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Recognition memory of spatial location
information: Another failure

to support automaticity

MOSHE NAVEH-BENJAMIN
Ben-Gurion University of the Negev, Beer-Sheva, Israel

Hasher and Zacks (1979) claimed that spatial location information is automatically encoded.
Evaluation of the empirical basis for this claim, however, casts doubt on some of the evidence
for the automaticity position. This evaluation led to four experiments in which five criteria for
testing the automaticity of cognitive processes were examined using a recognition task. Results
of these experiments clearly show that recognition memory for spatial location information is
influenced by intention, age of subjects, competing task loads, practice, and individual differ­
ences. The reported results, which extend those reported by Naveh-Benjamin (1987) for spatial
location recall memory, are at odds with the claim that memory for spatial location information
is exclusively mediated by automatic encoding processes. The concept of automaticity and the
appropriateness of the criteria suggested for testing the automaticity of cognitive processes are
discussed in light of the current results and recent findings on other features ofthe environment
(e.g., frequency of occurrence) previously claimed to be automatically encoded.

Many studies in recent years have been conducted to
identify automatic processes in cognition and to specify
the details of their operation. Hasher and Zacks (1979)
and their colleagues have argued that some basic operat­
ing characteristics of the information processing system
support the inevitable memory encoding of some fun­
damental aspects of experience. Among them are fre­
quency of occurrence, spatial location, and temporal order
information. According to these researchers, these aspects
continually register in memory at an optimal level.

Hasher and Zacks (1979) suggested six criteria that must
be jointly satisfied to establish that a process, aspect, or
attribute of experience is automatically encoded. Accord­
ing to these criteria, encoding of frequency, temporal
order, and spatial location information should not be af­
fected by intention, age, and simultaneous processing de­
mands, or by practice and individual differences. The
aspect of the environment most studied for its automatic­
ity is the frequency with which events occur. Hasher and
Zacks, among others, have amassed evidence about all
the above-mentioned criteria for frequency coding. As a
result, until recently, the claim for the automaticity of en­
coding frequency of occurrence seemed to have solid sup­
port (Hasher & Zacks, 1984).

Two other aspects of the environment-spatial location
and temporal order information-were thought to be en-
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coded automatically, although they were not as thoroughly
investigated as frequency of occurrence. Although Hasher
and Zacks (1979) relied on a number of studies to sup­
port their automaticity claim for spatial location informa­
tion, which is the focus of this paper, a careful look re­
veals that the results of some tests of criteria for
automaticity are rather ambiguous, whereas other crite­
ria have not been studied at all. In addition, results of a
recent study (Naveh-Benjamin, 1987) were clearly not in
line with the automaticity position. In the following sec­
tion, some of the evidence about tests of the various cri­
teria for automaticity of the encoding of spatial location
information is reviewed.

Effects of Intention
A typical study cited by Hasher and Zacks (1979) for

the criterion of no effect of intention is that by von Wright,
Gebhard, and Karttunen (1975). These investigators
presented subjects with a series of four-picture arrays and
asked them to recall the pictures and the quadrant in which
they were presented. Prewarning about the spatialloca­
tion test did not affect performance. This study, however,
is characterized by the problem that the incidental learn­
ing instructions used, in which subjects were told to ex­
pect a test on item information, were not the appropriate
ones.

It has been argued recently in the context of frequency
judgments (Fisk & Schneider, 1984; Greene, 1984;
Naveh-Benjamin & Jonides, 1985, 1986) that giving in­
structions to pay attention and to expect a test on item
info'rmation is inappropriate in establishing incidental
learning of the memory attribute (frequency of occurrence
in the above cases and spatial location information in the
present case). With such instructions, subjects still pay
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attention and try to remember the information, so they
might be using various strategies, including some in which
spatial location of the objects is used to remember the
items. As a consequence, such instructions cannot lead
to a condition that is truly incidental. Therefore, compar­
ing an incidental condition with an intentional condition
(in which subjects are told that memory for both the items
and their spatial location will be tested later) would not
necessarily provide information about the effect of inten­
tion on memorizing the attribute. Instead, it was argued
that, in addition to an intentional learning condition, a true
incidental learning condition should be used in which sub­
jects do not expect any memory test on the information
presented, so that their learning could be considered truly
incidental.

Some studies testing the effect of intention have shown
either no effect (e.g., Zechmeister, McKillip, Pasko, &
Bespalec, 1975; McCormack, 1982) or an advantage of
incidental over intentional learning (Schulman, 1973). All
these studies, however, suffered from the use of inap­
propriate incidental learning conditions, as mentioned
earlier.

