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Is memory for spatial location
automatically encoded?

NORMAN R. ELLIS
University of Alabama, Tuscaloosa, Alabama

Naveh-Benjamin (1987, 1988) has shown that memory for spatiallocation does not meet the
eriteria for automatie eneoding as claimed by Hasher and Zaeks (1979). Age, intention, eoneur
rent proeessing demands, praetiee, strategies, and individual differenees affected memory for 10
eation. These variables should have affeeted effortful but not automatie processing. The experi
ments reported in the present paper, in whieh a different task was used, showed that intention,
praetiee, and eoneurrent processing demands did not affeet memory for loeation. I eoncluded that
(1)the location task used by Naveh-Benjamin included effortful subtasks and also ineidental cover
or eoneurrent processing tasks that interfered direetly with performance, and (2) the variables
that he manipulated may not have affeeted the eneoding of location. The need to differentiate
processes from task performance in analyzing the automatieity issue is diseussed. The dominant
mode for remembering location is automatie, but such information may also be remembered volun
tarily.

Some theorists view information processing as being

dependent upon a limited attentional capacity system. Per

formance is determined by the attention demanded by a

task as well as the available attentional resources (e.g.,

see Kahneman, 1973). Tasks are described as lying on

a continuum from those that are performed automatically,

requiring little or no attentional allocation, to those that

make heavy attentional demands. Processing on some

tasks becomes automatic through extended practice (see,

e.g., Ackerman & Schneider, 1985; Logan, 1979; Pos

ner & Snyder, 1975; Shiffrin & Schneider, 1977), thus

freeing resources for other concurrent processing. Hasher

and Zacks (1979) hypothesized that some automatic

processes are inbom or prewired, and therefore require

no attentional resources. They believe that frequency of

occurrence, spatiallocation, and the order of events are

automatically encoded into long-term memory.

It seems apparent that cognitive processes do become

automatic through practice, but the evidence for inbom

automatie processes is less compelling and has been open

to much debate. Whether or not processes are automa

tized, either as a result of practiee or inheritance, is an

issue of fundamental importance to an understanding of

cognition. More intelligent organisms may prove to be

those more capable of autornatizing processes, and, there

fore, of possessing a greater attentional capacity for cop-
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ing with novel problems. The present experiments were

carried out to reexarnine whether the encoding of spatial

location into long-term memory is automatic or effortful.

In two recent papers, Naveh-Benjarnin (1987, 1988)

presented evidence that memory for spatiallocation is not

automatically encoded as Hasher and Zacks (1979) claim.

Using a paradigm designed by Mandler, Seegrniller, and

Day (1977), he found effects due to age of subjects, com

peting concurrent task load, practiee, intention, strategy

manipulations, and individual differences. According to

the Hasher and Zacks' criteria for defining automaticity ,

none of these effects should have occurred if the task in

volved only automatie processing. Our research on this

issue (Ellis, Katz, & Williams, 1987; Ellis & Rickard,

1989; Ellis, Woodley-Zanthos, & Dulaney, 1989) leads

me to believe that the task developed by Mandler et al.

(1987), and used by Naveh-Benjarnin (1987, 1988), may

include both effortfully and automatically processed sub

tasks. Thus, the manipulated variables may have affected

effortful components of the task. It is also possible that

the cover tasks used by Naveh-Benjarnin to manipulate

intention and the secondary task used to study concurrent

processing effects directly affected the perception of

stimuli rather than the encoding of location into long-term
memory.

In the Mandler et al. (1977) task, college students

studied a 36-location matrix with 16 randornly placed

farniliar objects and then attempted to recall the objects

and replace them in their original positions. There were

three types of instructions: intentional (remember the ob

jects and their locations), incidental (remember the ob

jects), and true incidental (price the objects and estimate

the total cost). More objects were located by the inten

tional and incidental groups than by the true incidental

groups. The intentional and incidental instruction groups
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did not differ significantly. Mandler et al. replicated the

experiment with kindergarten, 3rd and 6th graders, and

college students. Age and instructions affected both recall

and relocation. Intentional and incidental instructions did

not result in differences, but both were better than the true

incidental condition.

Naveh-Benjamin (1987) compared college students and

elderly persons, using a 36-position matrix and 20 draw

ings of common objects. In Experiment 1, subjects rated

the usefulness of the objeets (ineidental instructions), or

they rated the objects and were told that a location test

would follow (intentional instructions). The ratings (1-5)

were written near the positions of the objects. Memory

for location was better following intentional instructions,

and college students remernbered more locations than did

older persons (65 years and older). Dual tasks were used

in Experiment 2; subjects counted backward by 1 (light

load) or 13 (heavy load) while studying the matrix.

