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Methods of evaluating performance
on spatial memory tasks

MATTHEW J. SHARPS and EUGENE S. GOLLIN
University of Colorado, Boulder, Colorado

Methods of evaluating adult spatial memory performance were examined in two spatial memory
tasks. Displacement scores were shown to exhibit mathematical difficulties. A comparison was
made of several measures of spatial memory performance that are mathematically adequate for
parametric analysis. These were found to correlate with each other at very high levels. It was
concluded that, provided the measure used in any given study of spatial memory satisfies the
assumptions on which the statistics to be used are predicated, a variety of satisfactory measures
of spatial memory can be employed, and that the criterion as to which should be used may de-
pend primarily upon considerations germaine to the specific research problem at hand.

Memory for spatial locations has become a focus of re-
cent study (e.g., McCormack, 1982; Moore, Richards,
& Hood, 1984; Park, Puglisi, & Lutz, 1982; Waddell &
Rogoff, 1981). In a spatial memory task, a subject gener-
ally learns where items are located in a particular space,
which might be a map, a three-dimensional array of some
kind, or a larger scale environment such as a room, and
then is asked to indicate where he or she remembers the
items to have been. A variety of measures has been used
to evaluate spatial memory performance. However, none
have proven entirely satisfactory.

One popular measure has been the displacement score
(e.g., Pezdek, 1983). This score is obtained by measur-
ing the distance between the position occupied by the to-
be-remembered item during study and the locus of place-
ment by a respondent during recall. For example, if a sub-
ject remembers Item A as having been three units (feet,
centimeters, squares on a chess board, etc.) from its ac-
tual position, and Item B as having been eight units from
its actual position, then that subject’s displacement score
for Items A and B is the sum of the displacement units
for A and B, 34+8=11. Unfortunately, this measure is
not completely compatible with the more commonly used
statistical methods. Let us consider a 25-item spatial
memory task. At recall, Subject I places each of the
25 items one unit' from its correct position. Subject II
places 20 items correctly, but places each of the last 5
items five units from its correct location. Each of these
subjects receives a displacement score of 25. However,
one is hard-pressed to demonstrate that placing each of
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5 items five units from veridicality is equivalent in any
meaningful sense to displacing each of 25 items by one
unit. Therefore, displacement scores cannot be said to be
metric in nature. )

One of the basic requirements of the analysis of vari-
ance (ANOVA), the statistical method used in most re-
cent studies of spatial memory (e.g., Light & Zelinski,
1983; Pezdek, 1983), is that the data be metric; data must
be interval or ratio as opposed to ordinal or nominal. Since
displacement scores cannot be demonstrated to possess
the characteristics of interval or ratio data, ANOVA, ap-
plied to raw displacement scores, is potentially trouble-
some. In using the ANOVA on raw displacement scores,
one is forced to trust in the relative insensitivity of
ANOVA to mathematical departure from its basic assump-
tions. This could prove hazardous, because the robust-
ness of the ANOVA is not infinitely elastic, and there is
always a risk in relying on the untested assumption that
any given analysis of displacement scores does not strain
the mathematical plasticity of ANOVA. One could, of
course, employ a variety of data transformations to en-
sure distributional compatibility with the ANOVA.
However, if untransformed scores are of interest, the only
viable alternative is to resort to the use of nonparametric
methods, with the corresponding loss in statistical power
that this generally entails (Winer, 1971).

Another method of evaluating spatial memory perfor-
mance is to employ several kinds of scores possessing con-
struct validity for the task, and then to make statistical
comparisons among them (e.g., Light & Zelinski, 1983).
The advantage of this approach is that one can choose ra-
tio or interval measurement scales that are amenable to
the ANOVA. However, if one employs separate univari-
ate analyses to make statistical comparisons with more
than one measure, the probability of erroneously finding
a statistically significant effect mounts alarmingly (Harris,
1975). Multivariate methods are of course the treatments
of choice in such cases, and are widely recommended in
cases where several variables are to be compared (e.g.,
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Harris, 1975; Kerlinger & Pedhazur, 1973). Hummel and
Sligo (1971) advocated a multivariate analysis of data fol-
lowed by separate univariate analyses as the optimal ana-
lytic scheme in cases of multiple measures. However,
multivariate methods pose several problems of a practi-
cal nature. In isolation, multivariate measures of statisti-
cal significance have been found to be very conservative
(Hummel & Sligo, 1971). Multivariate analyses also re-
quire considerable quantities of computer time, as well
as excursions into matrix algebra and relatively complex
methods of interpretation. A simple univariate measure
of spatial memory performance, if a highly representa-
tive one could be found, would be simpler, less costly,
and generally more convenient. In the present study, we
evaluated several measures which possess good construct
validity for the evaluation of spatial memory, and which
do not violate the mathematical requirements of the
ANOVA.

METHOD

Subjects

Sixteen young adults with a mean age of 21 years (range 18-35 years)
were recruited from the University of Colorado subject pool. Sixteen
active, healthy elderly adults (mean age 78 years, range 68-84) also were
recruited. Two age groups were employed to determine the generality
of findings across age.

Materials

Two tasks, one large-scale and the other small-scale, were employed;
this was intended to allow evaluation of the general applicability of poten-
tial results in markedly different task situations. One of these tasks em-
ployed an *‘environment’’ room in which subjects in the ‘‘environment’’
condition studied object locations. The environment was constructed
ina7 X 9.75-m classroom. File cabinets, piles of boards, tables, large
equipment-storage lockers, and piles of carpet were organized into struc-
tures and placed around the room. Thirty small, common objects were
placed in the room, on or near the structures.