Two studies, one by Mandler, Seegmiller, and Day
(1977) and the other by Herman, Kolker, and Shaw
(1982), actually claimed no effect of intention when us­
ing a true incidental learning condition. The results of
these studies, however, present several problems.
Although Mandler et al., claimed only "small loss" in
memory for spatial location information under true in­
cidental instructions, the results of both their experiments
indicated that the performance of subjects run under such
instructions was noticeably below that of subjects run un­
der intentional instructions. Moreover, in their second ex­
periment, subjects run under true incidental instructions
performed significantly lower on the spatial memory task,
in comparison with all other subjects.

The study by Herman et al. (1982) allowed the subjects
a long time to study the stimuli, which might have induced
the use of learning strategies even for the incidental
learners. In addition, there was no lag between learning
and testing. This might have prevented subjects in the in­
tentional condition from employing various organizational
and rehearsal strategies. Other studies actually have
reported an advantage of intentional over incidentalleam­
ing instructions (e.g., Acredolo, Pick, & Olsen, 1975;
Park & James, 1983; Park & Mason, 1982; Park, Puglisi,
& Lutz, 1982). All of these studies, however (except the
one by Acredolo et al.), involved tasks that produce con­
siderable interference because the same locations are oc­
cupied by different items on successive presentations (see
Light & Zelinski, 1983).

Effects of Age
No definite evidence for the automaticity position

emerges from the studies that investigated the effect of
age on memory for spatial location information. Although
at least one study (Mandler et al., 1977) showed no clear
differences between children and adults (despite some

differences between the groups of children as a function
of their ages), other studies have shown developmental
patterns in children (Park & James, 1983) and changes
between childhood and adulthood (von Wright et al.,
1975). Still others have found that adults performed bet­
ter than elderly persons in spatial location memory tasks
(e.g., Light & Zelinski, 1983; Park et al., 1982; Perl­
mutter, Metzger, Nezworski, & Miller, 1981; Pezdek,
1983; Waddell & Rogoff, 1981). It should be noted that
neither type of material used nor number of spatial loca­
tions tested can account for these discrepant results. With
one exception (Park et aI., 1982), no study showed an
effect of the interaction between age and learning instruc­
tion. The lack of an interaction effect may be looked at
as supporting the claim for a lack of qualitative differ­
ences in the use of effective strategies by the various age
groups.

Effects of Simultaneous Processing Demands
Most of the evidence bearing on automaticity comes

from studies of the effects of competing task demands.
Both theoretically and empirically, various investigators
have argued that insensitivity to competing task demands
is the hallmark of automaticity (Jonides, 1981; Naveh­
Benjamin & Jonides, 1984, 1986; Posner & Snyder, 1975;
Schneider & Shiffrin, 1977; Shiffrin & Schneider, 1977).
The claim is that if an automatic process is assumed to
require minimal mental capacity for its operation, simul­
taneous performance of a task with the automatic process
should not affect the operation of the process.

A number of studies have used a dual task in the con­
text of the encoding of spatial location information; the
results of these experiments are mixed. For example, Park
and Mason (1982) compared the performance of subjects
who were instructed to memorize both item and location
information with the performance of subjects who were
asked to remember item information only. The results
showed no decline in memory for item information by
subjects who were asked to remember both item and spa­
tiallocation information. These results appear to support
the claim that attending to spatial location information does
not require capacity, since there was no trading of item
information for attribute information.

Park and James (1983) claimed that one reason for not
fmding such a trade-off was due to the relatively low task
demands in Park and Mason's (1982) study. In support­
ing this position, they cited Park et al. (1982), who
showed that using aged subjects, for whom task demands
are apparently more difficult, resulted in a trade-off be­
tween item and spatial location information (see also
Schulman, 1973). However, other studies that useda simi­
lar paradigm with children, for whom task demands
should also be significant, have not shown a decline in
item information under instructions to attend to both item
and spatial location information (Mandler et al., 1977;
Park & James, 1983).

The results of all these studies are troublesome for two
main reasons: First, it very possibly may be that item in-



formation is mediated by accessing information about the
spatial location of the item (Lovelace & Southall, 1983),
so one should not particularly expect that preparation for
a spatial location test of the items themselves would im­
pair item information performance. Second, there is no
direct way of scaling the amount of cognitivedemand in­
duced by the different kinds of test preparation.

In summary, beyond showing mixed results, studies
concerned with the effect of simultaneous processing on
the encodingof spatial location information have not op­
timally tested the effect of competing demands.