Memory for location was better under the light load con

dition (24.7 % vs. 8.3 %). In Experiment 3, practice and

training effects on the location task were assessed. Two

sets of objects were presented in order to assess practice

effects, and a strategy training group was taught to or

ganize objects into four groups in accordance with their

location in quadrants. Both practice and strategy training

effects were found. In Experiment 4, Ben-Gurion Univer

sity students from two departments with different admis

sion standards were compared. Students from the depart

ment with higher admission standards, and presumably

higher intelligence, relocated significantly more pictures.

On the surface, these findings suggest, as Naveh-Benjamin

(1987) concluded, that memory for spatiallocation is not

automatically encoded. However, this may be more ap

parent than real. The relocation task was eomplex and may

have required effortful processing. The study phase, dur

ing which the matrix was scanned, required the diserimi

nation of complex spatial relationships among items, and

the processes that ensure the minimal attention needed to

pereeive stimuli may involve effortful and strategie

processing.

In previous studies, we (Ellis et al., 1987; Ellis & Rick

ard, 1989; Ellis et al., 1989) devised a task in whieh ef

fortful processing seemed minimally involved. In a study

phase, subjects looked through a picture-book; then they

were tested for location ofthe pietures. The opened book

presented four large photographs of eommon objects, one

in each quadrant of the two-page area. Location eues for

each object were immediately apparent, and the discrimi

nation of the location of objects was easy. The pictures

were salient, and attention to each pieture was ensured

by requiring a naming response. The picture book con

tained 40 or 60 pictures, and strategic processing did not

appear to be feasible. We found no age effects among

groups ranging from kindergarten to old age. There were

no effects due to level of intelligence; mentally retarded

persons remernbered location as well as college students.

Subjects instructed to say what items "were used for"

remembered signifieantly more locations than did those
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who merely named objects. These findings of age and in

telligence invariance do not agree with those of Naveh

Benjamin (1987). Although we did find instructional ef

fects, this does not mean that the encoding of location is

effortful or strategic. In fact, we found better location

memory following incidental instructions.

EXPERIMENT 1

The purpose in this experiment was to assess practice

and instructional effects. Subjects practiced on three 100

picture books in one session following intentional, inciden

tal, or true incidental instructions.

Method
Subjects. The 72 college students from introductory psychology

courses volunteered to participate for extra course credit. They were

randomly and equally assigned to three instructional groups. (New

subjects were recruited for each of the seven experiments in this

paper. They were all drawn from introductory psychology c1asses,

and they received course credit for participation. In each experi

ment, they were assigned equally and without bias to the various

conditions. )

Materials. The picture books were similar to those used by Ellis

et al. (1987). There were three books with 100 unique pictures in

each. The pictures (17 x 22 cm) were photographs of objects (e.g.,

a bed, a wallet, an auto) in their natural settings or against paste I

backgrounds. The picture books were fashioned from heavy poster

paper and a spiral binder. When open, the two pages provided an

area of 43.5 x 57 cm, divided into quadrants by a white horizon

tal line and vertically by the spiral binder. Four pictures were

mounted in the two-page area, one in each quadrant. The last two

pages in the book were blank and used for the location test. The

pictures were randomly arranged in the book, except that the four

pictures in a viewing area each came from a different conceptual

category. Also, obvious associations among the pictures within a

set were eliminated.

Procedure. In the intentional instruction condition, the subjects

were fully informed about the relocation test. Those in the incidental

condition were told to remember the pictures. In the true inciden

tal condition, the subjects were told that this was a study in adver

tising and that we were interested in pictures used in the media.

For each four-picture set, they were to select the one picture most

likely to be used and the one least likely to be used in television

commercials and in other advertising. The subjects looked through

the picture books at a self-paced rate. After looking through a book,

the experimenter engaged the subject in light conversation for 3 min,

and then the relocation test was given. Each of the 100 pictures

was shown to the subjects in a random order, and they attempted

to indicate the originallocation of each. The order of the three books

was counterbalanced so that each book was used equally often in

each practice session. Following the first practice session, the sub

jects in the incidental and true incidental groups were asked if they

anticipated a location memory test; none did. Study time for each

book was recorded. The subjects were tested individually in this

and all subsequent experiments.

Results and Discussion

Prelirninary analyses revealed no effects due to the three

different books, nor to order. Table 1 presents the means

and SDs for instruetional condition and practiee session.

Sinee instruetional effects can only be evaluated for the

first praetiee session, a separate analysis of variance
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Table 1

Mean Percent of Pictures Located as a Function of Instructions

and Practice Session in Experiment 1

Instructions

cation in a dual-task situation. The subjects attempted to

retain sets of digits while studying picture sets in the pic

ture book following intentional or true incidental in

structions.

EXPERIMENT 2

The purpose in this experiment was to test the effect

of simultaneous processing demands on memory for 10-

(ANOVA) was performed on these data. All findings

reported as reliable throughout the paper meet the .05 al

pha level or better. The reliable instructional effect

[F(2,69) = 3.82] was due to the difference between the

incidental (79.8%) and the true incidental (89.0%) groups

[t(46) = 2.74]. The intentional group relocated 83.3%

of the pictures, which is not different from the other

groups. A 3 (instructions) X 3 (practice sessions) repeated

measures ANOV A revealed no significant effects due to

practice (F < 1).

