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Searching for target letters in memory:
Individual preferences and instructions

for text representation
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Participants searched for target letters in a short passage held in memory. In Experiment 1, par
ticipants were divided into two groups on the basis of a retrospective report concerning the type of
representation used to store the passage in memory, and in Experiment 2, participants were in
structed concerning the form of memory representation to use. Only participants using a visual rep
resentation missed more targets in the word the than in other words. Participants instructed to form
a visual representation also made fewer content-word or phrase substitutions when learning the pas
sage than did participants instructed to form an auditory representation. These findings show that
choice of memory representation is flexible and that the representation used influences what can be
retrieved from memory.

In earlier work (see Schneider, Healy, Ericsson, &
Bourne, 1989), we used a version of the letter-detection
task as a means to illuminate memory representations of
text material. Specifically, participants memorized short
texts and then searched their memory for target letters in
the texts, writing in sequence every word that contained a
target. This memory task was compared with visual and
auditory baseline tasks in which participants either read or
heard texts and wrote down every word containing a tar
get. For the visual baseline task, participants showed the
typical signs ofunitization found with the standard proce
dures; that is, they missed more targets in the very com
mon word the than in other, less common words (see, e.g.,
Healy, 1976, 1994). In contrast, there was no difference in
errors made on the word the and other words for the audi
tory baseline task. We found striking individual differ
ences in the pattern of errors on the memory task, and
these differences were related to participants' retrospec
tive verbal reports concerning the representation they used
to store the text. Those participants who said that they
searched a visual (i.e., written) representation of the text
in memory (32% of the total) showed the standard uniti
zation pattern (i.e., more errors on the word the than on
other words), whereas those participants who said that
they searched an auditory (i.e., spoken) representation of
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the text in memory (48% ofthe total) showed an error pat
tern similar to that found in the auditory baseline condition
(i.e., no more errors on the word the than on other words).

Two questions arise from these findings: (1) Are the
individual differences we observed related to variations
in visual imagery ability? This question is of interest be
cause visual imagery ability has been shown to influence
performance in a wide range ofcognitive tasks (see Allen,
Wallace, & LoSchiavo, 1994, for a recent example). (2) Is
a given participant able to search either type of repre
sentation, and is the type ofrepresentation used by a par
ticipant sensitive to instructions or other aspects ofthe ex
perimental context? This question is of interest because
one representation may be more efficient than another for
some tasks so that instructions regarding the use ofa par
ticular representation could enhance task performance.

In Experiment 1, we gathered converging evidence for
individual differences in memory representation for
searching text, and we employed a standard test ofvisual
imagery (Marks, 1973) to determine if individuals who
score high on visual imagery are also those who would
both give verbal reports of using a visual memory repre
sentation and show the pattern of detection errors con
sistent with the visual baseline condition.

In Experiment 2, we varied the instructions given to
participants concerning the type of memory representa
tion they should employ and determined whether indi
viduals instructed to use a visual representation, but not
those instructed to use an auditory representation, would
show the pattern of detection errors consistent with the
visual baseline condition.

EXPERIMENTl

Participants were given a short passage to memorize
across five successive study-test presentations. They were
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then asked to search their memory representation and
write down every word containing the target letter h.

We divided participants into two groups depending on
their retrospective report concerning memory type-au
ditory and visual. As in our earlier study (Schneider et al.,
1989), we expected participants in the visual group, but not
those in the auditory group, to show the typical signs of
visual unitization-namely, more detection errors on the
common word the than on other words containing an h.

We also made an alternative division of the partici
pants into two groups on the basis ofa standard test ofvi
sual imagery ability (Marks, 1973}-high and low visual
imagery ability. Ifvisual imagery ability affects memory
representation, participants with high visual imagery
ability should be more likely than those with low visual
imagery ability to use a visual memory representation.
Also, we would expect participants with high visual im
agery ability, but not those with low visual imagery abil
ity, to show the typical signs of visual unitization.

