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Auditory presentation leads to better analogical
retrieval than written presentation
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Research on analogical retrieval suggests that cues with object similarity to a prior episode in memory lead to
better retrieval than do cues with relational similarity. We suggest that previous work may have underestimated
the effectiveness of relational cues, because this work has presented cues and targets in written format. There is
some evidence that spoken presentations lead to better memory than do written presentations. We tested this hy-
pothesis using a continuous reminding paradigm in which people read and recalled proverbs that were presented
either in spoken or written format. The spoken format led to better retrieval from relational cues, particularly at

longer lags between cue and memory item.

Analogical retrieval is crucial for reasoning by analogy.
Although there are cases in which people are given two
domains and are asked to reason about one (the target)
by virtue of its similarity to a second (the base), useful
analogies are often retrieved spontaneously during rea-
soning and problem solving. For this reason, researchers
have been interested in the conditions under which peo-
ple are able to retrieve good base domains given a target
cue (e.g., Dunbar, 1997; Gentner, Rattermann, & Forbus,
1993; Gick & Holyoak, 1980; Hammond, Seifert, & Gray,
1991; Wharton, Holyoak, & Lange, 1996).

Research on analogical reasoning suggests that a use-
ful analogy between a base and a target occurs when the
domains share systematic relational similarities. Relations
are representational elements of a domain that link the en-
tities, descriptive attributes, and other relations. Relations
that connect other relations are called higher-order rela-
tions, and systems of relations linked by such relations are
thought to be particularly important for reasoning (Clem-
ent & Gentner, 1991). When the relational structure of two
domains matches, they are analogous. Most analogies in-
volve cases in which there are relational matches between
the domains, but the entities in the domains themselves are
not similar (i.e., they have little attribute similarity; Gentner,
1983, 1989).

Relational similarity can be illustrated using proverbs.
The proverb “The swiftest steed can stumble” is relation-
ally similar to the proverb “The greatest master is wrong

from time to time,” because both have the (relational)
meaning that everyone, even the powerful, can make
mistakes. In contrast, the proverb “A rough steed needs a
rough bridle” shares only attribute similarity with the first
proverb, because both are about steeds. The meanings of
the proverbs are not similar.

People are quite good at detecting analogical similarities
when two situations (or proverbs) are juxtaposed. Further-
more, people find analogous situations useful for reason-
ing. Nonetheless, a striking finding from research on ana-
logical retrieval is that people often fail to retrieve items
that are relationally similar to a cue when they have them
in memory, even if those prospective analogies would be
useful for solving a problem (Gentner et al., 1993; Ross,
1987, 1989). For example, in a classic study, Gick and
Holyoak (1980) observed that only about 30% of subjects
could solve an insight problem even when given a prior
analogous story. Of importance, almost all subjects were
able to retrieve and use the analogue when given a hint to
use it. This result suggests that the failure to use the analo-
gous story from memory was a failure to retrieve that story
rather than an inability to use the story once retrieved.

The existing literature on analogical retrieval can be
summarized by two generalizations. First, cues with pri-
marily object similarity to an item in memory are much
more effective retrieval cues than are cues with primar-
ily relational similarity. Obviously, cues with both ob-
ject and relational similarity are also effective retrieval
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cues, though not typically more effective than those with
only object similarity (Catrambone, 2002; Gentner et al.,
1993). Second, relational retrieval is improved by condi-
tions that favor relational encoding of the memory item
and the probe, such as the use of experimental manipula-
tions that invite comparing two analogous memory items
(Catrambone & Holyoak, 1989; Gentner, Loewenstein, &
Thompson, 2003; Gick & Holyoak, 1983).

Despite the result that relational similarity is less a ef-
fective retrieval cue than object similarity, there is a persis-
tent belief that analogies are used by good problem solv-
ers (Hammond et al., 1991; Polya, 1945; Schank, 1990).
Novick (1988) showed better relational retrieval for math-
ematics problems in relatively expert mathematics students
than in novice mathematicians. Dunbar (1997) found that
scientists are able to use analogies, and some of them come
from relationally distant domains. Furthermore, Blanch-
ette and Dunbar (2001) have demonstrated that analogies
are used in a variety of natural settings, meaning that these
analogies had to be retrieved in some fashion.