The correlations between study time and accuracy were

.13, .37, and .30 in the true incidental group for the first,

second, and third practice sessions, respectively. Those

for the incidental and intentional groups were .56, .50,

and .50, and .58, .57, and .54, respectively. These corre

lations are across subjects and not items, and they may

reflect individual differences. An ANOVA of the study

time yielded significant main effects for instruction

[F(2,138) = 4.30]. The means for the true incidental, in

cidental, and intentional groups were 5.09, 6.09, and

8.61, respectively. The instruction x practice interaction

was also significant [F(4,138) = 3.11]. The interaction

is due to a small decrease in study time with practice in

the true incidental group and the absence of change in the

other groups.

Memory for location was best under true incidental con

ditions. Deeper encoding in this condition was expected

to produce more memorable traces of stimuli and, there

fore, more accurate memory for location. Instructions to

remember location and instructions to remember pictures

did not produce differences in relocation accuracy. More

over, subjects in the incidental group did not improve in

location accuracy in the second session when they knew

they would be tested for location. Relocation accuracy did

not improve with practice. Within the intentional and in

cidental groups, there was a positive relationship between

study time and relocation accuracy. This suggests that the

memory-instructed groups attempted to use strategies; but

overall, this was less effective than the incidental encod

ing of location. (Since the intentional group did not receive

the deep encoding instruction, it is possible that intention

rnight have had some facilitatory effect above that of deep

encoding. However, this is contraindicated by the results

of Experiments 3, 4, and 5.)

True Incidental

Instructions

Table 2

Mean Percent of Digit Sets Recalled and Pictures Relocated

as a Function of Concurrent Memory Load

and Instructions in Experiment 2

Method
Materials and Design. One of the l00-picture books from Ex

periment 1 was used. An 8-picture practice set was added and blank

pages were inserted between pages containing pictures. Sixteen sub

jects were assigned to each of the cells in a 2 (instruction) X 2

(memory load) factorial design.

Procedure. The digit span for each subject was determined prior

to the location memory task, and subjects were assigned randornly

to light and heavy memory-load conditions. In the light-load con

dition, the subjects attempted to retain sets of digits equal in length

t ~ one half their digit span (rounded upward) while viewing four

picture sets. In the heavy-Ioad condition, they were given sets one

digit less than their digit span. The experimenter turned the page

to a four-picture set immediately after reading the last digit of a

set. The pictures were exposed for 20 sec; then the experimenter

turned to a blank page, and the subject attempted to recall the digits.

The intentional and the true incidental instructions were the same

as in Experiment 1. Only 50 pictures were used in the location test,

two randornly selected from each four-picture set.

Memory Load M SD M SD

Digit Recall

Half 92.50 8.75 95.25 5.10
Whole 68.50 21.01 85.50 20.91

Location

Half 85.50 9.48 76.50 14.04
Whole 88.00 9.71 71.00 13.66

True Incidental Intentional

Results and Discussion

An ANOVA of digit set recall found both an instruc

tional effect [F(l,60) = 6.36] and a memory-load effect

[F(l,60) = 18.58]. The subjects in the intentional instruc

tion condition recalled more digit sets (25 possible) ac

curately than did those in the incidental condition (22.6

vs. 20.1). Those in the light memory-load condition re

called more digit sets than did those in the heavy memory

load condition (23.5 vs. 19.3). The means and SDs for

digit sets recalled are shown in Table 2.

An ANOVA for relocation accuracy revealed a signifi

cant instructional effect only [F(l,60) = 19.04]. Memory

for location was superior in the true incidental group

(86.8% vs. 73.8%). This confirms the finding in Experi

ment 1, which suggests that memory for location is facili

tated by deeper processing ofthe stimuli. There were no

significant effects due to concurrent memory load (81.0%

forlight load, 79.5% for heavy) , no interaction ofmemory

load and instruction, and no tradeoffs between digit recall

and relocation accuracy. The Pearson correlations be

tween number of digit sets recalled and pictures relocated

for the true incidental conditions was .39 and .84 for the

SD

12.98

11.75

10.50

Intentional

M

83.33

85.17

85.33

SD

13.60

12.57

13.28

Incidental

M

79.83

79.58

81.96

SD

6.75

6.61

5.81

M

88.96

86.67

85.92

First

Second

Third

Practice

Session



light and heavy loads, respectively. These correlations for

the intentional instructions were .17 and .44 for the light

and heavy loads. A tradeoff would have been reflected

by negative correlations. I have no explanation for the

positive relationship between digit retention and reloca

tion accuracy, other than that both probably relate to an

organismic variable.

