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There has been much empirical interest in the processing
of information from stimuli presented in varying formats.
However, the early work concentrated on either picture–
word differences (Goolkasian & Park, 1980; Kroll & Cor-
rigan, 1981; Pellegrino, Rosinski, Chiesi, & Siegel, 1977;
Smith & Magee, 1980) or auditory–visual differences.
More recently, this work has been broadened in order to
consider the effects of multimedia presentation techniques
(Mayer, 2001) that includedvideo and sound, togetherwith
illustrationsand textualmaterial. The present experiments
extended the latter work by examining working memory
for material presented in different modalities (auditory vs.
visual) and different formats (pictures vs. printed words)
in the same modality (visual).

Picture–word studies(Smith & Magee,1980)have shown
a naming advantage for word processing but a picture ad-
vantage when problem-solving tasks or text-processing
tasks were used. When Potter (1976) studied short-term
memory for pictures, she found that pictures were detected
better than printed words. Short-term memory for visual
patterns has been found to resemble verbal memory in its
susceptibility to similarity effects and in its capacity limi-
tation to around three or four objects (Luck & Vogel, 1997;
Wheeler & Treisman, 2002). There are well-recognized
differences in encoding stimuli across these two formats
(Theios & Amrhein, 1989), and it is generally acknowl-
edged that comprehensionof instructionalmaterials is en-
hanced when illustrationsappear togetherwith textual ma-
terial (Glenberg & Langston,1992;Larkin & Simon, 1987).

In terms of input modality, Penney (1989) suggests a
model of verbal information in which auditory and visual
information (pictures or words) are processed in separate
streams. Several studies have shown that when the mode
of presentation has been auditory rather than visual, supe-
rior recall for auditory items occurs, and researchers have
referred to this advantageas themodalityeffect (e.g., Greene,
1985; Greene, Elliott, & Smith, 1988). This superior per-
formance consists of at least two components: a sustained
sensory memory for auditory input and another that is
brief and can be eliminatedby presentationof a similar au-
ditory item (the suffix effect; Kellogg, 2001; Nicholls &
Jones, 2002).

The long-term modality effect resides in the processing
of auditory input that takes place in working memory
(Gardiner, Gardiner, & Gregg, 1983). Auditory input of
words results in superior performance when compared
with visual input of the same words. This long-term effect
is not eliminated by the presentation of a suffix item and
is found for both serial and free recall (Greene & Crowder,
1986). In the present work, we investigated the advantages
of auditory input and compared it with two visual formats,
pictures and printed words. Moreover, an attempt was
made to separate the effects that were due to sensory plus
working memory (Experiment 1) from those that were due
only to working memory (Experiment 2 and Experi-
ment 3). It was expected that in all conditions, auditory
inputwould result in significantlybetter performance than
would presentation of the same printed words and, when
the sensory memory componentwas eliminated,would re-
sult in the same high performance as that expected with
picture presentation.

Recently, Mayer and his colleagues (Mayer, 2001;
Mayer& Sims, 1994)developeda cognitivetheory of multi-
media learning that explained why learning is often facil-
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In three experiments, we examined the separate cognitivedemands of processing and storage in work-
ing memory and looked at how effectivethe coordination was when items for storage varied in format/
modality. A sentence verification task involving arithmetic facts was combined with a span task in-
volving two to six items presented in picture, printed word, or spoken word format. The first two ex-
periments were the same, except for the added requirement of articulation of the math sentence in Ex-
periment 2. Experiment 3 varied the length of the span item and compared recall with recognition
performance. The results showed that both spoken words and pictures produced superior recall and
recognition, as compared with printed words, and are consistent with Baddeley and Logie’s (1999) and
Mayer’s (2001)models of working memory.Also, the differencesin processing performance across spans
variedwith the difficulty of the task but showed the strongest support for the resourceallocationmodel
(Foos, 1995).
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itated by explanations that incorporate at least two for-
mats. Mayer argued that there are two parallel channels,
visual/pictorial and auditory/verbal, for processing infor-
mation through working memory. Although the paths for
processing pictures and spoken words are direct and iso-
lated within a channel, processing of printed words was
hypothesized to involve both channels in a more complex
manner.According to Mayer, format/modalityeffects should
be evident in both the storage and the processing compo-
nents of the working memory task.