Effects of Practice
Training for processing automatically coded infonna­

tion is not expected to improve performance, There have
been no studies to date, however (except the one by
Naveh-Benjamin, 1987, to be discussed later), that have
tested explicitlythe effect of practice on memory for spa­
tial location information.

Effects of Individual Differences
Differences among people, such as in motivation, in­

telligence, prior relevant knowledge, and educationalat­
tainment, should not affect the automatic coding of in­
formation of spatial location. As in the caseof the criterion
of practice, no reported studies have directly tested this
criterion in the context of automaticityof spatial location
coding.

The above review makes it quite clear that the support
for automaticencoding of spatial location information is
far from solid. Some studies that seem to support the
automaticity position have not used appropriate metho­
dologies in testing the various criteria. For other criteria
(e.g., effects of age), the results of the various studies
conflict. In addition, some criteria have not been tested
at all.

A recent study by Naveh-Benjamin (1987), in which
the methodological problems mentionedabove were cor­
rected, actually tested all the criteria for automaticity of
encodingof spatiallocationinformation. Naveh-Benjarnin
employeda task similar to the one used by Mandler et al.
(1977), in which subjects were shown a matrix of 3610­
cations, 20 of which contained to-be-remembered items
(small objects). In Experiment I, recall memory for spa­
tiallocation information was significantly better under in­
tentional than under pure incidentallearning instructions.
In addition, it was better in the adult group than in the
elderlyone. In Experiment 2 of Naveh-Benjarnin's study,
subjects who were involved in a more difficult concur­
rent task while studying the spatial location information
had significantlypoorer recall memory for location than
subjects who studied it under an easier concurrent task.
Results of another experiment showed recall memory for
spatial location to be significantlyaffected by the amount
of practicein the task. Finally, individual differences were
shown to playa significantrole in recall memory for spa­
tial location.
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The above results were obtained for measures of abso­
lute location(percentage correct and mean absolutedevi­
ations of judged locationin relationto presentedlocation)
and of relative location(both horizontaland vertical rela­
tive positioning of each object in respect to others). These
results, which do not satisfy the criteria for automaticity
suggestedby Hasher and Zacks (1979, 1984),are at odds
with the claim that memory for spatial location is exclu­
sively mediated by automatic encoding processes.

However, as Naveh-Benjamin (1987)noted, the results
of his study, as well as other recent failures to discover
automaticprocesses (e.g., frequency judgments: Greene,
1984, 1986; Naveh-Benjarnin & Jonides, 1985, 1986;
Sanders, Gonzalez, Murphy, Liddle, & Vitina, 1987)
could be attributed, at least partially, to the inappropri­
atenessof the unitof analysis. It is quiteobviousthat there
are many processes involved in memorizingspatial loca­
tion information. The recall task used in the Naveh­
Benjamin(1987)study was quite complexin that subjects
were asked to reconstruct the whole matrix of objects by
placing each object in its original position. Such a task
might involve several processes at retrieval, such as
searching memory for location information, retrieving
several items first, and then reconstructing the locations
for the other items. Some of these processes might be ef­
fortful (strategic) so that even thoughencoding of spatial
location is automatic, the use of a recall task might cover
it. This mightbe especially true for the criteriaof develop­
mental changes and individualdifferences, since there is
evidence that elderly subjects show deficits in tasks re­
quiring active retrieval (Burke & Light, 1981; Craik,
1985). Similarly, individual differences in recall of spa­
tiallocation (Naveh-Benjarnin, 1987)mightbe the results
of differencesbetween individuals in retrieval rather than
in encoding processes.

To increase the likelihoodthat the hypothesis evaluated
is about the automatic encoding of spatial location infor­
mation, the following four experiments employeda sim­
ple recognition test of spatial location in which subjects
had to judge which of the objects were presented in their
original spatial location. Such a test, in which some of
the objects presented in their original positions could
reestablishthe encodingcontext, minimizes the effects of
active search on the retrieval task and probably requires
less strategic processing. Five criteria for automaticity
were evaluated to determine whether or not spatial loca­
tion information is encoded automatically.

EXPERIMENT 1

In Experiment I, the effects of knowledgeof intention
and age of subjects on recognitionmemory of spatial 10­
cation were evaluated.

Method
Subjects. Sixty-eight subjects participated in Experiment 1.