EXPERIMENT 3

In this experiment, line drawings such as those used

by Naveh-Benjamin were compared with the photographs

used in our studies. Spatial separation of the stimuli was

also varied. The incidental group was given the media ad

vertising instructions to rate the usefulness of objects pic

tured. The intentional group received the media adver

tising instructions and was told to remember the location

of the pictures.

Method
Materials. Instead of thepicture book format, four pictures were

mounted oneach of 25 posters. Three types of posters were used.
Inonecondition, thephotographs were similar to those used inEx
periments land 2. Theposters were 41 x 54 cm, approximately
the size of the two-page areas of the picture books, For another
condition, theposters were thesame size butthestimuli were colored
line drawings (6.5 x 9 cm). Since the line drawings were much
smaller thanthephotographs, thespatial cues were somewhat ex
aggerated in thiscondition. In a third condition, the line drawings
were mounted on smaller (17.5 x 23 cm) posters, and the spatial
cues were much less salient.

Procedure. Three of the 12-subject groups were given true in
cidental instructions. They were told that we were interested inmedia
advertising, and that they were to look at each four-item set and
select the pictured object judged most useful in their daily lives.
Theotherthree 12-subject groups were given intentional instruc
tions, which included the true incidental instructions, along with
instructions to expect a location memory test, and its nature was
described.

Results
Table 3 shows that study time was langer following in

tentional instructions [F(1,66) = 11.41], and there was

a main effect for stimulus/poster type [F(2,66) = 3.34].

The subjects studied the line drawings on the large posters

longer than they did the other two types.

Table 3 also presents the means and SDsof the propor

tions of correct relocations. A 2 x 3 ANOVA yielded a

significant main effect for stimulus/poster type [F(2,66) =

4.44]. A one-way ANOVA showed that the main effect

was due primarily to a difference between the photographs

and the large poster line drawings [F(2,69) = 4.50]. No

other differences were statistically significant.

Intentional instructions led subjects to study the posters

longer , but this did not improve their memory for loca

tion. They also studied the larger posters with the line

drawings longer, but they were least accurate in relocat

ing these pictures. If study time reflects the use of strate

gies, then such strategies are ineffective under these con

ditions in improving memory for location beyond that

resulting from automatic encoding.
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Table 3
Study Time(s) for All 25 Posters along with Proportions

of Correct Relocations in Experiment 3

Instructions

Stimulus and Intentional Incidental

Poster Type M SD M SD
--------_.

Study Time

Photos
Large 375 67 306 56

Line drawings
Large 416 113 368 88
Small 379 103 276 106

Relocations

Photos
Large .89 .08 .90 .09

Line drawings
Large .83 .12 .79 .11
Small .85 .07 .80 .12

EXPERIMENT 4

This experiment was an attempt to replicate Naveh

Benjamin's (1987) finding that intentional instructions

facilitate memory for location. The cover task he used

to create incidental instructions required subjects to rate

the usefulness of each of the 20 items. They wrote the

ratings (1-5) in the areas of the matrix between items.

It is possible that the rating task was differentially affected

by the intentional and incidental instructions, thus directly

affecting the accuracy of location memory. In this study,

instead of writing the ratings, the subjects called out their

ratings, and the experimenter recorded them. The time

required to complete the ratings within the 9O-sec inter

val was also recorded. The subjects in the intentional

group were told that the rating task and the memory tasks

were equally important.

Method
Materials. The matrix of pictures was similar to that used by

Naveh-Benjamin (1987,1988). The pictures were 100 colored draw
ings of comrnon objects, primarily designed for use in children's
language instruction. Six different 36-location (6 x 6) matrices were
made with heavy black poster board and white tape. Overall, the
posters were 51 x 66 cm. Horizontal and vertical strips of 5-mrn
white tape defined thelocations. Thepicture cards were randomly
andequally assigned to each poster. Theplacement of pictures on
posters was similar to that used by Naveh-Benjamin; there were
5 pictures in each quadrant and 4 or less in each row and each
column.

Procedure. Twenty-five subjects were told that the study was
about media advertising, and that they were to rateeach of the20
items pictured in terms of usefulness in their daily lives by saying
aloud the ratings (1-5) as they looked at each picture. The25 in
tentional subjects were also told to remember the locations of the
pictures fora memory test. Theexperimenter presented thematrix
for 90 sec. A3-min interval followed the matrix presentation, during
which theexperimenter engaged thesubject in light conversation.
Then a blank matrix was presented, and thesubject was given the
set of 20 pictures to replace in their original locations. The sub
jects were allowed to rearrange the pictures as they wished. Five
subjects within each of theconditions were assigned to each of the
five different matrices.
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EXPERIMENT 5

In view of the equivocal outcome of Experiment 4, it

seemed appropriate to attempt an exact replication of

Table 4

Percentage Cerreet Relocations, Displacements, and Tirne(s)

to Complete the Rating Task for the Intentional and Incidental
Instruction Groups in Experiment 4

Results

A preliminary analysis revealed no differences among

the five matrices. Two measures of relocation accuracy

were used: percentage correct relocations, and the dis

tance a picture was displaced from the correct location.