The present research extended prior efforts by examin-
ing both format and modality effects in working memory
(Baddeley& Hitch, 1974;Baddeley& Logie,1999).Work-
ing memory was thought to be a multicomponent system
in which a central executive controls and regulates work-
ing memory by coordinatinga visuospatialsketchpad and
a phonologicalloop. It was expectedthat format and modal-
ity effects would be evident primarily in the operation of
these two specialized stores, with picture formats repre-
sented in the visuospatial store and auditory or linguistic
information in the other.

In our experiments, we also examined the separate cog-
nitive demands of processing and storage in working
memory. The dual task was modeled on a complex oper-
ations span task used by La Pointe and Engle (1990). Our
processing componentwas a sentence verification task in-
volving arithmetic facts. Performance was recorded by
measuring reaction time (RT) and accuracy to each arith-
metic sentence. The storage component was a span task
involving two to six items presented for immediate recall.
Span items were presented in picture, printed word, or
spoken word conditions. Although these conditions rep-
resented variations in both format and modality, they were
considered in these experiments as levels of a presenta-
tion format variable. We were interested in the degree to
which presentationformat effects would influenceperfor-
mance in the dual task. Previous work (Goolkasian, 1996)
with a sentence verification task had shown a picture ad-
vantage, but those format differences were attributed pri-
marily to encoding. Given the separate verbal and pictor-
ial channels of processing through working memory and
the different findings when picture format and auditory
modality were compared with printed words, presentation
format effects are predicted.

Finally, in our experiments, we examined predictions
about the allocation of working memory resources. The
centralexecutiveis responsiblefor theallocationof resources
to processing and/or storage tasks and to the coordination
of the two other systems. According to one version of the
resource-sharing model (Daneman & Carpenter, 1980;
Kahneman, 1973), as memory demand increases, there
should be less capacity available for processing or storing
information through working memory. As demand in-
creases, performance on all tasks should decline.Another
version of the resource-sharing model proposes that re-
source allocation by the central executive ordinarily fol-
lows a set of guidelinesbuilt into the system. One of these
guidelinescalls for resource allocation to processing tasks
over storage tasks (Foos, 1995). In this case, no decline in

processing accuracy would occur with increased demands
for storage, but fewer stored items would be recalled.

We measured the storage versus processing tradeoff by
looking at the span effect and what would happen to recall,
RTs, and verification accuracy when participants kept in
mind from two to six items presented in different presen-
tation format conditions.A large span effect on all of these
measures would support the first version of the resource-
sharing model, whereas an absence of a span effect on ver-
ification accuracy would support the allocation guideline
hypothesis.

In sum, the present experiments tested the hypothesisthat
concrete nouns presented as pictures or as spoken words
would result in bettermemory for thosenouns, as compared
with printedwords. Such a findingwouldalso supportMay-
er’s (2001) predictions regarding the complexity of pro-
cessing printed words. In addition,presentationformat in-
fluences on both processing and storage were examined.
One version of the resource-sharing model predicts that as
span increases, performance on all measures will decline,
whereas the allocation guideline hypothesis predicts that
processing accuracy will not decline as span is increased.

EXPERIMENT 1

Method
Participants. The participants were 100 male and female students

from the University of North Carolina at Charlotte. They were vol-
unteers who participated in the experiment to obtain extra credit points
toward their psychology class grade. Twenty-four students partici-
pated in Experiment 1, 23 in Experiment 2, and 53 in Experiment 3.

Stimulus materials . A complex operations span task was used.
The processing task required the participants to verify the accuracy
of a series of math facts presented in a sentence form. Following the
participant’s keypress response, a concept appeared as a printed
word, a spoken word, or a picture, and the participants were required
to recall from two to six of these when cued.

