place in the former but not in the
latter. Second, there is an important conceptual differ
ence between memory for absolute spatial position and
memory for relative spatial position. To our knowledge,
only the former has been examined in the work on item
and location memory; however, it is probably the latter
that is responsible for spatial priming effects in recogni
tion. In sum, we view these two lines of research as com
plementary rather than as contradictory. Future research
is certainly needed to clarify these issues.

One might be tempted to assign memories of experimen
tally learned environments to one memory system, say
"episodic," and memories of naturally learned environ
ments to another memory system, say' 'semantic" (e.g.,
Tulving, 1983). We prefer to think of these types of
memories as endpoints on a developmental continuum
rather than as qualitatively different types of memory.
This view leads naturally to longitudinal investigations of
spatial memories as they move from contextualized states
to decontextualized states. Research along these lines
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would be informative about the development of spatial
memory. Perhaps more importantly, however, such re
search might tell us about how our experiences in space
and time eventually become knowledge of the world.
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NOTES

I. Merrill and Baird's (1987) procedures guaranteed that their sub
jects were familiarwith the buildingsbut did not guaranteethat the sub
jects knew the relative locations of buildings. Spatial priming depends
on both of these factors.

2. SED = standarderror of the difference. Statisticaltests of distance
effects were directional. One-tailed tests were appropriate given our
previous research on similar problems.

3. Due to an oversight, McGill and its new close prime Tolman were
bothdormitories.When this itemwas excluded,meanswere 1,083 msec
for the closecondition and 1,191 msecfor the far condition [t(25) = 1.66,
P = .055]. Thus, the size of the distanceeffect is essentially the same
(lOS vs. 111 rnsec) reganlless of whether thisitemisexcluded or included.
The slight reductionin statistical reliability is to be expected given that

this item accounted for 26 out of the 279 latencies analyzed in Ex
perirnent3.

4. We considered having naive subjects learn the locationsof actual
buildingson the campus. We quickly rejected this idea, however, when
we discoveredthat visitingevery buildingon campusrequiredabout3 h.
Given that subjects typically need about four trials, on the average, to
learn locationsof real objects in large spatial layouts (e.g., McNamara,
1986),the learning phaseof suchanexperiment wouldrequire about12 h.
In addition, in previousstudies, we found no differencesin thestructure
or thecontentof spatialmemories acquired from maps as opposed to navi
gation(McNamara, 1986; McNamaraet al., 1989). Differences thathave
been found have been limited to orientationjudgments and to route (but
not Euclidean) distanceestimation (Evans & Pezdek, 1980; Thorndyke
& Hayes-Roth, 1982). For these reasons, the Map group was probably
adequate for the purposes of this experiment.

5. Becauseof a problemin the program used for stimuluspresentation
and data collection, responses were not recorded for the Carnpus/P group.
Thus, we could not determinewhetheror not these subjectsmade an er
ror on a given trial. To make the resultsfrom the three groupsas parallel
as possible, we decided to present the results for all three groups with
errors included in the mean response latencies. The results for the
CampuslFand Mapgroupsdid not changewhentheerrors wereexcluded.

6. The upper, outer fence is equal to the 75th percentile + [3 X

(75th - 25th)].

APPENDIX A

Materials Used in Experiments 1 and 2

The first six targets were paired with their far primes on List 1 and with their
close primes on List 2. The second six targets had the opposite assignments.

Targets Close Primes Far Primes

McGill West Side Row Owen Graduate School
Fine Arts Vanderbilt Hall Underwood
Neely Alumni Hall Wesley
Furman Law School Stevenson Center
Garland Divinity School Langford
Benson Calhoun Olin

McTyeire University Club Owen Graduate School
Cole Sarratt Underwood
Rand Buttrick Wesley
Kirkland Barnard Stevenson Center
Branscomb Memorial Gymnasium Langford
Heard Library Godchaux Olin

Fillers Foils

McGugin Dreyfus Landau
Parmer Hoch Coolidge
Alexander Suffolk Hall MacGregor
Mims Stratton Lowell
Currey Hermann Burton Center
Reinke Sloan Hayden Library
Hemingway Fraser Kresge
Bryan Sterling McCormick
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APPENDIX B
Materials Used in Experiment 3

The first six targets were paired with their far primes on List I and with
their close primes on List 2. The second six targets had the opposite as
signments.

Targets

McGill
Fine Arts
Rand
Furman
Branscomb
Benson

McTyeire
Cole
Neely
Kirkland
Garland
Heard Library

Fillers

Close Primes

Tolman
Vanderbilt Hall
Buttrick
Law School
Memorial Gymnasium
Calhoun

University Club
Sarratt
Alumni Hall
Barnard
Divinity School
Godchaux

Foils

Far Primes

Owen
Underwood
Wesley
Stevenson
Langford
Olin

Owen
Underwood
Wesley
Stevenson
Langford
Olin

McGugin
Parmer
Alexander
Mims
Currey
Reinke
Hemingway
Bryan

Cohen
Gillette
Garrison
West Hall
Payne
Education Library
Mayborn
Darcee

VIPPS
Stallworth
Social-Religious
Hobbs
MRL
Confederate Hall
Hill Student Center
North Hall

(Manuscript received April 7, 1987;
revision accepted for publication October 31, 1988.)