How can we reconcile the inability of people to re-
trieve analogies in laboratory studies with the sense that
people can and do retrieve analogies? The possibility we
explore in this article is that the literature has underes-
timated people’s ability to retrieve analogies because of
the way that studies of analogical retrieval are normally
conducted. In the typical experiment, subjects read a base
domain (which may consist of a proverb or a story). After
aretention interval, they read a target cue and must recall a
prior instance either by writing down the information they
recall or speaking aloud their remindings.

The studies we are aware of all involve written stories
and cues. In this article, we explore the hypothesis that
written presentations underestimate people’s analogical
retrieval ability. There is little research on modality dif-
ferences for memory or comprehension of complex text,
but we found some related work that is consistent with this
hypothesis. For example, research in list learning suggests
that spoken presentations of lists lead to better memory
for words than do written presentations (e.g., Conway &
Gathercole, 1987). However, we know of no research ex-
amining modality effects on relational retrieval directly.

The hypothesis that spoken presentation of information
might better enable relational recall than written presenta-
tion stems from evidence suggesting that people are better
able to rapidly form complex interpretations of spoken text
than of written text. For example, Jakimik and Glenberg
(1990) found that people are better able to resolve anaphors
(which require them to resolve the temporal structure of the
text) for spoken text than for written text. Carroll and Koru-
kina (1999) found better memory for elements of complex
spoken text than for written text. These results suggest that
comprehension and memory for relational items may be bet-
ter for spoken presentations than for written presentations.

Of course, the possibility that people can more read-
ily derive complex representations of spoken text than of
written text is somewhat counterintuitive. One might ex-
pect that the written modality would better support care-
ful, deliberative processing and would thus foster deeper
encodings than would spoken text.

To explore the possibility that previous studies have
underestimated people’s analogical retrieval abilities, we
replicated a previous study involving memory for prov-
erbs (Schumacher & Gentner, 1987) and manipulated
whether the proverbs were presented in written or spoken
format. The Schumacher and Gentner study (described in
Gentner, Bowdle, Wolff, & Boronat, 2001) used a con-
tinuous reminding design in which people were exposed
to a series of proverbs. On some trials, people were asked
to define the proverb they heard. (This was done only on
filler items, not on experimental items.) These instruc-
tions were given to focus people on the conceptual and
relational information in the proverbs. On the key experi-
mental trials, they were asked to recall any proverb they
had heard during the study that was similar to the cue.

The key items were 24 pairs of proverbs. One third of
these pairs involved relational similarities (as in the steed/
master pair described above). Another third contained
an object similarity (as in the pair of proverbs involving
steeds). In the final third, the two proverbs were identical.
In these pairs, the base proverb always occurred earlier
in the list. The cue could appear one, six or eleven items
later in the list. Schumacher and Gentner (1987) found
that people were far better at recalling object-similar prov-
erbs than relationally similar proverbs (and, as expected,
they were nearly perfect on the identical pairs).

In our studies, we were interested in the degree to which
people would recall proverbs given cues with object or
relational similarities. Schumacher and Gentner’s (1987)
findings, consistent with other analogical retrieval results,
suggest that people will recall more proverbs given an ob-
ject similarity cue than given a relational similarity cue.
However, if spoken language better enables relational re-
call than written language, then we should observe more
analogical retrieval in the spoken condition than in the
written condition.

METHOD

The subjects were 89 members of the University of Texas commu-
nity who received course credit or were paid $8 for their participation.
Opverall, 45 subjects were run in the written condition and 44 in the spo-
ken condition. Subjects were run individually by an experimenter.

The proverbs used in this study were adapted from previous re-
search by Schumacher and Gentner (1987). We constructed three
lists of proverbs, and each subject was exposed to one of those lists.
The lists consisted of 12 proverb pairs that shared object similarity
and 12 proverb pairs that shared relational similarity (for a total of
48 proverbs) along with 28 filler proverbs that did not share either
object or relational similarity with the rest of the pairs in the set.
Each list had a base proverb paired with a different proverb that
shared either relational or object similarity with it, in order to ensure
that the results were not due to a specific pairing between particular
proverbs. The lists were constructed so that one pair at each distance
appeared in each third of the list.