The sentences for the processing task were questions adapted
from the math task used by La Pointe and Engle (1990). Each sen-
tence contained two components: the multiplication or division of two
integers and the addition or subtraction of an integer from the result.
The numbers used in both components were integers between 1 and
10. Correct and incorrect examples of the sentences used in the pro-
cessing task were, respectively, “Is (8 3 2) 1 4 5 20?” and “Is (2/
1) 1 1 5 2?” Numbers, rather than words, were used for the sen-
tence verification task, because Campbell’s (1994) work had shown
a decline in performance when words were used for a math task.
Also, to reduce math anxiety, only one integer above 5 was used for
the first component of the sentence.

The 60 items used in the span task are presented in the Appendix.
Each of the items appeared as a printed word, as a spoken word, and
as a picture. The concepts used as the stimuli for the span task were
concrete nouns that were chosen from a pool of several hundred clip
art photos on the basis of ratings by an independent group of 40 stu-
dents drawn from the same population as the participants. An item
was chosen for the study if at least 90% of the raters agreed on a
name for the picture. Each picture was imported into Adobe Photo-
shop, and its size was adjusted to approximately 4 3 4 cm for use in
the study. When the items appeared as printed words, they were up-
percase characters printed with a Geneva font in a character size of
24 cpi. The spoken words were sound files created by a female voice
as a Macintosh system sound file.

The stimuli were displayed on an Apple Color High Resolution
RGB 15-in. monitor. Stimulus presentation and data collection were
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controlled by SuperLab running on a Power Macintosh 7000 series
computer.

Procedure. The participants were run individually in sessions of
around 30 min. They were introduced to the dual task and given five
practice trials to familiarize themselves with the task. They were
asked to verify the accuracy of a series of arithmetic facts while si-
multaneously remembering a varying number of items presented as
pictures, printed words, or spoken words. The math sentence ap-
peared first and remained on the screen until the participant made a
yes/no response (with either the F or the J on the keyboard), using his
or her right or left index finger. An item from the span task followed
the participant’s response. The item was a picture, a printed word, or
a spoken word presented against a blank screen. After 1 sec, a second
math sentence appeared again, followed by the second item from the
span task. This continued until a string of three question marks cued
the recall of the span items. The participants called out as many of
the span items as they could remember, and their spoken responses
were recorded by a research assistant. When ready, the participant
used a keypress to begin the next trial. The span task varied between
two to six items.

In all, there were 45 recall trials for each of the participants. Five
span conditions (two to six items) were combined with the three for-
mats, and each of the 15 conditions was replicated three times.
Within each replication, the order of the format 3 span conditions
was randomized. Also, within each of the recall trials, the item order
was randomized each time the experiment was run.

There were 180 math sentences developed for the sentence veri-
fication task. Of the 60 used in each of the three replications, there
was an equal number of multiplication and division and of subtrac-
tion and addition facts, with half correct and half incorrect exam-
ples. The incorrect answer was always within two units of the cor-
rect answer. The pairing of the items used in the span task with the
math sentences was random, and within each of the 15 recall condi-
tions, there was an equal number of correct and incorrect math sen-
tences.

Our complex operation span task differed from La Pointe and
Engle (1990) in several important respects. The computer recorded
the RTs and accuracy scores from the sentence verification task so
that we could look at both span and format effects on the processing
component of the working memory task. The participants were en-
couraged to recall as many of the items as they could, irrespective of
when the item was presented, and recall was spoken rather than writ-
ten. Also, recall was scored as the proportion of presented items cor-
rectly remembered. Lastly, in the first experiment, the participants were
not required to read out loud either the math sentence or the items
from the span task. However, in Experiments 2 and 3, the participants
articulated the math sentence prior to their verif ication response.

Results
Means were computed from the correct RTs to the sen-

tence verification task and from the proportion of items
correctly recalled from each participant across the three
replications within each of the experimental conditions.
Also recorded were the proportion of incorrect RT re-
sponses. A 5 3 3 repeated measures analysis of variance
(ANOVA) was used on the RT and recall data to test for
span and format effects. The F tests that are reported in-
clude the Greenhouse–Geisser correction to protect against
possible violation of the homogeneity assumption.