The experimenter recorded item placements on a data

sheet spatially similar, and proportional in size, to the

matrix with item names written in the locations. The dis

placement score was the distance in centimeters between

the correct location of an item and where it was actually

placed, as measured on the data sheet. These displace

ments were averaged for each subject, Table 4 presents

the means and SDs for percentage correct, the displace

ment scores, and the time to complete the ratings. None

of the t tests comparing instruction groups on the three

measures was significant, nor did any values approach

significance. Three subjects in the intentional condition

and I in the incidental condition failed to complete the

rating tasks within the 90-sec interval, and these subjects

had location scores less accurate than the average of their

groups. Correlation coefficients between time to rate the

items and accuracy and displacement scores did not differ

significantly from zero.

The trends in our data are similar to those reported by

Naveh-Benjamin (1987); but he found a significant in

struction effect, and we did not. He reports mean per
cent correct relocations of 45 (SD = 14.0) and 38 (SD =
18.0) for the intentional and incidental college groups,

respectively. This compares with means of 50.4 (SD =
20.66) and 43.6 (SD = 21.34) for our intentional and in

cidental groups, respectively. Even though an ANOV A

of his percent correct results, including the college and

elderly groups, revealed a significant difference, t tests

of his college data alone were not significant, nor was

a test of the displacement scores. The mean difference

between his college groups (7.0) is comparable to the

difference we found (6.80). Thus, it would appear that

the intentionality effect is weak even in this task, which

seems to involve effortful processes. Nevertheless, these

results essentially confirm his findings, and they provide

no hard evidence that his rating task directly interfered

with the perception of the stimuli.

Method
Tbe procedure was the same as that in Experiment 4, exeept that

subjects wrote their ratings beside the pictures in the matrix as in

the Naveh-Benjamin(1987) experiment. White tape (2 em) was used

to outline the positions of the matrix, and subjeets wrote their rat

ings on the tape. Tbere were 25 subjects in an intentional group

and 25 in atme ineidental group.

Results

Four subjects in the intentional condition, but none in

the incidental condition, failed to complete the rating task

within 90 sec. These 4 subjects had lower relocation ac

curacy scores than did those who completed the task

(33.75% vs. 51.43%). Overall, the mean percent correct

relocations for the intentional group was 48.6 (SD =
21.43), and that for the true incidental group was 43.2

(SD = 20.46) (t < 1). The mean displacement score for

the intentional group was 3.13 (SD = 1.68) and that for

the incidental group was 3.41 (SD = 1.66) (t < 1).

In absolute terms, these results are quite similar to those

of Naveh-Benjamin's (1987) Experiment 1, and to our Ex

periment 4. Intentionality did not significantly affect

memory for location in the present study, but the effect

was significant in Naveh-Benjarnin's study. To be sure,

the difference between intentional encoding and encod

ing under incidental conditions is only 7.0% in Naveh

Benjamin's study and 6.8% and 5.4% in our Experiments

4 and 5, respectively. Any effortful aspects of this task

could weil account for these small differences,

Naveh-Benjamin's (1987) Experiment 1, in which he

showed an instructional effect on memory for location.

EXPERIMENT 6

To assess the effects of concurrent processing on the
encoding of location, Naveh-Benjamin (1987, Experi

ment 2) had subjects count backwards by 1 or 13 during

a 2-min period in which they studied the location of 20

pictures in the 36-position matrix. They began with a four

digit number, subtracted 1 or 13, and wrote the new num

bers by each ofthe 20 pictures. It is possible that this task

interfered directly with the perception of pictures rather

than by reducing central attentional resources. We repli

cated Naveh-Benjamin's study but with a different second

ary task. The subjects remembered half or all of their digit

span over the 2 min during which they studied the pic

tures in the matrix.

Method
The task was the same as that used in Experiments 4 and 5. The

subjeets were told that the study was about how weil they eould

do two things at onee. They were to study the pictures for 2 min,

and then they would be given a relocation test. Also, they were

to remember a set of digits while studying the location of the pie

tures. Digit spans had been determined for eaeh subject, and they

knew the nature of this task. The experimenter orally presented a

set of digits equal to either the half (light load) for 25 subjeets or

the whole digit (heavy load) span for 25 subjeets; then the matrix

SD

17.41

16.58

Time

M

57.84
56.04

% Correet Displaeement

M SD M SD

43.60 21.34 3.70 1.92
50.40 20.66 3.10 1.65

Group

Ineidental
Intentional



was immediately exposed for 2 rnin; the matrix was covered at the

end of the 2-min interval, and the subjects attempted to recall the

digits. Then the relocation test was given.