Each list began with three filler proverbs. The base proverbs al-
ways preceded the cue proverbs. Cues were presented 1, 2, 4, or 8
proverbs later in the list (that is, at a distance of 1, 2, 4, or 8). Prior
to the presentation of a proverb, subjects were told either that they
were going to define that proverb or that they were to use it to recall
previously presented proverbs. The subjects defined 13 of the filler
proverbs (including the first two in the set). They were given instruc-
tions to recall previous proverbs for all other items.
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Subjects in the written condition were shown each proverb on an
index card. Reading was self-paced. Subjects in the spoken condi-
tion heard a recorded reading of each proverb, spoken by a female
who did not know the purpose of the study. Those in the spoken
condition were allowed to hear the proverb as many times as they
wanted. The subjects in both conditions spoke aloud their definition
or what they recalled (depending on the instructions for a trial).

Sessions were audiotaped. The number of base proverbs correctly
recalled was recorded for all subjects by one of the authors. Recall
data from 34 subjects (18 in the spoken condition and 16 in the writ-
ten condition) was scored by a second rater. The two raters agreed
on 98.4% of their coding. For the definition trials, there were a few
cases in which subjects failed to provide a definition. These trials
were not included in the analyses. However, all subjects provided
a definition for at least 11 of the 13 proverbs. One of the authors
scored the definitions of 64 subjects (29 from the written condition
and 35 from the spoken condition)! for the degree to which they
captured surface and relational aspects of the proverb. The defini-
tions of 51 subjects (26 written and 25 spoken) were also coded by a
second rater, who was naive to our experimental hypothesis. Use of
surface information was rated on a scale from 1 to 4, where 1 meant
that the definition used no words from the proverb and 4 meant that
most of the words from the proverb were repeated in the definition.
The relationality of the definition was also scored on a 1-4 scale,
where 1 meant that the subject provided only a shallow definition
and 4 that the subject gave a good definition of the relational mean-
ing. Cohen’s weighted x (a measure of reliability for ordinal data;
Cohen, 1968) indicated moderate agreement for both object (x =
.62) and relational (x = .72) information. The pattern of data for all
analyses involving these definitions is the same regardless of which
coder’s data is used. The analyses we present were performed on the
64 subjects mentioned above.

To summarize, this study had a 2 (modality: written vs. spoken) X
2 (match type: relational vs. object) X 4 (distance: 1, 2, 4, or 8)
design. Modality was run between subjects and match type and dis-
tance were run within subjects. In preliminary analyses, the proverb
list was included as a factor. Because this factor did not influence the
results, it will not be discussed further.

RESULTS AND DISCUSSION

The primary data of interest are the mean proportion of
proverbs of each type correctly recalled at each distance for
the two modalities. Subjects rarely recalled proverbs incor-
rectly, so we focus only on correct recalls. The recall data
are shown in Figure 1. A 2 (modality) X 2 (match type) X
4 (distance) mixed-model ANOVA revealed the expected
main effect of match type [F(1,87) = 13.15,p < .05, 9% =
.13], reflecting that a higher proportion of proverbs were
recalled for cues that were an object match (M = .46) than
for cues that were a relational match (M = .31). There was
also a reliable main effect of distance [F(3,261) = 12.26,
p < .05, n2 = .12], reflecting that fewer proverbs were
recalled as the distance between the cue and the target
increased.? In addition, there was a significant interaction
between match type and distance, indicating that the effect
of distance was more pronounced for relational matches
than for object matches [F(3,261) = 3.32, p < .05, 5% =
.04]. So far, these findings mirror those of Schumacher
and Gentner (1987).

Of central importance to our predictions, though, is a
significant three-way interaction between modality, match
type, and distance [F(3,261) = 2.86, p < .05, n2 = .03]
that qualifies both the main effect of distance and the
match type X distance interaction. As shown in Figure 1,

this interaction reflects a difference in the recall of rela-
tional versus object matches across the two modalities.
The proportion of object matches recalled for written and
spoken proverbs was roughly the same at all distances.
Planned comparisons were done using ¢ tests comparing
the mean numbers of object matches recalled at the vari-
ous distances revealed no reliable differences as a function
of the modality of presentation (all ps > .2).

The pattern for relational recall is quite different. As
predicted, a higher proportion of proverbs was recalled
for cues with a relational match for spoken proverbs than
for written proverbs at all distances. This difference was
significant for distances of 4 [M = .21 written and M =
.33 spoken; #(87) = 2.29] and 8 [M = .12 written and
M = .29 spoken; #(87) = 2.85] (both ps < .05, Bonfer-
roni corrected).