Format and span effects were obtained on both pro-
cessing speed and storage components of the dual task.
Figure 1 presents the interactions.From the top panel, it is
apparent that the ability to remember items varied by for-
mat [F(2,46) 5 43.57,p , .01; h2 5 .65]. Scheffé tests (at

the p , .05 level of significance) showed that the three
formats differed significantly from each other. The means
for the three format conditions were .92, .85, and .78, re-
spectively.Span effects were also quite strong [F(4,92) 5
45.40, p , .01; h2 5 .66]. Recall fell in a linear relation-
ship with the number of items held in memory (p , .01
for the linear trend). Although there was a significant
format 3 span interaction [F(8,184) 5 2.40, p , .02; h2 5
.09], the effect size was small, and it most probably re-
sulted from a ceiling effect with the short spans. The
higher recall of words when four items were held in stor-
age was puzzling and did not replicate in Experiment 2
when the same condition was tested.

RTs to the sentence verification task (middle panel of
Figure 1) were also found to be influenced by format
[F(2,46) 5 5.82, p , .01; h2 5 .20] and span [F(4,92) 5
11.39, p , .01; h2 5 .33] and their interaction [F(8,184) 5
4.56, p , .01, h2 5 .16]. Verification of the math facts was
quicker when spoken words, rather than printed words or
pictures, were held in memory and when short, as com-
pared with longer, spans were tested. However, the format
effect varied with span, and at the shortest span, printed
words were associated with the quickest RTs.

Errors rates from the sentence verification task showed
effects that were somewhat consistent with the RT data.
Error rates were essentially the same across all the condi-
tions, except when two or three spoken words were held in
mind. In these two conditions, error rates were unusually
low, as compared with the other format and span condi-
tions. As can be seen in the bottom panel of Figure 1, this
result produced a significant format 3 span interaction
[F(8,184) 5 2.64, p , .01] and main effects of format
[F(2,46) 5 3.82, p , .05] and span [F(4,92) 5 4.16,
p , .01].

Discussion
Both storage and processing time components of the

working memory task showed substantial effects from
variationin the presentationformat and the number of items
held in memory. There was a strong advantage to storing
items presented as spoken words, and pictures were re-
membered better than printed words.

The present results do not provide clear support for ei-
ther model of resource sharing. One model (Daneman &
Carpenter, 1980) predicted an effect of span on process-
ing accuracy such that accuracy would decline as span in-
creased. An effect of span on accuracy was obtained. The
effect, however, was nothing like that predicted,since error
rates deviated only in two conditions and error rates in
thoseconditionswere unusuallylow and seeminglywere due
to format, in addition to low span. The allocationguideline
hypothesis (Foos, 1995) might claim partial support here,
since error rates were generally the same regardless of span.

The fact that for some selectedspan conditions,there was
an almost perfect recall of spoken words, accompanied by
faster processing time in the verification task and fewer
errors in comparison with the other formats, suggests that
the advantage for spoken words may reflect differences in
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sensory memory, in additionto differences in workingmem-
ory for auditory as compared with visually presented ma-
terial. These findingsmay be similar to the modality effect
commonlyobtained in short-term memory research, where
spoken words have produceda recall advantage for the last

several items in a list, owing to the longer availability of
auditory information, in comparison with visual (Penney,
1989). To separate out the effects from sensory memory
and to better understand the format difference in working
memory, Experiments 2 and 3 were conducted.

Figure 1. Mean scores for the format 3 span interaction from Exper-
iment 1. The error bars represent standard errors. The top panel pre-
sents the proportion of items recalled in the storage task, and the mid-
dle panel presents the reaction times from the sentence verification task.
The bottom panel presents the proportion of errors made in the sen-
tence verification task.
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EXPERIMENT 2

The second experiment was a direct replication of the
first, except that the participants were asked to read out
loud the math sentence that appeared on every trial. The
participant’s articulation of the math facts was expected
to interfere with sensory memory for the spoken material
and to wipe out any sound advantageresulting from echoic
memory. Any modality effects that resulted from working
memory should be unaffected by this articulation.