Thirty-four were students at Ben-Gurion University of the Negev,
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who participated in this experiment as part of the curriculum re­
quirement. They ranged in age from 19 to 32 (median = 24). The
other 34 subjects were community-dwelling elderly people, all of
whom were 65 years of age and older (median = 70). According
to self-reports, all of the elderly were in good physical and mental
health. The majority of this group lived with their spouses. The
meannumber of formal years of schoolingwas 12.3 for the elderly
group and 12.7 for the younger group.

Design.Theexperiment consisted of two phases. DuringPhase 1,
subjectswere presentedwitha 6 X 6 matrixof locations, 20 of which
contained to-be-remembered items (see Mandleret al., 1977). One
variable in the experiment was the intention to learn: half of the
subjects (the incidental learning conditiongroup) were told to rate
each object in terms of its everyday usefulness. They were led to
believe that this information was needed for further research and
were told nothingabout the subsequentmemorytest. The other half
(the intentional learning condition group) were told about the rat­
ing task and were forewarnedthat a recognitionmemorytest would
be given for the objects' spatial locations. The cover story was
provided to subjects in this intentional learning condition as well,
so that prior knowledgeabout the spatial location test could be the
variable to distinguish between the groups (see Eysenck, 1982).

The other variable in the experiment was subjects' age, young
or old. Half of each age group was assigned randomly to each of
the learning instruction conditions. These two variables resulted
in four groups of 17subjectseach, since the design was completely
between subjects. Phase 2 of the experiment consisted of a spatial
location recognition test given to all subjects.

Materials. Twenty drawings of common objects were used as
stimuli. They were pretested amonga large setof objectsandchosen
to be easily identifiable. No more than two objects belonged to the
same conceptual category.

For the learning phase, a page containing a matrix of 36 loca­
tions (each approximately 8 cm square) was generated in six rows
and six columns. From this set of locations, several sets of 20 lo­
cations were randomly selected, with the restrictions that no more
than 4 occur in any given row or column and that 5 occur within
each quadrant of the matrix. The 20 drawings were then randomly
assigned to the 20 locations, which varied from subject to subject,
so that each item occupiedeach location in the matrix equallyoften
in each of the four conditions of the experiment. For the recogni­
tion test phase, 10 of the objects were relocated in the following
manner: 4 were moved one position, 4 were moved two positions,
and 2 were moved three positions (all changes were in Euclidean
distance). Halfof the relocated objectsfor eachdistance were moved
to previously unoccupiedpositions. The resulting overall distribu­
tion of occupied locations was fairly similar to the original one.
The other 10 objects were left in their original positions.

Procedure. The young subjects were tested in groups of 3-5.
The older subjects were tested individuallyto decrease anxiety and
to allow more time for Phase 2 and for any further clarifications
needed.

Thesubjectsin each group were read the appropriateinstructions.
They were then exposed to the array for 90 sec, during which time
they were to look at each object and rate its usefulness by writing
a number from 1 (not useful at all) to 5 (very useful) near it. Start­
ing with any object at will, they were asked to rate all objects,
withoutexception, whichall did. In the intentionalgroup they were
told to study the spatial location of each object while completing
the rating task. The time allowed was sufficient for all subjects.
Following this phase, the experimenter engaged the subjects in ap­
proximately 3 min of conversation before Phase 2 of the experi­
ment began.

The subjects were then given the instructions and materials for
the test phase. In this phase they were given the test matrix and
were told that the location of 10 of the objects was changed, and
that their task was to mark the 10 objects whose location was the

same as in the originalmatrix. To assure an unbiasedcriterion mea­
sure, the subjects were specifically instructed to mark exactly 10
objects, which they did. No time limit was set for this phase,
althoughthe subjectscompletedthe task in a short time. After com­
pletion, the subjects were given a questionnaire about their under­
standing of the experiment, the extent to which they followed the
instructions, their expectations about the spatial location test, and
their motivation to perform well in the experiment.

Results and Discussion
There were no differences between the groups with

respect to understanding the instructions and motivation
to succeed. For each subject, the percentage of objects
correctly recognized in their original spatial locations was
calculated. The resulting group means are presented in
Table 1. Those subjects in the intentional learning groups
performed better, and the younger subjects performed bet­
ter. 1 These differences were confirmed in a two-way anal­
ysis of variance (ANOVA) that showed the effects of
learning instructions and age to be significant [F(1,64)
= 18.22 and F(1,64) = 36.23, respectively]. (An alpha
level of p < .05 is used for all tests reported in this arti­
cle.) However, the effect of the interaction of the two vari­
ables was not significant [F(1,64) = 0.001, MSe =
155.5]. The results are clear: Memory for spatial loca­
tion information is influenced by the intention of the sub­
jects, and it declines in old age."