One possible explanation for these results is that people
encoded the proverbs more effectively in the spoken con-
dition than in the written condition. To explore this pos-
sibility, we analyzed the quality of the definitions people
gave for those proverbs they were asked to define. As dis-
cussed above, we coded the use of surface and relational
information in the definitions. The mean ratings of sur-
face and relational information for proverbs in the spoken
and written conditions are shown in Table 1. Subjects in
the written condition used significantly more surface in-
formation in their proverbs (M = 1.99) than did subjects
in the spoken condition (M = 1.68) [#(62) = 3.32,p <
.05]. There was no significant difference in the amount
of relational information between the spoken (M = 2.33)
and written (M = 2.22) conditions [#(62) = 1.27, p >
.10]. However, the interaction between surface/relational
information and condition was also significant [#(62) =
25.63, p < .05], suggesting that spoken condition subjects
may have allocated attention rather more to relational and
less to surface information, as compared with the written
condition subjects. There was no significant correlation
between the mean use of surface and relational informa-
tion within subjects [#(62) = —.04, p > .10].

Of course, the proverbs that subjects defined were not
the same as the ones that they recalled. Nonetheless, these
ratings may reflect the quality of people’s comprehension
for all proverbs they saw. Thus, for each subject, we corre-
lated the mean use of surface and relational information in
the definitions with the mean recall of relational and ob-
ject match proverbs. Neither measure of definition quality
correlated significantly with recall of object match prov-
erbs [1(62) = .02 for use of surface information, #(62) =
—.07 for use of relational information; both ps > .10]. The
correlation between use of surface information and recall
of relational matches was also nonsignificant [#(62) =
.02, p > .10]. However, there was a significant correla-
tion between the use of relational information in defini-
tions and recall of relational matches [r(62) = .61, p <
.05]: That is, individuals who tended to extract relational
definitions of proverbs showed superior ability to recall
(other) proverbs on the basis of relational information.
This finding suggests that attention to relations during en-
coding leads to increased ability to recall on the basis of
relational matches.



1104 MARKMAN, TAYLOR, AND GENTNER

Proportion of Proverbs Recalled
w

O Written—object
Spoken—object

~ M-

Distance

Proportion of Proverbs Recalled
w
_‘

O Written—relational
Spoken—relational

Distance

Figure 1. Mean proportions of proverbs recalled in the experiment as a function of the modality of
presentation, type of match, and distance between the cue and target. The top panel shows recall of object
matches, and the bottom panel shows recall of relational matches. Error bars are one standard deviation

from the mean.

How might this be related to the observed modality dif-
ference? We determined the ratio of the relational quality
of the definitions to the surface quality for each subject and
correlated that with their recall data. This ratio correlated
significantly with recall of relational matches [7(62) = .27,
p < .05], but not with recall of object matches [r(62) =
.00, p > .10]. Hence, subjects who provided more rela-
tional information, relative to surface information, tended
to recall more relational match proverbs.

To summarize the analysis of the definitions, the quality
of the relational information in the definitions was similar
for both spoken and written presentation, but there was
more surface information in the definitions for written
proverbs than for spoken proverbs. The amount of surface
information in definitions did not correlate with retrieval
of proverbs, but the amount of relational information in
the definitions was positively correlated with subjects’
ability to retrieve based on relational similarities.

The correlation between the quality of relational defini-
tions and amount of relational retrieval is consistent with
other research demonstrating that relational encoding has
a positive influence on relational retrieval. For example, a
number of studies have shown that comparing two analo-
gous texts during study—which promotes extraction of
the common relations (Gentner et al., 2003; Gick & Holy-
oak, 1983)—can lead to better relational transfer than does

Table 1
Mean Surface and Relationality Ratings
for the Proverbs in the Spoken and Written Conditions

Spoken Written

Proverbs Proverbs
Rating Type M SD M SD
Surface information 1.68 0.35 1.99 0.37
Relational information 2.33 0.35 2.22 0.37
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reading the two texts separately (Catrambone & Holyoak,
1989; Gentner et al. 2003; Gick & Holyoak, 1983; Loewen-
stein, Thompson, & Gentner, 1999). Research by Clement,
Mawby, and Giles (1994) also indicates that the nature of
the relational encoding matters; they found better retrieval
to a relational probe when the relations in the memory pas-
sage were phrased in a domain-general way than when they
were phrased in a context-specific way. They suggested that
the domain-general phrasing made the relational match be-
tween target and probe more apparent. This finding is also
consistent with the suggestion that experts encode materials
using a uniform set of relations (Forbus, Gentner, & Law,
1995), leading to better relational retrieval in experts than in
novices (Novick, 1988). There is also evidence that asking
people to produce analogies rather than to recall passively
presented analogies leads to significant analogical retrieval
(Blanchette & Dunbar, 2000).