Method
The stimulus materials and the procedure were the same as those

in Experiment 1, except that the participants were asked to read out
loud the math sentence as soon as it appeared and then to respond
with a key press to indicate the statement’s accuracy. As in Experi-
ment 1, an item from the span task followed the participant’s re-
sponse. The item was a picture, a printed word, or a spoken word
presented against a blank screen. After 1 sec, a second math sentence
appeared, again followed by a second item from the span task. This
continued until a string of three question marks cued the recall of the
span items. Items ranged in number from two to six. The participants
were another group of students drawn from the same population as
those in Experiment 1. In all other respects, this experiment was the
same as the first.

Results
Figure 2 presents the means from the data collected in

Experiment 2. Recall of items presented in the span task
varied by format [F(2,44) 5 28.48,p , .01; h2 5 .56], but
the format effect was limited to a lower recall of items pre-
sented as printed words. The advantage that spoken words
had over pictures in Experiment 1 was not replicated. As
in Experiment 1, recall declined in a linear fashion with
the number of items held in memory [F(4,88) 5 126.20,
p , .01; h2 5 .85]; however, there was no interaction of
span and format [F(8,176) 5 1.31, p 5 .24; h2 5 .05].

The analysis of the RTs showed only an effect of span
[F (4,88) 5 5.36, p , .01; h2 5 .20]. Verifying the accu-
racy of math facts took longer when more (five or six),
rather than fewer (two, three, or four) items were held in
memory. RTs were not affected by format [F(2,44) 5 1.93,
p 5 .16; h2 5 .08] or by the interactionof format and span
[F(8,176) 5 1.02, p 5 .42; h2 5 .04].

The errors made in the sentence verification task were
also found to vary as a functionof span [F(4,88)5 2.61,p 5
.04], and there was a span 3 format interaction [F(8,176)
5 2.71, p , .01]. As can be seen in the lower panel of Fig-
ure 2, these effects were due to more errors being made
when five or six pictures were held in memory.

Discussion
The results of this second experiment support the hypoth-

esis that the prior advantageof spoken words over pictures
was due to sensory memory. Articulation eliminated that
advantage,althoughstrongpresentationformat effects were
still obtained.

The fact that both spoken words and pictures produced
superior recall, as compared with printed words, is con-
sistent with past findings of an advantage for picture pro-

cessingand an advantagefor spokenoverprintedwords.This
experiment extended those results by making a direct com-
parison between picture and spoken versions of the items
and supported Mayer’s (2001) prediction of lower perfor-
mance for printed words because printed words involve
two channels and more complex processing, whereas pic-
tures and spoken words involve but a single channel.

The picture over word superiority effect also supports
the more traditionalmodels of working memory that spec-
ify separate components for the processing of visual and
auditory information (Baddeley & Logie, 1999). Because
pictures do not rely as extensively on the phonological
loop for storage as printed words, they were at somewhat
of an advantage when it came to recall of the span items,
because visual working memory may not have been as dis-
turbed by the articulation task as verbal memory.

The spoken word advantage over pictures was elimi-
nated with articulation,but interestingly, there was still an
advantage relative to printed words. It is possible that the
articulation task prevented the participants from coding
the printed words into verbal working memory, but since
the spoken words were already in a phonological format
(speech), their recall was not as impaired as that of the
printed words by the articulation task. Wilson (2001) has
suggested the possibilityof such sensory coding effects in
verbal working memory.

The format effects in Experiment 2 may also have re-
sulted from the added requirement to articulate the math
facts. However, other than eliminating the sound advan-
tage to processing spokenwords, there was no evidencethat
the differences between experiments interacted with for-
mat or span. The need to articulate the math facts prior to
producing a verification response added to the load on the
central executive and made the dual task more difficult.

Finally, the present results, like those from the first ex-
periment, do not clearly support either model of resource
sharing. The allocation guideline hypothesis predicts no
effect of span on processing accuracy, and yet such effects
were obtained in both experiments.These obtainedeffects
are, however, nothing like those predicted by the other
model and seem, instead, to be due to unusually low error
rates with two or three spoken words in Experiment 1 and
unusually high error rates with five or six pictures in Ex-
periment 2. Error rates for all the other conditionsseem to
be about the same.