It should be noted that the effect of learning instruc­
tions was probably due to differences in encoding the in­
formation since this manipulation was done in the encod­
ing (learning) stage. The results for age showed the same
age deficits as those reported by Naveh-Benjamin (1987)
for a recall test even when a recognition test requiring
less active retrieval was used. This, in tum, could indi­
cate the influence of encoding processes on the age differ­
ences obtained.

These results fail to confirm two major criteria offered
for the identification of automatic processes; this leads
one to question the suggestion that encoding of spatial 10­
cation might be mediated by an automatic process.

EXPERIMENT 2

The purpose of Experiment 2 was to test a third crite­
rion suggested for the identification of automatic
processes, the claim that such processes are not disrupted
by simultaneous processing demands. To test this crite­
rion in an optimal way, such a test should include a
primary task that requires attention to spatial location of
the various objects and a secondary task that varies in

Table 1
Percentage of Correct Recognition as a Function of Age

of Subj~ and Intention to Learn

Young Old

M SD M SD

Incidental 69.4 10.3 51.2 15.3
Intentional 82.3 12.0 64.1 11.2



difficulty. Effects of secondary task load on performance
of the primary task would establish an effect of compet­
ing demands. Furthermore, by varying secondary task
difficulty and finding an effect of this variation, one could
be confident that the interference of the secondary task
on the primary task was caused by more than "structural
interference" (see Kahneman, 1973; Posner & Boies,
1971). Thus, an experiment of this sort would be rele­
vant to the issue of whether spatial location coding meets
the criterion of insensitivity to competing load. (See
Naveh-Benjamin & Jonides, 1986, for a similar argument
in the context of coding of frequency of occurrence.)

The following experiment met this need. The subjects
were required to engage in a digit-counting task while
preparing for a recognition test of spatial location of ob­
jects. The load of the secondary task was varied by chang­
ing the difficulty of the counting task. In the light-load
condition, the subjects had to count backward by Is; in
the heavy-load condition, they were asked to count back­
ward by multiples of 13.

Method
Subjects. The subjects were 48 undergraduate students at the Ben­

Gurion University of the Negev, who participated as part of their
curriculum requirement.

Materials. The materials were identical to those of Experiment 1.
Procedure. Twenty-four subjects were assigned randomly to each

of the experimental conditions and tested in groups of 4-10. Be­
fore the study phase of the experiment, the subjects were told that
they would have to perform two tasks while being exposed to the
matrices with the objects. The first task was to pay attention to the
pictures of the objects in preparation for the upcoming spatial lo­
cation recognition memory test. The second task was to write down
a number near each object surveyed in the matrix, starting with
a specific number. The subjects in one group were told to count
backward by Is, starting with the number 1,423. The subjects in
the second group were told to count backward by 13s, starting with
1,548. (The starting numbers were chosen to yield the same aver­
age number-l,413-for both conditions.) The subjects in both
groups were asked to pay equal attention to the spatial location of
the objects and to the counting task at hand. After some practice
in counting, the subjects made practically no errors in the counting
task. The difficulty of the counting task was tested in a prelimi­
nary study, in which 16 subjects were asked to count backward as
fast as they possibly could by 1s or by 13s (order of the tasks was
counterbalanced) for 1 min. The mean number of digits counted
was 24.6 and 13.1 for the respective tasks. These differences turned
out to be significant [t(15) = 6.2]. The results assured us that the
difficulty of the counting tasks was as hypothesized. During the
study phase of the experiment, the subjects studied the objects of
the matrix while counting backward for 2 min. During pretesting,
we established this duration as sufficiently long for completing the
task in both conditions. All subjects indicated that they had looked
at all the objects presented and all finished writing one number near
each object reviewed, although the order in which the matrix was
surveyed varied across subjects. Following this phase and a 3-min
conversation period, the recognition test for spatial location was
administered as in Experiment 1.

Results and Discussion
As in Experiment 1 for each subject, the percentage of

objects recognized correctly in their original positions was
calculated. The resulting means across subjects in each
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group are presented in Table 2. The heavy task load
resulted in poorer performance. This trend was confirmed
by a t test that showed the differences between conditions
to be significant [t(46) = 2.39]. The results are clear: the
heavier the load of the competing task is, the worse the
recognition memory of spatial location. These results are
not consistent with the claim that spatial location coding
is automatic.