In our earlier study (Schneider et al., 1989), we em
ployed both visual and auditory presentation modalities,
but we found no differences in the memory representa
tion participants used as a function of the presentation
modality. Therefore, in the present study, the passage
to be memorized was always presented visually to the
participants.

Method
Participants. The participants were 16 students from introductory

psychology classes at the University of Colorado.' All of them were
native English speakers who showed that they had fully memorized the
passage by the fifth repetition.

Materials and Procedure. Participants were tested in small groups.
They were given the same passage and packet of instructions as those
used by Schneider et al. (I 989). The passage read: "The boys' mother
cleaned their clothes the other day. There was soap on the floor. Then
Bob's brother slipped on the slick lather and fell." This passage is 25
words long and includes 12 test words with one instance of the letter h
in each; 4 of the test words are instances of the word the. The partici
pants' packet included a page with the passage and instructions to read
it. On the next page were instructions to write down as much of the
passage as could be remembered. These two pages were repeated five
times, thus constituting five memorization trials. Then there were in
structions to recall the passage and write down all the words contain
ing the letter h. The next page asked the participants to describe what
they were remembering as the search task was being completed. The
following page gave three examples and asked the participants to check
what they had done:

I. Visualize the words in the passage, as if reading.
2. Visualize the scene of the passage, seeing the action.
3. Say or hear the words in your mind.

Following the letter-detection packet was a two-page Vivid Visual
Inventory Questionnaire (VVIQ) from Marks (l973); it included 16
items (e.g., the exact contour of face, head, shoulders, and body of a
relative or friend), each of which was to be rated as to the vividness of
the image that could be generated. The rating scale ranged from I (per
fectly clear and as vivid as normal vision) to 5 (no image at all, you
only "know" that you are thinking ofthe object).

Results
The participants were divided into two groups on the

basis of their responses on the second page of the proto-

col questionnaire. There were 8 participants in the audi
tory and 8 in the visual imaging group.

A two-way mixed analysis of variance (ANOVA) was
conducted on the proportion ofdetection errors made out
of the total possible, including the between-subjects fac
tor of memory report (auditory, visual) and the within
subject factor of word type (the, other). The main effect
of word type was significant [F(l,14) = 11.33, MSe =
.0156,P < .005], with a greater proportion of errors on
the (M = .22) than on other words containing h (M = .07).
There was no main effect of memory report (F < I).
However, importantly, the interaction of the two factors
was significant [F(l,14) = 5.30, MSe = .0156, P < .05].
To explore this interaction, two planned one-way ANOVAs
were conducted on the auditory and visual processing
groups. As expected, for participants who reported using
an auditory method of memory search, there was no dif
ference between the proportion of errors made on the
and on other words [F(1,7) < 1], whereas for participants
who reported using a visual search method, a signifi
cantly greater proportion of errors was made on the than
on other words [F(I,7) = 12.44, MSe = .0201, P < .01];
see Table I.

The range of scores for the VVIQ was 1.31 to 3.00,
with 5, which is the highest possible score, indicating
low visual imagery. The participants were divided by a
median split into high- and low-VVIQ groups based on
their mean scores, with 8 participants in each group. Four
participants used a visual search method and 4 used an
auditory search method in the high-VVIQ group, and 4
participants used a visual search method and 4 used an
auditory search method in the low-VVIQ group. A three
way mixed factorial ANOVA was conducted on the pro
portion of errors made out of the total possible, includ
ing the between-subjects factors of memory report and
VVIQ group and the within-subject factor of word type.
There were no significant effects involving VVIQ group.

Discussion
The present results confirmed our earlier findings (Schneider et aI.,

1989) that participants who reported using visual memory to search
the passage, but not those who reported using auditory memory,
showed the typical visual unitization effect for letter-detection errors
namely, more errors on the common word the than on other test words.