Before any conclusions could be made, however, re-
garding the varying explanations for the format effects,
there were at least two lingering issues that needed to be
clarified. The use of single- and multiple-syllable items
may have made the printed words more difficult to recall,
in comparison with the other format conditions. Short
words are generally recalled at a higher rate than long
words La Pointe & Engle, 1990; Wilson, 2001). The effect
is also related to the length of time it takes to articulate the
printed words, rather than to the number of syllables.
Since our procedure did not include articulation of the
items presented in the storage task, it was unknown what
influence word length would have on recall. It was also of
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interest to test whether the format effects in working mem-
ory would generalize when memory tests other than recall
were used. Experiment 3 was conducted to examine both
of these issues.

EXPERIMENT 3

In Experiment 3, we looked at the effect of item length
and type of memory task on processing and storage in

Figure 2. Mean scores for the format 3 span interaction from Exper-
iment 2. The error bars represent standard errors. The top panel pre-
sents the proportion of items recalled in the storage task, and the mid-
dle panel presents the reaction times from the sentence verification task.
The bottom panel presents the proportion of errors made in the sen-
tence verification task.
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working memory. The stimulus items were divided into
single and multiple syllables, to create an item length vari-
able. As in the two previousexperiments, all the items were
presented in picture, printed word, and spoken word for-
mats. The processing component of the dual task was the
same as that in Experiment 2. The participantsarticulated
the math facts and then verified their accuracy. The stor-
age componentwas reduced to only two span conditions—
short (three items) versus long (six items)—and the two
memory tasks (recall and recognition)were compared be-
tween groups. We wanted to make sure that the lower per-
formance when printed words were used did not result
from a word length effect and would also occur when an-
other memory test was used.

Method
Participants. The 53 participants were randomly assigned to one

of two memory test conditions. The data from one of the participants
were eliminated because of lower than chance performance on the
sentence verification task.

Stimulus materials . The span task involved 54 stimulus items
that were divided into single and multiple syllables on the basis of
length. The Appendix lists the items in each of the two categories.
Although a number of stimuli were the same as the ones in use pre-
viously, some new items were added from the original pool. Each
item appeared as a picture, a printed word, and a spoken word. In all
cases, ratings indicated that there was at least 90% agreement on a
name for the picture. The 54 math sentences for the processing task
were randomly drawn from the sentences used in the previous ex-
periments.

The stimuli were displayed on an Apple 15-in. flat screen monitor.
Stimulus presentation and data collection were controlled by Super-
Lab running on a PowerPC G4. Spoken words were presented with
stereo speakers. In all other respects, the stimuli were the same as
those in the previous experiment.

Procedure. The participants were run individually in 30-min ses-
sions. They were randomly divided into two memory test groups—
recall and recognition. Both groups had 36 trials in which they had
to either recall or recognize the items presented on the span task.
There were 2 span conditions (three and six) combined with 2 length
conditions (single and multiple) and three formats (picture, spoken
word, and printed word). Each of the 12 experimental conditions was
replicated three times. Within each of the replications, use of each
item was counterbalanced across format. Also, within each replica-
tion, the order of the 12 experimental conditions was randomized.

As in the previous experiment, the memory task was cued by a
string of three question marks that appeared on the screen. For the
recognition test, the participants were provided a sheet with printed
words that included the actual items presented in the span task and
an equal number of distractor items randomly drawn from the same
syllable condition. Distractor and original items were randomly or-
dered on the sheet. The participants were asked to check the items
presented on that trial. A research assistant monitored the task to
make sure that the participants saw only the recognition items from
a specific trial. When ready for the next trial, the participant made a
keypress.

The procedure for the recall task was the same as that in Experi-
ment 2. When cued, the participants called out as many of the span
items as they could remember, and their spoken responses were
recorded by a research assistant.

There were 162 sentence verif ication trials. The 54 math sen-
tences were used three times, once in each of the replications of the
12 experimental conditions. There was an equal number of multi-
plication and division and of subtraction and addition facts, with half
correct and half incorrect examples. The pairing of the items used in
the span task with the math sentences was random, and within each

of the 12 experimental conditions, there was an equal number of cor-
rect and incorrect math sentences. In all other respects, the proce-
dure was the same as that in Experiment 2.