Results

The mean percent correct relocations for the half

memory-load condition was 73.20% (SD = 24.95) and

that for the whole-load condition was 72.00% (SD =
23.58) (t < 1). The mean displacement for the half

memory-load condition was 1.85 cm (SD = 1.93) and

that for the whole load was 1.88 cm (SD = 1.64)(t < I).

Only 3 of the subjects failed to recall half of their digit

span; 17 failed to recall their full digit span.

It is clear that the memory loads were of unequal

difficulty. It is also clear that these memory-load condi

tions did not differentially affect the encoding of the 10

cations of the pictures.

EXPERIMENT 7

In view of the outcome of Experiment 6, we attempted

an exact replication of Naveh-Benjamin 's (1987) Experi

ment 2, in which simultaneous processing demands were

varied. We also assessed the extent to which subjects were

able to complete the concurrent counting task during the

2-min picture-study interval.

Method
The pictures and the rnatrix were the same as those used in Ex

periments 4,5, and 6. The 17 subjects in a light mernory-load con

dition were instructed to count backwards by 1 from the number

1,423. The 17 subjects in the heavy-Ioad condition counted back

wards by 13s from the number 1,548. They wrote each new num

ber by one of the 20 pictures in the matrix. The experimenter

recorded the number of counts in each condition-that is, the num

ber of pictures with numbers written by them.

Results

The mean percent correct relocations in the light-load

condition was 48.23 (SD = 22.63), and that for the heavy

load condition was 17.06 (SD = 12.25) [t(32) = 4.99].

The mean of the displacements for the light-load condi

tion was 4.05 (SD = 2.42) and that for the heavy-load

condition was 7.89 (SD = 2.79) [t(32) = 4.99]. The

mean ofthe displacements for the light-load condition was

4.05 (SD = 2.42) and that for the heavy-load condition

was 7.89 (SD = 2.79) [t(32) = 4.29]. In the light-load

condition, only 1 subject failed to make 20 backward

counts by 1. This subject wrote numbers by 18 pictures.

In the heavy-load condition, none of the subjects made

20 backward counts by 13. The mean number of counts

was 12.29 (SD = 3.68). Within the heavy-load condition,

the relocation accuracy of pictures with numbers by them

was 25.44 % (17.75 %) and the accuracy for those without

a number by them was 14.19% (25.86%). A sign test

showed this difference to be statistically significant.

These results show that the concurrent counting task

had a robust effect on the encoding of memory for loca

tion, and this finding agrees with that of Naveh-Benjamin
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(1987). However, the subjects were not able to complete

the concurrent counting task within the 2-min interval,

as his subjects had reported, and it seems evident that the

subjects did not look at all the pictures in the matrix. In

deed, many commented that they did not see the pictures

because they were "too busy counting." Apparently, the

cover task directly affected perception of items, the light

load task more than the heavy-load task. Therefore, it is

not clear whether subjects are less accurate on the memory

task because they are distracted by the counting task and

do not attend minimally to all the pictures, or whether

the counting task requires the use of central attentional

resources that would, otherwise, be devoted to encoding

the location of pictures. Our results favor the former

hypothesis.

GENERAL DISCUSSION

The task for studying location memory used by Man

dler et al. (1977) and Naveh-Benjamin (1987, 1988) and

the task used in Experiments 1 and 2 in this paper are

qualitatively different, and they cannot be systematically

and fully decomposed in order to contrast components of

the two tasks. The task developed by Mandler et al. (1977)

involves a single exposure to a complex matrix of stimuli,

followed by a test trial on 20 stimuli. The task used in

the present studies involves multiple exposures of sets of

four stimuli, followed by a test trial on some or all of the

stimuli. The single 20-stimulus matrix may be retained

in working memory, through imagery, or some other

strategy. Only one stimulus appears in a location and in

terference effects would be minimal. On the surface, scan

ning the matrix would seem necessary to identify loca

tions of the stimuli, since they are defined by their

relationship to other locations. Thus, whether subjects use

imagery, verbal, or some other mnemonics, effortful pro

cessing is likely to facilitate memory for location in this

paradigm.

On the other hand, in the four-position task, the use

of an imagery mnemonic or any other strategy is not

likely. New stimuli continue to appear in the four posi

tions over multiple trials. If imagery were used, 25

separate and potentially interfering images would be re

quired. Memorizing the positions of objects in a paired

associate fashion would be a formidable task. Subjec

tively, the identity and location of the four pictures is im

mediately perceived, and this aspect of the task does not

seem to involve conscious processing.

In Experiments 1 and 2, subjects remembered the 10

cation of about 84% of 100 pictures, and this was un

affected by intent to remember or other concurrent

processing demands. Instructions that led to semantic or

deep encoding of the pictures slightly improved memory

for location, but this occurred in the true incidental con

ditions in which a memory test was not expected. There

fore, it is unlikely that more effort was associated with

the semantic encoding instructions. (Craik & Tulving,

1975, showed that encoding time does not always predict
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the depth of processing effect.) In any case, since sub

jects did not expect a test for locations, there is no basis

for assuming that difference in effort associated with the

semantic instructions would have been allocated to en

coding locations. More salient stimuli, photographs, also

resulted in better memory for location than line drawings.