Table 1
Proportion of Errors in Experiments 1 and 2 as a Function of

Word Type and Memory Report (Experiment 1) or Instruction
Group (Experiment 2)

Word Type

Condition The Other Words

Experiment I

Memory report
Visual .28 .03
Auditory .16 .11

Experiment 2

Instruction group
Visual .12 .06
Auditory .02 .03
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We did not confirm, however, the hypothesis that use of visual mem
ory was related to visual imagery ability, because participants with
high visual imagery ability were no more likely than those with low vi
sual imagery ability to use a visual search method or to show the typ
ical visual unitization effect. Participants might choose to use an audi
tory memory representation for the task even if their visual imagery
ability is high, because individuals who are high in visual imagery abil
ity may also be high in auditory imagery ability.

EXPERIMENT 2

The memory representation used by participants is not
a function of their visual imagery ability. The question
remains whether the representation used is fixed for a
given individual, determined by some ability or trait other
than visual imagery, or whether, instead, the representa
tion used by a given individual is flexible, determined by
the context or other aspects of the particular memory
task. To address this question, we varied the instructions
given to participants in Experiment 2. Participants were
divided into auditory and visual instruction groups. If
the memory representation is flexible, participants in the
visual instruction group should show the pattern ofletter
detection errors found for participants who report using
a visual memory representation, and participants in the
auditory instruction group should show the pattern found
for participants who report using an auditory memory
representation.

Method
Participants. The participants were 24 students from the introduc

tory psychology classes at the University of Colorado.? The partici
pants were assigned to instruction conditions and counterbalancing
subconditions according to a fixed rotation on the basis oftheir seat lo
cation in the testing room. All of them met the following criterion for
memorization ofeach passage (which was relaxed from the full mem
orization criterion used in Experiment I because we required partici
pants to memorize two passages): Any errors on the fifth memoriza
tion trial did not involve a test word.

Materials and Procedure. The packet of instructions for this ex
periment was similar to the one used for Experiment I, with a few
changes. Participants memorized two passages in counterbalanced
order and searched memory for 2 targets in counterbalanced order. Two
passages were used. Passage A was the same as that in Experiment I.
Passage B, like Passage A, was used previously by Schneider et al.
(1989); it read: "The busy mother gave the messy babies a quick bath.
Then the father laid them carefully in the feather bed with their fluffy
brown bear." Both passages are 25 words long and include 12 instances
of each target letter (t and h). In both passages the 2 targets always
occur together in the sequence th; 4 of them are instances of the
word the.

The participants given the auditory instructions were told initially
"to remember the passage by forming an auditory image of the words
in the passage as if you are listening to the passage from a tape-recording
in your mind. That is, try to 'hear' the words in your mind." At the time
of recall, they were also told to "try to recall the passage to yourselfby
forming an auditory image of the words in the passage as if you are lis
tening to the passage from a tape-recording in your mind." The partic
ipants given the visual instructions were told instead to remember and
recall the passage "by forming a visual image of the words in the pas
sage as if you are reading the passage from a piece of paper in your
mind." They were told to "try to 'see' the words in your mind." After
completing the detection task for both passages, participants were
asked whether they were able to do both letter searches in the manner
instructed, and if not, what method they used instead.

Results
An ANOVA was conducted on the proportion of de

tection errors made out of the total possible. This analy
sis included the between-subjects factor of instruction
type (auditory, visual) and the within-subject factors of
passage (A, B) and word type (the, other words). Several
other variables were included for control and counter
balancing purposes but were not included as factors in
this or subsequent analyses. These variables were target
order (t first, h first), passage order (Passage A first, Pas
sage B first), and target letter (t, h). The ANOVA re
vealed no overall difference between Passage A (M = .07)
and Passage B (M= .05), [F(l,22) = 1.01, MSe = .0079,
p> .10], and no main effect ofword type [F(l ,22) = 2.85,
MSe = .0069,p > .10]. However, importantly, there was
a significant overall difference between the two types of
instructions [F(l,22) = 4.63, MSe = .0256,p < .05], with
the visual group making a greater proportion of errors
(.09) than the auditory group (.02), and a marginally sig
nificant interaction of instruction group and word type
[F(I,22) = 3.98, MSe = .0069,p < .06]. This interaction
is due to a greater proportion of detection errors on the
common word the than on the other test words for the vi
sual group, but a very small difference in the opposite
direction, with a smaller proportion oferrors on the than
on the other test words for the auditory group (Table I).