Previous research has concluded that cues with object
similarity to an item in memory are significantly more
effective than cues with relational similarity (e.g., Cat-
rambone, 2002; Gentner et al., 1993; Holyoak & Koh,
1987). Furthermore, these studies suggest that relational
remindings are rare. Our data are consistent with these
general conclusions: In both spoken and written modali-
ties, object similarity was a more effective retrieval cue
than relational similarity. However, the results of this
study further indicate that prior work may have underesti-
mated people’s ability to retrieve on the basis of relational
similarity. Building on previous research that has focused
on written materials, our results suggest that spoken ma-
terials lead to more relational remindings, particularly at
higher lags between cue and target.

This research adds to a body of knowledge concerning
factors that can improve levels of analogical retrieval. For
example, Wharton and colleagues found that people were
more likely to retrieve an item with a relational match to
a cue when there was also a competing object match to
the cue in memory (Wharton et al., 1994). Catrambone
(2002) demonstrated that relational cues are most effec-
tive when they contain a higher-order relational similarity
that binds together the individual relations of a story rather
than containing a set of disconnected relational elements.
Likewise, Gentner et al. (1993) found that relational cues
that shared higher-order relations with the prior exemplar
were more effective cues than those that shared only first-
order relations. Finally, as discussed above, comparison
of two initial analogues (Catrambone & Holyoak, 1989;
Gentner et al., 2003; Gick & Holyoak, 1983) has been
shown to lead to greater relational retrieval.

Our findings add a new factor: They suggest that the
modality of processing can influence ease of relational
reminding. This study was not designed to tease apart the
locus of the modality effect, but previous research has
suggested that modality differences can affect both encod-
ing and retrieval processes. On the encoding side, there
is evidence that spoken presentations may lead to better
comprehension and memory than written (Carroll & Ko-
rukina, 1999; Conway & Gathercole, 1987; Jakimik &
Glenberg, 1990). The definition data suggest a speculative
possibility: that spoken presentation promotes a relatively

greater focus on relational information in comparison to
surface information than does written presentation. This
difference in encoding focus would lead to an increased
likelihood of relational remindings among the spoken
condition subjects.

Why might such a difference in encoding focus come
about? One possibility is that people are more practiced at
rapid extraction of the main point in the spoken discourse
than in written discourse, for which backtracking is generally
possible. This would be consistent with evidence that sub-
jects in spoken dialogues are able (in most circumstances) to
quickly arrive at a shared understanding of the topic of the
conversation—that is, to establish a level of common ground
(Clark, 1996; Horton & Gerrig, 2005). A related possibility
is that discourse-level routines (such as extracting the point
of a proverb) might be more readily invoked during spoken
input than during written input.

On the retrieval side, it is possible that reading causes a
higher memory load than does spoken language compre-
hension, because written text must be converted to a pho-
nological code prior to comprehension (see, e.g., Rayner
& Clifton, 2002). Previous research on analogical reason-
ing suggests that analogical reasoning is a computationally
intensive process that makes strong demands on working
memory (Falkenhainer, Forbus, & Gentner, 1989; Hum-
mel & Holyoak, 1997). Holyoak and his colleagues have
demonstrated that the ability to make relational mappings
is impaired by a memory load (Tohill & Holyoak, 2000;
Waltz, Lau, Grewal, & Holyoak, 2000). On this view, the
difference in working memory demands of written and
spoken language comprehension would favor analogical
retrieval for spoken presentations of retrieval cues.

The present study does not allow us to decide between
these possibilities. However, the phenomenon of greater
relational retrieval in oral communication is from many
points of view counterintuitive and intriguing. Future re-
search must explore the degree to which encoding focus
and/or working memory differences between processing
of written and spoken text are at the root of the observed
differences in relational retrieval.
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NOTES

1. Because of a clerical error, 25 audio tapes were lost before the anal-
ysis of the definitions was carried out, leaving 64 that were analyzed.

2. Surprisingly, relational recall was better for proverbs at Distance 2
than at Distance 1 for both the spoken and written conditions. This find-
ing was unexpected, and we found no obvious precedent for it in the
literature. This pattern should be explored in future research. It does
not compromise the conclusions drawn here, however, because rela-
tional recall was still better in the spoken condition than in the written
condition.
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