Results
Data from each of the memory tests were treated sepa-

rately with a 3 3 2 3 2 ANOVA to test for the within-
group effects of format, syllable length, and span. Figure 3
presents the recall and recognitiondata for each of the for-
mat 3 span conditions. Performance in the recognition
memory condition was consistent with previous results.
Printed words were at somewhat of a disadvantage when
compared with recognition memory for pictures and spo-
ken words. Analysis of the recognition memory scores
showed an effect of format [F(2,50) 5 69.91, p , .01;
h2 5 .74] and span [F(1,25) 5 308.96, p , .01; h2 5 .92],
but no interaction between these variables [F(2,50) 5
2.51, p , .09].

Analysis of the recall data also showed effects of format
[F(2,50) 5 41.43,p , .01; h2 5 .62] and span [F(1,25) 5
480.12,p , .01; h2 5 .95]. However, for this analysis, the
interaction was also significant [F(2,50) 5 6.78, p , .01;
h2 5 .21]. Although printed words were at a relative dis-
advantage in comparison with other formats, pictures
were recalled at a lower rate than were spoken words when
short spans were tested.

The effect that syllable length had on the storage of in-
formation was not consistent with the interpretation that
the poor recall of printed words occurred because the
items included multisyllabic words. The ANOVA on the
recall data did not show a main effect of syllable length
[F(1,25) 5 1.70, p , .20; means for single and multisyl-
labic items were .69 and .68, respectively], nor was there
an interaction of syllable length with format [F(2,50) 5
2.42, p 5 .10]. Rather, syllable length was found to inter-
act with span [F(1,50) 5 4.93, p , .04; h2 5 .16], and
there was a triple interaction with span and format
[F(2,50) 5 8.37, p , .01; h2 5 .25]. These interactions
occurred because, at short spans, single-syllable items
were recalled slightly better than multisyllabic items and
the effect was more noticeable for spoken words and pic-
tures than for printed words.

A main effect of syllable length was found with the
recognition data [F(1,25) 5 27.71, p , .01; h2 5 .51];
however, the effect was opposite to that predicted,with the
multisyllabic items being recognized at a higher rate than
the single-syllable items (means for the multisyllabic and
single items were .82 vs .78, respectively).Also, there was
a significant syllable3 span interaction[F(1,25) 5 19.47,
p , .01; h2 5 .44], which indicated that there was a larger
syllable effect for the long spans than for the short spans.
None of the other interactionswith syllable length reached
significance.

With the exception of a small recall advantage to spo-
ken words, relative to pictures at short spans, format and
span effects were consistent with the results of Experi-
ment 2.

Consistent with the findings from Experiment 2, RTs
from the recall task were faster when the participantswere
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asked to store three, rather than six, items [F(1,25) 5 6.50,
p , .02; h2 5 .20]. There was also a span 3 format inter-
action [F(2,50) 5 3.87, p , .03; h2 5 .13]. From the mid-
dle panel of Figure 3, it appears that this interaction oc-
curred because the RTs did not increase with span for the
spokenwords, as theyhad in the other two format conditions.
Item length was also found to influence RTs [F(1,25) 5
4.53, p , .04; h2 5 .15]. Verification responses were
slower when single-syllableitems were stored, rather than
multiple-syllableitems. Meanswere 5,941and 5,804msec,
respectively. Item length was also found to interact with
format and span [F(2,50) 5 4.43, p , .02; h2 5 .15].
However, the reason for this effect was not obvious.

Verification responseswith the recognitiondata showed
the same triple effect of item length, format, and span as

the previous analysis [F(2,50) 5 7.66, p , .01; h2 5 .23].
There was also a syllable 3 format interaction[F(2,50) 5
3.19, p , .05; h2 5 .11]. None of the other effects in the
analysis of the RTs reached significance.

Errors rates from the sentence verification task are pre-
sented in the bottom panels of Figure 3. The only signifi-
cant effects were found in the data from the recognition
task. There was an increase in the number of errors for
short spans, as compared with long spans [F(1,25) 5 6.33,
p 5 .02], an effect of format [F(2,50) 5 3.67, p 5 .03],
and an interaction of span and format [F(2,50) 5 5.41,
p 5 .01]. More errors were made to the sentence verifica-
tion task when printed words, rather than the other for-
mats, were presented in short spans. None of the other ef-
fects in the analysis of the errors reached significance.