Separate planned ANOVAs of the two instruction
groups were conducted. For the visual group the main ef
fect of word type was significant [F(l,II) = 4.71, MSe =
.0099, p = .05], whereas for the auditory group, it was
not [F(l,II) < I].

If participants are indeed following the auditory and
visual memorization instructions, as suggested by the
different pattern of results for the two instruction types
on the detection task, they might also show a different
pattern of responses on the preliminary memorization
trials preceding detection. We conducted an exploratory
analysis of the memorization trials from an earlier ex
periment (Schneider et aI., 1989) and found that partici
pants who reported seeing the words in the passage made
fewer content-word or phrase substitutions than did par
ticipants who reported hearing the words in the passage.
A possible explanation for this finding is that content
word or phrase substitutions result largely from a recon
struction process that occurs when participants visualize
the scene described by the passage rather than the words
in the passage. This reconstruction process would seem
more likely to occur for participants hearing the words in
the passage than for those seeing the words' in the pas
sage because it would be difficult to visualize the scene
and the words at the same time. To determine whether
the same pattern of results was found in the present ex
periment, in which participants were given explicit visual
or auditory memorization instructions, we conducted an
analysis ofthe content-word or phrase substitution errors
in the five memorization trials of each passage preced
ing letter detection. An ANOVA was conducted on the
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number ofcontent-word or phrase substitution errors, in
cluding the between-subjects factor of instruction type
(auditory, visual) and the within-subject factor of pas
sage (A, B). The ANOVArevealed a significant main ef
fect of instruction type [F(l,22) = 7.65, MSe = 2.4508,
P = .01], with auditory participants making more content
word or phrase substitutions (M = 1.7) than did visual
participants (M = 0.5). The same pattern was found for
both passages; neither the main effect ofpassage nor the
interaction of instruction type and passage was signifi
cant [F(I,22) < I in each case].

Discussion
This experiment yielded strong evidence for flexibility in the type

of memory representation used, with participants in the visual in
struction group, but not those in the auditory instruction group, mak
ing a greater proportion of detection errors on the common word the
than on other words containing a target. These findings suggest that
participants generally have control over the memory representation
they use to store text and that the chosen representation may pro
foundly affect what they can retrieve from memory. The memory in
structions were repeated both before the initial presentation of the pas
sage and before the detection task. The instruction type significantly
affected the pattern of errors on the memorization trials preceding de
tection as well as the pattern of errors on the detection task. Partici
pants in the auditory instruction group made more content-word or
phrase substitutions during memorization than did participants in the
visual instruction group. These results provide evidence that the in
structions affected the memory representation used at the time of en
coding as well as that used at the time of retrieval.

GENERAL DISCUSSION

Experiment I replicated the findings from Schneider et al. (1989)
showing that participants differ in whether they report using a visual
or an auditory memory representation for text. When searching for the
target h, participants in the visual report group, but not those in the au
ditory report group, made significantly more detection errors on the
very common word the than on the other, less common test words. Par
ticipants with high visual imagery were no more likely than those with
low visual imagery to report a visual memory representation. Dividing
participants by imagery ability did not yield any significant effects,
also indicating that the memory representation chosen did not depend
on imagery ability. In Experiment 2 the extent to which memory rep
resentation is flexible was explored. Participants were given instruc
tions to use either a visual or an auditory memory representation, and
participants in the visual instruction group, but not those in the audi
tory instruction group, made significantly more detection errors on the
word the than on other test words. Choice of memory representation
was, thus, shown to be generally flexible (although there were 5 addi
tional individuals tested who reported using both methods of imaging
for the detection task or reported using a method different from the one
they had been instructed to use).

Because all participants we included in the analyses had met our
memorization criterion, we ensured that all of these participants had all
of the test words stored in memory at the time of the detection task.
Nevertheless, there were large differences in retrieving the test words
from memory as a function ofthe memory representation used by the
participants. Thus, these experiments provide compelling evidence that
the memory representation used to store text strongly influences what
can be retrieved from memory about the text.