It should be noted that the effect of load was not due
to a decrease in the time left for processing of spatial lo­
cation information after the simultaneous counting task
was completed, as indicated by pilot studies in which
presentation time was manipulated from 60 to 120 sec un­
der intentional instructions with minor observable effects
on performance. Instead, the effects of load could bemore
directly attributed to either momentary decreased capac­
ity devoted to spatial coding or to less effective strategies
used with heavier competing demands.

EXPERIMENT 3

In Experiment 3 we focused on a fourth criterion of au­
tomatic processes, the lack of practice effect. To test the
influence of practice on the encoding of spatial location
information, a group of subjects was involved in two iden­
tical consecutive tasks requiring memorization of spatial
location information, and an evaluation was made as to
whether there were any practice effects. In the first task,
the subjects run under intentional learning instructions per­
formed without any previous experience in doing a simi­
lar task. After having the experience of encoding and
memorizing spatial location information in such a task,
they participated in a second, similar task. If the hypothe­
sis about the automaticity of encoding spatial location in­
formation has some merit, there should beno performance
improvement in the second task due to practice gained
in the first task. This manipulation of practice is quite
weak, since the observation of the effects on performance
takes place after a very brief practice regime. Neverthe­
less, the manipulation satisfactorily showed significant ef­
fects on performance.

Method
Subjects. Subjects were 21 students at Ben-Gurion University

of the Negev who participated as part of their curriculum re­
quirement.

Materials. Two sets of objects were prepared for use in the
matrix. One set included the objects used in the previous experi­
ments. The other was constructed according to the same guidelines
used for the first set; the objects chosen were equated to those used
in the first set in terms of their frequency in language, imaginabil­
ity, and semantic categorical affiliation.

Procedure. The subjects were run under intentional learning con­
ditions for both tasks. Half the subjects were randomly assigned
to use the first set of objects in the first task, and the other half
used the second set of objects in the first task. The subjects were
told to study the spatial location of the objects to prepare for an
upcoming spatial location recognition test for the objects. After
finishing the study and test of the first matrix, they were engaged
in 5-min conversation, after which they performed the same task
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with the second set of objects, using the same procedures as those
employed in the first task. The subjects were allowed 90 sec for
studying the matrix in each phase of the experiment.

Table 2
Percentage of Correct Recognition as a Function of Load
Condition (Experiment 2), Practice (Experiment 3), and

Students' Departmental Affiliation (Experiment 4)

GENERAL DISCUSSION

department are shown in Table 2. The results are clear:
Students in Department A performed better than those in
Department B. These differences were significant [t(6O)
= 2.13].

These results show that students studying in the more
. selective department performed better on a task involv­
ing recognition memory for spatial location information.
Such results imply that differences among individuals have
marked effects on memory for spatial location informa­
tion. The results fail to confirm one of the criteria sug­
gested for testing automaticity of cognitive processes. The
current results, which show the same individual differ­
ences in recognition memory as those reported by Naveh­
Benjamin (1987) for recall memory, decrease the likeli­
hood that the differences obtained are due to active
processes at retrieval.

The results of all four experiments are clear. Experi­
ment 1 shows that when intentionality is appropriately de­
fined and operationalized, the encoding of spatial loca­
tion information is influenced by the intention to learn.
Subjects who learn the information intentionally more ac­
curately recognize the spatial locations of the objects than
subjects who incidentally learn the information. In addi­
tion, the encoding of spatial location information is a func­
tion of subjects' ages. Older subjects do not recognize spa­
tiallocation as well as younger subjects. These results are
at odds with two major criteria suggested by Hasher and
Zacks (1979, 1984) for testing whether a given task is
based on the operation of automatic processes. Note,
however, that the interaction of these two variables did
not reach significance, implying a possible lack ofqualita­
tive differences between young and old subjects in the
strategies employed under the various intention conditions.

The results of Experiment 2 show that the encoding of
spatial location information is influenced by competing
task demands. Increasing the load of a competing task
causes a decline in the accuracy of recognition memory
for objects' spatial locations. These results are also at odds
with one of the main criteria suggested for testing the au­
tomaticity of cognitive operations.

The results of Experiment 3 show that the encoding of
spatial location information is influenced by practice. Ap­
plying a short training regime results in a significant im­
provement in recognition of spatial location information.

Results and Discussion
For each subject, the percentage of objects recognized

correctly in their original spatial locations was calculated.
The mean values for this measure for each trial are shown
in Table 2. Performance on the second trial following
training was better thanperformance on the first trial prior
to training. These differences were shown to be statisti­
cally significant [t(20) = 2.26].