Figure 3. Mean scores for the format 3 span 3 memory task interaction from Experiment 3. The error bars repre-
sent standard errors. The top panel presents the proportion of items recalled in the storage task, and the middle panel
presents the reaction times from the sentence verification task. The bottom panel presents the proportion of errors made
in the sentence verification task.
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Discussion
The present results replicated the first two experiments

by showing advantagesof pictures and spoken words over
printedwords. This findingoccurred in both recognitionand
recall memory tests and with single- and multiple-syllable
items. These results eliminatedword length as a significant
factor in explainingthe presentationformat effect obtained
in these experiments.

Overall, the effects of presentationformat and span were
consistent across the two kinds of memory tasks, with a
few exceptions. At the shorter span in the recall test, the
advantage of spoken words over pictures was again pres-
ent. Also at the shorter span, multiple-syllable items were
better recognized than single-syllable items and showed
slightly smaller presentation format effects.

GENERAL DISCUSSION

The present experiments clearly showed presentation
format effects in working memory. The advantage of pic-
tures over printed words was found in a dual-task, working
memory paradigm, as in problem-solving and text-
processing tasks (Smith & Magee, 1980). The advantage
of auditory over visual presentation, the modality effect,
was also found in this same paradigm. The advantages of
pictures and spoken words over printed words were the
same, except when auditory sensory memory contributed
to the modalityeffect (Experiment1) andat very short spans,
where spoken words were recalled better than pictures.

These results support both Baddeleyand Logie’s (1999)
and Mayer’s (2001) models of working memory. Mayer’s
model predicts that some combinationsof formats should
result in superior performance in working memory tasks.
Since both spoken words and pictures resulted in superior
performance, perhaps their combination will result in
even higher performance. Our future work will examine
these possibilities.

Finally, some support was found for the hypothesis that
the allocationof resources by the central executive to stor-
age and processing tasks follows a set of built-inguidelines
(Foos, 1995). Generally, accuracy on the processing task
was unaffected by changes in information storage, exceptat
very short spans with words and very long spans with pic-
tures. When the task requirementswere made more difficult
by the need to articulate, in addition to process and store in-
formation, verification accuracy was maintainedat a stable
rate, whereas recall performance declined. Other, related
work has shown that under some circumstances, the central
executivecan override guidelinesand allocate resources in
other ways (Foos, 1995). Perhaps, at a very short span with
spoken words (Experiment 1), the storage task was so easy
that even more resources could be allocated to processing.
Although both models seem able to account for the find-
ings from Experiment 1, Experiments 2 and 3 support the
allocation guideline hypothesis.

Since concretenouns representingcommon objectswere
used exclusivelyas the stimuli for the storage task, it would
be inappropriate to generalize the presentation format ef-
fects to other kinds of material. However, there is no doubt

that these findings show that the manner in which informa-
tion is presented has an influenceon working memory. Ma-
terial that is presentedas printed words are the least effective
of the presentation formats that were studied, and pictures
and spoken words appear to provide equivalent benefits.
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APPENDIX

Items Used in Experiments 1 and 2

ball frog pretzel
bat globe rabbit
bike guitar radio
blender horse rocket
books house rose
boot key scales
box lighthouse shark
bus lion scissors
car monkey snake
cat mushrooms snowman
chair owl stapler
cheese panda tank
cherries pen television
cow pencil tie
crab penguin toilet
dog phone tractor
eagle pie turtle
egg pig umbrella
fish plane watch
football plant whale

Items Used in Experiment 3

Single Syllable Multiple Syllables

ball blender
bat cherries
bike umbrella
books football
boot guitar
box lighthouse
bus monkey
car mushrooms
cat panda
chair pencil
cheese penguin
cow pretzel
crab rabbit
dog radio
whale rocket
egg scissors
fish snowman
fog stapler
globe toilet
horse tractor
house turtle
key calculator
plant elephant
owl balloons
pen handcuffs
pie microscope
pig sunglasses

(Manuscript received January 23, 2002;
revision accepted for publication July 1, 2002.)
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