Finding that participants made more letter-detection errors on the
word the than on other words with visual instructions not only supports
the hypothesis that the participants used a visual memory representa
tion in that case but also suggests that the representation they used con
tained units larger than a letter. Thus, the detection task used here can
illuminate the units used to store text in memory, just as it has illumi
nated the units used in reading (see, e.g., Healy, 1976, 1994).

The memorization instructions affected the participants' pattern of
errors on the memorization trials preceding letter detection as well as
their pattern of errors on the detection task itself. We found that par
ticipants in the visual group made fewer content-word or phrase sub
stitutions than did participants in the auditory group. Our explanation
for this finding is that participants in the auditory group may recon
struct the words in the passage at least in part by visualizing the scene
of the passage, whereas it would be difficult for participants in the vi
sual group to use a similar reconstruction method because they are told
to visualize the words.

The text to be memorized by participants in this study was presented
visually in all cases. In our earlier study (Schneider et al., 1989), we
presented the text both visually and aurally, and found that the mem
ory representation did not depend on the modality of the text (cf. Pen
ney, 1989), but rather on some preference by the participants. In the
present study, we found that the participants' preference for memory
representation was not related to their imagery ability, but we do not
know what factors did influence their preference.

The differences we found between auditory and visual memory rep
resentations support earlier findings of modality effects on long-term
memory (see Penney, 1989, for a review). Unlike earlier studies, how
ever, the differences we found cannot be attributed to stimulus input
modality. As far as we know, our findings are unique in demonstrating
a long-term modality effect achieved only through instructions con
cerning the modality of the memory representation. Nairne (1988) has
proposed a model of memory that includes modality-dependent fea
tures that reflect perceptual aspects of stimuli, rather than sensory as
pects, and that are a product of a language-analysis system. Nairne's
model is thereby able to account for similar and interacting modality
effects for auditory, lip-read, and mouthed stimuli. However, it is dif
ficult to see how even this account could explain a modality effect
achieved only through instructions, presumably because Nairne and
Pusen (1984) were unable to obtain the standard modality effects in
immediate serial recall by varying only imaging instructions.

Most important is our finding that the memory representation was
flexible and influenced by experimenter instructions (i.e., it was under
explicit control, contrary to recent arguments that strategy choice is
largely implicit; see Reder & Schunn, in press). The implication ofthis
finding is that instructors may influence not only what is learned by
students but also the type of memory representation used to store that
information. Instructors should advise students to use the memory rep
resentation that would be most helpful given their particular subse
quent memory needs. Because these needs are probably difficult to an
ticipate, it seems best, perhaps, to encourage students to adopt multiple
forms of memory representation.
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NOTES

I. An additional 10 individuals were tested, but their data were not
analyzed because 2 of them were nonnative English speakers, 2 of them
did not fully memorize the passage by the fifth repetition, 4 of them
said they used both visual and auditory memory representations, I of
them said she visualized the scene ofthe passage rather than the words
in the passage, and I of them provided detection responses that were
uninterpretable. The data from the final 3 individuals tested who re
ported using an auditory representation for the task were also not ana
lyzed to equate the size of the groups.

2. An additional 16 individuals were tested, but their data were not
analyzed because 4 of them were nonnative speakers of English, 5 of
them reported using both methods of imaging for the detection task or
reported using a method different from the one they had been in-

structed to use (e.g., they said they used a visual method when in
structed to use an auditory method), and 7 of them did not meet our
memorization criterion for one of the passages. An additional II indi
viduals were tested, but they did not provide data that could be ana
lyzed because they failed to follow the detection-task instructions or
because their detection responses were uninterpretable. Each of these
additional individuals was replaced by another individual from the
same condition and counterbalancing subcondition. The data from an
additional 3 individuals tested (each of whom was the last one tested
in a given counterbalancing subcondition) were also not analyzed to
equate the size of the subconditions.
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