These results imply that, despite the very short and su­
perficial practice in memorizing spatial location informa­
tion, the subjects improved their performance in a task
that requires the encoding of spatial location information.
These results contradict claims about the automatic na­
ture of spatial location coding.

EXPERIMENT 4

Experiment 4 focused on a fifth criterion of automatic
processes, the lack of individual differences. In this ex­
periment, individual differences were examined in a way
similar to that used by Zacks, Hasher, and Sanft (1982)
in the context of frequency judgments, by comparing per­
formance of students from two different departments at
Ben-Gurion University of the Negev. Department A uses
highly selective admission standards, whereas Depart­
ment B uses more liberal standards. The difference be­
tween the median scores of students in the two depart­
ments on University National Entrance Examinations
exceeds two standard deviations. If spatial location infor­
mation is automatically encoded, it is expected that any
differences in motivation to perform well, systematic use
of mnemonic strategies, and intelligence that these scores
may reflect should not influence recognition memory for
the spatial location task.

Method
Subjects. The subjects were 62 students at Ben-Gurion Univer­

sity of the Negev, 38 of whom studied in Department A and 24
in Department B. Both groups of students participated as part of
a curriculum requirement. None of these students participated in
any of the previous experiments.

Materials. The materials were identical to the ones used in Ex­
periment I.

Procedure. The subjects were tested under intentional instruc­
tions in which they were told to study the spatial position of each
of the presented objects to prepare for a recognition test on these
locations. After studying the matrix with the objects for 90 sec,
they were engaged in a 3-min conversation, after which they were
given the recognition test for spatial location, the same as in previ­
ous experiments. They were allowed as much time as they needed
for completing the test. The subjects were tested in groups of 4-7.

Results and Discussion
For each subject, the percentage of objects recognized

correctly in their original spatial locations was calculated.
The mean values for this measure for students of each

Light Load (-1)
Heavy Load (-13)
Practice, Trial 1
Practice, Trial 2
Department A
Department B

M SD N

77.0 13.0 24
67.5 13.9 24
78.6 10.1 21
83.8 12.0 21
81.6 10.5 38
75.5 11.3 24



The results of Experiment 4 show that the encoding of
spatial location information is influenced by individual
differences. Students studying in a department with more
selective admissions standards were more accurate in
recognizing spatial location information. These results are
also at odds with one of the criteria suggested for testing
for the automaticity of cognitive processes.

Altogether, the picture emerging from this work is
clear. The results show that none of the criteria tested for
memory for spatial location information was fulfilled, in
contrast to the claim that spatial location information is
automatically encoded. 3 This data was obtained even when
a recognition memory task, which minimizes the effects
of active retrieval and reflects mostly encoding differ­
ences, was used.

These results support the ones obtained by Naveh­
Benjamin (1987) with recall tasks. The results of the cur­
rent study agree with recent results reported for another
type of information suggested as being automatically
coded, namely, frequency information. Jonides and
Naveh-Benjarnin (1987), Naveh-Benjarnin and Jonides
(1985, 1986), Maki and Ostby (1987), and Sanders, Gon­
zalez, Murphy, Liddle, and Vitina (1987) have shown that
frequency coding is influenced by competing task load
and strategy manipulation. In addition, Fisk and Schneider
(1984), Greene (1984), Jonides and Naveh-Benjarnin
(1987), Naveh-Benjamin and Jonides (1985, 1986), and
Sanders et al. (1987) have shown that the encoding offre­
quency information is sensitive to intentional manipu­
lations.

The question then arises: Is the coding of spatialloca­
tion information automatic? There are several avenues for
answering this question. First, the results obtained in the
current experiments and in the recent ones on frequency
coding raise some doubts about automatic and effortful
processes being distinct, as once was believed. It could
be that there is a continuum linking automatic and non­
automatic processes (see Zbrodoff & Logan, 1986, who
recently suggested that various properties of automatic­
ity, e.g., effort and autonomy, could be conceived as con­
tinuous dimensions). The difference among points on this
continuum may be only a matter of degree. If such is the
case, then our results imply that spatial location coding
is certainly not at the extremely automatic end of this con­
tinuum, as previously argued (and it is neither autonomous
nor effortless according to Zbrodoff & Logan, 1986).
Where it is located cannot be addressed without a princi­
pled understanding of how the criteria suggested for au­
tomatic processes can be used to order the processes on
the continuum according to the number of criteria satis­
fied. Moreover, recent results about the major processes
suggested by Hasher and Zacks (1979, 1984) as automat­
ically operating (Fisk & Schneider, 1984; Greene, 1984;
Naveh-Benjarnin & Jonides, 1985, 1986; Sanders et al.,
1987, for frequency information; Zacks, Hasher, Alba,
Sanft, & Rose, 1984, for temporal order information),
and those of the current study for spatial location infor-
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mation, show that there is currently no process that could
be placed near the automatic end of the continuum.