Four sets of white cardboard cards, 4-cm square in size, were pre-
pared. There were 30 cards in each set, each card bearing the name
of one of the 30 stimulus items. These cards were used to test spatial
memory in the environment condition.

A /s scale schematic map, hereafter called the ‘‘study map,”” was
drawn of the environment. A 1/, scale map (the ‘‘test map’’) was also
drawn and reproduced on 21.6 X 27.94-cm paper. The study map served
as the stimulus array in the second task, the small-scale map task, and
the test map was employed in testing spatial memory in this task.

Procedure

Subjects were tested for visual acuity. In the environment study con-
dition, one of two presentation conditions (there were 8 young and 8
elderly subjects in each presentation condition), subjects were told that
they would be taken into a room and shown a number of common ob-
jects. They were told to remember where the objects were placed in
the room. The experimenter then led the subjects, 4 at a time, on a cir-
cuitous tour of the environment [participation in groups, as opposed to
individual participation, made no difference to performance within this
paradigm (Sharps & Gollin, 1986)]. The experimenter stopped at each
of the 30 locations, pointed to the object at the given location and named
it, waited 5 sec, and continued to the next item. At the conclusion of
the tour, the subjects were led out of the room. Meanwhile, all of the
to-be-remembered objects were cleared out of the room, and the sub-
jects were led back to the room 2 min after having left it. They were
then told that they would be given one card at a time, that the card would
bear the name of one of the objects they had seen, and that they were
to place each card, with the name facing down (to prevent other sub-
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Jects from seeing it) at the location where they had seen the object named
on the card. On the back of each card in a subject’s deck was a deck
number (1 through 4) so that the responses of individual subjects could
be scored appropriately. Four different orders of cards were used, to
prevent subject convergence on the same spatial location at the same time.

In the map study condition, the other presentation condition, groups
of subjects were informed that they would see a map on which a num-
ber of objects were pictured, and that they were to remember where
these objects were located (the instructions were as identical as possi-
ble to those used in the environment condition). Subjects were then led
into a room in which the 1/ scale study map was displayed on a table.
The experimenter pointed to the drawings of objects on the map in the
same order used to point out the objects in the environment, naming
them and waiting 5 sec between item presentations. (Previous research
indicated that there was no intrinsic difference in memorability between
the objects of the environment condition and the drawings of the map
condition.) At the conclusion of the map study period, the study map
was removed. Subjects began the spatial memory task 2 min after the
conclusion of the presentation. Each participant was given a /47 scale
test map, identical to the study map except in size. The experimenter
then presented one of the sets of cards, one card at a time, to each sub-
ject. The subjects placed an ‘“X’” on the map in the precise location
where they thought the object named on a given card had been, and
then wrote the name of the item believed to have been there beside the
“*X.”” Five seconds elapsed between the presentation of consecutive
items. After this procedure, the test maps were collected.

Four kinds of memory scores were analyzed. The first of these, the
target score, was a measure of precise memory for object location. If
an item was placed within 30 cm of its veridical position in the environ-
ment, or within 1.8 cm of its correct place on the map (these distances
were to scale relative to one another), it was counted as correct. A sim-
ple count of these target placements for each subject constituted the tar-
get score.

The second most precise measure, the first quadrant measure, counted
those item placements that occurred in the correct 14 section of the
environment or the map. The least precise measure, the second quad-
rant score, counted those placements that were within the appropriate
quarter of the map or environment.

The fourth measure taken was the structure score. This was based
on the idea that subjects might use a structure, as discussed above, as
a cue or group of cues to assist in remembering where an item located
on or near it might be. If an item was placed by a subject on the correct
structure, it was counted as a point on the subject’s structure score,
regardless of the quadrant in which it occurred; several structures over-
lapped into more than one quadrant.

RESULTS

The effects of age and task type (map or environment)
on memory performance are reported elsewhere (Sharps
& Gollin, 1986). Pearson product-moment correlations
were applied to the four measures of spatial memory
described above (see Table 1). All correlations between
the four measures were significant (p < .001). No ef-
fects of age, task type, or gender were significant on this

Table 1
Pearson Correlation Coefficients of the
Four Measures of Spatial Memory

Score
Target Ist Quadrant 2nd Quadrant
Ist Quadrant Score 9719 — —
2nd Quadrant Score 19422 .9748 —
Structure Score 9937 9711 9338

Note—All correlations were significant: p < .001.
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pattern, and within age group, task type, and gender, all
correlations among the four measures remained signifi-
cant (p < .001).

DISCUSSION

Precise measures of spatial memory, less precise measures, and mea-
sures based on association of to-be-remembered items with cues in the
space under study correlate very highly with one another. Task type,
age, and gender have no detectable effects on the pattern of correlation
reported, indicating that any of the four kinds of scores examined would
be an adequate measure of spatial memory, in that all four measures,
having apparently high construct validity, also possess high concurrent
validity as demonstrated by their strong intercorrelation. Although, for
typical research purposes, the target score would seem to be the most
convenient and useful measure of the four, any of these measures might
therefore be used representatively as a mathematically tenable univari-
ate measure of performance in any of the usual task frameworks em-
ployed in the analysis of spatial memory. Within task frameworks which
differ radically from the typical kind of task discussed, however, an
adaptation of the recommendations of Hummel and Sligo (1971) ap-
pears advisable. In such cases, multivariate and correlational analyses
of the measures employed, followed by univariate analysis of the target
score or other score specifically germaine to the problem at hand, should
minimize errors arising from misapplication of scoring procedures to
the evaluation of spatial memory.
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