Thus, it would appear that the location of a more memora

ble stimulus is remembered better than that of a less

memorable one; and, variables that affect the perception

of a stimulus-that is, its memorability-may also affect

memory for the location attribute. In other studies with

this task, we have found neither age (kindergarten to

elderly) nor intelligence level (college students vs. men

tally retarded persons) effects (Ellis et al. 1987; Ellis

et al., 1989). (Sorne, but not all, mentally retarded per

sons with severe organic pathology do have deficits in

memory for location [EIlis et al., 1989].) In three experi

ments (EIlis et al., 1987; EIlis & Rickard, 1989; EIlis

et al., 1989), we saw no differences between intentional

and incidental instructions when depth of processing was

controlled. There is one exception. Ellis et al. (1987)

found that 3- and 4-year-old children performed slightly,

but significantly, better following intentional instructions.

However, I am reluctant to attribute this to intent, for it

appeared that these children had a better understanding

of the task with intentional instructions. There were no

instructional effects in children 5 and 6 years old through

the 6th grade. Contrary to Hasher and Zacks's position

(1979), we have found marked individual differences in

memory for location, though we have been unable to re

late these differences to inteIligence,age, or other organis

mic variables. (Hunt, 1978, hypothesizes that there are

large individual differences in automatic processing.) In

the study of retarded persons with severe organic pathol

ogy, we retested 36 of these subjects 3 months later and
found a test-retest correlation coefficient of .35 for the

recall of pietures, but a correlation of .75 for relocation
accuracy (Ellis et al., 1989). Memory for location on this

task is also fairly durable. EIlis and Rickard (1989) found
a loss in accuracy from 78.5% to 50.4% over a 24-h

period.
Why do these results differ from those of Naveh

Benjamin (1987, 1988)? First, his results, taken on their

face, do not disconfirm the hypothesis that automatic en

coding may be involved in memory for location. Regard

less of the experimental condition in his experiments, 10

cation is remembered at better than a chance level, even

when subjects do not expect a memory test. Also, for the

most part, the variables manipulated have small effects,

and to the extent that strategic processing is involved in

his task, these variables should affect performance.

Naveh-Benjamin recognized that strategie behavior may

be involved, but he equates performance on his task with
encoding into long-term memory. This leads hirn to re

ject the Hasher and Zacks (1979) criteria. If it could be

assumed that his task measured only the encoding of 10
cation, then he is correct in rejecting their criteria. But,

it is apparent that other processes are reflected in the de-

pendent variables. Therefore, changes in memory for 10
cation cannot be attributed to any one of the hypothetical

events. I attempted to avoid this problem by selecting a

task that minimized the influence of processes other than

encoding on the dependent measure.

The cover task used by Naveh-Benjamin (1987) and the

secondary task used in the assessment of concurrent

processing effects seem problematic. Not all subjects com

pleted the usefulness ratings designed to create inciden

tal conditions in Experiments 4 and 5; they did in his Ex

periment 1. Even though I could not relate performance

on the cover task to the accuracy of location memory,

subjects who did not complete the rating task were not

as accurate in locating pictures as those who completed

the task. (The mean accuracy for the 8 subjects in the two

experiments who did not complete the rating task was

38.75%, as compared with 47.86% for those who did.)

As for the counting task used as a secondary task in

Naveh-Benjamin's Experiment 2 and in my Experiments

6 and 7, it seems likely that this task distracts the subject

from attending to the stimuli, and as a result, some of

the stimuli are not perceived. I believe that this is a fac

tor even in Naveh-Benjamin's study, in which subjects

did complete the counting tasks. The effects of this task

on memory for location do not seem to be due only to

dividing a central attentional resource. Of course, there

is the possibility that the counting backwards task affected

memory for location by both interfering directly with the

perception of stimuli and dividing attentional resources.

We have no means to determine whether this occurred.

Perhaps, our secondary tasks (remember half or the whole

digit span) did not result in memory-load differences that

were substantial enough to affect memory for location.

Possibly, some degree of concurrent processing might be

tolerated without any effects in a primary task, but heavier
demands would have effects.

No doubt, performance on most tasks reflects the oper
ation ofboth automatic and effortful processes. Some tasks

may involve one type of process to a greater extent than

the other. Therefore, performance on few tasks is likely

to fully meet criteria for automaticity such as those
adopted by Hasher and Zacks (1979). Of course, there

may be subcomponents of tasks that do meet such crite

ria. It also seernsapparent that there are situations in which

strategies or effortful processing can improve upon auto

matie encoding. Consider teIling the subject to remem

ber only the location of the yellow school bus in our task.