A second answer to the question of automaticity of spa­
tiallocation coding concerns the adequacy of the criteria
suggested for automatic processes. Naveh-Benjarnin
(1987) recently evaluated the criteria for automaticity sug­
gested by Hasher and Zacks (1979, 1984) and showed
them to be too strong. He has shown serious problems
with the assumption underlying these criteria, which
claims continuous optimal function of automatic processes
under all circumstances (Hasher & Zacks, 1984). This
association of automaticity with optimal performance can­
not easily be defended (see Naveh-Benjarnin, 1987, for
a detailed discussion).

What criteria could then be used to distinguish auto­
matic from nonautomatic processes? Sanders et al. (1987)
recently suggested more lenient criteria for automaticity
in the context of tests of memory for frequency of occur­
rence. Unable to support some of the criteria suggested
by Hasher and Zacks, these researchers proposed a modi­
fied definition of automatic processes. According to this
definition, automatic processing should be capable of
producing an above-chance output while requiring no
more than minimal resources and little or no conscious
awareness. Although this definition is clearly more relaxed
than the one put forward by Hasher and Zacks, it is also
more difficult to operationalize. The major objective em­
pirical test for automaticity of a process, according to this
definition, is an above-ehance performance.

This criterion, however, is not completely new; it is
a variant of the first criterion suggested by Hasher and
Zacks, namely that "people are sensitive to the informa­
tion claimed to be automatically encoded without neces­
sarily intending to be so" (1984, p. 1373). In addition,
Park and Mason (1982) already suggested the use of such
criterion in the context of tests of automaticity of spatial
location information. However, as already noted by
Naveh-Benjarnin (1987), this criterion is problematic since
there is ample evidence that the performance of subjects
in tasks considered to involve effortful processes, such
as free recall, is at a better-than-ehance level even under
true incidental learning instructions (e.g., Hyde &
Jenkins, 1969).

From this perspective, most cognitive processes could
be considered automatic. On the other hand, even the two
widely used examples of automatic processes, those in­
volved in coding frequency and spatial location informa­
tion, might not be considered automatic by this criterion.
Naveh-Benjarnin and Jonides (1985) have shown that un­
der conditions involving minimal resources directed
toward processing frequency information (in a main­
tenance rehearsal paradigm), frequency judgments are not
above chance. In addition, Naveh-Benjarnin (1987) has
shown that under heavy concurrent task load, recall of
spatial location memory is not above chance. Finally, in
Experiment 1 of this report, performance ofelderly sub­
jects under incidental learning instructions was not above
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chance. To summarize, above-ehance performance as an
alternative criterion for automatic processing also might
be problematic.

A possible direction, at least for fairly complex tasks
such as memorization of spatial location, will be to hold
to those criteria suggested by Hasher and Zacks, but in
a weaker sense. In this sense, the processes showing less
noticeable changes as a function of age, practice, simul­
taneous processing, and so forth, could be considered as
more automatic than the others. This direction naturally
coincides with the continuum idea previously discussed.
Although this concept might be theoretically interesting,
there still remains to be seen whether there is a way of
operationalizing placements of various tasks on such a
continuum, which will involve devising methods of al­
lowing comparisons of performance across different task
scales.
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NOTES

1. It shouldbe notedthat althoughthe elderly subjects in the inciden­
tal condition performedat chance level, it probably did not reflect lack
of retention of any information from the experiment. In a pilot study,
a groupof elderlypossessing the samecharacteristics showedappreciable
item memory in a similar task. In addition, the advantageof the young
over the old subjects was probably not due to the fact that the younger
subjectswere run in groups, which might have facilitated performance:
in pilotresearch,therewerenodifferences in performance between young
subjects run in small groups and those run individually.
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2. The error data in all experiments showed the same pattern of in­
verse relations with the degree of relocation of objects in the recogni­
tion test, so that subjectscommitted fewer errors with objects that were
relocated a fartherdistance.Thispatterndid not interactwith the manipu­
lations of any of the experiments.

3. It shouldbe notedthat these resultswere obtainedwhile using pic­
tures of objects for which we expect the automaticityclaim to hold, in
contrast to the case in which verbal labels of objects are used (see Pez­
dek, Roman, & Sobolik, 1986).
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