With this in mind, I completed another experiment (un

published) following the present series of experiments.

Five groups of 24 subjects each were tested on the 120

pieture task following different instruction. All groups

received the media advertising instructions to rate the use

fulness of the objects pictured. One group was also told
to remember the location of I ofthe photographs. Another

group was told to remember 6 targeted pictures, and still

another group, 12. The targeted photographs were iden

tified with small stick-on labels. A fourth group was to

remember all of the locations (no labels), and a tifth, true



incidental group, was not given memory instructions. The

proportions of correct relocations for these groups were

.950, .847, .760, .788, and .783. Only 1 subject missed

the single target, and he claimed not to have seen the label.

A statistical analysis showed the proportions eorrect for

the 1- and 6-target conditions to differ from each other

and from the other three conditions. There were no differ

ences among the other three conditions. Clearly, instruc

tions to remember location improved performance when

there were only a small number of locations to remem

ber. The subjects did no better on 12 than they did when

they attempted to remember all or none of the locations.

I anticipated some slight improvement with 12 targeted

items, but this did not occur. Intention improved memory

for location over that attributed to automatie processing.

But these results showed that the effectiveness of strategic

processing is quite limited in this task and will faeilitate

performance for only a few circumscribed items.

What are the implications of these findings, as weIl as

those of Naveh-Benjamin (1987, 1988), for the concept

of automatic encoding and the Hasher and Zaeks (1979)

theory? First, it seems apparent that people do, in fact,

remember the location of objects on an automatie basis.

Even in the Naveh-Benjamin task, locations are remem

bered at better than a chance level regardless of the ex

perimental condition. In our task, in which effortful sub

tasks seem minimally involved, 80% of 100 or more

locations are remembered, and this is unaffeeted by in

tention, eoncurrent processing demands, praetiee, intel

ligence level, or age of subjeets. Intention ean faeilitate

the strategic processing of a few items, raising the ae

curacy level above that resulting from automatie process

ing alone. Also, the aecuracy of location memory is im

proved by deeper encoding and by better quality stimuli

(photographs versus line drawings). The Hasher and

Zacks (1979) criteria for defining automatieity are not

met, and if all of the criteria must be met, then the strong

form of their position must be rejected. But the main thrust

of their position seems valid, and the criteria for defin

ing automaticity advanced by most theorists (e.g., Logan,

1979; Posner & Snyder, 1975; Shiffrin & Schneider,

1977) are met by performance on our task. Memory for

location is primarily an automatie process, but it may also

be remembered voluntarily.

The most murky theoretical issue in this research is

defining the boundary conditions for the perception of an

item and distinguishing this event from further effortful

processing. (See Johnson, Peterson, Yap, & Rose, 1989;

Mitchell & Hunt, 1989; and Zacks, Hasher, & Hock,

1986, for discussions ofthis issue.) Obviously, an item

must be perceived if it is to be encoded into memory. Ac

cording to the Hasher and Zacks (1979) position, percep

tion of a stimulus is a necessary and sufficient condition

for encoding location, frequency, and order attributes.

Their theory might accommodate the depth of process

ing and the stimulus quality effects by assuming that these

variables affeet item pereeption.
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Still another problem is the failure to differentiate task

performance and underlying cognitive processes. Hasher

and Zaeks (1979) describe processes as Iying on a con

tinuum of mental effort. Some processes require little or

none, others make heavy attentional demands. On the

other hand, they describe automatic processes as occur

ring optimally, and once started, they will run their course

to completion and cannot be inhibited. This seems more

descriptive of all-or-none processes, but, no doubt, their

theory is about processes, not task performance. Naveh

Benjamin (1988) recognizes that task performance is de

termined by both effortful and automatic processes. But

neither Hasher and Zacks (1979) nor Naveh-Benjamin

(1988) explicitly recognizes that a test of the Hasher and

Zacks' theory requires a task paradigm in whieh the

processes determining performance be distinguished. This

may prove to be a formidable problem, even rendering

their theory somewhat untestable.

Taken together, these findings suggest that the process

ing of memory for location may occur in one of two ways.

Locations of objects will be remembered automatically,

provided that the objects are clearly perceived, and this

is the dominant mode of processing location. But this auto

matic system does not function perfect1y, and memory for

location can be encoded strategieally, provided that the

situation is such that strategy use is feasible. The impor

tance of this lies in the fact that one must continuously

process the location of objects in the environment, and

if this had to be done voluntarily, or strategically, then

mental resources for processing other information would

be seriously compromised. Moreover, because of capae

ity limitations on strategic processing, this would be an

inadequate system for processing location. There may weIl

be many aspects of experience that are remembered auto

matically (e.g., frequency of occurrence and other stimu

lus attributes such as the color or gender of a speaker).

Perhaps the greater docility of human beings may be due,

in part, to the capacity to automatize many cognitive func

tions through experience, or to enjoy this capaeity as a

resuit of inheritance.
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